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ABSITHACE

I. Introduction

The family Parldse contains five important genera - parus,

Aegithalos, Psaltriparus, Auriparus and Remiz. sacil of these

genera includes a group of very siumilar species, but the differcnt

genera appear Lo be widely separatcu from eacn othar.

'ne oujects of the precent study were;-
(1) ru ascertain ihe annual cycle of benaviour of ithe (reat

Tit (parus major), and Lo atteupl an analysis of sowe aspects of 1t

(2i) To compa . the benaviour of lie great pit wilh inat of
other tits, particularly with ciher species ol parus. 1o tnis
end paraliel observations were made on the other members c. ine
family present in the study area, and the relevant literature was
reviewed. (omunarative study is of value in facilitating the.
interpretation of bshaviour patterns, and in indicatline relatlion-

ships butween species and genera.

/

The study was carried out in wythaa wood, Berkshire.

I1. lethods

——— s ot W

A field study was made on a wild populatiocn of tits. Birds

/

were trapped and rirged so that individuals were recognisable in

the field.



I1I. Flocking

Qutside the breceding season Great Tits live in flocks which
show a moderate degree of inteyration and which move irregularly
over a limited area at rates of up to 200 yds. per hour. The
flocks show two types of movement :- (1) wrifting movesents
occurring during [(esdirsn,. (i1i, Inteyrated movemants, durin,
which the birds stop fseding and move for some distance. In the
latter the flocks are integrated by: (a) The!'Twink' call, which
brings other individuels into a ready-to-fly mood. (b) The
situation "other-bird-flying-away" which releases flying. The
tendency to integratlion of the flock is balanced by certain
disruptive tendenciss, the wosi importanti of which are due to

Bgsressive wehaviour.

Iv. uintur_gighting

righving over food is cowion in winter flocks. The most
important behaviour patterns are:;- (1) The supplantirn, attack,
in whicin one bird flies atl another and dispossesses it of its
foed. (ii) Ihe wings-raised, and (iii) the head-forward postures,
used to tnrecaten nearby individuals. (iv) Avoiding benavicur;
tits with food avoia others wh.icn approacn too closely. (v)
Flying away witn food particles too large to be eaten imaediately.
The study of such behaviour can be anplilied by allowin, ithe tits
to fesd in front of a mirror: they then behave towards their
image as they would towards & rival. The image may provoke attack,

or flighi, or intermediate responses. Supplanting attacks are
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mos8t common in mid-winter, and occur sufficiently often for

such behaviour to be of definite ecologicael importance.

V. Movements

Adult Great Tits are completely sedentary, and remain on or
near their previous yeart!s territory the whole year round.
Juvenile Great Tits disperse soon after becoming independent of
their parents: they may wander up to several miles from their
birth-place. Many juveniles have settled in a restricted range
by the Autumn, though somwe continue to wander until the nesting

ssason. The winter range is approximately 10-20 acres.

VvI. Pair RFormation

The great Tit flocks begin to break up in January, but the
process is gradual, and in cold weather some flocks way be seen
eg late as April. gSome birds are paired during the winter, but
most peir formation takes place when the {locks break up. The
mechanism is not yet fully urderstood, but it apyears that the
male makes supplanting attacks on other members of the [lock, and
that his further bshaviour dependes on that of the attacked
individual. oOnce pair formation hes occurred, there is a marked
differerce in the behaviour of the sexes, the males bsing much
more talert!' and less retiriry than ine femalec. Certain

ccurtship displegys appear at tiris tlue cf year.

Vil. gerritory

scon after the palrs separate out from the floc<, the male
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Great Tits start to use certain sites in preference to others
for singing. PRighting against other males is more intense in
the;neighbourhood of thess sites (preferred stations) than else-
where. In this way an area round the preferred stations (the
preferred area) comes to be defended from other (rzat Tits. The
boundaries of this area become defined through skirmishes with
other pairs. The preferred area is at first unstable and its
boundaries vague: it changes only gradually into a territery in
the classical sense. Territorial behaviour is thus much less
rigid in the titmice than in most species which have previously
been studied. The average sizz of Great Tit territories in the
study area was 2.0 acres. Territories seem to differ considerably
in size for the same species in different areas, and also for
different pParus species in the same area. The biological value

of territorial behaviour is difficult to assess.

VI1I. Sohg

Zach parus species hés a characieristic song, though in sach
species there is consideravie variation. The song period is
roughly similar in all tiie parus species studied: song starts in
Lecsember, becowmes coummon and well uarked in early spring, and dies
away at about uie tiae when lae young leave the nest. Jong may
also be heard from juvenile virus in lace sumasr, ana during the
autumn perioud ol sexual benaviour. The singing of a wale attracts

females and warns olf otner males. The stiwulus situations in
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which it occurs are similar to those in other pPasserine species.

IX.Reproductive pighting

Renroductirve fighting occurs in relation to the defence of
a fe&ale, a territory and a rest-site. The most important
behaviour patterns are: (i) The supplanting attack. (ii) The
head-up posture. (iii) Upright flight, and (iv) Displacement
nacking. Although the behaviour is complex, it can be understood
on the assumption that each of the combatants ie activated by two
drives - a fighting drive and an escape drive. The fishting drive
is esxpressad primarily in the sup.lanling attack, and the escape
drive in flying away. In a skirmish the two drives are in
approximsate equilibrium. The strengths, and relative strengths,
of these two drives deteraine which of the several possible
rospons2s will be piven to ecach stimulus situatizn. In the Great
Tit the head-up posture is very elaborats, and is accentuated by
e black ventiral stripe. In the Blue 7vit the posture is less
elabor=te, and there is no corresponding structure. Although
the displays used in intraspeciiic reproductive fighting are
very sitilar in the different parus svecies, they do not appear

e
in the intwasp=zciflic disputes over rnest-gites.

X. Copulation and Courtship Feeding

In all parus species it is usually the male who initiates
copulation, though the femals sometimes does so. The precopulatory

display consiste of a rapid shivering of the wings, a crouching
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pesture, and a high pitched 'zeedling' note. This is given by

both sexes.

courtship fseding often follows copuletien. It becomes
very comamon during the egg-laying peried, the feinale beggling
almost continuously all day. The male continues tc feed the
female during incubation. The begging display of the female 1is
similar to the precopulatery display, and to the begging of the
young. Wing shiverins seems Lo be a ritualized intention movement

of flight.

%I Nest Si te

All parus species build in holes. The different species
have slightly different requirements for nest-sites, though there
ig a very large overlap. During the pre-nesting ssason the male
inspects suitable sites, ana his display causes tn: fomale to

shiver uer wings and inspect the hole.

X1I. Nest Building

Building is usually carried out by the female alone. The
males possess the necessary nervous structure, but the motivational
factors are usually too low for them to exhibit complete bullding
benhaviour. The female at first builds in several different sites,

but soon becomes conditioned to one of them.

XII1. Incubation

i1r all parus specles incubatien 1is carried ouil by the female
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alone. Periods on the nest of about 30 minutes alternate with

periocds off of about & minutes. There is a slight tendency for

the periods off to be longer in the afternoon than in the morning.

XIV. care of the Young

The young are brooded by the female for the first few days
after hatching. bpuring this time they are fed pvrincipally by the
male. Later both sexes share in bringing food, and also in nest
gsanitation, though the male normally dees more than the female.
The young leave the nest in rapid succession, and are fed by the

adults for another 2-4 weeks. The beguing display of the young

is similar te that of the femaie in courtship feedin:. In some
yoears a few pairs ley a second clutch at about the time when the
first brood leaves the next. All birds shcw some recrudescence

of sexual behaviour at thig time.

XV. Aggressive and Sexual Behaviour in Late Summer and Autumn

Juveniles of all pParus species show indications of sexual
behaviour soon afler they becows independent. This appears
principally in song and reproductive fighting. The latter is

often associated with feod fighiing. In P. palustris this sexual

behaviour is more marked than in the other species.

There is also a recrudescence of sexual behaviour in early
autumn, manifested by paired behaviour, song and reproductive

fighting.
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XVI. The Relations betwesen the Forms of Aguressive Behaviour

Food fighting and repreductive fighting are released by
different stimulus situations, depend on dififerent internal states
(drives) and utilize different motor patterns. They are thus
distinct. Nevertheless there are indications of certain relatiens
betwesn them. These are:(1) The activation of one type of fighting
behaviour seems to lower the thresheld for the appearance of other
types: (ii) An animal with a high reproductive fighting drive

appsars also to have a high food fighting drive, and vice versa.

XVIl. gehaviour towards:gredators

The response towards a predator depends on the activation

of thiree drives: (i) The drive which had been previously geverning

the activities of the animesl. (ii) Bscape. (1ii) Attack. Grey

Sguirrels are normally iznered, or a weak escepe regponse is given:
once, however, a yreat Tit was seen to glve an elaborate display
to a ¢grey Squirrel. In winter, man causes a simple escape
response, which is subject to slight veriation accordin: to the
strenzgth of the drive. The full response occurs in two stases:
in the first the bird flias up into a branch, givir: the alarm
211, and then its further bohaviour is determined by the stimulus
situation. In spring an attack compenent is also activeted, and
complex behaviour (scolding) results? the exact naturc of this
depende on the sirengihs of the thrse drives. yhen disturbéd on

thae nest, a displa;- is used whi-h gives a humar eobes:zrver the



impression that a snake ie in the hole. Tits also have a

complicated distraction display which is released by the ery of

the young.

Tits show two responses to avian predators. If the predater
is in flight, they teke cover in thick bushes and uiter a special
alarm nete. If the predater is perched, they come towards it and

scold it in a manner similar 1o that used against human intruders

in spring.

XVIII. Roosting

Tits o the genus parus, with certain exceptions, roost in
holes in winter and in roliape in summer. When the birds are in
pairs, great and Blue Tits have a "(ood-night" ceremony which is
performed at roosting time: ine male also waits outside the
femalet's roosting site after she has gone to roost and before

she emerges at dawn.

Date on the winter roosting and awekening times were

obtained fer P. major and P. caeruleus, and also for Dryobates

major and gitta esuropoea, all of which roost in holes. The

avera;.e length of the day's activity for each of these species
inereased with decreasing body size: all had shorter days than
at least the ma jority of ihe species living in the same area

which did not roost in holes. In all cases the roosting times

were later (relative to sunset) in mid-winter than in Autumn or

spring: in pryobates w8 jor and p. maJoE this is even more marked
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in high latitudes than in gngland. The dawn emergency times

(relative to sunrise) of P. major and P. caeruleus remained
constant from late November to March in the area of the present

study: P. wajor in the sub-arctic, and Dryobates wejor in both

sub-arctic and mid-temperate latitudes, emerge eariier relative

to sunrise in mid-winter than in spring. all species emerged at

dawn at a lower light intensity than that at which they went to

rooste.

During egu~laying and incubation, males emerge earller and

females later than during winter.

In general, there is an optimum length of the active day
which varies with the latitude and season. Kach bird has an
internal diurnal rhythm of activity which causes it to be active
for & period near to the optimum. This internal rhythm is also
modified by certain environmental stimull which are not considered

here.

ala, Periodic variationc in tnc Jrequency cf irstinctive Activities

As uclil as the obvious rivyelue of roosting mnd avakening, many
other activitics snow & amarked daiurnal pericaicitiy. .i.os8e
associated with flocking venaviuwur, and wmany ol tnese ussociated
with the reproductive drive, snow a peak of activily sarly in the

day, & minimum in the arterrnoon, arc sometimes & second peak in

the evening. (Qther activiiies shuw diff:.rent uypes of ciurnal



fluctuation.

within the main diurnal rhythm, shorter fluctuations in

activity can be distinguished. gach activity appears at irregular
intervals, which are determined by the fluctuations of the
internal drive, by interactions between drives, and by the

changin, stimulus situation.

XX, The Genus parus

In the precedin; sections comparisons have been made between
various aspects of the behaviour of the different parus species.
This comparison has shown that there are few essential differences
between the behaviour of the different species: most of the

difrerences which do exist are of degree only.
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SECTION I. INTRODUCTION.

Ae. General.

The family Paridae contains five important genera. These are

Parus, segithalos, Psaltriparus, Auriparus and Remiz. There are also a

few others whose position is doubtful, and sbout which little information
is available., Each of these genera includes a very uniform group of
species, but, except for certain similarities between Aegithalos and

Psaltriparus, there are few indications of links between the different

genera. As yet, however, our knowledge of the behaviour of the genera
other than Parus is very scanty.

The objects of the present study were two-fold:-

(1) To obtain as complete as possible a picture of the annual
cycle of the Great Tit (pParus major), and to attempt an analysis of some
aspects of 1ts behaviour.

(i1) To compare the behaviour of the Great Tit with that of the

other Parus species, and also with that of the other genera in the family.
To this end a limited number of observations were made on the other Parus

species present in the study-area, and also on Aegithalos caudatus, and

the available relevant literature was examined, A comparative atudy
may (a) facilitate the interpretation of behaviour patterns, and (b)
indicate relationships between species and genera. Some examples of the
value of the comparative study of behaviour for systematics have been
given by Tinbergen (1942). Our knowledge of the Paridae is still too

meagre for mich progress to be made in thid direction, but the first



steps must consist of a description of the behaviour patterns of the
different species, Referenceas to species other than members of the
Paridae have not been included except where speclally relevant,

The study is based primarily on observations made in Marley Wood,
Wytham, Berkshire, betwsen September, 1948, and May, 1950. The work
wag carried out while the writer was a member of the Edward Grey Institute,
Department of Zoological Field Studies, Oxford, and was planned to fit
in with other studles of the Great Tit being carried out there. Many
aspects - particularly ecological ones - of the annual cycle of the Great

Tit have therefore been omitted.

B. HNomenclature.

Those members of the Paridae which were present in the study
area are referred to in the text by their English names, These are:-

Parus major newtoni - Great Tit.

Parus ater britannicus - Coal Tit.

Parus caeruleus obscurus - Blue Tit.

Parus atricapillus kleinschmidtii - Willow Tit.

Parus palustris dresseri - Marsh Tit

Aegithalos caudatus rosaceus - Long-tailed Tit.

All other species, and the American race of Parus atricapillus

(the Black-capped Chickadee, P. #. atricapillus) are referred to by their

Latin names,



C. _The Study Area.

Marley Wood consists of an area of about 55 acres of mixed wcod -
largely hazel and elder coppice with scattered mature oak, beech and ash
trees, and some open spaces. loat of the dead trees have been removed.
Nesting boxes were .resent at a density of about two per acre.

The winters of both 1948/9 and 1949/50 were mild, but differed
in that the beechmast, which may form an important part of the food of
tits in winter, was plentiful in 1948/9 but absent in 1949/50.

D. Anmual Cycle.

A brief sunuary of the annual cycle of the Great Tit is given
below. The exact dates at which the different phases of the cycle appear
are, of course, influenced by meteorological conditions.

January. Great Tits in flocks. Much pair formation probably
takes place in this monthe Some birds show paired behaviour and
reproductive fightin, in the early mornings. Song becoming frequent.

February and March. Usually in gairs, but return to flocking
behaviour in the afternoons, especially if the weather is cold.
Reproductive fighting., Territories become fairly clearly defined in late
March.

April and May. Nest-building, egg-laying, incubation and feeding
the young in the nest.

June. Young out of the nest. In some years a few pairs start

second broods in late May or June,
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July and August., Juvenilez in loose flocks. Huch fighting

smong the juvenilea,
September ond October., Flocks more stable and integrated.
Soms recrudescence of sexusl behaviour,

November., In flocks.
December. 1In flocks. A little song. Reproductive fighting

occasionals. A few birds form pairs, though there is little other

paired behaviour at this time.

E. Presentation of the Results.

Two points concerning the presentation of the results need
to be emphasized. First, an attempt has been made to include all
the important references to the behaviour of the genus Parus, Although
this attempt was by no means completcly successful, it was neceasary,
for considerations of space, to omit references to species other than
those of the genus Parus except where directly relevant.

Secondly, it has been necessary to use verbal representations
of many of the calls of the birds. These are, at best, cnly moderately
satizfactory; but they do provide a method of referring to the differcat
notes and calls. A section exclusively devoted to calls has not been
included, because it is felt that the somewhat anthropomorphic treatment
of calls which anb—tnwmt usually entails is highly misleading
(see e.g. pesrrzy, Iustead, the different calls are referred to in the

sections dealing with the behaviour patterms with which they are

associated,
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SECTION 2.  TECHNICUES,

A.__Trapping,

Trapping was carried out from November to March each winter,
A variety of traps were used, but the most successful consisted of
4 inch wire netting over an 18-inch cube wire frame. The birds
entered through a semi-cirocular funnel (8" long, and of radius 23"
decreasing to 13") placed at ground level. A amall door at one side
served for removing the birds, and could be left open when the trap
was not in use. The traps were baited with sheep'a fat. Much of the
success of the trapping dependsd on adequate pre-baiting: the traps
were left open and baited, with more fat hanging up nearby, at all

times when trapping was not in progreas.

All birds trepped were marked with a numbered Aluminium
British Museum rihg on one leg, and with two or three coloured rings
on the other. The coloured rings enabled individuals to be distinguished
at distances of up to about thirty jards. Some of the birds had been
marked previously by J. A. Gibb, so that some of thelr previous h ;tory

was known.



C. _Agefand Sex of Trapped Birds.

It is not always possible to distinguish the age and sex of Parus
spp. in the field. The sex of an adult Great Tit can always be recognised
by its plumege: 3in the Blue and Coal Tits the sexes can often, but not
always be distinguished in the field. The sexes of the Marsh and Willow
Tits appear identical in the field.

Juvenile Great, Blue and Coal Tits can be separated from adults by
their plumage up to the time of the autumn moult. Juvenile Marsh and
Willow Tits are less easily distinguished, but their plumage is less worn
than that of the adults.

After the autumn moult it is impossible to di stinguish in the field
bdtween birds in their first and second years. There is, however, a
difference in the average wing lengths of the first year and second year birds,
and Kluijver (¢737 ) has shown that it is possible to use this difference to
assess the age of individuals of the Continental race of the Great Tit
(Ps_m. major). Accordingly the wing lengths of all the trapped Great Tits

were measured.

Table 1. Distribution of wing lengths of trapped Great Tits.

Length inmms, 68 69 70 71 72 73 T 15 76 77 18 19

lat year males. 2 10 1 4

2nd year males

or more, 2 7 8 1l 1
Unknown males. 2 11 1 1

1st year females 1 2 5 1

2nd year females

or more. 1 2 3 6 N 1

Unknown females. 1 3 6 3 5
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The measurement of the wings of live birds presents considerable difficulties,
and it was found that there was little agreement between the results obtained
by different workers, These differences, however, were due to the slightly
different techniques used: by using a standardised technique it was possible
to obtain measurements which, when checked by subsequent remeasurements, were
accurate to the nearest millimetre. All the measurements given in Table 1
were made with the bird held in the right hand, the radius and ulna held out
from the body by the thumb ahd fore-finger, and the primaries lying parallel
to the body. From the measurements of individual birds whose age was known
the ranges of the wing length of 1st and second year birds can be determined.
It will be seen that males with wings of under 74 mms. can be assumed to be
first year birds; and those with wings cover 75 mms. can be assumed to be
second year or older. Males with intermediate wmeasurements, and females,

can not be aged by this method.

D. The Automatic Recorder,

The rhythm of wvarlous nesting activities were studied by means of
an automatic recorder, A trigger was _.laced in the entrance to the nest
box in such a way that the bird made one contact every time that it entered,
and another each time it left. [Each contact operated a pencil writing on

a revolving drum. The apparatus was designed and constructed by J. A. Gibb.
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SECTION 1l FIOCKING.

A. General.

The term "Flock" is a wague one, and has been used to cover
groups of birds ranging from the closely united flights of waders to
mere feeding aggregations. In the present discussion it is applied to
birds whose behaviour is so modiflied by the presence of other birds of
the seme or related species, that they become concentrated in some areas
to & greater degree than if they were distributed at random. The term
"Flock" thus includes both closely integrated groups of birds, and more
or less formless concentrations in which the individuals show only slight
social behaviour. An aggregation of birds formed merely by the presence
of food does not constitute a flock.

Great Tits are found in flocks from late summer to early spring.
The flocks are not very closely integrated, and move fairly slowly. Great
Tits thus provide suitable material for the study of the mechaniam of
flock integration. It will be seen that the flocks are held together by
a series of behaviour patterms apparently similar in fundamentals to those
found in other instinctive activities. 1In view of this, we must presume
that flocking gives some biological advantages, Probably the most
important of these is an increased imuunity from predators: on the approach
of a predator the first bird to see it gives an alarm call which warns the
others.

All other members of the genus Parus for which information is

available also show some degree of flocking behaviour, though it is much
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less marked in some species than in others. Thus P, inornatus (Henshaw,

1875 Adams, 1898, in Blent, 1946; Dixon, 1949) and P. lugubris
Dresser, 1881) show little flocking behaviour. In the absence of detailed
studies further comparison with other species is not profitable; for it
will be shown later that in the Great Tit the degree of integration may vary
even within a single day.

In the following section the appearance and behaviour of Great
Tit flocks in the field is described, This is followed by a diascussion

of the mechanism of integration of the flocks, so far as this is understood.

B.__Flocking of Parus major.

l. OQccurrence of flocking.

Within a week or two of leaving the nest the young Great Tits
began to wander away from their parents; and even while the young were
s8till being fed by adults, some of the "broods" came to consist of the
of fapring of different parents, (see p.222). Within a furbter ten days
young Great Tits were associating with the yougg of other tit species.
In this way flocks, similar to those seen throughout the winter, appeared
for the first time a out a month after the young left the nest. (See section
Y for a brief account of the movements of individuals through the year).
These summer flocks, however, differed in many ways from the winter
flocks. In particular they were usually little integrated, and there was
much less calling than later in the year., During the afternoons, calling

was practically non-existent. The adult birds remained on or near their
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territories, associating with the flocks when these passed by, but not
following them far from their nesting place. Later this attachment to
territories became less marked, but the adults remained near them as long
as the weather remained mild. The composition of the flocks changed
frequently, as the juvenlles were still wandering.

Although some wendering went on throughout the winter, many birds
had become settled by early antumn., From this time on the flocks became
mich more stable, and it was usually possible to predict in which part
of the wood they would be found. The behaviour of these winter flocks

is described in the sections below,

2, Size of flocks.

The tit flocks in Wytham contained anything from two to over fifty
Great Tits. Normally there were ebout a dozen. As the flocks also
contained individuals of other species, the larger ones contiined a total of
well over a hundred birds of all species. Such large flocks were seen in
pure beech wood during the autumn of 1948, when the crop of beech mast was
particularly heavy: flocks observed in the same period in an area of mixed
wood, less than a mile away, rarely conteined more than fifteen Great Tits.
Indeed, the distribution of food must play a large part in determining the
sige of the flocks: whe:ever food was locally abundant the tits were
concentrated in the area of abundance., During the autumn of 1949, when the
beechmast failed, large flocks were rare,

The size of the flocks varies also with the time of day, being

largest in the morning. As the day progresses the large flocks break up



into smaller, less integrated, ones,
Odum (1941) found that flocks of P, a. atricapillus contained

from four or five to ten or fifteen individuals, which agrees approximately

with the data given by other writers, (e.g. Butlery-393}; Wallace, 1941).
The flocks round feeding statione tended to be larger than those elsewhere:

Odum, however, comments on the great variability in the size of the flocks.

3. _Other species associated with Great Tit flocks.

Great Tits often made up only a small proportion of the total
number of birds in the flock. The degree to which the Great Tits associated
with the other tits seemed to be influenced by whether or not their food was
the same. Thus, when beechmast was very plentiful and the majority of
Great Tits were feeding on the ground, some Blue, Coal and Marsh Tits fed
amonzat them, and the whole party moved together, Meanwhille, the tits
feeding in the trees moved more than those on the ground, and left the main

flook more easily. The long-teiled Tits (Aegithalos candatus), which

seldom fed on the ground and moved rather more rapidly and smoothly than the
Parus species, often seemed to pass through the main body of the flock snd then
to return to it, so that they completed circles over and round it. Ewven when
all species were feeding on the same food, and were apparently well mixed,
there was a marked tendency for individuals of the same species to keep
together during flock movements. Thus, when the birds crossed a gap in
succession, thep would do so in groups of the same species - so that one might
see successively: three Creat Tits, five Blue, foww Great, two Marsh, six

Blue, and so on.
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As well as other members of the Paridae, various other species were
to be found amongst the tit flocks. Of these the most important were

Nuthatches (Sitta europoea), Tree Creepers (Cgthia familiaris) and Galdcrests

(Regulus regulus). These species were to be found at all times in the

tit flocks, moving about the wood with them. It is interesting that all
these apecies have flight notes very similar to those of the tits,

Chaffinches (Fringilla coelebs) also were often closely associated with the

tit flocks, and joined with them in flock movements, 1In the spring of
1949 the tit flocks broke up rather earlier than the Chaffinch flocks, and
pairs of Great Tits were often seen with the Chaffinch flocks. Chiff chaffs

(Phylloscopus collybita), Willow Warblers (Phylloscopus trochilus) Black caps

(Sylvia atricapilla) and Spotted Flycatchers (Muscig?g\ striata) also occurred
in tit flocks in late summer and early autumn. They usually, but not always,
followed the tits when the latter moved, but were not so closely attached

to the flocks as were the Nuthatches and Tree Creepers. Odum (1941) gives

a similar list of the speclies which associate with P, a. atricapillus in

U.8.4A.

4e Movement of flocks.

Great Tits rarely feed for long in the same place: the flocks
move about the wood, but keep in the same general area and often return
again and again to the same spot. Two types of flock movement can be
distinguished.

(1) Drifting movements, These take place in the course of feeding:
birds move about in search of food, but their social behaviour keeps them

together and converts the almost random movements of individuals into a slow
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drifting movement of the flock as a whole, A flock may continue to drift
in a more or less constant direction for some time, but progress is slew
and such movement usually accounts for only a amall proportion of the total
distance covered by the flocks Although drifting movements are seen most
easily when the birds are feeding in the trees, they also occur on the
ground, Thus when a closely integrated flock of about half a dozen Great
Tits is feeding under a particular tree, they usually drift slowly round
its base in a group.

(11) Integrated movements. In these there is an almost complete
cessation of feeding activity, and the birds move from one area to another
some distance away. The function of these movements is not evident, as the
birds often leave behind them an abundant supply of food,to which they return
half an hour later. Apparently when food ie distributed more or less
equally over the wood, these movements take place in any direction; but when
food is concentrated in limited areas, i.e. under a few beech trees, each
movement appears from the start to be directed to one of the other sources
of food.

A typicel integrated movement takes place as follows. The birds
are feeding on the ground when one of them flies up into a low bush and
starts calling "fwink, twink". As he calls he hops higher and higher in
the bush, His calling has no apparent effect on some of the birds, but
others stop feeding and also hop up into the bushes, twinking.s After a short
while, say § minute, one bird flies off, and one or two others follow him,
These leading individuals fly from bush to bush, calling between flights.

The remaining birds gradually stop feeding and hop up, calling, one by one,
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until all have moved off. It mast be emphasized that although these
are called "Integrated Movements" the flock 1s far less integrated than,

say, a flock of Dunlin (Calidris alpina) twisting over the shore. Several

minutes may elapse betwsen the departure of the first Great Tit and that
of the laat, There are no fixed leaders and successive movements may
be initiated by different individuals. Usually they start gradually,
and it is hardly possible to say by which bird the movement is initiated.

Up to 200 yards may be covered in the course of a single
integrated movement, though it is unusual for Great Tits to fly as far as
this in one hop. Rather they fly from bush to bush, avoiding open
spaces, When an area of open ground had to be crossed, the birds
hesitate on the border and cross it in succession.

The speed at which flocks move varies greatly., During the late
sumuer and early autumn of 1949 no flock was recorded as moving more than
50 yards in an hour, though flocks in September 1948 were certainly
moving more rapidly than this. During the winter the flocks sometimes
moved with quite considerable speeds, Great Tit flocks were of'ten
recorded as woving 200 yards in an hour, and in other habitats this is
probably often e xceeded.

The speed at which the flocks move varies also with the time
of day, movement being greatest in the morning and much reduced in the
afternoon. The results of some measurements made between October, 1948

and January, 1949, are showkrx in Table A . There was no noticeable
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Table/. Speed of movement of Great Tit flocka.

Hour beginning 08 09 10 11 12 13 Uy
GoMeTe
No. of records 7 13 16 7S 7 6 9
Range
yds. per hour B80-220 50-180 40-230 50-240 30-140 60-120 0-90
Average
yds, per hour 160 131 108 97 105 85 61

seasonal change during this period., (bviously, owing to the great
variability in the results, the figures in the table are only indicative

of 2 general tredld: for this reason it is not worth while to allow for the
change in day length during the period concermed. Figures for the first
and last hours of the day, when such changes would be particularly noticeable,
have not been included, Behaviour at these times was also complicated by
other factors: in the very early mormming the birds of ten seemed to move
about without forming clearly defined flocks, and in the evening they often
became so dispersed that it was impossible to measure the speed of flock
movement. Clearly bh@aviour at these times is also influenced by whether
rooating sites are scattered, or concentrated into certain arees,

Flocks do not defend the areas in which they are habitually to be
found, nor do these 'flock areas' have clearly defined boundaries, Often
the area of one flock overlsps slightly, but not extensively, with that of
another, When a large flock breaks up into smaller ones during the day,

each of the smaller ones moves over the whole of the original flock area.
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Plock areas are not rigid, but may remain constant for weeka or even
months at a time, even when the individuals composing the flock change.
They contain the roosting sites of the members of the flock. In Table 3
are given the approximate sizes of some flock areas, with estimates of the
number of Great Tits in the flooks; other species of tits were, of course,

also present.

Table 3 . Size of flock areas,

Period, 1948/9. Nov. 1-11. Nov-Dec. Dec-Jan.
No. of Great Tits in flock. C. 40 c.12 c.18
Flock area, acres, C.22 c.12 c.13

Odum (]2..1) found that flocks of P, a. atricapillus moved on an
average c.475 yds. per hour. Periods of fairly rapid movement, with
1little feedings, alternated with periods of little or no movement when the
birds were actively feeding: these evidently correspond to the integrated
and drifting movements described for the Great Tit., Prom Odum's
description it is clear that the behaviour of chickadee flocks is closely
similar to that of Great Tit flocks., The size of flock areas averaged

36,1 acres, though Butts (1941) gives 4LO-70 acres.

5. Calling.

During the slow drifting movements through the trees the thin *tsit!
or 'tseet' flight notes are used. These calls, which are also used in the
course of integrated movements, do not provide such a fruitful field for

investigation as the 'twinks', and will not be considered further,
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Integrated movements are accompanied by two calls - the 'twink®
which may be uttered in phrases of up to 5 notes, and the 'chich ich icht,
similar to the scolding note but less harash. Often the two calls are
combined into a single phrase - 'twink twink chich ich ich'. Either may
be used at the beginning or end of a movement, or when the birds settle on
intermediate perches during its course., 1In closely integrated long-range
movenents the 'twink' alone is used: the ‘chich ich ich' call is heard ;;s,'t':—
often at the end of movements than at the beginning. Calls similar to these
are also used in other situations - such as the mobbing of predators. Both
calls are extremely variable: all gradations between 'twink' and 'taseet' flight
notes on the one hand,or song on the other, may be heard,

The 'twink' call of the Grest Tit is audible over 8onsiderable
distances, It is clearly defined, and distinguishable from all the other
calls to be heatd in the wood (except sometimes the 'Spink spink' call of the
Chaffinch, but even this can nearly always be distinguished with practice).
For these reasons the twink call has been used for special atudy.

The frequency with which the call is heard varies greatly throughout
the day. In order to analyse this variation, the following technique was used.
Four points in the wood were selected, forming the corners of a quadrilateral
with sides of about 200 yards. On certain days each of the four points was
visited for one five minute period in each half hour. The number of twinks
heard was counted, and the results obtained for the eight periods in each hour
were then averaged, Since counts were made only on reasonably still days,

when twink callas were audible up to at least 200 yards, and since several

flocks were within audible range of the gquadrilateral, any variations due to






A3

flocks coming in or out of earshot can be zssuned to be amall, The twink
calls are associated primarily with flock movements, which take place at
irregular intervals, so that there was much variation in the eight records
for each hour; but the average does give an indication of the general level
of calling in that hour. Ths resulta of several all-day watches are ahown
in Figurey / Thay show that twinking was at a maximun soon after
dewn, dying awsy to a comparatively low lewsl in the afternoon. There was
sometimes a subsidiary peak of calling in the evening., The diurnal variation
of calling was thus similar to that of the rate of flock movement.

Although the population of Great Tits ia the wood was much higher in
late summer then in winter, the amount of calling waz less. Indeed,
twinking practically ceased in the afternoons of July and August. For this
renson it was not conaidered worth while to devote whole days to counting
twinks in sumuer by the method described above, Therefore, a few counts madse
at the four points were supplemented by recording the aumber of twinks heard in
two or tiuwee fixed five minute perioda per half hour in whatever part of
the wood 1 happened to s. The munber of twinks per minute obtained on all
occasicns in each hour of the day for each month were averaged, and give an
approximate indication of the level of calling, The results are shown in
Teble 4 . In each month the calling followed the same sort of diurmal
rhythm; and the amount of calling increased fram month to month. hoat of
the inorsase had taken place by September - i.e, by the time that the moult
wWas more or ieas over., The differences in the amount of twinking are really
more merked than the figures show, since the total population was decreasing
when the oalling wes incressing.
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Table 4 » Amount of twinking, in twinks per minute, in late
sumer snd autamn, 19,9. Great Tit population - end of breeding
season 300+§ October, c,32; November, c.43; (J. A. Gibb,
personal comemanication).

Hour beginning
G.M.T. August September Qctober November

o 1.8
b 6.1 8.7
06 lo 3 7. 6 60“- 9.‘1"
07 1.8 6.6 8.0 6.6
08 3.0 3.6 4e 6 3.9
09 24 2,9 3els 24
10 201 2.3 1.9 2.8
11 0 0.9 0.2 1.8
12 0 0.7 - 2,2
13 0.1 0e7 0.7 1.8
14 0.1 2.1 1.7 2.2
15 0.3 0.8 1.0
16 0.5 1.0 0.8
17 0.9 0.8
18 0.2

Calling is mach reduced on dull days, and with a sudden shower it
almost ceases. From Figure/ it appsars thet on Novemher 2nd, 1949, when
the temperature increased rapidly, the amount of twinking showed a
coincident rapid fall; on November 28th, when the temperature increased
slowly, the decrease in twink frequency was also gradual. From this
ftelation, and from the generally low level of twinking in late summer,
it seems probable that temperature has a direct effect on twink frequency.
Observations made in an attempt to confirm this suggested that temperature
did indeed effect the frequency of twinking, but that there was also an
underlying intemal rhythm: it was not possible to obtain proof under the

conditions of field observation.
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It has been said that twinks were given in phrases of up to
five notes, It was not posaible to relate phrases of different length
to partioular situations. In general, the more birds that were calling,
the greater the average number of notes per phrase, It thus seems
probable that the number of notes in a phrase is dependent an the sténgth
of the drive. Phrases of more than five twinks were heard when a bird
suddenly came across a Sparrow Hawk dummy.

Table l., shows that in August thers was a considerable outburst
of twinking at dawn, which soon died away. This outburst occurred in
dispersed flocks (see next section) and was not associated with integrated
flock movements: sometimes the individuals which were calling moved about
within the flock, but sometimes they merely sat up in bushes calling
steadlly for a minute or two., The ssme 1s true of flocks just before
pair formation in the spring, and also to a lesser degree, of dispersed
flocks in September and October., Thas although integrated movements are
always associated with twinks, the reverse is by no mcans true. Also,
flight often occurs without assoclated twinks, especially in the af'ternoon.
Flocking bihaviour will be understood fully only when the precise natures
of the '"twink' and 'chich ich ich ich' calls are known: +this is clearly
the direction which future research must teke. The calls are discussed
further on p,247, where some more obaervations on the use of the calls in

other situations are given,

6, Degree of intefration of the flocks.

It has already been said that the degree of integration of Great Tit

flocks varies greatly. On some days the only evidence that the birds are
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in flocks is that they are more dense in some parts of the wood than in others,
while on other days the flocks are closely knit and the birds move about the wood
together. In general the flocks are larger and more closely integrated in
the morning then later in thed&y. As the day progresses each flock becomes
scattered by direct breaks, when it separates into two or more smaller parts,
and by a gradual diminution in the integratiaon of the smaller units, A
direct break may take place in a number of ways. One part of the flock may
not follow when the rest moves off; or, when a movement starts, some birds
may go in one direction and some in the other, Some times one wing of a
flock moving on a fairly brosd front comes to an abundant food supply and
stays to feﬁz whilst the rest moves on., Naturally large flocks split up
more readily than small cnes: sometimes it is posaible to see a large flock
split up into several parts which later re-unite several times in the course
of a few hours.

The gradual diminution in the integration of the flocks becomes
evident in a number of ways. Birds tend to drift apart when feeding:
some times an individual stops feeding and flies away from the others without
calling, and without being followed. Birds which become geparated from the
flock in the morning showa& a type of appetitive behaviour, (see—ps—} which
wgk mich less marked or absent,in the afternoon. In the afternoon flocks,
birds feeding close together tend to remain so, whereas birds which wander
a little way away from the others tend to lose contact altogether, The
flocks thus come to consist of nuclel of a few birds with other individuals
scattered round about,

In 1949/50 an attempt was mede to assess the degree of integration

of the flocks, Each flock observed was placed in one of the following
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categories:-

0. Independent. Birds distributed more or less at random through
the wood, or aggregeated anly by the presence of locally ahundant food supplies.
In practice the tits alweys showed some degree of flocking behaviour, and
this category was never used.

1. Dispersed. Birds concentrated in some areas and absent from
others in a way that could not be explained wholly by food distribution.

Only drifting movements ocourred. Qutbursts of twinks were rare: they
did not occur synchronously in all the birds in the flock, and did not lead
to integrated movements,

2. Weakly Integrated. Birds in flocks which made occasional
integrated movements., When one bird started twinking there was a greater
tendency for others to follow suit than in dispersed flocks.

3, Integrated, The birds fed close together, and integrated
movements occurred fdirly frequently. A bird which became separated from
the flock usually showed appetitive behaviour (v. infra.).

It might be thought that the above definitions rest on two different
properties: (&) how close together the birds are and (b) how frequently
they move. However, as will be seen later, integrated movements play a
large part in keeping the flock together, and the two properties are inter-
dependent.

The results f this in estigation are shown in Table 5 . The records
for each month have been divided according to the four quarters of the day.

In order to facilitate comparisan a figure indicating the average degree of
integration of the flocks has been calculated by awarding each dispersed flock
1 mark, each weakly integrated flock 2 marks, and each integrated flock

3 marks, and taking the average for each periods Thus if all flocks had
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been dispersed the average integration would have been one, if all flocks

had been integrated it would have been three,

Table . Degree of integration of Great Tit flocks.
For explanation see text.

No. of flocks Quarters of the day.
Perlod, assessed, 1 2 3 4
July 18 1. 8 10 l" - -
August 62 1k 14 1.0 1.0
September Fal 1.3 1.1 1.1 1,0
October 1}6 1.2 l.1 1,0 1.0
November 7 2.3 1.6 1.2 1.3
December 92 2.1 2.1 1.7 1.4
January 87 2.4 1.9 1.9 1.5

The Table shows that in all months fhe flocks tended to be less
integrated in the afternoon than in the morming, and that the late sumwer
flocks showed little integration at any time. (Lebeurier et Rapine, 1941,
also noted that Great Tit flocks are most integrated in mid-winter).

Unfortunately the method for assessing the integration of the
flocks in 1949/50 was based on observations made in 1948/49. It turned
out that the flocks in 1949/50 were far less closely integrated than those
in the previous year. Although no figures in support of this are
available, there is no doubt of its truth: in the earlier year well
integrated flocks were often seen in September, whereas in 1949/50 they
did not become at all comuon until November. The reason for this is

quite obscure, Perhaps the ver; warm dry summer or the failure of the

beechmast crop in 1949/50 was responsible.
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The break-up of the flocks is described on page/s .

7. Mechanism of flock intezration.

In the preceding sections we have seen that there are two types
of flock movement - drifting and integrated - and that the rate of
movement, the calling, and the degree of integration of the flocks all
show roughly the seme type of diurnal and seasonal variations., We
shall now consider in more detail how the flocks are held together,

(a) Drifting Movements, It seems probable that the 'tsit'
or 'tseet' flight calls are important in holding together the f locks
while they are feeding. It is clear that some visual stimulus must also
be involved, but its characters are unknown. Birds arriving near a
flock, which they could hear but not see, turn their heads and appear to
be *looking for' the other birds.

It will be noted that both of these signals can function only
over short ranges: 3in the afternoon, when integrated movements become
rare, individuals wandering away from the immediate neighbourhood of the
main body may lose contact and become detached altogether. It is for
this reason that the afternoon flocks often come to consist of a small inte-
grated nucleus with other individuals scattered round it.

Birds do not keep a constant distance apart when they are feeding in
flocks. For instante, the members of a flock of Great Tits feeding on
beechmast under a beech tree may be on the average only 2 feet apart,
whereas the same birds feeding amongst hazel twigs would probably be at
least 8 feet apart. e mist thus presume that the distance at which

the birds feed from each other is to some extent related to their method



of feeding, as well as depending on the various integrative and disruptive
factors which are considered elsewhere in this chapter,

(b) Integrated Movements. The 'Twink' and 'chich ich ich' calls
are undoubtedly the most important signals in the integration of long
distance flock movements., These are usually associated with a readiness-
to-fly or a having-just-flown on the part of the caller. At the beginning
of an integrated movement they produce the following effects on other birds:-

21) Cessation of feeding

ii) Hopping up in the bushes

(11i) Twinking

(iv) Possibly fiight.

In some cases flight ococurs apparently without any further stimalus
but, more usually, an additional stimalus is given by a neighbouring bird
taking wing. In a normal integrated movement several individuals ere up
in the bushes, twinking and apparently ready to fly, before one actually
does so: then the others follow one by one at intervals of a few seconds,
Here again the actual characters of the visual stiimlus are unknown, but the
white tail feathers may be important. The stimulus situation will be
referred to as 'other-bird-flying-away'.

Twinksmey also have a directive significance. This is certainly the
case when an individual flies towards a flock which it can hear but not see;
but it mist be remembered that in an integrated movement the first few
individuals are flying away from the twinks of the majority.

Neither the twink nor the 'other-bird-flying-away' produce an immediate
response in the members of the flock. The twink produces a readiness-to-fly
which may be inhibited by other drives. For instance a bird opening a nut
usually finishes it before following the flock. In such cases some form

of memory of the way the flock has gone seems to be involved. Even the
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response to the other-bird-flying-away may be delayed for several seconds
or long_er.

Integrated movements play an important part in keeping the flock
together, since indiwiduals which have wandered a little way away from the
flock respond to the twinks and join in the movement. Also the birds
nearly always settle down at the end of the movement much closer together
than they were at the beginning,

(¢) Absence of the flock companion. An individual which
becomes separeted from the flock shows a type of behaviour which is
presumably to be regerded as a form of appetitive behaviour, Typically
it hops from twig to twig, and flies from bush to bush, looks around, and
calls *twink' and 'chich ich ich' persistently. The 'chich ich ich' is
louder and harsher than the £all usually used in flock movements. Such
behaviour is less frequent in the aftermoons than in the mornings.

(d) External factors. As well as the behaviour patterns which
have been sketched above, certain environmental factors may also have a
marked effect on the integration of the flocks. The moat obvious of these
is food. locally abundant food supplies cause the birds to come together to
certain areas to feed: once aggregated, their flocking behaviour tends to
keep them together,

Although no pr:cise data on the point were obtained, it seemed
that the degree of integration was greatly influenced by the air temperature,
cold weather being associated with more closely integrated flocks.

(e) Disruptive factors. In the preceding paragraphs the factors

which tend to keep the individdals in a flock together have been sketched,
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We must, however, also consider the factors which tend to disrupt the

flock. These are:
(1) Factors tending to produce random dispersal. The food seeking
movements &f individuals in a drifting flock would tend (in a
uniform habitat) to produce a random d&ispersal if they were not
guided by the flocking behaviour, Qccasions when birda tend to
fly off in opposite directions at the start of an integrated
movement also tend to disperse the flock in the same way. Such
factors may be considered to be acting continually in opposition
to the flocking behaviour patterns.
(1i) PFactors tending to produce over-dispersal (i.e. the birds
more dispersed than in random dispersal). As will be seen in the
next chepter, aggressive behaviour concerned with food, and the
behaviour patterns which protect individuals from being robbed of
food by others, have the effect of keeping an area round each bird
(Individual distance) empty of other birds. The birds composing
the flock are thus over-dispersed within the limits of the flock,
Such behaviour probably provides a limlit to the integration of the
flock. (on the other hand the fact that birds fly off with nuts
to open them outside the flock probably acts as a disruptive factor
at all levels of integration.). In spring, territorial behaviour

produces over-dispersal over the wood as a whole, and flocking ceases.
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Cs Other Genera,

All the other genera of the Paridae form flocks outside the
breeding season.
¥iller (1921) has given a desmcription of the flocking of

Psaltriparus minimus, and includes details of the behaviour of the birds

over a period of 2% hours. The flocks consisted of about 70, 25 and 20
birds, but Miller comments on the way in which they varied in size and on their
straggling nature. The general behaviour of the flocks seems to be

closely similar to that of Great Tit flocks, (see eldo Addicott, 1938).

Aegithalos caudatus was present in the present study area in flocks

of 6 to 15 birds, though flocks of over 50 individuals have been recorded,
This species rarely feeds on the ground, but rather individuals fly from
twig to twig, peering round at neighbouring twigs af'ter each flight.

As iﬁ the other species which have been discussed, flocks move either

in a slow drifting fashion, or in long integrated movements, At all times,
however, the flocks are more closely integrated and move faster than

Great Tit flocks. The only flock which was followed for any length of time
moved 375 yards between 0920 and 1055 on December 30th, 1948, but another
flock was seen to travel 30C yards in the course of a single integrated
movenent. Drifting movements are associated with gentle 'tup tup' calls
made during short hops from branch to branch. Sometimes another call,
'tsirrrup' or 'Trrrrrp' - difficult to render in words but sounding like
meny 'tup’' calls in rapid succession - is used on these flights, especially

when the flock is drifting fairly rapidly. This note is also used in
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mobbing predators. Longer integrated movements are preceded by numerous
'tsrrrrup! calls and very high-pitched shrill ftsees'. The birds stop
feeding and hop up higher in the trees, before flying off one by one, The
shrill high pitched notes always accompany these long movements, Paechnatz
(1936) also says that flocks typically feed in one place for a while and
then suddenly depart and fly from tree to tree for 100 = 500 metres.

Iittle seems to be known of the flocking behaviour o f Remiz or
Auriparus spp.
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SECTION IV WINTER FIGHTLiG

A. General,

In the last chapter the integration of winter flocks was considered,
It was seen that the faoturs involved in this were balanced by other factors
tending to disruption, of whioh 'Aggressive Behaviour' was one of the moast
important, 'Agzresaive behaviour! is a comprehensive term used to include
all forms of fighting. Collias (1944} states that the situations which
lead to aggressive behaviocur "in groups of children (Durbin and Bowlby, 1939)
and in subhuman vertebrates seem to be fundamentally the ssme: the intrusion
of strangeré, poasession of some object, and frustration". Aggressive
behaviour arising because of the intrusion of strangers (together with that
concerned in the establishment and maintenance of so-called social heirarchies)
may be considered as an indirect form of aggressiwve behaviour concerned with
the possession of an object. The object in these cases is potential, not
actual, Aggressiveness caused by frustration (at least in the sense
inferred by Collias) is of doubtful biological value., ‘e may therefore
conclude that aggressive behaviour is nearly always coancerned with the
possession of some object, actual or potential, (ag;ressive behaviour in the
predator-prey relation ia not considered here, although it could be said
to differ only in degree from, say, food-roboing).

Aggresaive behaviour concerned with the possession of an object may
be subdivided accordiang to the nature of that object. We may thus dis-
tinguish reproductive fighting, in which the obJject is something essential

for reproduction, from fighting for food, or fighting for roosting sites,
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and so ons The validity of such distinctions will be considered in a
later chapter. The present chapter deals only with two typea of fighting
which ocour in winter - namely fighting over food and over roosting holes.
Reproductive fighting occurs to a limited extent in winter flocks, but is
dealt with in a later chapter. The question of position in a social
hedirarchy is considered briefly: a high position mey lead to advantages
both in connection with food and, later, with reproduction.

Fighting does not necessarily imply physical contact between the
individuals concerned. here contact does occur, it is referred to as
'combat', Combat is rare, and fighting usually consist. of more or iess
stereotyped behaviour patterns. Thus in the present study the fewmm feim
°fighting” has been used to incluile both "display-fighting", ian which the

participants do not atrike each other, and "actual fighting" or "combat".

B. _ Behaviour Involved in Fighting over Food.

l, Parus major and caeruleus

In the following sections the behaviour patterns involved in the
fighting of Great and Blue Tits over food is described. Both offensive and

defensive behaviour is included.

(a) Supplanting attack,
In & supplanting attack for a food object, the aggressor flies at
the posssessor of the food, causing the latter to fly ofi', and feeds in his

place, Usually the ag.ressor f.ies down fofm a position above the other
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bird: 1if both are initially on the ground, the aggressor usually flies

up an inch or two before attacking. It is difficult to analyse the
novements exactly, but often the attacker appears to glide for the last
foot or two of his attacking flight, and sometimes a hard *tit tit tit

tit' call is heard: this is particularly marked with Blue Tits.

Sometimes a bird flies down as though to attack, but holds off when about

a foot away ani lands elsewhere. The attacks take place most often on

a bird which is opening a nut, or has just dug a pit aumongst fallen leaves,
or is feeding in other ways which involve its being in the sume place for
at least several seconds.

The feeding bird nearly always hops aside or flies away, abandoning
the food; though occasionally he takes the food with him. In either
cagse it is rare for it to show any very marked further reaction: sometimes
it raises its crest, {licks its winis, or wipes its beax on a branch.
Occasionally a supglanted bird luaediately attacks another, without
attempting to rob it of food.s Similar behaviour was witnessed by
Colquhoun (1942) in Blue Tits, and is presumably a displaéement activity,
though Collias (19%43) believes that it may be regarded us due to 'frus-
tration'. Although sup. lanting attscks are nearly always successful,
they are sometlmes resisted. The behaviour caa not, therefore, be classed
as 'supersedence' (Tompkins 1933).

It is ofen difficult to be certain whether a supolanting attack
is concerned with fooi or not. (Occasionally a fecding bird makes such
an attack on another which approaches it to. closely: here the attack is
clearly concerned witih food, though its :bject is not foo’éobbery.

Sametimes there is clearly no reference to food, Thus one tit may supplant
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another which is not feeding (e.g. during integrated flock movements):
sometimes an attack is followed by several more in succession, or by a
chase, so that both birds fly far away fram any possible food object.
Such behaviour was seen particularly at three times of year - amongst the
Juvenile flocks in late swmner, during the sutumn recrudescence of sexual
behaviour, and from mid-December until the time at which the flocks break
upe It ia clear that in thess cases the sup.lanting attacks are relevant
to reproductive fighting, They are discussed on pagel34 .

Colquhoun (1942) used the term "approach threat™ to describe such

attacks, but it is clear that more than threat is involved.

(b) Combat

QOccasionally the victim of & supplanting attack may Jjump up and
meet his aggressor in the air, The birds face each other, with their
bodies upright, striking with their beaks and claws and fall quickly to
the ground. QOoccasionally a head-forward threat (sec below) develops into
combat, Cambats rarely last for more than a few seconds: they were
infrequent before Christmss, but were seen guite of'ten in January and
February. Hamerstrom (1942) found that *'fights’ ooccurred more frequently

in lerge flocks and in severe weather in P, @, atricapillus.

(¢) Stealing

In some cases the attacking bird does not attempt to supplant the
Jossessor, but goes straight for the food. Blue Tits occasionally robYed
Great Tits in this way, seizing the food ani flying off almost before the

Great Tit has moved.
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(d) Head-up posture

The head-up agiressive posture,which normally appears in reproductive
fighting ,ococurred occasionally in food disputes between Great Tits daring
the period before the break-up of the flockss 1In flocks in late January
and February it was quite common. Typically, one Great Tit supplanted
another and adopted a head-up posture for a second or two before feeding
on his spoil. On December 29th, 1949, two Great Tits feeding on opposite
asides of a piece of fat, which was hanging at one of the feeding stations,
used ver: vigorous head-up postures, Occasionally birdd feeding in front
of a mirror postured in this way. Such posturing was usually immediately
effective, the other bird flying off sometimes, however, the bird postured
at seemed to take no notice of it at all, Sometimes a bird giving the
wings-raised posture (see below) gave incipient head-up postures at the same

time, This is discussed further on p.234 .

(e) Wings-raised posture

In this posture the win;s are heli half open and raised to the level
of the back, or even higher, The tail is sometimes in the normal position,
sometimes spread, and sometimes raised, The posture may be given with
varying degrees of intensity - the wings may be only Just opened and hardly
raised at all, or they may be lifted above the back, Illustrations of Great
ahd Blue Tite using the posture in a dispute over a milk bottle have been
given in a previous paper (Fisher and Hinde, 1949). Sometimes the displayin;
bird turnufi round so that its back \t&.ﬂ directed tuwards its opponent,

The wings-raised posture is commonly givea by a feeding bird which is

approached too closely by another, The threatening bird usually continues
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feeding at the same time as he .ostures. It is also used seccssicon=lly

in reproductive fighting, especielly in inter-specific disputes,

(f) Head-forward posture
In the head-f.rward posture the threatening bird ceases feeding and
faces towards its op.onenty, It holds its head down and forward, its beak
usually pointing towards its opponent. In the Blue Tit the feathers of
the cheeks and orown are sametimes raised, though I have not observed this
in the Great Tit. The beak is sometimes opened, Sometises the wings
are scarcely unfolded, but in reactions of high intensity the wings are held
as in the wings-raised posture a.il the taill is spread. The posturing bird
mey remain still and threaten, or may advance on its o..onent. Usupally
the threatened bird gives way almost imncdiately, and hops or flies off,
though sometimes two birds will thrsaten each other simultaneously in this way,
Like the wings~-raised posture, the lLi.ad-forward posture is used as a
threat when one bird is uyproached too closely by another, rossibly it should
be regarded as a high-intensity f.orw of the wings-raised posture. It differs
from the latter, however, in that feedi.npg or searching for food must cease
while the posture is held, It is also used by birds which are not feeding,
Sometimes the feeding vir! ceases feeding for a moment and turns its
head momentarily to look at a .aearby bird, The latter usually flies off,

This may be a normal preliwinar, to the head-forward posture.

(g) Flying off with food

When a tit finds a piece of food so big that it cannot be swallowed
imsediately, it flies off aal eats it elsewhere. :Juts and beechuast are

always dealt with in this way. Th%lue of this behaviour t> the individual
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may be that he can thercby open and eat his nut in a place where he is less
exposed to being robbed by other birds, Sometimes many iandividuals from
a flock earry their booty to the same bush; but even so they probably
gain some immunity from attack, as the neighbouring birds are feeding,

not searching for foods, The carrying away of the fooi may also be of
value in that the bird opens its nut in a position where it is less
exposed to predators.

The birds readily become conditioned to carrying their food to s
partioular bush: at houses where the tits habitually open the milk bottles
and carry away the stop_.ers, piles of stoppers are found behind their
favourite bushes,

In periods of great food abuniance titAs sometimes carry off food,
and then leave it without eating it aand return for wore. Blue, Coal and
arsh Tits were often seen doing this during the heavy beeshmast crop of
1948, The Marsh Tits usually flew iown to the ground with the nut and
pushed it into the moss:  the saue individual would returmn repeatedly
to the same area, but not to the same spot: a0 that in a few minutes
several nuts woul:l be deposited within an arca of a few square yards.

The Coal and Blue Tits usually pushed the muts into cracks in bark or into
the holes in the cen re of elde: boughs. Similar behaviour has been
recorded previously in reat and 'illow Tits, and also in ©. bicolor,

as well as in the species noted above (Fatio and Studer, 188Y; lewis, 1923;
Astley, 1923; Hibbert-vare 1929; Forbush, 1929; Norgly, 1942; Owen, 1945;
Bent, 1946; Southem, 19#%?“'1;:1'&11 cases for which adequate data were

given, food was temporarily super-abundant, and eaci article of food was
carried to a slightly Jdifferent place, bein. usually pushed into a crevice
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in a stump or behind ivy. It ssems hnlikely that the bird remembers
later where it put each particle of food, but it may remember the
gensral area, so that this is probably real food-storing behaviour.
Certainly it is not merely a case of a behaviour pattern being cut short
because part of the adequate stimulus (hunger) for the final act (actual
eating) ia missing. The chain ia cut short before the nut is opened,
and in most cases the food is not merely dropped, but hidden. The
benaviour forms so definite a pattern that it st have survival value.

Food-storing behaviour seems to be rare in birda, but is known in

Balanosphyra formicivora and Menﬁ; lewis (see Bent 1939).

(h) Avoiding behaviour
Tits which are either searching for food, or opening nuts
outside the flock, ofte. fly off if they are agproached too closely

by another bird. If they have food they maycarry it off witn them.

(1) Re~entering the flock

when a Great Tit flock is feeding on the ground, an individual
which is returning to it first perches above the flock and inspects the
ground vefore flying down to feed. It seems that this enables him to
settle near, but not too near, other individuals, as well us to settle

on a suitable feeding ground,

(§) "Individual Distance"
The behaviour patterns described above have the effect of
keeping a small area roun: each bird free fro: other birds. This area

has been called "Individual Distance"” (e.g. Burckhardt, 1944; Conder, 1949).
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Conder describes "Individual Distance" as "an area which has no visible
boundaries, which woves with the bird, and into which no other bird can

come". These authors desribe "Individual Distance" in Larus ridibundus,

Aythys fuligula, and other species, and note that each bird's area is kept
free by avoiding and threat reactions. This is also the case with the
Great and Blue Tits, It must be noted, however, not only that "Individual
Distacce” is an area, but that it is a compressible area. Another
individual at a distance of, say, 2 feet, may evoke only a slight wings-
raised posture, whereas at one foot he may evoke a head-forwardi poature
of full intensity., TPurther, the diatance at whicih another bird is
tolerated may vary with the physiological stat: of the individuals, with
their position relative to their own territory (see p. 47 ) and even with
where the flock is feeding (i.e. on the ground or in the trees, see p, 77 ).
The biological advantage of the maintenance of "Individual
Distance” in the Tits is probably the relative immnity which it gives from
the food=-robbing behaviour of other Lirds, This, however, 1s not necessarily
always its functlion: in other species it may provide sufficient room to
spread the wings iu sudden flight, or prevent the spread of parasites, or

serve other purposes.

2, Other rarus Species.

Behaviour patterns ver, siuilzr to all those described in the
last section have also been seen in the preseat study in Coal, Marsh and
‘§illow Tits. One Coul Tit ver: often opened its b.ak when using the head-
forward posture. iarsh and Willow Tits were not .ctually seen to raise the

cheek feathers when using the head-forward .osture, s.rds of each si.ecies
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against members of its own species.

C. Experiments with a Mirror.

During the winter of 1949/50 the aggressive behaviour of the
tits was studied by allowing them to see their owa reflections in a plane
mirror placed at one of the feeding astations. The mirror was 3 feet long
and one foot high: %It was placed vertically with one of the long sides on
the ground, A Jiece of fat was left on the ground immediately in front
of the mirror. Tits which came to feed on the fat were -ble tu see
their reflections and reacted in one or more of the following ways:-

(1) Some birds flew down towards the fat but, on seeing their
reflection, imnediately flew off in haste. Some of these actually landed
on the fat for a fractic.a of a second before flying off, whereas others did
not even land, but turned about in mid-air. Some of the birds which
behaved in this way did not return to the mirror, at least during the
period of observationg Cthers, however, returned again and again: in
these cuses the time betweea visits decreased, and the time spent in front
of the mirror increased with each visit, until the bird was feeding normally.
Occasionally & bird would settle 80 that its image was nidden from it by
the fat, and would conti.ue feeding until it saw its reflection, when it flew
off.

(41, Some individuals c.me to the mirror and lo.ked at their

reflections for some seconds, and then fed without display. 1In such cases
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the bird usually appeared to be uneasy - looking round, flicking its wings,
and often standing with raised crest.

(114) In other cases the bird noticed its reflection and did not
display, but fed without signs of uneasiness.

(iv) Sometimes the wings-raised posture was used, the bird feeding
and posturing simaltansously. The posture might be so slight as to be
barely notliceable, or very intense, with the wings reised above the back.
The display became more intense if the bird moved closer to the mirror.
Posturing of intermediate intensity usually subsided in a minute or two.
Very intense wings-raised posturing usually led to head-forward posturing.

(v) Birds which showed the hoad-forward posture did so in
intervals of feeding., The posture was usually accompanied by raising of
the wings, which persiated during feeding.

(vi) Some birds actually attacked their own image. The attack
was usually preceded by the wings-raised end head-forward postures. Two
forms of attack could be distinguished. In the first piace, the bird
remained on the ground, with wings raised and tall spread, and pecked at its
image. In the second it fluttered up against the glas. and pecked, In
either cuse it usually soon worked along to the end of the mirror, when, of
course, the image disappesared. It then hopped around, usually with flicking
wings and raised crest, until it saw its image again, After attacking for a

few seconds it returned to feeding.

It will be seen that different individuals showed responses varying
from immediate flight to almost im.ediate attack, The observations made

were not sufficient to show the reasons for these differences in behaviour
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but it was clear that (i) any one individual usually (but not always)
showed the same typs of response on successive visits and (ii) that certain
second year birdas, whose territories were known to be several hundred yards
away, fed with signs of great uneasiness, whereas birds which spent much
of their time close to the feeding station often attacked their images.

It thus seems probable that some of the differences are connected with

the birds' familiarity with the area.

Colquhoun (1542) has shomn that in Blue Tits 'a clear social
hierarchy exists within the flock in winter; residents are dominaat to
nomads and the social order of the residents is related to territory’.

The five Blue Tits which occupied the first ylaces in the 'dominance
hierarchy' poasessed territories at successively greater distances from the
feeding station. A similar result has been obtained for P._major by
Brian (1949,. In the .resent study, the birds which were seen often round
the fceding stations usually sup lanted strangers at the food. Odum (1942)
and Humerstrom (1942) found that there is a dominance order in winter flocks

of P. a. atricapillus, though the order is not always fixed or linear. Both

these authi.: found that strangers were subordinete to the other members of
the flock, and exhibited 'uneasiness' on apprvaching the food. Odum remarks
that the three highest males in the hierarchy were the ovnes that remained

on or near the winter feeding range to establish territory. He tnus implies
that a high position in the dominance order precedes the establishment of
territory. The observations made by Colquhoun (loc.cit.) started in December,
and those by Brian (loc.cit.) in January. In these cases the establishment
of territories, or at leaat of yreferred areas, had alrecady taken p.lace and

the authors infer that the dominaace order was a result of the territorial
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organisation. The question is discussed further on p.234.

The existence of social hlerarchies raises the question of
whether any fighting occurs purely to settle poaition in the social
hierarchy, and without reference to food or other objects actually present
at the time. This may be the case: it is known that 'the first thing
two hens will do on meeting is to settle their future dominance relations'
(Collias, 1943). There is as yet little evidence to show that such
fighting occurs in wild populations of tits, Indeed Odum's (1941b)
description of the behaviour of birds r:leased into a strange flock
suggests that they were at first subordinate to all other birds, and that
their ultimate position in the new flock may have been settled in encounters
over food. Even if such fighting does occur, it must be regarded as
aggreasive behaviour directed (perhaps indirectly) towards the possession
of some object (food, territory, etc.) in the same way as other types of
fighting.

The behaviour of the tits towards their reflection can be taken
as behaviour towards a strange bird., The behaviour of each bird towards
a stranger thus probably depends luargely on the .lacc where the encounter
takes place: no doubt it also depends on other factors such as sex,
(females rarely showed anything more than a slight winis-raised posture),
hormonal condition uni degree of hunger. (See Collias 1943, 194L;

Allee, m) L4

Ds. _The Biological Value of Fighting over Food.

We have seen that in winter the sup;lanting attacx is nearly

always offensive in funatiom. and 413 used in stealing food from ptker birds,
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It will be asked whether such behaviour is of survival value - whether
sufficient food is obtained in this way to make the behaviour biologically
valuable. In order to give a partlal answer to this queation, a note
was mude of every occasion when such au attack was seen during routine
observations on winter flooks, The incidence of attucks in each month
wos expressed as the nusber observed per hour apent watching flocks in
the field. This, of course, provides only a wvery rough wmeans of comparing
the frequency of such attacks in different months, but does give some
indication. In addition, in & few cases, the actual number of attacks
seen during a given period of observation on one flock was counted.

The records are shown in Table & by half monthly intervals from
Septeaber 15th to February l4th, 1948/49 and for June 1949, and by monthly

intervals from July to January 1949/50.

Table ¢ o No. of supplanting attacks seen per hour spent in routine
observations on flocks, (all Parus species,.

reriod. Hours of Total MNo. Ratio inter/intra Average No. of
observation of attacka gpecific attacks. attacks per
Hour.
1948/49
Sept (1i) 51 13 6.6 0.3
set (1) 7 2 (L. 0; Ue 3
Lot (i) 25 15 (1.5 0.6
Nov (i) 24 n 0. 244 1.0
Nov (1i; 33 i8 0.20 1.5
Dec (i) 36 8 0. 20 2.3
Dec (4i) 16 65 0. 38 4e3
Jan (1) 2 83 U. 20 3.5
Feb (1) &7 82 Oe 2 1.7
1949/50
June (i) 26 2 0. 00 Oel
June (ii) 19 9 0. 00 0.5
July 13 12 0.1 l.u
Aug. 25 19 0. 05 0.8
Sept. 24 20 0.05 0.8
scte 16 8 0.3 0.5
1JOC,e 20 4
Jan. s 4ﬁ5~ Ve ](3% 2-2

- - —_— o
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Unfortunately it was not always possible to be certain whether
the supplanting attack was mude with the object of food-robbery or not.
Therefore all supplanting attacks were counted except those probably
assooclated with reproductive fighting, i.e. (i) leading to & chase,

(ii) in which the attacker supplanted the same bird more than once within
the course .r a few seconds, and (iii) in which the attacxer did not feed
and used the head-up posture or other posture appropriate to sexual
fighting. Instances of stealing food were included as supplanting attacks,

In both years attacks becume most common in December, the figure
being 4«3 attacks per hour in 1948/49, and ~.2 in 1949/50. In 1948/49
the tits fed almost entirely on beechmast throughout the auxtumn and winter
80 that in this year, at any rate, th- change in the frequency of the
attacks throu h the season cannot be accounted for by a change in the saize
of the food particles. The fact tihat the peax ococurred in wmidwinter in
both years might be taken as goud evidence that tn. attacks are of
viological value, This, however, is not necessarily the cu:ze since a
aumber of other factors contribute to this result. Thus:-

(i, Attacks occur more often in closely integrated flocks than
in dispersed ovucs. The flocks became more integrated as the winter
advanced.

(ii) Although definite instances of reproductive fighting were
excluded, some of the supplanting attacks may have been associated witn
pair foruation. Sucn behaviour became more warked from December onwards.

(3ii) su varw days in Jaumery and later the birds fed in pairs and
not in flocks, 30 that food robbery was rare. Jn the other husnd, su, lantir
attacks were .articularly com..a when the tits fed in flocks during cold

spells at this season.
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It seems unlikely, however, that a behaviour pattera of this type,
whioh can be caaually observed over four times an hour, is biologically
valueless. In fact, when 1t was po:sible to watch one flock in one
place for any considerable period, the number of attacks was much higher
than this, In two periods of 36 an: 4O minutes on Jan 6%th and Feb 4th,
1949, respectively, in each of which flocks estimated at ten birds were
kept in sight continuously, 13 and 17 attacks directly conuected with
food were counted, If all the birds in the f lock were attacked equally
often, this would mean that each was attacked about twice an hour. In
sractice some birds must have been attacked much more often than this,

As far as could be seen, these biris were taking little other food than
beechmast, ond were tukiig on the average three minutes to find a beechnut,
In another flock (estimated at 27 tits, which was watched on Dec 2nd, 1948,
the birds were taking on the average only 13 secouds t¢ find a beechmat,

and only twe zttacks were aeen in half an hour.

Teble 7 . awber »f supplanting attacks observed between
the tit species.
(a) 1548/49.
Attacking species
Attacked
species, Great Tit. Blue Tit. Coal Tit. sarsh Tit.
Great Tit 265 25 1 2
Blue Tit 22 136 1l 0
Coal Ti% 12 2 5 5
Marsh Tit 21 17 0 52
(b, 1949/5C.
Attacking species
Attacked
species, Great Tit. Blue Tit. Coal Tit. Marsh Tit.
Great Tit 68 4 0 0
Blue Tit Zg 0 0
Coal Tit 1 8 \!
Marsh Tit o 1 Iy PN
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Table 7 shows the frequency with which attacks were observed
between each of the Parus s,ecies in the wood. Attacks involving
individuala of the same species (underlined figures) were much more
com:on than those involving different species, 1In the interspecific
attacks, Great and “lue Tits robbed Coal and Marsh Tits more often than
vice versa. Blue Tits robbed Great Tits about as often as they were
robbed by them, On a few cccasions tits were supplanted by Great

Spotted Woodpeckers (Dryobates major; and ifuthatches (3itta Buropoes);

and Great and Blue Tits supplanted Chaffinches (Fringilla coelebs),

Robins (Erithacus rubecula; and Hedge Sparrows {_“runella modularis).

The ratio of interspecific attacks to intraspecific attacks
(Table ¢ ) was consistently higher in 1948/49 than in 1949/50. In tne
first year there was a very good beechmast crop, which formed = high
proportion of the food of all the tits throughout the winter. 1In
1949/5C the beechmast failed. Thus the higher proportion of inter-
specific attacks in 1948/49 may have been due simply t. the fact that
the different species were feeding on the same food whereas in 1949/50
they fed mainly in different places. In the year when the beechmast
failed the tits were probably feeding on smaller particles than in the
orevious year: this way also have reduced the proportion of inter-

specific attacks.

B, Fighting over Roosting Sites

On a nuwber of occasions during the winter a tit was seen to

arrive at its roosting hole to find it already occupied. Sometimes the



newcomer was ancther tit; more usually it was a Great Spotted Woodpecker

(Dryobates major). Un such oocaslons the dispossessed bird usually made

several attempts to enter the hole, and both the head-forwvar’ and wings-

raiged posture were used, On one occasion (February 21st, 1949) a Great

Tit, finding its hole occupied, flew to a branch some distance away and gave

a momentary head-up posture although no other tit was near. (See also p.Z26¢),
Tits may be seen inspecting holes (see p.,/(7) all through thé winter,

though such behaviour becomes much more common in the weeks preceding the

nesting season. When a tit in a winter flock inspects a hole, it often

happens that another bird flies at it and supplants it at the hole.

Sometimes the first bird resists, and & combat easues, Such fighting may

be relevant to the possession of roosting sites.
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SECTION ¥  MOVEMENT OF INDIVIDUALS.

AO G‘ener al-

All gradations from sedentary to regular migratory behaviour
can be found in the genus Parus. Even ore subspecies may differ markedly
in its migratory behaviour in different parts of its range, Such variations
clearly depend on local differences in the relative survival values of
sedentary and migratory behaviour.

The British races of the Great and Blue Tits (Parus major newtoni

and P, caeruleus obscurus) are almost completely sedentary, except for local

movements. Individuals of the continental races also occur in the British
Isles in winter, sometimes in fair numbers, (see e,g. the records for 1910
in British Birds, vols IV and VI) but little is known of their movements
inland, On the continent the situation is often very complicated, since there
are some areas where the winter population consists partly of local and partly
of migratory birds (e.g. Belgium, van Beneden, 1933; Delmée, 1940); others
in which the adults are sedentary and the Juveniles migrate long distances
(e.g. Finland, Grote, 1913; see also Mogall, 1939); and probably others
where all birds are migratory.

A brief account of the movements of the tits in Wytham is given in
the following sections. The reader is referred to Plattner and Sutter (1946,

1947) and to Kluijver (in litt.) for recent reviews of the literature on the

movements of tits.



B. rarus major,

/
l. Post-breeding Season.

within a week of leaving the nest, some of the broods in the
wood were found to consist of the young of more than one pair. Thus the
young started to wander from their parent's territories very soon after
leaving the nest, No doubt this mixing of the broods occurs far more
readily when the population 1s high, and the territories close together,
than when the population is sparse.

Two broocds of Great Tits were given colour rings: four weeks
after leaving the nest they had become acattered all over the wood. HNo
attempt was made to study the movements of the juwveniles between July and

November.

2. Autumn and Winter.

siost of the adults remained on or near their previous years!
territoriea throughout the autumn and winter. (Other authors have stated
that they disappear during the moult -wi reappear again in autumn (see summary
in Plattner and Sutter, 1948-7) but this was certainly not the case with the
colour-ringed adults watched in the present study). They formed part of the
flock whose flock-area included their nest-site, and moved about with it, but
spent more time in the neighbourhood 1" their last year's territory than in
other parts of their range. During cold spells this attachment to a limited
area became much less marked, and all birds wandered over fur greater ureas
then they had done _reviously. One pair, which had never been seeun more
than 100 yards from its breeding territory throughout the whole sumner, autumn

and early winter of 1949, ap;eared at a feeding station 4CU yards away during
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& cold apell in January 1950, and continued to use it occasionally during the
subsequent milder weather. Gibb (in 1itt.) found that all the tits left the
wood during the severe winter of 1947/8. 1In a very few cases adults changed
their range completely during the winter, moving to & different part of the
woode It is, of course, possible that some of the adults which disappeared
had moved elsewhere.

It is nct known how much the juveniles continued to wander about in
the autumn, but by November it waa clear that some of them had already taken
up residence in a limited area, These birds remained in the same area for the
rest of the winter. They moved about with a flock and showed no warced
preference for any particular part of the flock area, but when the flocks broke
up they immediately showed behaviour associated with the estublishment of a
'oreferred ares' and a territory. No doubt these individuals, like the second
year birds, would have moved about more had the weather been colder.

Not all the first year birds became sedentary as early as November
however, Many which had ajpeared to be settled in November subsequeatly
moved to quite a different part of the wood. All through the winter there were
birds which turned up at ¢he traps one day znl disap eared the next, Some move-
mentyg of this type occurred throughout the winter, but it seemed to be most
marked in February and liarch. Indeed, Maynard (1936) considered Great (and
Blue) Tits to be mainly non-resident at this time of year, new birds arriving at
the traps about every five days. This movement immediately preceding the
breeding season was probably largely due to the return of birds rhich had
moved out of the woods int: th. hedges and .ii.0 populated areas in the early

part of winter. In tihe British Trust for Ornithology enquiry into the opening



of milk bottles by birds, many of the correspondents stated that their
milk bottles were opened most frequeantly in the winter; and commented that
there were always more tits about the houses at that time of year: these
observers were untrained, but they were also independent snd unbiassed,

Since the adults remain in the breeding areu throughout the winter,
and there are no indications that they actively drive their young away,(unless
they are rearing a second brood (of. Stein, 1927)) it is probable that the
dispersal of the juveniles is due to an innate tendency to move, independent
of the environmental situation. 1Indeed Kern (1940) found that juveniles
acoustomed to feed at a well-stocked feeding station moved off in September
in spite of the food supply. On the other hand, their further movements
during the autumn and winter probably depend largely on the availability of food.
Certainly the Great Tit population beccnes higher in the areas where food is
very abundant than where it is scarce. Presumably a juvenile has a greater tend-
ency t0 change its range when fool is difficult to find than when it is easy.

Other authors also have concluded that the extent to which the birds
move about is linked with the availability of food (e.g. Lebeurier et Rapine,

1941). Promptoy und Lukina (1937) consider that they have proved it

experimentally. Steinfatt (1938) notes that P. palustris moves into fine

woods in winter - vresumably - direct effect of local food conditions. The

problem is, however, by no means a simple one, as in wiuter the tits need

roosting sites as well as an adequate food supply. In some cases they may

feed at some distance from where they sleep (see Plattner and Sutter 1946, 1947).
If it is true that the winter movements of juveniles are largely

dependent directly on the availability of food, the movements differ from true

migration in two ways:~ (i) The movements are not orientated, (ii) The move-
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ment ocours as a direct result of the biological need, or, in other words,
the proximate and ultimate factors are the same. In the latter respect they
resemble hard weather movements, but these are orientated.

A habitat that is favourable for the Great Tit in winter is not
necessarily favourable for breeding. A pre-nesting movement msy be iniuced
by some form of habitat selection, the birds moving about uatil they {ind a
suitable area, Ths spring movement .f tits is probably aot orientated.

In true migration both autumn and spring movements arc orientated, and I

wabia the movement precedE the biological need.

The feeding range of an individual in any pert of the winter

usually correspcnds to the flock ares of the flock to which it belongs

{i.e, the feeding range of the flock, c. 10-20 acres: see D20 ). Some
individuals, however, spent some of their time in one flock snd some in
another, ani thim had a considerably larger range then this., Oa the otaer
hand aome second year birds, which teaded to remain nsar their previous
year's territory, had a range rather smaller than that of the flock. It was
rare for a bird to be secn regularly at points more than 4L00Q yards apart.

A nuiver of birds chsnged their range during the course of tne winter, in

some cases graiually and in others more or less abruptly.

C. !arus caeruleus.

All that has been said about the Great Tit applies .lso to this

species., The adults remained throughout the wiater in the neighbourhood
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of their previcus year's territory, though forming part of the flock whose
flock-area included it., The winter range of the Blue Tits seemed to be rather
larger than that of the Great Tits - a muber of birds were known to wander
regularly over about 2% acres. An in the Great Tits, there were indications

of an increcased amount of movemeat among the Blus Tits in Wytham in “ebruary and
slarch.

Kearick (194C) atates that the birds caught at his traps near
Birmingham could be divided into four categories:- A. PRully reaident (three-
eighths)j; B. Cummer residents (one-eighth); C. iinter visitors (one quarter)
and De Vinter pussuge migrants (cne guarter, mostly sees in February and iarch;.
Categcries A, U, and D would be expected if' the general movemcnt of Biue Tits
is similar to that sketched above for Great Tita., Category B indicates that
the sdults move rather more thun do the adult Great Tits, but more concise
evidence is nzeded on this points Aa in the Great Tit, the amount of wandering

no dcubt depends largely on the availability of food (sec lebeurier et Rapine,

1944).

De Parus palustris.

Jo mixing of broods was seen in the Yarsh Tits - presumably because
the territoriez were sc much larger than those of the Great and Blue Tits
(see p. 96 ). 1a two orosds the young were colour-ringed. They remained on
their pa.rent’s territories until they were about = month 0ld, ani thea suddenly
scattered all over the wood,

The adult .arsn Tits showed an even croater teadency to remain on

or near their territcries through the wiater than did the Great and Blue Tits.
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Although they often joined flocks of juveniles, they did not usually

follow them outside their own territories.

E. _Ringing Returns.

The number of recoveries of tits ringed under the sritish Museum
Bird Ringing Scheme is as yet insufficient to give a clear picture of their
movements. Their analysis is complicated by two factors; (i) among the
birds ringed as adults it is usually impossible to differentiate between
lst year and older birds, anl! (ii) many birds move over such short distances
that their movements are not shown by the ringing returns. In Tablekg ¢
only those birds which were recovered dead, or which were re-caught by a person
other than th original riuex have been included. In this way the bias
which woul! be caused by birds retrapped by the original ringer is eliminated.
The adults have been divided into two categories - those first ringed between
sarch 20th and July 10th, which may be assured to be at least one year old
when rinzed (category A ond those first ringed at other times of year
(category B).

(a) Great Tits. Of the 13 birds rin-ed as adults during the
nesting scason, none showed any movement. Juite a number of the birds in
category B showed scme movement, but this category may have included some
first year birds. There are few recoveries of nestlings, but quite a large
proportion show some movement. The one adult which woved 95 miles was ringed

at Birmingham on Dec. 29th, 1935,and recovered at Denver, Norfolk, on Jan. lith,

1938: this may have been a speciment of the Continental P, m. major. Two
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birds ringed in the autumn of one year were re-caught by the trapper several
times during the winter and then moved 10 and 38 miles respectively in
FebruaryAlarch.

(b) Blue Tits. Of the 16 birds recovered which were first
ringed as adults in the breeding season, 3 had moved a considerable distaace.
This possibly indicates a difference from the Great Tit, though the movement
shown by adults in category B is similar to that in the Great Tit. Few
rinzed nestlings have been recovered, but a high proportion show some move-
ment,  There are two rccords of birds ringed in the autumn ,which were known
to be sedentary during the winter,but which moved 8 and 17 miles respectively

in February/March.

F. Gther rarus 3pecies,

No attempt will be made here tc review the literature on the
migratory behavicur of the species mentioned above in other areas, or of
the other Parus species. The following generalisations can be made:

(1) 1In all cases the juveniles move farther than the adults.
Adults are in fact sedeantary in all regions except those in which conditions
are extremnely severe., Kluijver (in 1itt,) has shown that adult females of
P._me major have a very slightly greater tendency to wander between successive
breeding secasons than adult majes. If this is gencrally true for other
species and other areas, we can say that the relationship between the amount
of movement shown by adult males, adult females «a’ Juveniles is the same

as in other 'partial migrants' (Lack 1943/L).
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(ii) The amount the juveniles move varies in different
spscies, in different races,and in individuals of the same race from
different areas. No doubt natural selection exerts a fine control
on the amount of movement shown by individuals in different areas,

In some cases also, there are marked differences between the amount of

migration occuring in different years (e.g. 2. a. atricapillus, Wallace,

1941; Bofdish, 1938; Odum, 1942: P. ater, Grote, 1913 and 1937;
Sevesi, 1934: P. hudsonicus, Bent, 1946). Sueh differences may sometimes

be due to population changes, but .resumably are usually due to differences
in the proximate factors controlling the migratory behaviour,

(iii) 1In thosesjpecies which are relatively sedentary, as well
as in those which are migratory, more movement occurs in those months
impediately preceding the breeding season than in the winter (e.g.

P. ceseruleus, Kenrick, 1940: P. a. atricapillus, /sallace, 1941).

Gs The Concept of 'Domicile’.

Kluijver (in litt,) distinguishes four areas which have 'special
significance in tit biclogy's These sre: (i) the area immediately
surrounding the nest hole; (ii) the territory; (iii) the Domicile (i.e,
the part of iis range which it frequents most often by day, and in which
it also sleeps and breeds, It is measured by calculeating the area within
which all the obrecding and roosting sites used by the bird once it hes
'gettled down' are i.tm}uded;) (iv; the range (i.e. the area in which all the
bird's sctivities take place: it seexs food, sleeps aand breeds within the

limits of its range)es Unce a bird has selected a domicile and a range
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#A seldom changes them.

It would seem thut, in the concepts of range and domicile as used
by Kluijver, the time factor has hot been adequately considered. Thus
during a bird's first wiater, bcfore it has finally settled, it may feed over
a more or less definite range (see p,20 ) for days, weeks or even months in
succession, and then move to a totally different area. (This is, of course,
especially the case with migratory birds), Several cases of this were
encountered in the preseat study, Indeed, it is unlikely that all the birds,
which were recorded in the azrea for a weck or two and then disappeared,
had died: wmany of then mast have changed their range. A distinction must
therefors be made between the range during any given period, and the sarea
over which a bird ranges during its life,

Further, the concept of domicile introduces consider.ble
difficulties. Xluijver uses the term to wsan the area ciataining the
different successive rocsting and breecding sites of one indiwidual. It
thus has meaning only in retreospect, end cannot be of any significance to
+the bird. In Kuijver's study roosting sites were avallable only in nest
boxes, which were scattered mors or less evenly through the wood, In Marley
Wood, on the other hand, few birds roosted in boxes, the majority mwosting
in the groups of dead trees. “hese trees were deserted by most individuals
before the breeding season, when the birds scattered to breed/ﬁn the boxes;
these were presumably morc suitable than the small holes ﬁn the trees.

Thue here the domicile, 28 defincd by the roosting zites, was .ftea remote
from the next year's territory. Further, $tlattner and Sutter,( 1546 and

1947) state that in zome ceses the hirds may feel at some distance from the
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roosting sitesy so that the domicile is not "the part of its range which
it frequents most of'tea by day".

It is not denied that individual Great Tits come to frequent
-ne part of their range more than others. This is particularly the case
with second year birds, who frequent their last year's territory and its
environs more than the other parts of their range. Some first year birds,
also, come to prefer a certain part of their range during the winter, pre-
sumably because they become canditioned to feed in certain places ruther
than others. The use of the term domicile for an area which has no
existence ot any one time is only a way of saying that the birds are more

or less sedentary.

H. H .

A number of attempts to teat the homing abilities of tits have

b
been uwade, (€.ge Po_atricupillus, Gutts, 1931; allace, 1941; Odum, 1941+8;

£._ major end cauruleus, Hurples, 1932 aand 1933; Wenkel, 1935; Delme/e, 1940;

Creutz, 1949). A1l these authorities agree that most birds fiul their
wuy home over distances .ip tc a few miles, but that very few get home from
greater distances. The return seems to depead on the bird coming by chance

into known country.
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SECTION Vi PAIR FORMATION AND THE BEHAVIOUR OF THE PAIR.

A. Palr Formation.

In most passerine species the males separate out from the flocks
before the females and establish themselves on a territory. The females
then come to the territories, where pair formation takes place (see e.g.
Tinbergen, l93?§: Often the male at first behaves aggressively towards
the female, but then shows other behaviour when she does not respond as
another male. Little is known of pair formation in those species which form

pairs in the flock. Putmen's (1949) observations on Bombycilla cedrorum

seem to indicate that in that species the male takes the initiative by
making a courtship dance to other birds in the flock, and that the response
of the second bird depends on its sex and physiological condition. The
exact mechanism of the formation of pairs in the tits has not yet been
established, but there is some evidence as to its nature. This evidence

is at present stronger for the Blue Tit than for the Great Tit: the Blue

Tit is therefore discussed first.

l. Parus caeruleus.

Although the birds in the winter flocks show few indications of
sexual behaviour, the fact that some of them are paired is revealed by the
study of colour ringed birds, and also by their behaviour at roosting time
(see p.267). The members of such pairs show little preference for each
others company inside the flock, but on warm days, especially in September/
October, and again in the spring, the flocks disperse and the pairs can be

more easily recognised, Some of these were second year birds, for permanent
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pairing is usual if both individuals survive. In some cases, however,
Juveniles also became paired during the winter.

It is probable, however, that most pair formation takes place
when the flocks break up, On warm days from December onwards there is much
aggressive behaviour in the flocks, and although the skirmishes sometimes
start as food disputes, food often seems to be irrelevant. Such aggressive-
ness usually consists in one bird flying up to supplant another, finishing
its attack with a short glide, and holding its tail spread and its wings
slightly open on landing. The attacked bird may give an aggressive display
in return, or it may merely hop aside, In the latter case the attacker
may supilant it several times in succession. If the attacked bird flies right
away, the attack may develop into a prolonged chase. (cf. Tooby, 1948).

The attacks are accompanied by a 'tit tit tit tit' note.

Behaviour similar to the above may be seen between the members of
a pair during the first few weeks after the break-up of the flocks., Thus
when a pair of rBlue Tits is feeding in a tree, the male may suddenly make
a series of supplanting attacks on the female, the latter moving away only
a short distance after each attack. If the female does fly right away,

a chase may ensue, Purther, in reproductive fighting, males often supplant
(see pps 123 ) their adversary's female, The behaviour in the winter
flocks described abowve is so simllar that it is reasonable to suppose that it
is associated with pair formation. If this is correct, then it would seem
that in tits the male takes the initiative in pair formation by making
supplanting attacks on other individuals in the flock: the response of the

attacked individual no doubt depends on its sex and physiological condition.

More observations are needed.
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Although some individuals started to sing before the break-up
of the flocks,it seems unlikely that song is of any great importance in
pair formation. It does function in keeping the pair together at a

later stage.

2. Parus major.

In winter the pairs within the flocks are even more difficult
to recognise than in the Blue Tit, for the roosting display is less marked,
but there is no doubt that the second year birds usually remain paired
through the winter, and it is probable that some of the juveniles also
form pairs before the flocks break up.

Most pair formation probably tal es place when the flocks
break up: supplanting attacks and chases similar to those described above
for the Blue Tit are common at this time. The supplanting attacks were
often followed by head-up posturing. As in the Blue Tit, during the
period after the break-up of the flocks males sometimes make a series of
supplanting attacks on their females; and in reproductive fighting males
often make supplanting attacks on their opponent's mate. Brian (19;;)
has described pair formetion in one individual Great 7it, The male
flew up and supplanted the female and both gave head-up postures. On
successive days the posturing became less marked,

After the flocks broke up unmated birds seemed to be rare,
though & few wandering individuals were seen. Nevertheless several
birds which lost their mates later in the season - even during the nesting

season - found new ones in a few days.
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3. Parus palustris,

In the Marsh Tit it is easier than in the Blue Tit to recognise the
pairs in winter, The individuals of the pair show a marked tendency to keep
together, even in the flock, and at least most of the paired birds hold territor-
ies throughout the year, and rarely leave them.

In June 1949, some individuals of a colour ringed brood were
seen by both J. A. Gibb and the writer to keep company with other unmarked
Juveniles for several successive days after the break-up of the 'broods.

These birds showed aggressive behaviour towards other Marsh Tits in exactly
the same way as paired birds in spring, but if these were pairs they were of
only a temporary nature: a fortnight later the birds concerned had moved
to a different part of the wood and were no longer apparently paired, though
still showing aggressive behaviour. In scome cases, however, juveniles
certainly became paired by November, In late winter, chases, similar %o

those which have been described for Great and Blue Tits, were common.

4. Aegithalos caudatus.

In this species pair formation probably takes place in a siiiilar
way to that which has been described for the Parus species. Chases were
common in flocks from mid-December onwards., These usually started with a
supplanting attack; and the chased bird often flicked or shivered its wings

between flights., These have also been described by Tooby (1948).

5. Other species.

O0dum (1941) found that in P. a. atricapillus pairs are formed

before the establishment of the territory, and Steinfatt (1938) reached a
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similar conclusion for other European species of tits, Odum found that
in 60% of cases a paired condition could not have been maintained during
the winter, but remarks that mortality could account for this. "If pairs
are maintained apparently the bond between them is very weak in the winter

flocking period.," Verheyen (1947) notes that in P, atricapillus in

Eurcpe new pairs form before the end of October. Dixon (1949) found that

in p. inornatus, where winter flocking does not occur, but the adulis

remain and defend their territories all the year round, the juveniles
become paired soon after the break-up of the family parties. He also notes
that the male of this speciea of'ten supplants the female: the female may
8imply shift her perch, or she may fly off, when a chase ensues,

In Remiz pendulinus the mechanism of pair formation is quite

different from that in the Parus species, the male starting to build the

nest before the arrival of the female. (Burkherdt, 1948),

B, _Permanency of Mating.

Odum (1941) has reviewed the literature for the Paridae and
has shown that "There is considerable evidence that paired birds of many
Paridase maintain an attachment for each other beyond the breedin. season
and may remain paired/for life"., There is indeed strong evidence that
permanent pairing is usual, and to Odum's list may be added the observations

See also Kluypver in it
of Dachy (1946) on P. mejor and Dixon (19#9)[011 P. inornatus. Records of

provendivorce are comparatively rare. (P. major and caeruleus, Delmee, 1940;

Kenrick, 1940; Schenk, 1929; Verheyen, 1947: P. inormatus, Dixon, 1949).

Some of these records refer to changes of mate between the two broods in
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one season: similar behaviour in other species has been discussed

39a
by Tinbergen (15B§). Bigamy is also known in the Great Tit (Gooch, 1935).

Ce. Break-up of the Flocks.

1. Parus major.

In both 1949 and 1950 the break-up of the flocks was 7gradua1
process, Some reproductive fighting was seen in December in both years
but it did not become common until January. In late January, 1949, and
early February, 1950, the flocks became noticeably less integrated than
they had been previously. For instance, individual birds often gave
long series of twinks which did not produce an outbreak of twinking
in the flock as a whole (cf. p.30 ), and when an outburst did occur,
the indiviudals often moved in different directions. OSimilarly,

a
in Plectrophenax nivalis, Tinbergen (193% noted that just before the

break-up of the flocksért‘l;xfr_}e‘egwas a "higher frequency of repetition of
social sounds". Males/seemed to have less tendency to flock than
females at this time,

In 1949 the flocks in different parts of the wood broke up
at different times: well marked flocks persisted in the lower wood when

nearly all the birds in th wup.er wocd were in pairs. Paired Great Tits sonm

times assoclated with flocks of Chaffinches (Fringilla coelebs).

In the period between the first appearance of paired behaviour
and the beginning of nesting,the Tits were usually on referred areas otv
territories in the early morning 'but in flocks later in the day. The

time of day at which they changed from paired to flocking behaviour was
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later in warm weather than iu c0ld, and became later in any weather

as the nesting season epproached, A few flocks werc seen up to the
beginaing of April. These spring flocks werc comperatively loosely
integrated, yet more than a mere tolerance for the presence of other
individuals was involved in their formetion, for up to seven pairs were
seen t> come together fram different parts of the wood to form a slock.
Second year bdirds joined such flocks less often than younger birds,

When firet formed the flocks would have an explosive quality, short

chases and reproductive fighting oceourring from time to time. Later

in the day thsy became morc like winter flocks, and practically the only
aggressive postures seen were those associated with food disputes (see p3y ).
The behaviour of the birds during this chengs~over period was thus similar
to that described by Howard (1920) in his classic studies of Buntings and
Finches.

During this perlod, aggressive behaviour amongst flocking
birds secmed particularly likely to occur if the birds were disturbed.
Thus oo several occasions when the obaerver approached a flock in such
e way that the birds werc disturbed but aot frighteced away, two
individuals which had been feeding appareatly .eacefully on the ground
behaved aggresaively tu sach other, giviag the head-up posture (p.iié )
and calling "pit tit churr",  Slailarly, when the birds in a flock
started to fly uy into ths bushes, preparatory %o a flock movemeat, two

birds which lanled anear togelhor gave head-ipy postures.



2, P, caeruleus, ater and palustris.

The break-up of the flocks in these species was similar to the
break-up of the Great Tit flocks, and took place at about the same time of
year. Flocks of varying degrees of integration were seen occasionally
up to the beginning of April,

3e Aegithalos caudatus.

Sinilar to that described for other species. Tooby (1948)
remarked that the break-up of the Long-tailed Tit flocks took place over
a longer period than that of the Blue Tit flocks: this was not the case in
either year in the present study, as the flocks of each species broke up at
about the same time, and the Long-tailed Tits started to nest much earlier
then the Blue Tits. Even after nest-building had started, however, Long-

talled Tits were sometimes secen in flocks in the aftermoons.

4. Other species.

Odum (1941) describes the break-up of the flocks of P. a, atri-

capillus as being a gradual process, pairs or single birds separating out

a feir at a time, The flocks broke up and reformed at each cold spell

in April (Odum, 1942).

D. Pehaviour of the Pair after the Break-up of the Flocks,

l. Parus major.

When the birds are feeding in pairs after the break~up of the
flocks, there is a marked difference between the behaviour of the sexes.

The females usually feed lower than the males, anl spend more time on the

¢
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(b) Courtship
Certain displays, seen regularly during the pre-nesting
period, are not directly related to copulation. They may have significance
in pair formation, but it seems more likely that they are associated with
'maintaining the pair bond', These are:
(1) Flight displays. These consist of the movements of flying
in an exagpgerated form. The most extreme is gliding flight,
in which the male glides very slowly with wings spread and
still: the primaries are separated and presumsbly function
as "Handley Page" slots in reducing the stalling spped. Under
these conditions the air speed of the bird is very slow, but
height is lost. The displaying male can avoid this loss
of height in two ways - by making slow strokes of very large
amplitude or rapid strokes of small amplitude, Both these
types of flight have been observed, but the second is the more
common and has been called the 'moth flight'. In both years
gliding flight was first seen in early February: it was seen
most frequently in March,and-erlyrarely-in—#April. Gliding A
moth flight often precedes a hole inspection‘ display, and it
is also often assocliated with reproductive fighting.
less extreme forms of gliding flight are very common
during the pre-nesting scason, especlally in the early morning,.
When pairs are feeding together any flight that the male makes,
whether from bough to bough in search of food or from tree to tree
when disturbed by the observer, may have a short glide at the
end, and the bird may hold the wings widely open for a fraction

of a second after landing (£ Great Tit).
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Occasionally in such pairs one bird was seea to take
a flight almost vertically upward for up to tweaty feet, and
then to returm to the same or a nearby perch, The tail is
usually spread. This flight may be performed by either male
or female, and also occurs (rarely) in sssociation with
reproductive fighting. It has been recorded by Tooby (1348),
who alsc observed it in Long-tailed and Great Tits.
(4i) Other displays. During the intervals between such flights
the male usually stands or feeds with a raised crest, spread
tail (raised or lowered) and wings slightly open:/ the lowered
spread tail 1s also associated with a peculiar straddling
walk (cof. Turner, 1910;. The attitudes may be maintained
whilst feeding for long periods even in the absence of the
female., There is a gradual diminution in the intensity of
such diaplays as the day progressea,

Wing shivering occurred occasionally in these early

displays, but was not common until mid-March, when it apparently

represented an incomplete form of the pre-coitional display.

3. Parus pa’ustris.

4is in Great and Blue Tits. The male was usually more con-
spicuous an! more aggressive than the female, though this was not so
noticeable as in Great and Blue Tits., (ccasionally pairs were seen
in which the male was exhibliting postures similar to those described for
the Blue Tit - apread tail, raised or lowered, wings held slightly open.
Full gliding or moth flight was only seen on a few occesions, and is

certainly not common, though & brief glide at the end of a flight is



79

sometimes seen in the pre-nesting season.

4. Parus ater,

Gliding flight was seen on a few occasions.

5. Other species.

P. o, atricapillus behaves in a similar way to that described

for Great and Blue Tits (Odum, 1941); the pairs wander sbout over a wide
area, behaving aggressively towards other pairs, but the establishment and
defence of the nesting territory does not begin until "about the time of

cavity excavation". In this species and in P. inornatus (Dixon, 1949) it

is stated that there is no difference between the behaviour of the male and
the female in the pre-nesting period, and they thus differ from Great and
Blue Tits in this respect.

Little has been recorded of display in the pre-nesting period
for species other than the Blue Tit, but gliding flight or moth flight occurs
in P. bicolor (Dickey MS quoted in Bent, 1946), P. cyanus (Kozlova, 1933)
and Aeglthalos caXdatus (Day, 1931).
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SECTION Vi TERRITORY .

In most Passerine species which have been studied, the territory
appears to be clearly defined and a more or less rigid area. It is
established by the male, who sings from conspicuous points and drives off
other males: the female arrives later (see e.g. Howard, 1920). The
territory of the Great Tit is often neither rigid nor clearly defined.

It appears to be similar to that of Emberiza citrinella, as desoribed by

Dieut]\)\orst (1949), except that it is not established until after pair
formation.

In the following section a general description of the territorial
behavipur of the Great Tit ias given, illustrated by the behaviour of several
pairs in the springs of 1949 and 1950. Certain other aspects of territorial

behaviour are also discussed.

A. Establishment of the Territory.

1, Parus major,

(a) General

After the pairs separated out from the winter flovks, they at first
wandered over a fairly large arze, approximating to the range of the flock
to which they had previously belonged. When another pair was encountered,
the males behaved aggressively. The females usually watched the displaying

males from nearby, but sometimes took part in the skirmishes.



Very soon (v. infra), however, each pair showed .n increasing
preference for a particular part of their range. C(Certain stations (called
here "preferred stations") came to be used regularly as song posts by the
male. These might be groups of trees, or conspicuous bushes, or other places
providing suitable perches. The pair spent much time in the neighbourhood
of such spots, and when intruders ap.roached, they were attacked more
vigorously than they were elsewhere. Most pairs had several such stations:
usually the dista .ce between adjacent stations belonging to one pair was not
greater than 125 yards, and the intervening space was defended. In some
cases, however, one male used statlons much farther apart then this, and then the
intervening space was either occupied by another pair, or else waz more or
less neutral and unused, Diesselhorst (1949) found a very similar situation

in Emberiza citrinella and called the places near which aggressive behaviour

was most marked "Schwerpunkte®.

Although strange birds of the same species intruding on the area
containing the .referred stations were attacked, the area as such was not
rigidly defended. In most cases it was so large that it would hawve been
impossible for the owner to drive off all intruders. The area only had
precise boundaries in places where there were frequent skirmishes with the
neighbouring pair. In such places the boundaries were often highly irregular,
one bush belonging to one pair and another to the other in such a way that
the areas interdigitated in a complex way: such boundaries might yet be
relatively stable for several days. [Elsewhere the boundaries were vague, and
the areas of neighbouring pairs often overlapped to a very considerable

extent. Further, as will be seen later, the areas remained fluid for several
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weeka. They can thus hardly be called "territories" (i.e. a defended
area), and are therefore referred to as "preferred areas". The difference
is, of ocourse, only one of degrees.

Different pairs varied greatly in thc¢ times at which they started
to show a preference for a particular area. As soon as the flocks bepan
to break up the second year birds began to reatrict their movements to the
neighbourhood of their last year's territory, though the area which they
occupied was iarger than the territory had been, Most firat year birds
showed a preference for particular areas a few days after the flocks started
to break up, but a few did not do so for a week or more.

The preferred areas were occupied especially in the early morning:
as the day advanced the birds wandered more widely. Even in the early morning
the area was deserted at intervals, but it was nearly mlways used for singing.
As the season advanced the birds spent more and more time on the preferred
area, and flocks became more rare. Males often left their females to sing
at one of the preferred stations, or tp chase off an intruder. They spent
more time patrolling their areas, and some pairs made regular circuits which
muast have inecreased their chances of meeting intruders, The areas then
became more clearly defined, but the fact that the Great Tits mostly fed below
ten feet, and spent only a small proportion of their time singing from
conspicuous perches, meant that it was always possible for intruders totrespass
unobserved. The boundaries between territories became most clearly defined
at the time of nest building, but in many cases they remained vague throughout
the season. The preciseness of the boundary depended cn the amount of

pressure from neighbouring pairs. The further a bird was from its preferred
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station, the less it tended to fight and the more it tended to flee.
Boundaries were thus lines along which the fighting abilities of the two
rivals were equal. Between two territories there was often an area of
toleration, in which the neighbouring pair was not attacked but strangers
were.

When a bird disappeared, its preferred area was soon absorbed into
those of its neighbours. A bird in the process of ocoupying a new station
sang less loudly than when on its own ground. Even birds which hardly
changed their preferred area through the season, sometimes changed their
preferred stations - perhaps favouring some groups of treee for several
daye and then using others. As the nesting season approached, the preferred
stations were used mach less, and later the nest became the most important
point in the territory.

Preferred areas thus changed gradually into territories in the
classical sense, but it must hot be thought that the change was always a
smooth and steady one, The preferred arcas of most pairs underwent marked
alterations in size and shape: some birds changed their areas gradually,
in such a way that the f inal terkitory did not overlap at all with the
original preferred area, and yet there was continuity between the two through
the areas occupied in the intervening stages. In other cases a pair occupied
an area for seversal mornings and then moved to quite a different part of the wood:
such changes occurred particularly in the early part of the 'season a.nd‘ af'ter
cold apells,

The results of the .resent study thus show that the area defengded by
the Great Tit is by no means rigidly or precisely defined, but consists in

the first place of a fluid region round certain .referred stations, its size
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depending largely on the pressure from neighbouring pairs. This is in very
close agreement with the results obtained by Diesselhorst (1949) for
Emberiza citrinella. He writes:-

*Das Revier ist f8r den Vogel nicht, wie f@r den Menschen sein
Garten, ein in allen Teilen gleichwertiger Besitz, von der Aussenwelt durch
einen Zaun abgeschlossen, sondern es besteht eine Art Konzentrationsgeffille
in der Intensitit der Verteidigung, die wir als Mass ffr den Grad der
Revierbindung des Vogels benutzen milasen, von bestimnten Schwerpunkten nach
aussen hin, wo sie allmfthlich verebbt."

Similarly lorenz (1938) emphasized that the fighting power of a bird
always increases in proportion to how near a certain centre of the territory
the fight takea place,

In the present study the establishment of territories was not
associated with the selection of any particular nest-aite: indeed most pairs
displayed at, and built in, several different cavities before the final nest
was made., In one case a female built her nest outside her mate's territory
in a tempgarily occupied area. It must be noted, however, that nest-boxes were
very plentiful on the study area.

When the preferred areas were first eatablished, the Great Tits only
used them for feeding incidentally, and obtained most o;’ their food outside
them, As the nesting season approached they spent more and more of their time
in the territory, and thus obtained nearly all their food from it. After the egus
were laid territorial behaviour became less marked - perhaps because little
treapassing took place. The greater part of the food for the young was

gathered within thfity yards of the nest (5 nests observed), and thus in the
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territory. In at least three cases, however, a considerable part of the
food was obtained from a strip of more or iess neutral ground between two
territories, and sometimes actual trespassing took glace. There was a
recrudescence of territorial behaviour just before the young of the first
brood left the nest.

The description given above of the transition from preferred area to
territory applies to birds which bred on their winter range. We do not yet
know how the birds which winter elsewhere establish their territories, but
it is probable that they also pair up before settling on territories.

In spite of the flerce reproductive fighting shown by both Great and
Biue Tits, it sometimes hap ens that two pairs neat in close proximity or

even in the ssme box (Wallis, 1935; Legendre, 1932; 301::11, 1912; Hearn, 1934;
ou

A
Tucket-Jesson, 1950). The manner in which this comes[is quite uninown.

(b) Establishment of territories on the study area

In order ‘o illustrate the indefinite nature of the boundaries, and the
instability of the preferred area of the Great Tit, the hiatories of the
establishment of territories in tw#o parts .f the study area in 1949 and 1950
are given below.

(1) 1949. In this year ,articular attention was paid to a portion of
the wood (the Jew's Harp) which jutted out like an irregular peninsula into open
country. It was bounded by grassland to the north .nd by a field of wheat to
the south (Fig.Z ). By the midile of February it was possible to mep
preferred arzas for ten pairs - though of course the boundaries were by no
means clearly defined, By mid-March the situation had changed little except
that pair IX, after frequent skirmishes .ith the neighbouring pairs, moved
off to the east. They were seen several times on the arca of pair Va in early
March, and on that of pair X in mid-March.

Towards the end of March there was an epidemic amongst the tits, and a
number were found dead in their rousting holes. Although their bodies were
not recovered this was probably the cause of the disappearance of a number of
other birds at this time, Both members of pair III and the male of pair Va
vanished, The female of pair VI had not been certainly identified, but a
female was found dead in a box in the preferred area of the male, The male
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!

Fig. 4 . Preferred areas and territories in spring, 1949.
Dots indicate wooded area. Crosses indicate nests
under construction.
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of this pair also disappeared. This left several areas unoccupied at the
beginning of April. The widowed female of pair Va wandered round her old
territory, but often went outside its borders. By April 5th she had found

& new mate, Meenwhile pair II had extended their boundaries to the east, and
pair IV had come down to occupy the whole of the area forumerly occupied by
pair Va, The female of pair Va and her new mate (pair Vb) were thus confined
to an area between pairs II and IV much of which had been outside the territory
of pair Va. The female continued to roost on what was now the area of pair
IV for several days. Pair II still spent most of their time in the western
part of their territory, and in mid-April started at least one and probably
two nests there.,, The second of these was atill under construction on April
22nd. Pairs IX, VII and X also began neat building, Meanwhile the female

of pair Vb had again lost her mate, who was last seen on aApril 17th, In the
evening of April 20th she was seen near the nest of pair IV, and the next
morning the male of this pair copulated with her before his own mate emerged.
She spent a large part of April 22nd near pair II who were building their
second nest. On April 24th and 25th she was still without a mate, but was
building a nest in a box at the south end of the territory of pair IV: she
also wandered about the territory of pair X. On April 26th she was paired
with a third male (pair Ve). This pair was attempting to occupy the territory
held by the female when paired with her second mate, and the female was building
in a box at the western end of this territory. On April 23rd, however, pair
II hed started a third nest in the centre of this Vb territory, which was at
that time unoccupied, although they continued to feed near their first two nests.
This meant that the nest of pair Ve lay between the feeding and nesting areas
of pair I1. Fierce skirmishes between these two pairs continued for most of
the day. No observations were made on April 27th, but by the 28th pair Ve
had apparently given up the attempt and were building in the box in which the
female had started to build when unmated 20 yards south of the nest of pair IV.
This led to considerable skirmishing between these two pairs, but this lasted
only for a few days and both pairs bred.

Two points in this account need emphasis. First, many of the complications
observed were due to the exceptionsl mortality in March. Had this not occurred
there would certainly have been a smoother transition from preferred area to
territory. Second, it must not be forgotten that many .i.re birds were recorded
in the study area than actually used if for breeding: even as late as March 18th
7 birds (other than the actual owners) were trepped in the area of peir Va in
& single day. Many of these birds must have nested elsewhere, and some may
have nested even outside their winter range. The fact that in this particular
part of the study area no birds (except the new males in pair Vb and c) nested,
which had not used it in late winter, must not be taken to indicate that terri-
tories are always established in the way deacribed above; in cases where birds
are not able to nest on their winter range the transition through preferred

area to territory may be more abrupt.

(ii1) 1950, In this season a different portion of the wood was etudied.
The area consisted of an open space, roughly four hundred yards long, surrounded
on the west, north and northeast by woodland and on the south by a tall hedge



81

in spring 1950.

Preferred areas and territories

Dots indicate wooded area.

Fig. 3



q0

which separated it from grassland (Fig.3 ). The preferred areas were
fairly clear by mid-February. Pairs, I, II, III and IV were all second
Year birds, occupying arcas approximating to their previous year's
territories. Pair VIII had first occupied an area about 300 yards to

the west, but moved into the position shown in mid-February, ©Pair IX was
occupying two smell separatc areas. The male of this pair sang and
skhirmished in both of them, but was never seen to alight in the intervening
space., The three largest preferred areas (those of pairs X, XI and XII)
all contained a high proportion of open ground.

By late March pair IX had relinquished the northern-most of its two
areas, but had extended the other. Puir VII had relinquished the south-
eastern part of its area, but had extended it tc the north and west.
Otherwise the changes were comparatively slight. The southeastern corner
remained unoccupied, although pair III occasionally foraged in it.

Purther changea took place during the first three weeks of April,
which were not followed in detail. Pair VII relinquished the southern
part of its area, but extended eastwards into the northern part of the
territory of pair IV. Pair IV extended southwards to occupy the area which
had belonged to pair VII in mid-February. Thus whereas in mid-February
pair IV occupied an area to the north of pair VII, by the nesting season the
reverse was true. In early April a new pair was seen skirmishing with
pairs VIII, X and XI on several successive days near the junction of their
territories, Pair IX extended its boundaries to the north at the expense of
Pair X. In the third week of April the male of pair XI disappeared, and his
mate was found with a new male to the west of pair IX a few days later. A
new pair (possibly the one referred to above) appeared in the territory of
pair XI and occupied most of it: the remainder was occupied by pairs IV and
VIII.

(¢) A comparison with Kluijver's data on P._m. major

Kluijver (in litt.) states that territories are established in August
and September. Since he also says that the “domiciles" (see p.64 ) of the
juveniles are often not established until December, it is presumably the
secohd year birdsiwhich he refers. The assumption that territories are
established at this time seems to rest on two facts:- (a) the occurrence of
aggressive behaviour at this time of year, and (b) the fact that the
ndomicile", once established, is rarely changed. In the present study it was

also found that aggressive behaviour occurred in early autumn, but there was
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no evidence that this was linked with the defenoce of an area., H:owever

the term territory is defined, it must carry the implication of a defended
area, Until it is established that the autwmn reproductive fighting results
in the defence of an area, however/ vague, it cannot be assumed that
territories are eatablished at this time of year. (It is possible that,
during the autumn period of sexual behaviour, birds could become sufficiently
conditiuned to a particular ares, for there to be a tendency for them to

establish thelir preferred areas therec, rather thun elsewhere, in the next

spring).

(4) Processes involved in the establishment of the teeritory in

the Great Tit

We may now summarize what has been said reviously by reviewing the
stages in the establishment of the territory. The proocesses will, of course,
be somewhat different for birds which do not winter on their breeding grounds.

(i) Birds in flocks. Each flock forages over a mor: or less definite
area. Song infrequent and of low intensity.

(ii) Flocks begin to break up and pairs are formed, Pairs wander
over the whole of the range of the flock, and sometimes even further.
Reproductive fighting frequent, but it functions primerily in the defence
of the female and not of an area, Song fairly frequent.

(1ii) The pair remains in a particular part of its previous range. The
male sings only in certain preferred stations to which he quickly becomes
conditioned. Singing and fighting become more vigorous near the preferred
stations: elsewhere song is rare and the fighting drive weak. The asea

including the preferred stations becames the .referred area., It must be
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noted that the Great Tits only stay in the ;referred area whilat under the
inf 'uence of the reproductive drive - roughly speaking in the morning and
evening. The birds become conditioned to carry out certain activities
(song, fighting) connected with the peproductive drive at or near these
preferred stations, Other activities, such as feeding, may be carried out
inside or outside the territory. This is also true for many other
territorial apecies. The conditioning is not, however, by ary means rigid,
and the preferred areas remain flexible for some weeks.

(iv) The .referred arecas gradually become more stable, Its boundaries
become more or less defined in skirmishes with neighbouring pairs, and it
takea on the character of a territory.

Eliot Howard (1920) diatinguishes two aspects of territorisl behaviour -
(i) "The disposition which leads it (the bird) to remain in a restiicted
area" and, (ii) the disposition which "manifests itself in the intolerance of
other individuals", The firat of these has two distinct aspects: -

(a) the selection of o suitable bredding hebitat. The birds show appetitive
behaviour until they reach a suitable habitat which they recognise through

a mechanism either innate or learnt in early life. (b) The selection of

a particular part of that habitat, i.e. the preferrcd stations or area,

The mechaniam concerned is quite uninown, but a learning process is obviously
involwved. The relation between the selection of the habitat and the
selection of the preferrsd area gs probably similar to that between the
recognition of a suitable nest site and the selection of one particular

one (see p./é2 ). In both cases conditioning is probably more rapid when the

drive is strong. Tinbergen (1939b) has given a brief description of the
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selection of the territory in the stickleback Gasterosteus aculeatus:

the fish gradually restriocts its activities to a particular area, a learning
process being clearly involved.

The "intolemngxe of other individuals"™ manifested in reproductive
fighting (and song) first ooccurs before territories or preferred aresshave
been established, 1Its function then is the defenoce of the bird's own
female from other males, It is only later, and by a process of conditioning,
that it comes to be assoclated with the preferred area, and thus operative
in territorial defence,

The establishment of the preferred stations localises the preferred
area, but does not define its borders. These remain vague, unless there is
competition with a neighbouring pair. 1In that case, since the fighting
power of each male decreases with distance from the . referred stations, there
will be a line where the fighting powers of the two males are equal. This

position of equilibrium becomes the territorial boundary.

{l. Perus caeruleus.

As in the Great Tit, the pairs show a gradually increasing preference
for a particular area, which later becomes the territory. The .referred
area usually remains indefinite and has fluild boundaries until the beginning
of nest building.

Individuals show great dift:erences in the time at which they start to
defend a more or less definite territory, and in the vigour with which they
do so. As mentioned above (p.7é ) one pair held a clearly defined territory
from the beginning of February on, and were very vigorous in patrolling it
throughout nearly the whole of the spring. The male used the tallest trees
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as aong posts and kept a look out from them for intruding males: he
patrolled his territory frequently and, indeed, showed typical territorial
behaviour. On Murch 23rd another pair attempted to establish itself

in the comer of their territory, and vigorous reproductive fighting
resulted which lasted intermittently for several days. This fighting
was a ding-dong affair, swaying backwards and forwards over a fairly
def'inite boundary. It was intensified by the fact that the female

of the reaident pair showed great interest in a cleft in an cak tree in
the corner which had been lost, and was contimually flying into the

lost territory to inspect its this she sometimes did in company with the
stranger male. Her own mate was obviously unwilling to cross the aew
boundary, but always did so if he saw the other male near his mate.

On April 27th, at least a week after nest building had started, the

male of this pair became interested in the female of the pair on his
opposite boundary. Frobably this female had lost her own mate. On

two successive days he was seen following her out of his own territory,
courting her und attempting copulation. This time it was his female who
was unwvilling to cross the territorial boundary, and she remained, singing

vigorously, while her mate courted the stranger.

3., Parus palustris.

No special study was made of this species, but it was apparent
that in most cases, at least, the territories were established before
the spring. One of the young colour-ringed in 1949, after a short period
of wandering, settled down in late June 700 yards from where it was hatched.
By August it was clear that it was peired. It may be, therefore, that

some juveniles begin to establish territories as early as this.
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Southern and Morley (1950) found that the boundaries of Marsh Tit
territories are usually quite clearly defined, but this was certainly not
the case in the few pairs of Marsh Tits which were observed in the present

study, even just before the nesting season.

Le OQther species.

Odum (1941) found that in P. a. atricapillus the establishment of territory

follows the pre-nesting wandering period. He believes that the finding of

a suitable nest site is a determining factor in the selection of territory.
This is almost certainly not the case with Great and Blue Tits on the present
study area, where thefinal nest site was not selected until after the start of
nest building (see p./62 ),

Dixon (1949) found that the territories of Parus inornatus were

occupied all the year round, but that fighting weas most intense in the spring.

B. The Area round the Nest-Site.

The reproductive fighting of the titmice ia directed primarily against
individuals of the same species, From time to time, however, individuals of
other species are attacked: such attacks are  resumably due to the release of
the fighting reaction by a normally inadequate stimalus at a time when the
threshold of the reaction is unusually low., Near the nest, however, such
interspecific skirmishes are quite common. Other Parus species are attacked

more frequently than individuals of other genera. The behaWiour involved is

described on page /3%.
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C. Size of Territory.

1. Parus major,

The territories of the Great Tits (measured at the time of nest-
build;\.n,g) varied in area from 0,6 to about 4,2 acres, The average of
fourteen territories measured in the two years was 2,0 acrea., The smallest
territory measured was that of pair Vo in 1949 (see p.%7 ) which was
established very late, after the pair had been driven out from elsewhere.
Apart from this the smallest was 1.1 acres. The largest were those of
pairs X, XI and XII in 1950 (3.6, 4.1 and 4.2 acres): these included much
open ground. The male of pair X was about average in the amount of time
that he spent singing and patrolling his territory: the male of pair XI was
above average and the male of pesir XI1 definitely below average.

These f'igures present an interesting contrast to those given by Kluijver
(in 1itt.) for P, m., major in largely coniferous wood in Holland: here the

area of the territories was 2 - 3 ha. (5 - 73 acres),

2. Parus caeruleus.

Three territories were measured. One of these, that of the pair which
showed particularly vigorous territorial behaviour (p.43 ) was 2.0 acres.

Two others were 0.6 and Q.4 acres,

3, Parus palustris.

Three territories werc measured: these were 4.5, 3.8 and 5.5 acres,
Southern and Morley (1950), working in Bagley Wood, Oxford, found that

Territories varied fro. 1 to 16 acres, with an average of c.6 acres,
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4, Parus atricapillus

i 94T
The two pairs present in the wood/_ divided it roughly between them.

The boundary between the territories of the two pairs became fairly clearly
defined at the time of cavity excavation, but the boundaries in other
directions were always vague. Each pair probably moved over an area of at
least 20 acres in the period immediately before neating.

Odum (1941) gives 8.4 to 17.1 acres, with an average of 13,2 acres,

for P, a, atricapillus, This author also quotes four censuses made in

summer in other areas for this race, The maximun population in any of these
was 12,3 birds (i.e. 6+ pairs) per hundred acres - allowing about 16 acres

per pair.

5. Other Species.

Dixon (1949) gives 3.3 to 12.5 acres, average 6.3 acres, for
P. inornatus, Hutchinson end Hutchinson (194k-47) in successive years,

found one, two, two and three neasts of P. inornatus in a 17 acre area -

thus allowing at least 5 acres per pair,

6. General,
The figures given above seem to indieate considerable differences in

territory size between the different specieas, It is difficult to know
whether such differences were due to inherited, specific behaviour factors,

or merely to differences of population pressure. In the present study, there
were for each species certain parts of the wood which were not occupied, so

it seems unlikely that there was mach territorial pressure. I am indebted to
J. A. Gibb (personal commnication) for the information that, in years when

the population density was low, the Great Tits were concentrated in certain
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parts of the woods The regions of concentration were not (to the human
eye) pertiocularly favourabie, and lay in different parts of the wood

in the two years concerned. Such a distribution is probably connected
with the distribution of the winter flocks.

The correspondence of the results for the Marsh Tit with those given
by Southern and Morley (1950), who also had a large unoocupied area,
indicates that territories of ahout 5 acres are at least common in that
species, Indeed these authors found that there was no correlation between
population density and size of territory, but rather that the latter depended
on the individuality of the owmner. Similarly the territories of the

subspecies of P, atricapillus have been conspicuously large in all

investigations so far made: this seemns to indicate that for this species
the “"preferred" territory size is mach laeger than in the other speciea.

It way be said, therefore, that there is some evidence for differences
in "preferred" territory sizes between the different species, thouzh the
sizes are also influenced by other factors, such as the individuality of the
owner and environmentsl conditions: indeed, they must have been selected

in relation to the enviromment in the first place.

D. Relation Between Migration, Permanency of Pairing and

Territorial Behaviour in Winter.

In previous sections it has been shown that there are marked
differences between species, between different pop.lations of one species,

and even between different individuals of cne population with respect to the
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degree of migration and the extent to which individuals remain on their
territories in the winter. Steinfatt (1938) has already suggested that

for the different Parus species in his area there is a relationship between

the degeee of sedentariness and the permanence of the pair bond - a relation-
ship which is to be expected on a priori grounds, and probably also applies to
different individuals of one species, Clearly, also, migration is incompatible
with the continued defence of the territory. Thus the following types of

life cycle ocour in the paridae;-

(a) Permesnently paired: juveniles pair mostly in late summer or
autumn: remain on territories all the year round: no flécking.

e.g. P. inornatus.

(b) Permmanently paired: juveniles pair at any time between one breeding
season snd the next: second year birds remain on or near territories all the
year round, but territories are not usually defended from passing flockas of
(mostly juvenile) birds: territory holders join the flocks within the limits
of their territories.

e.g. P, palustris in Englend.

(¢) Territories cease to exist in the winter, though second year birds
spend most of their time in the heighbourhood of their previous years territory.
First year birds wander, but most become more or less sedentary in their first
winter,

€ ge P. major in England in mild winters.

(d) 4as (c), but second year birds may wander away from their breeding

areas in hard weather, so that the breeding areas become temporarily totally

deserted.
e.g. P. major in England in hard winters.
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(e) Paired for the season only. Vearious degrees of migratory
behaviour shown by both juveniles and adults.

6.gs P, major in N. Europe.
Sedentary behaviour such as that shown by P. inormatus is oaly

possible if the territory provides suffiésint food all the year round and the winte:
is not so hard as to prejudice survival unduly. On the other hand such

behaviour warries clear advantages - the earlier both territory and mate are
oa&imed, the less difficulty is likely to be experienced in obtaining them.

In areas where the winters are usually harder, the advantages derived from

flocking may be greater: in such districts the adults remain in touch with,

but not necessarily on, their last years territory, unless the food supply there
becomes inadequate, In yet colder weather the advantages of total and regular

migration from the area may offset the losa of territory and mate.

BE. Function of Territory in the Titmice.

In the past a number of functiéns have been ascribed to territorial
behaviour in ihose species in which it has been studied. The mést important
of these are (i) that it serves to bring the sexes together and to assist in
the formation of sexual bomds, (ii) that it serves to prevent interference in
coition, (iii) that it ensures a supply of food for the young, and (iv) that
it ensures the possession of a nest-site,

In the titmice the pairs are formed before the territory is established,
so0 territorial behaviour is not of value in bringing the pair together. It is

also doubtful if it functions in the maintenance of the pair-bond, for, in the
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early atages at least, the pair spend most of their time outside the preferred
area., Coition nearly always occurs on the territory, but there is no
evidenoce that territorial practice serves primarily to prevent interference in
coltion.

Territorial behavicur is not apparently of primary importance in the
defence of the nest-site, sinoce potential nest-site competitors are only
attacked in its immediate vicinity. However, under natural conditions, the
different species of hole-nesters may have slightly different requirements for
nest-sites, so that territorial behaviocur may keep those individuals most
likely to covet the nest-site at a distance,

In all the species of tits which have been observed, only a very small
proportion of the territory has been used for food gathering., Indeed

Odum (1941) found that P. & atricepillus gathered its food from nearer and

nearer the nest as the nestlings grew., Further, the boundaries of the
territories tend to break down when the young are in the nest, and some food
may be gathered from outside the territory. However, this doeshot rule out
the possibility that territory may be of value in ensuring food for the brood
under adverse conditions., Since the fighting in defence of the territory is
reproductive fighting, and not food fighting, it would seem that if territory
has a food value, then it is at most a secondary development.

Finally it may be said that there is no reason why there should be a single
factor in explanation of the function of territory in any bird. Reproductive
fighting is an end in itself as far as the bird is concerned, and may have
several results, which may be biologically useful, neutral or harmful.
Selection may operate to increase the effectiveness of thec useful results,

so that, for instance, the bird comes to have a nervous structure which causes
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it to fight more intensively near the nest-site, or near the mate,
Reproductive fighting in tits is comparatively unspecialised in this way,

but it does result in the defence of an area, This will have a selective
value if pairs which defend a territory are able to leave more offspring than
pairs which do not, lany factors may contribute to this increased

success, even though none of them would alone seem to be sufficient to

provide a selective value for territory.
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SECTION Vil SONG.

A. General,

No attempt has been made to review the literature on the songs
of the different Parus species, because of the great difficulty of representing
bird notes in words, and because representations of the same note made by
different ornithologists may differ remarkably, especially when the writers
are of different nationalities. Discussion is confined to observations

made in the present study, except in so far as other writers have commented

on the functions of song.

B. Parus major.

The familiar !'see-saw' song of the Great Tit varies greatly.
Each song usually consists of a series of phrases, each of two notes, but
there are sometimes one, three or even four notes to a phrase; the relative
length and emphasis of each note may also vary. The significance of such
variation is obscure: one individual may use several different song types in
succession when there has been no apparent change in the external situation.
For instance, during egg-laying the male of one pair used at least four
variants while waiting for his mate to emerge at dawn.

These variations of the full song are to be distinguished from the
seasonal variations which occur as the reproductive drive matures. When the
birds first begin to sing in December, song-outbursts consist of only two or

three songs, each of which has only about five notes (i.e. 2% 2-note phrases);

and the notes are thin and 'breathy'.
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In both 1948/9 and 1949/50 Great Tits began to sing early
in December, but there was great individual variation, and the growth of
song was halting and gradual. One Great Tit in Oxford began to sing as
early as the end of November, 1949, but ceased after a few days. Ina
werm spell in December, 1548, song became frequent.

The spring of 1949 was an early one, and full song was common
from mid-January onwards. In Janmary 1950 it was tather less frequent
than it had been in January 1949, but it became common after early February.
In 1949 full song continued until the end of the nesting season, dying away at
about the time that the young left the nest. No birds reared second broods
in the wood, and no song was heard during June, July or August.

While the adults are feeding the fledged young, they use a eall
rather similar to the song which causes their brood to fly towards them,
This call consists of about 7 notes, (i.e. c.3} 2-note phrases),uttered rather
less decisively and with the phrases less clearly differentiated than the full
spring song. It is not considered as song here, because it serves a
different purpose, and is apparently the expression of a different drive.
Nevertheless there is clearly a relation between the two, for song attracts
females in the same way as this call attracts juveniles: many other
similarities between female and juvenile behaviour are known (see e.g. p./4) ).

In 1949, there was some recrudescence of song, together with other
activities associated with the reproductive drive in late September end
October. This lasted only a few weeks, and then song ceased until December.
(No records were made on this point in autum, 1948).

In order to measure roughly the variations in frequency of song

outbursts, a count was made of the birds heard singing in each half hour spent
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Table q . Number of Great Tit song outbursts heard in each half hour period,
Shown by half months from Feb,lst, 1949 to Feb.lith, 1950.
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1949 1350
am =] () s
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a . . '8 '§ E -"-1‘ — H 4-: . ° [y s ° ,O.
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in the wood from February lst, 1949, to February likth, 1950. The song
of the Great Tit is distinctive and can be heard from a considerable
distance, and so is suitable for this sort of measurement, The records
were analysed separately for each half month, and for each half hour
period of the day, For each half month, the total number of song
out-bursts heard in each half hour period was divided by the number of
half hours spent in the field at that time of day. The results are
shown in Tableq4 , Three limitations of this technique must be noted:-

(1) The figures represent the average total of song outbursts
in each half hour period: +thus if the birds started or ceased singing
in the middle of a period, the figure may be low although their frequency
of singing during the rest of the period was high.

(i1) The figures give a rough indication of the seasonal
variation of song frequency, but must not be used for detailed month to
month comparisons because of the effects of population changes. It is
probable, however, that the population changes were small during the
periods when song was frequent.

(iii) The figures do not give a measure of the total volume
of song, because when song outbursts are more frequent, each tends to be
both longer and louder: they do, however, give an indication of general
trends.

Table 9. shows that there was a merked diurnal variation in the
frequency of song outbursts. Typically the peak of song was reached soon
after dawn, and was followed by a decline to a minimum in the early hours
of the afternoon. There was sometimes a second peak of song in the

evening. The morning peak was sharpest in April, when the males were
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awskening much earlier than the females end singing outside thfdr
roosting places. When song occurred outside the breeding season,
it was practically confined to the early morning.

Although this point was not studied in detail, it was evident
that the amount of song was profoundly influenced by the weather. With
early fog or frost the morning pesk was much reduced, while sharp
showers brought an immediate cessation of song. The appearance of
the evening peak seemed erratic, but in general it was reduced or
absent on cold days.

In both 1949 and 1950 song outbursts were more frequent in late
February than in March, This was probably due to meteorological factors,
for in both years ifarch was colder than late February. In April, however,
song was less frequent than in late February although the weather was
warmer: this was presumably related to internal changes in the birds,
connected with the onset of nest building.

As in many other Passerine species, song has two functions:
it attracts females and warns off other males.

During early spring, when the pairs are not firmly attached to any
particular area, the song of the male often serves to keep the pair
together, If the members of a pair become separated, the male sings and
the female flies towards him. Here the situation which produces song
appears to be "absence of the female".

During the establishment of the preferred area and territory the
male often sings near his mate, or leaves her in order to sing from a
conspicuous song-post. Here the stimuli responsible for the song are

almost entirely internal, the bird singing when the drive reaches a
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certain threshold level. The external situation hasgome influence,
however, for once the birds have preferred stations they rarely sing

in other places, and song on unfamiliar ground is usually weak, Also,
the frequency of song outbursts is influenced by the weather, As with
other instinetive activities in which external stimulation is
relatively unimportant, such song does not start abruptly., The first
few phrases are given at a low intensity, but gradually become louder
and clearer: also the intervals between the phrases gradually decrease.
(A fact note yet clear is that song is often preceded by a long series
of twinks, which change gradually into song. See also Howard (1920)
for a discussion of the relation between call notes and song).

Although, as has been said,the release of territorial singing is
often largely independent of new external stimuli, this is not always the
case, Song is often provoked by the singing of another individual, and
neighbouring males often have prolonged song duels. An intruder singing
on the pg%ferred area causes the owner (if in reproductive mood) to move
towards him by stages, singing from positions successively nearer to the
intruder, The latter usually flies off, but if he does not a skirmish
ensues. The use of song in territorial defence is thus similar to that

in other Passerine species. (cf. Lackm 1939, for Erithacus rubecula).

Although some males preferred conspicuous song posts near the
tops of tall trees, many sang from only eight or ten feet above the
ground, On a few occasions Great Tits were even seen singing from the
ground, or whilst in flight. Usually a singing male sits still through-
out a song outburst, or at most hops a foot or two to a new perch between

songs. Occasionally, however, birds were seen singing in intervals between
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opening a nut, searching for food, or preening. The birds heard
singing on the ground were, at the same time, hopping about searching
for food: it would therefore seem that singing and food-searching
behaviour are not necessarily absolutely mutually exclusive,

Song is often heard during reproductive fighting, especially
during lulls in a skirmish and just after a skirmish is over. Although
such singing may be functional as a threat, it is apparently a
displacement reaction, caused by the thwarting of the fighting drive
through the disappearance of the adversary.

During the nesting season the male sings particularly vigoroualy
outside the female's roosting hole before she emerges at dawn. The
female's emergence is often followed immediately by copulation. It is
not certain whether such singing should be regarded as due to "absence
of the female" or as due primarily to intermal factors.

Singing by female Great Tits was rare, but was heard fairly
often when the females were taking part in reproductive fighting, and twice
in situations which could be interpreted as "absence of the male", One
female often gave a short see-saw phrase when leaving the box during
nest-building and incubation, Thus the nervous mechanism necessary
for singing is present in both sexes, but there are great differences in the
strength of the motivational factors. Nice (1943) has reviewed the

literature on the song of females of other species.
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C. Parus caeruleus.

The sang of the Blue Tit is very different from that of the
Great Tit, being "a rapid liquid trill introduced by two or three single
notes" (Witherby et.al. 1938). 1t is, however, subject to the same
kinds of variation. Several pairs used variants of the normal song,
or even more or leas distinct phrases, in situations apparently similar
to those in which they used the normal song. A particularly frequent
variant was similar to the normal song, but had the final notes ascending
instead of descending. On rare occasions & Blue Tit was heard giving
a 'see-saw' similar to that of a Great Tit, but whether this is part of its
normal repertoire or mere imitation is unknown.

The times of year at which song was heard were very similar to
those given above for the Great Tit, except that song in late summer was
more frequent, At this time juvenile Blue Tits were often heard singing,
the singing being associated with aggressive behaviour. Song was heard
more frequently in the morning than later in the day at all times of year.

Female Blue Tits were heard singing on a number of occasions,
especially when engaged in sexual fightings One Blue Tit female sang when
her male was courting with a strange female over the territorial boundary.

The functions of song are the same as those in the Great Tit. If
the pair bec@me separated during the pre-nesting period the male soon
started to sing. Song often ocourred during lulls in skirmishes, the
rival males singing vigorously in competition from either side of the
territorial boundary. Colquhoun (1942) describes a case in which a

copulation was followed by song from the males In one case in the present
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study a Blue Tit sang whilst in e trap, and on several occasions one

sang when relsased from a trap.

D, Parus ater.

The song of the Coal Tit is similar to, but clearer than, that
of the Great Tit, PFor the most part it was heard during the same
periods of the year, During the late summer, however, therec were a
number of juvenile Coal Tits in the wood who produced a considerable
volume of song, apparently associated with aggressive behaviour

(cf. Blue Tit above).

E, Parus palustris.

The variability of the song of the Marsh Tit is well known.
The usual bubbling song is itself subject to considerable variation,
and there is also a mono-, di- or tri-syllabic c¢all of the same type
as the song of the Great Tit. One male, whose nesting box was often
passed in the early morning, often used the di-syllabic see-saw song
whilst waiting for his female to emerge.at dawn.
T;xe song period was similar to that of the Blue Tite, starting
in mid~-December and increasing through the spring, dying away socn after
the beginning of May. After the young became independent, they were
often heard singing: this singing was usually associated with aggressive
behaviour.

Females were heard singing on several occasions,
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P. Other species.

Odum (1941) notes that the 'phoebe' song of the American

P. a. atricapillus both attracts females and intimidates males,

It may be heard in two or three note versions, but both¢ seem to serve
the same purpose. Both sexes sing, but the males sing more of'ten than
the females, Odum states that song may be used to "establish dominance"
in the late summer flocks. Jouard (1932) states that in Switszerland
this species continues to sing during incubation) and records young
singing soon after becoming independent.

P. inornatus typically has a di-ayllabic song. Here again the

song is subject to variation, and Dixon (1949) says that the two basic
types are used indiscriminately, Here, also, the song (or a call like

it) is used by the male to lead the brood.
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SECTION !X REPRODUCTIVE FIGHTING.

Tinbergen (1926) used the term "Sexual Fighting" for that
fighting "before ani during the formation of sexual bonds" which
"serves to secure objects or situations which are indispensible for
reproduction”. The term "Reproductive Fighting" is preferable, as the
fighting is associated with the major Reproductive Drive,

Reproductive fighting in the tits usually occurs between members
of the same species, in which case it usually serves for the defeace of the
mate or of the territory. 1t may also occur between members of different

species, in which case it is usually in defence of the nest site, (see p.13%).

A. Intra-specific Reproductive Fighting.

This occurs mainly during the pre-nesting period, when the pairs
are wandering widely, and during the establishment and maintenaace of
the territory. In the fights the combatants show a number of display
postures which are remarkably similar in the different Parus speciea:

these are described below.

l. Parus major.

(a) Display types

The following behaviour patterns are used in the displays. Some
of them have been previously described by Tinbergea (1937).

(i) Supplanting attack. This appears to be exactly similar to

the supplanting attack seen in winter flocks in food disputes, the

the attacker flying directly at his opponent. ¥When a supplanting
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attack 1s made on a stuffed bird, the attucker usually lands on

its back and p;cks at its head or eyes: nornmaliy an attacked bird
takes some avoiding or defending action (sec below). Occusionally
the attacker does not land on his opponent, or his opgonent's perch,
but a few inches away, This occurs under two different conditions:-
(a) “hen the attacked bird resists by staying in positiocn, and
showing the head-up posture: (b) In reactions of low intensity -
one gets the impresaion that the fighting drive was not sufficient

to carry the attack through to completion.

The attacked bird responds in cne of four ways:- (a) It flies
right away: the attzcker then flies af'ter it and a chase eansues.
(b) It shifts its ,erch a few inches: the attacker lands in its
place, and both usually show head-up postures (see below). (¢) It
remains where it is, but adgpts a head-up posture: the attacker
usually then shows upright flight (see below), (d) It may fly
up and meet the ati.cker in mid-air: in that case an actual combat

may cnsue, or both combatants msay show upright flight.

(ii) Up-and-down supplanting attack. This is an elaboration of
the simple supplanting attack, in which ths attacker flies up und
then down on his opponent from a height of about 2 feet. The
attacker often desce.uds with half-open win's, so that there is ample
time for his opponent to fly clear. This is not so common in the

Great Tit as in the Blue Tit,

(4ii) Head-up posture. In this the bird stands with the body nearly

vertical, 0ill pointing upwards, so that the breast is exposed:
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in addition the neck is cruned upwards and the body is swayed
from side to side so that the cheeks are exp.sed alternately.
The tail is ften sprecad. In very intense reactions the
birds may perch on the sides of twigs, so that the body is more
nearly vertical. Occasionally the posture is given by birds
hanging upside down beneath twigs, so that the bill poiats to the
ground. Sometimes two individuals will _osture thus at each
other for as long as ten or fifteen seconds. Although the
effectiveness of the posture apparently depends on the exposure
of the black .reast und white cheeks, it is quite common to see
two birds josturing thus but not facing towaris each other.
devertheleas the posture is certainly orientated towards the
opponent more often than can be accounted for by chance alone,
During skirmishes the posture is given under f’ouxﬁets of
circumstances:- (a) By the ag-ressor when it has landed just
after making a supplanting attack. (b) By the attacked bird
when it nas landed after a flight of a few inches made to avoid
an attack. (iii) By the attacked bird when it does not shift its
perch on being at:.acked, (iv) Occasi.nally during the course of
.. skirmish, when the birds are hopping about near each other, one
may give an incipient head-u, posture. Incipient postures may :lso
occur when a male is moving towards a skirmish which he can hear
but not see, In such postures the bill is pointed upwards, though
sometimes only momentarily: craning movements are seldom

involved.
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The head-up posture may have a marked effect on the rival.
When an attacked bird does not fly off but gives this posture
it is often sufficient to make the attacker hold off in mid-air.
Once a male was seen to fly towards an intruder singing on his
territory, land about six inches in front of it, and posture

vigourously: the intruder flew off imuediately.

(iv) Upright flight. In the supplanting attack the males
often fly with the body in an almost vertical position: the
wings are moved in a peculiar menner, consisting of several
rapid beats followed by a momentary closure, so that the flight
is in a series of upward %geps. In this way the breast is
exposed to the opponent even during flight. Upright flight
only occurs in at least moderately intense skirmishes in which

the antagonists are fairly evenly uwatched.

(v) Chases, Chases occur often in skirmishes. The stimulus
is apparently the sight of another bird flying away, and thus
they often follow the sup.lanting attack when the ppponent
flies right away instead of ju .t shifting his perch. The
chasing may be released merely by another Great Tit (or even

a Chaffinch Fringilla coelebs) flying past.

(vi) Displacement Pecking. During the skirmish the -irds of ten
show an activity which appears at first sight to be quite
irrelevant - they peck vigorously at the branch or twig or at

a bud., This is a displacement activity (cf. Tinbergen and

van Iersel, 1947), uresumably produced by the conflict between
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the drive to fight and the drive to flee. The pecking movements
may be quite gentle, but are often very vigorous, so that a shower
of fragments falls to the ground, The morc intense the skirmish the
more vigorous the pecking. .ometimes two males will remain a few
inches apart, displacement pecking vigorously for ten seconds or
inore,

It is of'ten difficult to distinguish displacement pecking from
the real pecking which forms part of the food-seeking behaviour,
especially as the displacement pecking is often directed at buds
in the same way as real pecking. Apert from this it must be noted
that there is no proof that the movements are derived entirely from
feeding movements, for they are also similar to the movements which
the bird would make if it was successful in landing on its opponent's
back and attacking its head, and they are ofteu much wore violent than
normzl feeding movements. Perhaps components of both activities
are involved. There is also no proof that the movements have a
display function, though it seems likely: in any case it seems that
no conspicuous structures have been especially evolved to emphasize
it.

(vii) #ings-roised and head-forward postures (see p4o~!).  These

are see. in reproductive fighting but are rarely so marked as in food
fighting. They occur when the birds are hop ing round near each

other during lulls,

(viii) Combat. Sometimes the skirmishes develop into actual combats.
mhese usually occur after a supplanting attack. (Only once has a chase
been see.. to develop into an actual combat)., The birds fall together

to the ground, striking witnh their beaks and soxetimes claws: more
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usually their claws become interlocked. Actual combat is not
common, and, hen it does occur, it rarely lasts for more than
a few seconds,

It is, of course, difficult to follow the movements of the
birds, but the experiments with stuffed birds show that the
attacks are usually directed ut the eyes, or at least at the head.
The dummiesqully lost their glass eyes after they had been
attecked a few times, Once a trap was left unattended for as
long as an hour during the autumnal period of reproductive
behaviour: two malep Great Tits were found in the trap, one of
them killed by a small hole through the back of the skull., There
are several similar records in the avicultural literature. Hollom
(1934) reports a case of a Great Tit pecking out both the eyes of

a House S.arrow (Passer domesticus). Crested Tits (F. cristatus)

also aim for the eyes in fighting (Hildebrandt, 1937).

(ix) winz-flicking., This is seen sometimes in Great Tit
skirmishes, but it is neither so common or so well-marked as in

the Blue Tit.

(x; Other displacement activities. Displacement bill-wiping
occurs fairly often in low intensity skirmishes, but its
significance is difficult to assess, It is difficult to understand
why a displacement activity shoui occur when the drive is low, but
other cases are known. Thus Tinbergen (1936b, cited after Lorensz)

states that the ‘hitethroat (Sylvia cowuunis) shows displacement

preening when injury feigning has been perforued a few times,
In two skirmishes the males were seen to turn leaves (an

activity used .n looking for food on the ground), throwing the
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leaves over their backs with exceptional vigour: this was at Jeast

an irrelevant activity.

(xi) Calls, Several differcnt calls are utter-i during the skirmishes.
Owing to the great apparent variability of the calls, and to their
complex nature, it has not yet be:un possible to analyse them in detail,
The following are the most important;-

& "Pit tit tit churrrren. A scolding note, used during lulls,
and in low intensity skirmishes. It is rarely heard at the height of
battle.

b. "pit tit tit dur dur durn. Also used in low intensity
reactions., Fe.haps merely a variant .f the above.

Ce "Chich ich ich ich ich". Heard at various intensities
according to the strength of the reaction, and thus varies from quite
a gentle sound to a harsh scold. Usually used almost continuously
by the attacker. A twanging note, like that of a vibrating guitar
is probably a derivative of this call.

d. "Chat chat®., Often used in intense skirmishes,

€. Twink". Jften heard - used more by the subordinate bird
than by the attacker. Sometimes c. and e. are combined to give
"wink twink chich icn icn ich”.

f. Songe. The birds sing during lulls in the skirmish, and
nearl; always after it is over, Probably a displacement activity

arising from “he disappearance .f the adversary.

(b) Behaviour during skirmishes
The se,uence uf events in a skir ish is usually of the following type

(variatiouns are described .ater). As the males approach each other, the
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feathers of each become sleeked against the body. One bird, A, makes a
supplanting attack on his opponent, B. B. flies a fev inches away, and

A lands in his place. Both birds then posture with the head up. After a
few seconds the posturing dies away and the birds remain perched a few inches
apart calling koudly. Then A makes another attack, and the process is
repeated. This procedure may; vary in any of the ways indicated above. The
attack may be simple or up-and-down, and may or may not involve upright flight.
The attacked bird may fly off, so that a chase results, or may resist the
attack by head-up posturing, and so on. From time to time both birds may
start displacement pecking. We shall ses later that such variations can be
explained if we postulate variations in the drives of fighting and fleeing in
the two males,

Usually one male appears to be the attacker throughout the skirmish, and
initiates all the supplanting att.cks. The roles may change, however, wigg
distance from mate ur territory. Sometimes such changes are vers dramatic.
.ne bird may chase another vigorcusly from one bush to another, where both
perch a few inches apart: then the roles are reversed and the previous
aggressor is chased back again., The chgnge is often related to the proximity
to the mate, rather than to a territorial boundary: each male is the attacker

near his own mate and is attacked near his opponent's,

(¢) 1low intensity skinnishes

At times, particularly in cold weather and in the afternoon, reactions
of very low intensity are seen. The actual form of such skirmishes varies
with the level of intensity reached, but typicaliy the males hop round each

outher #ith sleeked feathers, cu.ling and sometimes flicking their wings.
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Supplanting attacks are infrequent and lacking in vigour: often they are not
followed by the head-up posturing. Sometimes the head-forward posture (p.#! )

is adopted.

(d) Displaying parties of the males.
The noise of a skirmish attracts other males to the vicinity, so that
Several pasrs are offen seen. Sonshne
skirmishes involvingAﬁhree or four males caun be seen sitting within a few feet
of each other, all giving head-up postures. Similarly three or four males
may chase each other through the wood, Such parties were seen particularly
in the February/March cold spell, and so are perhaps most likely to occur when

the birds are showing a tendency to flock, during the pre-nesting season.

(e) Behaviour of females during the skirmishes

Although the fewmale may be the object of a skirmish, she usually plays
a comparatively passive part in it. If she is supplanted by the rival male
she may just hop aside, or she may fly off ani become involved in a chase,
Usually the female continues feeding, or sits nearby, occasionally calling with
twinks o; chich ich ich calls. Occasionally, however, females play an active
sart, especially in the weeks imuediately preceding nest building., They
sometimes give definite head-up postures, though these are never so vigorous
nor so prolonged as those of the males. More frequently they follow behind the
male-male chases. They often sing.

It is known, for many territorial species, that the males usually attack
other males, and the females attuck females, When one pair of Great Tits
trespasses on the preferred arca of territory o% another pair, the owning
male usually attacks the intruding male tather than the female, but males also
usually (not always) drive off solitary females. On one occasion only, a female

was secn to drive off another female while her .ate remained passive.
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(f) The nature .f the displays

Collias (1944) writes that "It seems doubtful if the details of
a vigorous and active combat can readily be segregated into mechanical
stimuilus-response chains": he goes on to point out some of the difficulties
involved. Lack, however, in 1939, showed that the reproductive fighting

of Erithacus rubecula can be analysed into "three motor patterns, each with

a corresponding visual element®". He poiats out that the separation ias not
com .lete, because of the complexity end variability of the displays, and,
after fejecting various explanations, writes "one is left with a confused
picture of complex inter-action between the visual and auditory situation,
the motor pattern and the internal driving factors”. More recently the

fighting of the Herring Gull (Larus aggentatug) and of the Three-spined Stickle-

back (Gasterosteus aculeatus) have been analysed by Tinbergen (personal

comnmnication), ani it is possible t. make some analysis of the casual chains
underlying the fighting of the Great Tit by using a wethod similar to that
used by Tinbergen.

During reproductive fighting two subdrives of the main reproductive drive
(see Tinbergen, 1942) are aroused: these are the fighting and fleeing drives.
These drives, lik: others, are subject to fluctuations 'ue to changes in the
physiological condition of the animal, relations with other drives, and to the
external stimulus situation (see e.g. p.2%#$). Tinbergen and van Iersel

(personal commmnication) have analysed the fluctuations of various drives in

Gasterosteus aculeatus, (Riber, 1948, has pointed out that in Meleagris sp.

fleeing from males of the same species differs from escipe from males of

hostile species in that it does not ocecur durin- the moulting season, and is

subordinate to the major mood “"readiness for procreation").
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The fighting drive is expressed primarily in the supplanting attack.

The fleeing drive is expressed in escape, but in a fight escape must be
suppressed, During a skirmish the fighting and fleeing drives are of almoat
e ual strength - the former preponderating to a greater extent in the attacking
bird than in the attacked. If the fighting and fleeing drives are not
approximately in equilibrium, then of course no skirmish can occur. This isa
most clearly seea in skirmishes near a territorial boundary: as each male
enters its o_.ponent's territory the fleeing drive predominates, and it is only
on the boundary itself that intense skirmishing takes .lace. The head-up
posture occurs in circumstances in which the two drives arc¢ very nearly equal -
i.e. when fightin- is inhibiting fleeing or fleeing is inhibitin: fighting.
Thus:

(i) Aftor a supplanting attack - the fighting drive, formerly predominant,

has been partially dissipated.

(ii) “hen a bird shifts a short distance in order to avoid an attacky

The escape drive, formerly predominant, has now been partially

dissipated.

(1ii) In resisting an attack, Escape is inhibited.

Head-u, posturing does uot occur, or is at most limited to incipient
movements, if the rival shows no resistance, hiwevergvigorous the attack ..ay have
been in the first place.

Further, it seems highly probable that there is a close connection between
head-u. posturing and upright flight, for the smae structures are displayed
in both. Uoright flight occurs :luring supplanting attacks when the rival shows
some resistance, particularly when the attacked bird stays in its place and

gives a head-up posture. ften sup lanting attacks start with normal flight,
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and the attacker changes to upright flight when his rival does not fly off,
In such cases the attacker dances in the air, hovering with intermittent
bursts of rapid .ing beats before his adversary. Someti.es an attack is
started with upright flight: such attacks are rarely pressel home. Upright
flight is not used when the dominant bird attacks vigorously and the other
bird shows no resistance.

Whether the head-up posture is derived from an inhibited attacking
movement or an inhibited fleeing movement is not clear., The evidence given
above would support either alternative, and it is yossible that the distinction
is not a real oune,for the situation is cne .f equilibriu. between the two
drives. In the Blue and arsh Tits the head-up posture is not so elaborate as
in the Great Tit, and often a_._ears merely as an alert poatural set si.dlar
to that adopted by many small birds impediately before flying off when alarmed.
This seems to favour the sugpestion that the head-up posture is an inhibited flee
ing movement. In any case, .n the Great Tit it has become highly elaborated
as a display, and a colour .attern has been evolved to make the display more
conspicuous.

Displacement pecking is also probably caused by inter-action between
the fighting and fleeing drives - a.parently when the twou drives are of such
intensity that the internal conflict can be resolwed in no other way except by
means of a dissipation of the energy through a totally different channel.

It does not occur in obviously one-sided skirmishes when the attacked bird
shows little resistance.

we can now consider the casual chains involved in a skirmish of
moderate intensity. Each skirmish can be divided into a number of cycles

each of which starts with one bird, A, makin a supplanting attack on the other
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bird, B, and finishes either with B flying right away or with the start of
another attack. Most skirmishes are made up of many such cycles, (0f course,
the roles of the two birds may change during the course of the skirmish, so
that B becomes the attacker. In the following account the letter A always
refers to that bird which is the aggressor at the moment). Pégure Dwogran 1
illustrates some of the courses which such a cycle may take. It must be
emphasized that the figure is not complet., and is intenkded only as a
suggestion of the mechanisms involved,

The sight of the intruding male on his territory brings the owner
into the fighting mood, and he flatiens his feathers and approaches the
intruder, calling as he does so, He then makes a supplanting attack on B.
This may be wade with rapid normal flight (fighting drive high and fleeing
drive low), with upright flight (fighting and fleeing drives at least moderately
strong and almost in balance) or with slow normal flight (fighting drive
predominates over fleeing, but neither is high)., In the latter case B usually
werely hops aside, so that the two birds perch a short distance apart with
practically no further display. A usually then makes another attack, either
almost immediately, or after the birds have been hopping through the bushea
near each other for a few seconds.

If, however, the attack is made when the fighting drive in A is strong
(i.e. either with rapid normal flight or with upright flight), B may respond in
which course he actually takes depends on the intensity of the

one of five ways:

attack and on the strengths (and relative strengths) of his own fighting and fleeing

drives. We will consider the five possibilities, starting with the one in

which B shows the least amount of resistance to the attacl.
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(1) B flies right away. The situation "other-bird-flying-away"
releases flying-in-pursuit in A, and a chase ensues. A chase may end
in three ways:-

&, It may lead to combat: this is rare (see below),

b. B may perch again, in which case either A may continue
the chase into a supplanting attack (and thus the start of

& new gycle), or may perch near him and use a head-up posture
(see below).

¢, B May fly right away: A returns to his own mate or

territory (end of skirmish),

(11) B shifts his perch a foot or two: A then lands near him and

gives a head-up posture. Thus both birds are perched a short distance

apart giving the head-up posture. This situation may lead to two possible

results:-

a. If the fighting drive in A is strong, then he may proceed

immediately to another attack.

b, If it is of only moderate strength, then the posturing

dies away, and the two birds are left perched close together.

They may hop about in the bush a little before another attack

is made, or B may fly off, whereupon a chase follows, (see above).

(iii) B remains perched, but does not posture. A presses home his

attack and a combat results. This probably never happens in nature, though
of course it does if B £3 a dunmmy. A similar situation arises however, if

B is caught unawares. A combat usually ends in B flying off and A chasing

it: sometimes, however, A flies of" and leaves B on the ground.
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(iv) B may remain, and adopt a head-up posture. Then A may do

one of three thinga, depending on the strength of his fighting drive:-
a. A may press home his attack. A combat ensues
(see above).
b. A may hold off his attack and show upright flight.
This is not usually sustained for more than a few seconds,
and then A .erches near his rival, so that both are . erched
a short distance apart giving the head-up posture, (see above).
Rarely A may still press home his attack, though still showing
upright flight. In fact all degrees of "upright" flight,
from an almost normal attacking flight to flight in which the
attacker is almost perpendicular and hovering, may occur,
The exact nature of the flight depends, of course, on the
relative strengths of the attacking and fleeing drives of A.
¢. A may perch near B, and posture, Then we agein have the
situation in which both birds are .erched a short distaace

apart giving the head-up posture (see above).

(v) B may fly up and meet A.  Then either:
a. The birdsstrike each other and a combat ensues (see above),
or, b. They dance round each other showing the upright flight,

but soon perch a short distance apart giving the head-up posture.

It mst be noted that the above scheme is not complete, and omits
many of the complexities. Displacement pecking occurs if the fighting
and escaping drives are fairly strong and in equilibrium - thus it is often

seen after both birds have shown upright flight, or head-up pustures.
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It way ocoupy much of the time between successive supplanting attacks, and
may be shown by one or both birds, It may lead to (i) another supplanting
attack (A's attack drive builds up faster than it is dissipated in the pecking,
and faster than the escape drive), (ii) B fleeing (B's escape drive builds
up faster than its attack drive), (4ii) A more or less neutral situation in
which the birds hop around until another attack is made.

Some examples of other possible variations are as follows:
If the fighting drive in A is low, he may not follow in a chase when B flies
off. When A and B are perched close together, whether or not B flies off
depends in part on the distance .etween the two birds. Changes in the interggi
state of either bird may occur without any thange iniéxternal situation, as
when the fighting drive of A builds up and leads to an attack. Females may
become involved in the skirmish, and the roles of A and B may become intere
changed., It is clear, however, that all such variations occur aa a result
of rocesses similar to those which have been outlined above. The whole
of the skirmish can thus be interprcted on the asumption that each individual
is subject to the op,.osing drives - fighting and fleeing - and that the
relative strengtns of these two drives determine which of the seve:al possible
responses is made to each stimulus situation. The differeuces which are
observed bet.ce. skirmishes depend largely on differences in the strengths

of the two drives in thc birds concerned,

In the next section some of the causes .f variation in the strength

of the fightin; are considered.

(g) Variations in the intensity of reproductive fighting
(i) Seasonal varistions  As will have become clear already, the

intensity of reproductiv: fighting shows a warkedl seasonal variation.
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It is first seen shortly before Christmas, rises to a maximum
during the weeks before the breeding season, and dies away while
the young are in the nest. There may be a new outburast of
reproductive fighting related to the rearing of a second brood.

It also occurs amongst newly independent juvenilies, and during the
autumn recrudescence of sexual behaviour,

(ii) Diuwrnal variation. Table shows the frequency with
which skirmishes were seea at Jifierent times of day between
March lat and April 15th, 1 49. In the calculation of the table,
each day was divided into four quarters, and the number of skirmishes
seen in each quarter was divided by the nun;ér of hours spent in

the field at that time of day. Fighting was most frequent (and

most intense) in the early part of the day, and rare in the

af ternoon.
Table o piurnal variation in frequency of skirmishes (Reproductivc
fighting). wunber of skirmishes seen in each quarter of the day,

per hour speat in the field, between iarch 1st and April 15th.
Skirmishes of high intensity only included.

puarters of the day.

No. of hours
jn the field.

Great Tit skir-
mishes per hour.

Blue Tit skir-
mishes per hour.

L 1L iIL v

59 n 31 62
0.22 0.16 0.00 0.05
0.37 0,43 0.10 0. 06
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(4ii) Weather. Tuis affected reproductive fighting in the
same way as other reproductive activities (see p.'08),

(iv)  Presence of the mate. Full skirmishes, as opposed to
inclpient head-up posturing, probably never occur between birds
without mates, Throughout the spring the females may influence

the course of the skirmishes without taking an active part in them,
for each male fights more vigorously in the .resence of his own

mate,

(v) Territory. After the establishment of preferred stations and
preferred areas, each male fought uore vigorously on his own ground
than when on strange ground.

(vi) Proximity tothe nest-site. is will be seen later, in the
neighbourhood of the nest not only other Great Tits, but also birds
of other species are attacked. This is ,resumably due to a lowering
of the threshol of the fightin, drive near the nest-site, so that
an otherwise inadequate object is sufficient to release attack.

(vii) Effect of repeated skimmishes. Euch male fought more
vigorously a:.inst strangers than against known .nd established
neighbours, On several occasions whe. tw. males were skirmishing
and a straanger arrived .n the sce.e, both the first two males attacked
the stranger. Skirmishes across established territorial boundaries
were usua.ly not very vigorous. Tinbergen (personal commnication)
sugrests that this may be due to a type of negative conditioning.
The aim of fighting is to cause the opponent to flee: if continued
fighting against a particular opponent fails to produce this result,

then the bird 'learns' not to fight him.
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(viii) Even when all other imown cuuses of variation had been
considered, there still remsined a marked degrec of variation

which could not be accounted for. This indicatea the prcsence of
other causes of temporal fluctuations in the strengths of the drives
which are not yet known. Further, there may exist innate differences

in the strength of the aggressive drive between individuals.

2, Parus caeruleus.

(a) Display types
These are very similar to those of the Great Tit.

(1) Sup.lanting attack,

(ii) Up-and-down supplanting attack. As in the Great Tit.
Sometimes the attacker hovers for a moment before descending on his
rival.

(iii) Head-up posture., This is not so marked as in the Great
Tit, and is of'ten difficult to distinguish from an alert postural
set. One male, who was watched during nwnerous skirmishes, never
used a proper posture .f this type. (ther individuals, however,
sometimes used postures which were sustained for several seconds, and
were accompanied by a swaying movement of the body and a craning
upwards of the neck. Sometimes the bird perched on the side of the
twig, the body thereby becoming absolutely vertical, or even over the
vertical. The head-up posture is given i.nvediately after a supplant-
ing attack, and by birds which have just avuided an attack, but rarely
on other occ.sions.

(iv) U, right flight.
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(v) Chasea, (ften very prolonged. 1In one pair which
held a territory in a narrow atrip of wood the sight of another
bird flying past twenty yards away in the field was sufficient to
release chasing.

(vi) »isplacement pecking., Very common in intense
skirmishes,

(vii) Calls, The notes most often heard are "pit tit churrrr®,
"Drrrrrt tit tit tit" and "Drich ich ich". Singing in lulls or
af ter the skirmish is com.on.

(viii) Wing flicking. During the course of a skirmish
the é::Z;;;;E$e bird always appears to the human ovbserver to be
more hgitated" than the attacker. This impression arises largely
from the fact that the—sube;gin&$e<bé§d oftea has a raised crest
and flicks his wings. The wing {'lickin; may be only spasmodic,or
it may be so frequent that it resembles tne wing-shivering seen in
epigamic displays. Since the wing-shivering is more common or more

arked in the att.cied bird than in the attacker, and since it increases

in intensity if the attacker bi»d approaches, it seems probable that
it is dn inhibited intention movement of fleeiug. Such wing
flicking is often associated with a spread tail.

(ix) Gliding flight., This is usually ussociated with
epigamic display, but it also occurs fairly frequently in reproductive
fighting. fne bird may glide down to supplant its rival, ur, during

a lull in a skirmish, a bird .ay leave the scene using the gliding

Plight.
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(x) Up-and-down flight. A brief flight up into the air for two
or three feet and duwn again occurs occusionally in skirmishes. It may
be derived frou the up-and-dewn supplanting attack. Once a male gave
& series uf such flights just after the eni of a skirmish - flyiny up
about 20 feet, turning with a stall turn and flutterin- or gliding to
another bush,

(x1) Durin- lulls in skirmishes, Blue Tits often hop through the bushes
near each other with the wings 92::::9& and with the cheek feathers
elevated., When the wings are raised to a considerable extent the tail
is usually spread. (See food fighting, p.A0 ). The contrast between
the white cheeks and the blue head is emphasiged by the elevation of

the cheek feathers.

(b) Behaviour during skirmishes

The general pattern of the skirmishes is similar to that which has
already been described for the Great Tite They usually take place rather
higher in the trees than in that species, and indeed height seems to be a
factor of great importance, The supplanted bird usually flies up and

erces above his rival.

(¢) Behaviour of the female

The female may remain feeding or passively watching the encounter, She
is often the goal of the opposing male, who tries to supplant her, of'ten,
however, the female plays an active psrt in the skirmish - she is in fact
auch more vigorous in this respect than the Great Tit female, She may
merely cull or sing whilst the males skirmish, or may make active sup lanting

attacie:, chases, head-up postures and so on. In a series of experiments
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in which stuffed Blue Tits were presented near Blue Tigs nests during
incubation and the feeding of the young, the females often attacked more

vigorously than the males.

3. Parus palustris.

All the display types recorded for the Great Tit have also been
recorded for the ..arsn Tit. Head-up posturing is, however, even less
marked than in the Blue Tit, and although seen occasionally in a well
makked form and accompanied by craning of the neck, it is often only a
momentary posture. On one occasion wing-shivering was seen in a skirmish,
The u.ost usual notea are “pit chur® and "dur dur dur”, Both sexes take
sart in the skirmishes, the females sometimes displaying as vigorously as

the males.

s Parus ater,

only a fev skirmishes have been seen, but these included supplanting
attack#s, upright flight, and head-up posturing. The latter was more
marked than in most Blue Tit skirmishes, but not so marked as in the Great
Tit. This furnishes us with yet another example of the correlation between
Coal Gt hos a
structure and display, for thegblack patch on the throat and upper breast
which is exhibited ia the head-up posture. In the Blue Tit the markings

in the same region arc much less conspicuous.

5. Other species,

Only one skirmish betwec. Willow Tits was witnessed, .nd few details

were deen, but the up-and-down supplanting attack, upright flight and
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display pecking were all used. Odum (1941) divides the skirmishes of

Ps_a, atricapillus into challenge, chase and fight, and mentions that the

male stands very straight in the challenge: both sexes took part when the
skirmishes were intense. Dixon (1949) states that in P. inornatus posturing
is lacking, but action consiasts of scolds, calls or song, often in
combination with wing vibrations. He adds "A threatening posture in titmice
appears to be an attitude of potential movement towards the intruder,

and may be accompanlied by wing vibrations. The pursuit which follows may

be a flight towards the perched bird or to a position beside it,the

objective +s...... being to drive the bird from its perch". (In a description
of one eancounter, the wing-shivering seemed to be limited to the subordinate
birds, ). From these descriptions we can recognise behaviour closely

similar to that which has beendescribed for the Great, Blue and Marsh Tits.

B. _Inter-specific Reproductive Fighting.

One of the results of the territorial behaviour which has been described
in the  r.vious section is that there is little fighting betwecn birds of the
same species over actual nest sites. There is, however, no territorial
exclusiveness against tits of other species except in the immediate vicinity
of the nest-hole, It thus uften hapgens that birds of different species
become interested in the same hole, Interspecific rceproductive fighting
over nest-sites betwecn Great, Blue, Marsh and Coal Tits have been seen in
pnearly all possible combinations. (There were .ne or two records of a bird

carrying nest material attacking birds of other species while still many yards
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from the nest. This suggests that such fighting may be linked to the
nest-building mood, as well as to the actual nest-site.).

These interspecific skirmishes are not usually accompanied by the
types of display which have been described above as occurring in the
i;tra-specific encounters, Head-up posturing is rarely seen, is never
sustained, and appears to be quite irrelevant to the skirmish and not func-
tional as a display. The wings-raised posture, which is used commonly
in food disputes (p. 40 ), and is rare (at any rate in the Great Tit)
in the intra-specific skirmishes, is common in all species in the inter-
specific encounters. For the most .art, however, these encounters consist
of direct supplanting attacks, of'ten ending in fierce combat.

It is interesting to compare the frequency with which actual combat
occurs in these encounters with its frequency in the intra-specific
skirmishes. The figures are given in Tuble // for the two seadons
(1949 and 1950), only high intensity skirmishes being included. It will
be seen that fights occur very much more often in inter-specific
skirmishes than in intra-specific ones, This is presumably due to the
exceptionally intense fighting which often occurs where nest sites are
concerqned. Both birds are on their own territory, and so in both the
fighting drive is much mors strongly activ.ted than the fleeing drive.
Possibly the fleeing drive can only be activated to a degree comparable
with that to which the fighting drive is activated by the pattern
characteristic of the species; and it is for *his reason that the head-

up posture and uprigh flight (which depend on approximate equilibrium

pbetween the two drives) Jo not apiear.
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Species of other genera rarely elicited aggressive behaviour
except in the imnediate vicinity of the nest<hole, Great Tits were

seen to drive a Hedge Sperrow (Prunella modularis) and Blue Tits a

Robin (Erithacus rubecula) away from the nest box. Other observers have

recorded several other species of amall birds being driwven away from the
nest. Such species are apparently not attacked when on the ground, but
only when moving about near the nest-hole,

Table | . Number of skirmishes involving actual combat.
{Skirmishes of high intensity only included, ).

No. of skirmishes No. involving
witnessed. actual combat,

Great Tit intraspecific
skirmishes. 68 10 (15%)
Blue Tit intraspecific
skirmishes. 62 6 (10%)
¥arsh Tit intraspecific |
skirmishes. 18 6 (33%)
Interspecific skirmishes
(a1l species). 16 12 (75%)

C. The Functions of Reproductive Fighting.

Tinbergen (1936) has emphasized that the function of reproductive
fighting is to secure "objects or situations which are indispensible for
reproduction”.  In the Great Tit these are: (1) the mate, (ii) the territory,

and (iii) the nest-site. (For a discussion of the values of territory,

see p. 00 ).
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De Conclusion.

In the preceding sections we have seen that the behaviour involved
in the reproductive fighting of the Tits can be understocd if we make
assumptions similar to those wade by Rinbergen in analysing the reproductive
fighting of other species - namely that during the skirmish the fighting
and fleeing drives are aroused in each combatant, and are normally in
approximate equilibrium, Some action: are the direct expression of one
of these two drives - thus attack is the expression of the fighting drive,
and escape is the expression of the fleeing drive, Other actions must be
interpreted as due to the conflict between the two drives, Which of the
several possible responses the animal muakes to each stimulus situation depends
on the strengths, and on the relative strengths, of the two drives,
Published descriptions of the reproductive fighting of other Passerine

birds also seem to fit this hypothesis (e.g. Erithacus rubecula; Llack, 1939:

Motacilla flava; Smith, 1950, Both of these species display the breast in

fighting).

¥e have also seen that the displays involved in reproductive fighting
are very similar in the differeant carus species., The head-up posture has
been elaborated to a much greater extent in the Great Tit than in the other
species, and, arallel with this, a broad black Gﬁ:ﬁ?ﬁa; stripe, which is
displayed in the posture, has been evolved. Thus we seea the parallel
development of a display and of a conspicuous structure which accentuates it.
Many other examples of this are known (Tinbergen, 1948). The parts played

in reproductive figiating by the two sexes are more nearly equal in the Blue

and Mursh Tits, where the colour patterns of male and female are very similar,
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than in the Great Tit, .here the male has a much broader ventral band than the
female,

Although the displays used in intra-specific reproductive fighting
in the different species are closely similar, they are aot all ;;:::3 in
inter-specific encounters. In each species the displaya, with their
innate releasing mechanisms, have undergone a long period of evolution
80 that the pattern exhibited by one species no longer releases the

movements typical .f intra-specific reproductive fighting in the other.
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SECTION X _ COPULATION AND COURTSHIP FiiDING.

A, Parus major,

l. Copulation.

Copulation is preceded by a wing-shivering display performed
by both birds. It may be initiated by either sex, It usually takes
place in thick bushes, so that it is seldom possible to see the whole
sequence of movements in any cne case. Typically the male, slightly
crouched down on a ;:ESEE starts shivering his wings and calling as
he does so. The note used seems to vary considerably, but it might be
written as "zeedle-zeedle-zeedle-zee™ or "zee-zee-zee-zee-zee',
He usually, but not invariably, holds his head down and his tail up.
This initial display may occur in bursts of increasing intensity with
pauses between. The male flies to a perch near the female, If she
is receptive, she too starts shivering her wings, calling, and crouching.
The birds display thus for several seconds before the male mounts.
One or both birds may continue to shiver their wings after they have
separated, and this may lead to another mounting; or, more usually,
gradually dies away. After an apparently successful copulation the birds
usually fly apart with little after-display; but on occasioans bill-wiping,
wing-shivering and courtship-feeding have each been seen to follow

attempted copulation. If the female initiates the display, the male flies

close to her and then mounts as above,
1t sometimes hapens that one bird (of either sex) starts shivering

its wings and calling, and then flies near to the other, who pecks at it:



145

this way develop into a brief fight. The significance of this behaviour
is not clear, but it is possibly due to one bird not being in a receptive
state, 'Sexual chases' are occasionally seen at this time of the year.

Incomplete wing-shivering displays by the male may be seen for some
weeks before nesting. They are accompanied by a ver; faint zeedling call,
inaudible at a range of more than a few yards. This was first seen on
March 16th d&m 1949, end March 8th in 1950. In 1949 intensive cbservations
were made on cne pair during nest-building. The first copulation was seen
on April 16tn, five days before the laying of the first egg.

'Reversed mating' (i.e., mounting of the male by the female) was seen
once, It took place between a female who had lost her mate and a male
who was waiting for his own mate to emerge at dawn. ifter an apparently
unsuccessful copulation of normal type the birds sepsrated but continued
wing-shivering and calling, the female more vigorously than the male. The
female then momentarily mounted the male, but they quickly separated and sat
side by side, both still displaying and the female still the more vigorous.
The female then crouched slightly and the male mounted, but onlg momentarily.
The female continued wing-shivering, but the male sat still and then flew
off.

Although no precise observations were made, copulztion seemed to follow
a similer diurnal rhythm to that shown by most other activities associated
with the reproductive drive - i.e. it occurred most often in the early part of
the day, rarely in the afternoon and occasionally in the evening (see p.2iz ).
During ‘he appropriate season, copulation nearly always occurs just after
the dawn emergence of the female - sometimes within a few seconds of her

leaving the box, At one nest the .air used a particular bush for copulation
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at dawn on at least six out of seven successive mornings. On several of
thefollowing mornings the male, while waiting for the female to emerge,
flew away from the nest box and gave a wingwshivering displasy in this bush,

On some mornings he repeated this several times before the female cmerged.

2, Court Ship b f eeding.

The display ureceding courtship feeding is very similar to the pre-
copulatory display and of¥en, in an incomplete form impossible to distinguish
from it. The first complete courtship feeding pattern by 207 pair, who
were watched intensively at this time, was seen on April 21st, the day that
the first egg was laid. Courtship feeding continued throughout egji~laying
and incubation, and ceased sooa after the egys hatched] though throughout
the whole period when the young were in the nest, the female was .ften seen
to pursue the male, begging (se. p.Z0 ).

In typical courtship fee.ling the female displays by crouching,
shivering her wings, slightly raising her tail and giving a zeedling call.
The male feeds her either without display, or with slightly shivering
wings. Sometimes the female hardly begs at all, or does so only as a
response to the sight of the mals with food: on other occasions she begs
before the male finds the food. For several days during the egg-laying
period the female scems to beg almost continuously, following the male
the male feeds her at intervals, sometimes several times in quick

around:

succession. The female's wing-shivering usually increases, but sometimes

decreases, on the approach of the male: the calling usually ceases

)
temporarily while the male Lactually s feeding her.



147

No doubt the amount of wing-shivering and calling shown by the male
and the female depend on the strengths of the drives in the two individuals.
In the early stages the male's drive is usually stronger than the female's,
and he feeds her although she hardly begs at all, Even before nest-
building starts, however, females sometimes beg unsuccessfully from males.
The female's begcing becomes well-marked just before egg-laying, and in the
next few days she begs almost continuously. This, of course, is also the
time at which copulation occurs. During the early part of incubation the
male often feeds the female eithsr on or off the nest, but courtship feeding
becomes leas common towards the end of this period. Courtship feeding
again becomes coumon just before the young leave the nest. No doubt this
is correlated with the potential start of s second brood. At some nests
only one of the pair shows a recrudescence of courtship display at this time
(see p.RIO ).

Verheyen (1947) states that in the Great Tit feeding precedes
copulation, but this was not the case in any of the copulations observed in
this study.

As courtship feeding becomes comnon at the time when copulation is
occurring, and as the associated displays and calls are closely similar,

&. seems likely that there is a close relationship between them. The
exsct nature of this is as yet uncertain. The begging diaplas;;%fv the young
when out of the nest is also similar to the displays used in copulation

and courtship feeding (see p.221). It seems likely that in all three cases the

wing-shivering is a ritualised intention movement of flight.
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B. Parus caeruleus.

l. Copulation.

The pre-copulatory diaplay is closely similar to that of the Great
Tit, On two occasions when the whole sequence of the display was seen,
its beginning was very gradual. The presumed uale first shivered his
wings for a few seconds and then resumed feeding, A minute or so later he
shivered his winys again and gave the 'zeedle' call. After two or three
repetitions his mate flew over to perch near him and both birds shivered
their wings for a few seconds before copulation. The call seemed to become
rather deeper at the moment of copulation. In one case the pair made two
matual flights - as if one were chasing the other, except that the rear bird did
not seem to be trylng to catch up - accompanied by excited calling: each of
these ended with mutual wing-shivering.

Brief scuffles have sometimes been seen to follow the pre-copulatory
display, as in the Great Tit. Colquhoun (1942) describes a copulation in
which the after-display consisted of wing-fluttering and a deliberate pecking
by each bird at the other's body and bill. Wing-shivering was seen to follow
(probably unsuccessful) copulations on several occasions in the present study.

Once, one of the pair fluffed out its feathers and preened very briefly

vefore flying off.

2., Courtship feeding.

The display associated with courtship feeding is similar to that of the
Great Tit, and to the pre-copulatory display. At two nests courtship feeding

was first secn two or three days before the laying of the first egg: it
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became comuon during egg-laying and incubation, and was also seen during
the period of feeding th# young. PFurther examples are given in

correspondence to British Birds Vols. 40 and 4l.

C. Parus palustris.

1. Copulation.

Incomplete wing-shivering displays were seen from mid-March in both 1949
and 1950, At this time, and during early nest-building, it is not unusual
for one bird of a pair (sometimes, at least, the female) to .erform a wing-
shivering display without evoking any response from the mate,

The full pre-copulatory display is wvery similar to that described for
the Great and Blue Tits. On the four ocecasions when the whole sequence
was seen, it was initiated by the male with a series of bursts of wing-
shivering of iacreasing inteasity, accompanied by "zeah-dee zeah-~dee"
calls. Usually the male iacreased the shivering of his wings until he
floated up and then down onto the female. At the moment of copulation
the "zeah-dee" calls changed to a full "Koo Koo Koo Kou®. Scuffles similar
to those recorded for the Great Tit and Blue Tit were also seen.

Excellent descriptions -of five complete and two abortive copulation
are given by ilorley (19&9). The performances show considerable differe.ces
in detail; for instance, sometimes the male flew straight dnto the female's
back, and at other times he floatei on with a sailing flight; sometimes the

copulation was initiated by one sex and sometimes by the other, On one

occasion copulation was followed by courtshi, feeding.
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2. Courtship feed_iilg_.

This was recorded a few times in Marsh Tits believed to be in the
nest-building stage. It became exceedingly common during egg-laying and
incubation, when males were often seen to feed their mates several times
in quick succession: some femesles seemed to beg almost continuously from
their mates during the eg: -laying period. The associated displays were
apparently idantical with those already described for the other species.
During the period when courtship feeding was at its height, the beg ing
call of the femele was a rather coarse "ze-ak, ze~-ak". As the male
approached the calls became rather more rspid a.ndml;;;j;ypitched. In
the intervals between feedings the fcmale either held her wings slightly
raised .r shivered them a little: the shivering increased greatly as the
male approached with food. Sometimes a high trilling sound, resembling
the copulation note, is heard at the moment of feeding. As the male turns
away the shivering stops momentarily. He usually hesitates a second or so
before flying off. (One male habitually hovered in front of his mate whilst
feeding her.

Morley (1949), in a detailed discussion of courtship feeding in this
s.ecies, distinguishes four ss'%j-f;s of display shown by the two birds. In the
first stage neither individual shivers its wings, and the whole process is
extremely rapid. Ia the second, .he male shivers and the female twitches
the wings, and in the third, both shiver. In the fourth stage the female's
begzing becomes very pronounced and almost continuous, and 'her desire to be
fed eventually outstripped the male's wish to feed her'.

The results of the ;rusent study are in general agreement with these

conclusions, but do not indicate that the "stages" are as distinct as
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Morley implies. Variations in the intensities of the displeys used may
occur at any stage, correlated, no doubt, with short~term changes in
strengths of the drives (see p.29 ). For instance, even before nest-building
had started females were occusionally seen to beg unsuccessfully from

males, though in general the 'irive was appar:ntly stronger in males than

females at this .ime,

D. Parus ater.

\
“nly one Coal Tit copulation was seen, The initial display was
similar to that which has already bee. described for the other species.
After the birds separated they both continued to shiver their wings for
about 2U seconds, the female more vigorously than the male. Then the

male fed the female four times in quick succession.

E. Parus atricapillus,

1., Copulation.

‘yitherby (1934) has described . copulation .f g, atricapillus klein-

schmidtii. It occurred after a chase, and after it the male flew away with
a 'butterfly-rlight'. It has also beea seen by Odum (1941), who wmentions

the shivering .f the wings of the female and the high pitched twitter.

2. Courtship feeding.
Gium (194#1) records the male feeding the female with no display on the

part of the latter during the early part of hole dig.ing. This apparently
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corresponds to the firat atage described by Morley for the .arsh Tit. 1In
his 1943 paper Odum states that courtship feeding starts gradually during
nest construction and reaches its peak during incubation. He does not
mention the continuous begging of the female during the period of egg-laying,
which has been described for other species above. Courtship feeding is

also desoribed by Bacmeister (1917), Jouard (1926, 1932) and other writers,

P. Othédr Species,

1. Copulation.

This has been described as follows:-

P. inornatus. Dixon (1949); Thompson (1930).

P. hudsonicus. Kennard in Bent (1946).

P. bicolor. Johnston (1944).

2. Courtship feeding.

This has been described as follows:-

P. cristatus. Gengler (1910); Smith (1941). The latter author

notes that it continues after the young have hatched.

P. hudsonicus, Kenuard ia Bent (1946); Walkinshaw (1948).

p. inornatus. Dixon (1949). lfost marked just before and during

jncubation.

11 all cases of both copulation and courtship feeding quoted above,
the associated displays seem to be closely similar to those alread: described
Kefe
for other Parus species; thoughxis yet no species in which a sufficient number

of either have been described to permit generalisations on the significance



of the variation in details between different performances.
Wing-shivering has also been described in P. gsmbeli (Bent, 1946),
P, bicolor (Thompson, 1930), and P. albiventris (Newton, quoted by

Bannerman, 1948).
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SECTION X/ _THE NEST SITE,

A. Nest Site.

1. _Parus species.

All members of the genus Parus typically nest in holes. There
is however, mach variability in the types of holes used - both between
species and between individuals of the same species. In the following
discussion, considerations of habitat are omitted except where directly
relevant, and little mention is made of the preferred heights of nest

8ltes since few reliable date are available,

(a) parus major

P. m, newtani typically nests in a hole in a tree or wall, but

holes made by rats, sand martins, etc., are occasionally used. Many of the
earlier handbooks of ornithology list meny strange sites such as letter
boxes, cupboards and the interiors of pumps. The height of the nest is

very variable, but the preferred height is probably between 5 feet and

20 feet, and seems to be rather lower than in P, caeruleus, Nests in holes

in the ground are known (e.g. Ticehurst, 1932; Jourdain, 1906): in the
present study area one bird nested in a petrol can with the hole about

one foot above ground level. The interior dimensions of the hole seem to
matter little, as large holes are filled up with moss, Similar considerations
hold good for P. m. major (see e.g. lLebeurier et Rapine, 1941; Verheyen, 1947).
Nests placed in the open (i.e. not in a hole) are recorded from time to time,
mainly in the deserted nests of other species (e.g. Nelson, 1907; Proector,

1910; Colthrup, 1910; Gurney, 1916; Headley, 1919; Hills, 1934;
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Jouard, 1936; Walpole-Bond, 1938; Verheyen, 1947). In some of these
Caaes, however, the nests appear to have been built by the tits themselves,
and one of those found by Walpole-Bond had a roof (which a nest in a
hole never has). Nests are sometimes found in the interstices of squirrels'
dreys or of the nests of Magpies or Rooks, and some of the earlier
writers state that nests found in such situations are much more closely
woven than nests in true holes, and are sometimes domed. (Seebohm, 1883;
Dixon, 1895; Hudson, 1902).

Other subspecies typically nest in whatever holes are suitable
and available locally, (see e.g. Stuart Baker, 1932, for the Indian

subspecies). P. m. alanorum (Jousdain, 1937) and P. m. cinereus

(Hume, 1889) have occasionally been recorded as laying in openm nests,
Most subspecies of Parus major do not excavate their own hole,
though they may enlerge the cavity or the entrance. Stuart Baker (1932),

however, states that P. m. cinereus uaually excavates its own hole,

There are a few recorda of other subspecies excavating in rotten wood

(?._m., major; legendre, 1932: P. m. newtoni; Riddell, 195? and

walpole-Bond, 1938).

(b) FParus ceaeruleus.

In general the sites chosen are similar to those chosen by

o, _major, though the cavities are as a rule rather smaller. It
occasionally nests in holes in the ground (e.g. Dixon, 1893; Sharpe, 1896;
Jourdain, 1906). Occasionslly nests have been recorded in deserted Wren's

nests (British 8irds and Zoologist), and very occasionally birds have

been found nesting in open nests (e.g. Owen, 1915; Corlett, 1929;
Chandler, 19%3). In the latter case there is good evidence that the nest
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had been built by the Tits themselves, and the young were probably reared
successfully. Butler (1907/8) records a nest built in an exposed
position behind lattice work which was "over arched”,

There is no record of the Blue Tit excavating its own hole, though

Verheyen (1547) states that they sometimes enlarge natural cavities,

(¢) Parus ater

This specisa nests in a hole in the ground or in a bank much
more frequently than do the other species. Cases of ground nesting have
been recorded for many of the subspecies, and in some districts the habit
is common (e.g. legendre, 1932; Klaas, 1934; Lyhes, 1920; Jouard, 1932;
Durango, 1946; Verheyen, 1947; Laurent et Mouillard, 1939). This
preference for ground nesting is probably édonnected with the fact that
the species is usually found in coniferous woods, where natural holes in
trees are lesz comuon than n deciduocus woods. loles in trees are

usually used when available, Stoney (1928) found a nest of P, a. hibernicus

between the matted ivy and stem of a sycamore tree., Newmean (1861) quotes
a description of a nest "on the branch of a fir, close to the bole, very

like a Long-tailed Tit's but much rounder®, and Butler (1907/8) states that
when the nest is partially exposed it is “over arched”, Bond—{1861)-also

describes—a—roofed 1est, It sometimes nests in the cavities of old
Magpie's or squirrel’'s nests. Therc are doubtful records .f the Coal Tit

nesting in open nests of other species. It often enlarges natural

cavities {Verheyen, 1947; Atkinson, 1886).

(d) Pparus cristatus

This is another species which typlcally nests in coniferous woods

where natural holes arc often scarce. Whereas P, ater nests in holes in
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the ground, P, coristatus typically excavates its own hole wholly or

partially. Such excavated nests are typicelly in rotten stumps: their
form is often irreguler and the sides of the hole not smooth. When
natural holes are avallable, they are often used, Nests have occasionally
been found in squirrel's dreys, Rook's nests, or in old nests of Wrens

or Long-tailed Tits, (e.g. Dixon, 1893). It also occasionally nests
among roots or in other situations on or very near the ground (Verheyen,
1947). Verheyen also states that this species sometimes builds in an
open nest. Roofed nests similar toc those of a Wren have been recorded

by several observers (Fatio and Studer, 1893; Dreaser, 1861).

(e) Parus palustris

Typically nests in natural holes in trees; these holes are often
touched up, and there are a number of records of complete excavation,
(Hoble, 1913; Walpole-Bond, 1931; Musselwhite, 1931; 1B8hrl, 1938;
max-\eﬁy, 1936; Verheyen, 1947). As in the Created Tit, such holes are
very irregular. This species sometimes nests in holes in the ground

(e.g. legendre 1931 and 1932)s

(f) parus atricapillus

This species typically excavates its own hole in rotten wood,
The holes are often started where there is a fault or depression in the
wood, or where a woodpecker has been digging for insects. Several writers

have given records of P. atricapillus nesting in ready-made holes where

these were available, (de Balsac, 1929; Jouard, 1932; Odum, 1941;
Verheyen, 1947), and all intermediate stages from completely self excavated
holes to those in which practiocally no work is done may be found. The

holes excavated by the bird are in general smoother lnside than those of
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Crested Tits, but are not so competently excavated as those of Woodpeckers.

(8) General

The species reviewed above are sufficient to demonstrate that
although each apecies shows remarkable catholicity of taste in the
requirements of the nesting site, yet there are definite differences
between the ‘preference' of the different species. These differences
were shown clearly in Marley Wood, where ¢very nearly all the Great Tits,
but only about half the Blue Tits, used the artificial nest boxes provided,
" although many boxes remained unused, (cf. Csdrgey, 1909-1k; Enemar, 1948).

Clearly, it is essential that the characteristics required in a
nesting hole should not be too rigid, for 'suitable' holes may be scarce.
Nevertheless the differcnces between the 'preferences' of the different
aspecies seem to have selective value: thus Blue Tits prefer smaller holes
to Great Tits: and species which nest in areas where natural holes in trees
are scarce, nest in the ground (Coal Tits), or excavate their own holes
(Crested Tits). We do not know whether these preferences are innate,
but it seems highly probable that they are, If so, a selective balance
between preference for a particular type of nest site and cathollcity
of taste must exist in each case. Perhaps the differences are brought
about by a process of Organic Selection (Baldwin, 1896; Morgan, 1900).
Tinbergen (1946) and Kluijver (in 1litt,) have shown that the availability
of nest sites mey influence the size of the population, at least locally.
Further study of the degree to which the different species overlap in their
nesting requirements would be of great interest.

The occurrence of excavation in the genus Parus is shown in Table £,

Although most, if not all, species emlarge holes to some extent if necessary,
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it appears that the habit of excavating the hole has been developed or

retained to a greater extent in the subgenus Poecile than elsewhere,

TabletZ 3

Qccurrence of excavating behaviour in the

Speciles,

P. (Lophophanes)
dichrous.

P. (Lophophanes)
cristatus.

P. (Baeolophus)
inornatus.

P. (Parus)
major.

P. (Poecile)
carolinensis.

P. (Poecile)
gambeli.

», (Poecile)
sclateri.

P. (Poecile)
rufescens.

Fo (Poecile)
atricapillus.

F. (poecile)
palustriﬂ.

gemus Parus

Qccurrence of excavating.

2 out of 3 nests excavated.

Usually.

Occasionally.

Very rarely in P. m. major
and P. m. newtoni. Usually
in P. m. cinereus.

Usually.

Occasionally.

One out of 2 nests excavated.

Usually.

Usually,

Sometimes.

Authority.

S. Baker, 1932,

Bent ’ 19‘!—60

legendre, 1932.
Riddell, 1939.
S. Baker, 1932.

Bent, 1946.
Bent, 1946,
Bent, 1946.
Bent, 19i6.
V. Bupra,

V. supra.
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Although tits are normally considered to be hole-nesting birds,
there are records of nesting in the open for several of the species.
These recorda are too numerous to be attributed to faulty observation.
The evidence for the occasional building of domed nests is less reliable,
but there are several independent records, In other genera in the family

domed nests are the rule.

2, QOther genera,

Other genera build domed nests, placed usually amongst the twigs
of bushes or trees. Those of Auriparus are built of thorns and the
supporting twigs are woven into the structure; forming a support from
underneath. Those of Aegithalos are similarly placed in thick bushes and
supported from underneath: they are sometimes placed in theforks of trees.

Psaltriparus and Remiz build heanging nests which are suspended from branches

or twigs.

B. The Genus Pajus as Hole-nesting Birds.

It has been suggested (e.g. by Csdrgey, 1913; Berndt, 1936;
Jouard, 1936) that tits (Parus spp.) have only comparatively recently
become hole-nesting birds. If any transition from open-nesting to hole-
nesting did take place, it did so very long ago; and such speculations

are of little value in the absence of any but circumstantial evidence,
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C. Nest Site Selection.

In this section the processes of nest site selectlon in Parus
species are first discussed. The Hole Inspection Display, which may be
relevant to the early stages of nest aite selection, is then described.

The Nethersole-Thomsons (1943) have summarised data on nest site
selection for many species. For all British Parus species they state
that both sexes examine possible nest sites together, and of the Great
and Blue Tits they remark that the males "suggest" several possible sites,
one of which is chosen by the hen. It would indeed seem that jin such a
species’the femele, who alone is responsible for the building of the nest,
must select the site. 1In tits, as in most other birdas, actual building is
preceded by a period in which the birds pick up and 'play' with nesting material
and start to build in several different sites. 1Indeed it sometimes happens
that one nest is almost completed, end is then abandoned, and another
started elsewhere. In such cases it could be argued that the final
selection does not take place until well after the start of building.

In fact, nest building may be divided into (i) looking for nest
material, (ii) picking up materiel, (iii) flying with material to the nest
site, (iv) placing the material in the nest and the various actions
associated with the actual building. There must, in the first place, be
a general recognition of a suitable site (innate, or possibly learnt in
early life) which causes a Great Tit to carry the material to a hole and a
long-tailed Tit to a bush. In the early stages >f building the chain of
reactions is often incomplete, and the material may be dropped at random,

as well as in one or more suitable sites, The final selection would seem
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to be a process of conditioning to one particular site which takes place
in this period of incomplete building. The rate of conditioning may
vary in different species and in different individuals, and also with the
intensity of the drive., When the drive is high the chain of nest-building
activities occurs frequently, and there is ample opportunity for
conditioning to one site: when the drive is low nest-building only occurs
at long intervals, and the material may be carried to a different site on
each occasion, This suggestion regarding the processes of nest site
selection in Parus species does not, of course, rule out the possibility
that in other species the site may be selected ylong before building is
atarted.

The behaviour which the Nethersole-Thomsons describe as the
male "suggesting® holes to the female is, in fact, a form of display,
referred to hers as the "Hole inspection display”. Thid display is of'ten
seen in an incomplete form, and does not really involve selection. In
certain instances, the palr may oonfine themselves to one particular site
for all their display, either because suitable sites are scarce, or for
other reasons; but in many pairs the display is performed at several
different holes in turn. It is possible that the display may make the
birds familiar with the holes in the area; or that repeated performance
of the display at onc particular hole may later result in that hole being

selected for the nest, but of this there is little evidence. The hole

inspection display is described below.

(a) Parus major

The hole~inspection display consists in the first instance of the

bird perching outside a hole, crack or crevice, so that its head is on a



level with the hole. The body is usually vertical and below the hole.
Although such behaviour occurs at all times of year, it is seen much more
often at those times of ysar when the birds are sexually active than at
others, The actual number of times that such behaviour was seen at

different times of year in 1948/9 isshown in Table /3,

Table /3 ., Total number of records of Creat and Blue Tits
inspecting holes between Sept,lst, 1948 and April 30th, 1949,
in half-monthly periods, All records made both in
Marley Wood snd elsewhere are included.

Period. Sept. (Oct, Nov. Dec. Jan., Feb., March April

IIX IIl I 11 II1I 11X I11 I 111
Great Tdt. 1 2 1 9 3 6 2 2 0 6 911 816 2212
Blue Tit. 0 1 1 2 21 0 0 0 2 O 3 1l 26 2

Hole inspection is more frequent in autumn than in summer,
This may he related to the general return of sexual behaviour at this
time, or perhaps to the claiming of winter roosting sites, for it is
at this tims of year that many tits change over from roosting in foliage
to roosting in trees. Both male and female Great Tits were seen
inapecting holes at this time of year, They 4id not usually remain long
outside the hole, and only rarely entered, Frequently, when one tit
was inspecting a box, another flew down on it and supplanted it at the
hole: sometimes the aggressor remained inspecting in the other's place,
and at others the two fell fighting through the air. On one occasion in
November a Great Tit was inspecting a nest box when a2 Blue Tit arrived

nearby. The Blue Tit fluttered around nearby, hopping from perch to perch,
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peering at the box and showing obvious signs of disturbance. It then
inspected a neighbouring ventilator for a few seconds. Then the Great
Tit entered, the Blue Tit inspected the box while it was inside.

In December and early January this inspection of holes became
relatively infrequent, but in late January, as soon as the flocks had
broken up and most of the birds were feeding in pairs, it was seen more
often. At this time of year inspection of holes is certainly to be
regarded as part of the breeding behaviour,

In its complete form the display takes place ad follows. The
male flies to the hole, leaving the female feeding nearby. He often
perches first for a second or two above the hole, and then inspects the
hole with his body vertically below it. As the male perches outside,
he sometimes taps at the hole, and sometimes turns his head round so that
the white cheeks are exposed to the female. Perhaps the tapping has
been ritualised from movements made in attempts to enlarge the hole, and
the turning of the head from movements made in look:tng round at the female;
certainly both now have a display function. They are not functional in
any other way, since the male may tap persistently at wood far too hard for
him to chip, and often turns his head round to loock at the ground when the
female is above him., If the female does not respond, the male may leave
the hole, but he usually returns in a few seconds. This happens most
often when the female is in a position from which she cannot see the hole,
and may serve to attract her attention. Sometimes the male enters the hole
and pecks at the entrance from inside, so that his head keeps on appearing

and disappearing at the entrance. In cases where the female responds, she
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moves in stages towards the hole., At first her body is 8imply in an
alert upright posture, but as she approaches she starts to shiver her
wings., The intensity of the shivering increases as she gets nearer
the hole. Somstimes the female perches within a foot of the entrance
while the male is still inspeeting., It is not uncommon for ths male
to inspect the hole for as long as three minutes continuously before
the female comes right up to him, If the display gets to this stage
the female usually enters, but the exact manner in which she does so
varies, At times the mele flies off the hole and the female enters
directly. Sometimes the male enters first and the female follows him
inside after a few seconds; the male emerges as soon as the female
entera. Occasionally the male enters and the female waits until he comes
out again beforc she goes in. The female may remein inside the box
for several minutes, during which she can often be heard hammering at the
entrance. On the other hand she may enter for only a few seconds, or
enter and emerge several times in quick succession, It must be
emphasized that the display is subject to considerable variation with the
intensity of the reaction,and with other factors, which await elucidation.
In particular, one feature which cannot at present be explained is that
on several occasions the female gave a momentary head-up posture when
arriving at the box, apparently identical with the head-up aggressive
posture used in reproductive fighting.

The above description applies to the complete display as it is
performed in the week or two before nest-building, but it is seen in
various degrees of completeness from the time that the winter flocks

break up. In 1949 the flocks started to bresk up in late January, and
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there was a noticeable increase in the frequency with which tits were

seen inspecting holes. At this time it was principally the males which

were seen to inspect. Sometimes they clung outside the holes for as

long as half a minute, and sometimes put half their bodies inside; if they
entered completely they rarely stayed in for more than a few seconds.

The female was ususlly nearby, hut took little or no notice of the male's
behaviour and continued feeding. { At times females inspect holes
independently of their matess In late Februsry females sometimes

approached when their mates were inspecting & hole, and rarely inspected after
them, but this did not become common until late March and April. During

the first half of ¢pril a more or less complete form of the display was

seen frequently, especially in the early morning. One pair which was
watched closely, often performed the display three or more times in an

hour. This pair displayed at three different boxes, often using all three
in a single hour, Other pairs showed a similar indifference to the actual
hole used - though it is perhaps significant that in all cases where the
complete display was performed it took place at a potential nest site, whereas

mere hole inspection sometimes took place at quite unsuitable nooks and

crannies.

Table /i e Diurnal variation in frequency of hole-inspection.
Number of hole-inspections seen in each gquarter of the day per hour
spent in field, between March 15th and April 15th.

Period of day
I II III iv
No. of hours in field. 43 60 23 L3

Great Tit hole inspection per hour. O.hiy 0. 20 0.06 0. O
Blue Tit hole inspection per hour. 0o 3 0. 32 0,02 0.08
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In Table /4 is shown the number of times hole-inspection was seen
in each quarter of the day per hour spent in the field, for the period
March 15th - April 15th, 1949. Hole-inspection was much more frequent in
the early hours of the day than later on. Most of the records of hole-
inspection for the earlier part of the season were in the second quarter
of the day.

Hole inspection was seen on a few occasions during nest building
in one pair which was watched intensively at this period. Hole inspection
by the male during the early part of nest-building caused the female to
shiver her wings and seemed to cause her to resume building after a long
period away from the nest, Hole inspection by the female sometimes occurred
about five hours after dawn, at the end of the day's nest building activity.
The male of one pair inspected another, nearby, neat on the day on which his
own mate laid her first egg.

Hole inspection was seen on a number of eccasions out of its
usual functional context. Once a Great Tit inspected a hole from which it
had just seen a Wren emerge. Several times hole inspection occurred during
a Jull in sexual fighting, and at other times, the male of a pair which had
been feeding on the ground flew up and inspected a hole when slightly
disturbed by the observer.

From before nest-building until incubation the male usually
inspects the female's roosting hole several times after she has gone to
roost in the evening and before she emerges at dawn. Similer behaviour may

occur less frequently at other times of year. It.is described in the

section on roosting behaviour.
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Hole inspection h.s also been described by Gibb (im 1itt.) who
remarks partiocularly on the comspicuousness of the head of the male, as,
perched inside the hole, he pops his head in and out. There are also
numerous incomplete records of dbirds inspsoting holes. It may be taken
as certain that the diaplay occurs in all subspecies of Parus ma jor,

For instance, ltme (1889) quotes the following record: "When I was in Pooma,
in th. hot season of 1873, the Grey Tits (probably P. m. mahrattarum R.A.H)ee...
became exceedingly busy about the end of May, courting with all their spirit
and examining every hole they ocould find, One was seen to disappear up

the mouth of a cannon at the arsenal,”

(b) Ferus caeruleus

As with the Great Tit, inspection of holes became fairly comuon
during a peried of a few weeks in the autumn, It was seen with increasing
frequency fr.m late January, becoming very common in late ifarch and April,
The earlier inspections represented incomplete forms of a2 hole inspection
display similar in 2ll respects to that described for the Great Tit, The
complete display occurred commonly in April.

Female Blue Tits were often seen inspecting holes in the absence
of their mates - this seemed to occur most often when a female was showing
interest in a partioular hole, 1In sarch 1949 one female inspected a cleft
in an area which had previcusly been in her territory, but which had
recently been usurped by another pair: her behaviour caused mach fighting
between the two pairs.

Inspection of the nest hole by the male during nest-bullding ocourred
more often amongst the pairs of Blue Tits under observation than in the

Great Tits. It is referred to in the section on nest building.
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Several other writers have mentioned hole inspection by Blue Tits
(e.g. Kenrick, 1940; Lebeurier et Rapine, 1941; Colgquhoun, 1942; Pullen,
1946) but few details are given,

(c) Parus palustris

Hole inspection was seen several times, but only once was the sex
of the birds kmown: on this occasion it was the male which was inspecting,
while the femals fed nearby. Steinfatt (1938), on the other hand, recorded
that the female inapects while the male remains hunting or on watch nearby.

Morley (1942) mentions that hole inapection is sometimes stimulated
by the presence of a known “balt-giver®" or by other “emotional level raisers
such as fights with neighbours on territory boundaries, or scrapsz with Blue

Tits."”

(@) Other species

It is probable that this, or a similar display, is widespread if
not universal amongst the other Parus species, though the references to it
in the literature are brief, Records which probably refer to this display

are given for P. cristatus (Ross, 1935), P. niger (Bannermsn, 1948),

P. atricapillus (Jouard, 1932; Forbush, 1912 quoted by Bent, 1946) and

P. inornatus (Dixon, 1949). Odum (1941) states that in . a atricapillus

the femsle apparently takes the lead in site selection.
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SECTION Xif , THE NEST.

A. Parus species,

ssag o

ls Materials,

The great majority of species, in all parts of the world, usually
use moss as a foundation to the nest: the few exceptions seem to be birds

nesting in rather dry regions, e.g. P. ater atlas (Lynes, 1920), P. afer

(Stark, 1906), P. lugubris (Legendre, 1932; Jourdain, 1906). Moss is

also usually absent in nests of the European subspecies of P, atricapillus

(e.g. Meares, 1932; Musselwhite , 1932; Iegendre, 1932), though some is

usually present in nests of P. a, atricapillus (Odum, 19541). 1In this case

the small amount of moss used is probably connected with the fact that the
species usually excavates its own hole$: in other species the moss largely
serves to reduce & large hole to manageable proportions, but a self-excavated
hole is usually of a suitable size already.

The nature of the lining depends largely on availability, but hair,
wool, or feathers are used most frequently. Differences may exist between the
preferences shown by different species in this respect. Thus in the present
study area Great Tits lined their nests almost entirely with fur, only

occasionally using feathers, whereas Blue Tits usually used feathers, and

only occesionally fur.

2, Share cof sexes.

At all nests of Great, Blue and 'arsh Tits watched by the present

writer, the building has been performed entirely by the female, who was
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usually accompanied on her visits to and from the nest by the male,

This is undoubtedly the usual procedure. On one occasion, however,

a male Marsh Tit was seen to pick up and drip a piece of moas early

in nest-building, and a mumber of authors have recorded cases of males
playing a more active part, (e.g. P. major; Zollinger, 1930, Pike, 1932:
P. caeruleus; Pullen, 1946; Witherby et.al,, 1938: P. ater; Seloi‘;,

1905; Ussher and Warren, 1900: P. cristatus; Ross, 19355 Witherby et.al.,

19385 Smith, 1941: P. atricepillus; Johnston, 1936; Verheyen, 1947:

P. palustris; Verheyen, 1947). 1In the majority of these cases the

activities of the male were limited to picking up material and dropping it,
or to carrying it to the neat - that is, to the early stageas of the chain
of behaviour which constitutes nest-building. There are few records of
males actually building. This is typical of incomplete activities., We
must conclude that the nervous mechanism necessary for nest-building
behaviour is present in both sexes, but thet the motivational factors are
normliy mach stronger in the female,

In those species which excavate their own holes, it is usual
for the male to play a part in the excavation, though even here the female

does the greater part of the work. 1In P. atricapillus most authors agree

that excavation is the work of both sexes (e.g. Steinfatt, 1938; Witherby,
1934; Odum, 1941), though it is usual for the female to do more than the
male, and Tempe:gﬁy (1934) watched a nest where only the female excavated,

In P. cristatus Ross (1935) believes, and Smith (1941) states, that only the

3
Pemale excavates, but Bailly (185%) states that both sexes take part.

pingle (in Bent 1946) records that in P. carolinensis both sexes excavate

but only the female builds.
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3.__Start of nest-building,

Gibb (in 1itt.) has shown that the time between the start of
nest-building and the laying of the first egg (see p./37 ) varies in
different years. It was particularly smell in a year when a warm
spell followed a cold period and apparently precipitated nest-building:
in this year the nests were leas substantial than usual.

It is noticeable that species of those genera which construct

elaborate nests begin building very early and often take several weeks

over it - e.g. Aegithalos and Psaltriparus.

4, Size of nest,

In Passerine birds which build open nests, the nests of different
individuals may vary to some extent in weight and in solidity of con-
struction, but i§ is usually clear whether or not the nest is complete.
This is not the case with the Tits, where the basis of the nest consists
of a more or leas untidy heap of moss and where building continues
after egg-laying has begun. No experimental work aimed at discovering
the factors which determine the size of the nest has yet been done, but
circunstantial evidence permits us to draw certain conclusions. 1In the

fPirst place the size of the hole has an important influence., We have

already noticed that in P. a. atricapillus which excavates its own hole,

the cavity is often not muach larger than the nest, and that the nest is

thus usually small. The opposite is found in individuals of other species
which choose capacious nest sites, and fill them up with a mass of
material. Instances of this are common in the literature: we may cite for

example Herr (1927)) who described P. palustris filling up the inside of
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& pump with moss; Hume (1889) who found half a cubic foot of moss in

a nest of P, melanoplus; Verheyen (1947) who describes a nest of

P._caeruleus 3 cmks. in thicikness extending over an area of 6 sq.dcms.,
and states that Mests of P, major in large holes are often 50 cms. in
depth; and Stevenson (1866) who describes a nest of P. major in a three
cornered cupboard (length in front 15"%, height 9", depth from front to
back measured to the angle of the cupboard 10"). The sizse of the nest
is also, however, influenced by the readiness of the female to lay eggs.
In the present study one female who was very late nesting, because of the
death of two mates, eventually laid her first egg on the barboards of a
nest box with cnly a little moss round the sides: she continued to bring
moss after this, but the nest was never as large as those of other
individuala. This bird, however, had already sterted other nests else-
where, and it is not impossible that the smallness of her nest was due

to the fact that she had already expended some energy in nest-building,

5. Behaviour during building,
(a) Parus major

Fairly intensive observations were made at three nests in 1949,

and casusl observations at other nesta., During the early part of nest
building the female visited the nest at intervals carrying large beak-fulls
of moss: sometimes the beak-fulls were so large that she could enter the hole
anly with difficulty, and had to turn round when inside and pull in aome of
the material after her, On most visits she stayed in the wevity for less
than a minute, but on ocoasions for as long us ten minutes. The first

few scraps of material were dropped loesely on the floor of the box, but
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there was soon discernable a tendency for the material to be pushed to the
sides of the box, leaving the centre of the floor bare or only shallowly
covered in material. In this way the beginning of the cup was formed.

The material was almost invariably pile higher on the side of the entrance
hole than on the other sides, and the cup eventually came to be nearer the side
remote from the entrance.

The female often called ‘chich-ich-ich-ich' softly before she
entered with material, and the female of 207 nest often sang a see-saw song of
4 or 6 notes on emergence. Occasionally the female pecked at the entrance
of the box from inside: this may represent a genuine attempt to enlarge
the hole,

The male usually escorted the female to and from the box. He
often sang SE called 'Twink' ocutside., If the female spent unusually
long inside the box he showed obvious signs of impatience - calling 'twink'
or 'chich ich ich' and looking at the entrance. Occasionally he inspected
the hole while the female was inside. When not building the pair spent
the time feeding in close company, usually at some distance from the nest.

The time elapsing betwecn the start of nest building and the laying
of the first egg is variable, but may be taken as usually rather over a
week., Gibb (in liti.) gives more precise figures. Lining is usually
started just before the laying of the first egg, and contimues for the
greater part of the egg laying seriod. If the nest is examined just after
the female emerges in the morning, the eggs are usually uncoverég but the
female brings fresh material to cover them during thc first hours of the
day: when the nests were examined after about eight o'clock in the morning

the eggs were invisible, In some cases the female continued to bring
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material for some days after thes'art of incubation. Nests were lined
with fur, and occasionally a few feathers were incorporated. Some
individuals decorated the completed cup with torn fragments of leaves:
the leaves chosen almost invarisbly had an uneven edge (e.g. Nepeta
hederacea).

When they were gathering material, femalea often held it under the
foot while perched on a branch and teazed it out with the beak - perhaps
making it into a ball which was easier to carry,

fhen not building each pair usually stayed well away from the
nest, but the female sometimes visited the vicinity of the uest without
bringing material - perhaps merely inspecting the hole or calling
tchich ich ich' in the tree., This was especially apt to occur towards the

end of the morning period of building activity.

(b) Parus caeruleus

One nest was watchelintensively during nest building, and casual
observations were made at others. The behaviour of the birds was very
simjlar to that of the Great Tits. The nests were lined with feathers
and often decorated with fragments of leaves. Lining continued during
the period of egg laying. The males often accompanied their mates to the
nest: while the female was building the male usually sat nearby, and
drove off intruders if necessary. The way in which the moss was arranged
in the box was closely similar to that which has already been described
for the Great Tit,

At one nest the female collected all the moss for the main structure
of the nest from the base of the nest tree. The male inspected the box

on a number of eccasions: sometimes he actually entered the box, in which
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cagse the female invariably also entered imnediately afterwards, though
without the wing shivering oharacteristic of the earlier hole inspection
displays; and often then began a period of nest building activity.
Occasionally the male inspected while the female was actually inside, and
sometimes the female inspected the hole without entering. At another

box, to which a female was bringing moss very frequently, the male often
flew to the entrance hole with moth- or gliding flight and inapected it.

He also flew in this way from tree to tree near the hole, and perched with
wings drooped and tail spread. After each flight he held the lateral breast
feathers out, so that his body appeared to be dorso-ventrally flattened,

Blue Tits were not seen to teaze their nest .aterial in the manner
described for Great, Marsh and ¥illow Tits before carrying it off, but this
was probably because the nests are lined with feathers which cannot be treated
in this fashion. A Blue Tit female who was interested in a hole occupied
by Marsh Tits repeatedly pulled out some .f the hair brought by the Marsh
Tit and teazed it on nearby branch before letting it drop.

PFurther details of behaviour during nest building have been given

by Pullen (1946).

(c) parus palustris

One nest was watched fairly closely during nest building. The

general behaviour was very similar to that which has been described for the
Great Tit, and the nest was formed in the same way.

The male often fought with a pair of Blue Tits, who were interested
in tho hole, while the female was building. Un several occasions ne

inspected the hole after the female had left. Once he was seen to pass
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something to the female while she was inside the hole, but unfortunately

it was not possible to be certain whether this was food or nesting material.

(d) Other species

Nest Building behaviour seems to be remarkably similar throughout
the genus, and will not be further discussed here. It is interesting to
note that the teazing out of material, which was seen in the present study
in Great, Blue, Marsh and Willow Tits, has also beenrecorded in the Crested
Tit (Ross, 1935) and is probably widespread. A similar action is mentioned

by Addicott (1938) in Psaltriparus minimus.

In the case of those species which excavate their own holes, the
chips are cften carried to a branch several feet from the nest and dropped
there, though there is considerable variation in this respect. The carrying
away of chips seems to be rather more common in P, a., atricapillus

26
(Jouard, 1925/351,52; Meares, 1932; Mayr, 1928; Temperley, 1934;

Johnston, 1Y36; Odum, 1941; etc.) than in P. cristatus, (Ross, 1935;

Smith, 1941; etc. ).
There are numerous records of the covering of the eggs during laying

in Parus spp., and it is probably universal. It does not occur in

Aegithalos caudatus, (Brown, 1924).
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Table /5, Daily variation in nest building activity.
At both neats the first egg was laid on April 21st, and incubatlon
started on the afternoon of the 28th, All visita to the aests b

the female of under 1 minute's duration are inciuded, r
visites iincubationi are omitted.

(a) Nest 132 (Recorder).

Mean
Hour beginning April April
G, M. T, 20th 21st 22nd 23rd 2ith 25th 26th 27th 28th 20th-23th.
0300 - - - - - - - -
0400 0 0 0 0 0 0 0 0
0500 0 0 1 1 0 0 0 0.3
0600 1 5 0 0 2 1 6 2,1
0700 0 3 6 0 1 6 1l 1 2.3
0800 2 0 2 2 z 1 4 2 2.0
0900 0 3 3 3 1 0 0 1l 1.4
1000 ¢ 2 2 1 (4] 2 4 2 1.6
1100 1 (] 0 1l 0 0 1 2 2 0.8
1200 0 0 0 0 0 0 0 3 1 (VS
1300 0 0 0 0 2 0 0 6 1l 1.0
1400 C 0 0 o o] 0 e 0 2 0,2
1500 0 0 0 0 0 0 1 b 0 0.2
1600 0 1] 0 0 0 0 1 0 1l 0.2
1700 0 0 0 0 0 0 0 1 0.1
1800 1 (0] 0 0 o 0 0 0 C.1
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(d) Nest 207 (Visual).

Mean

Hour beginning APRIL April
G.M.T. 15th 16th 17th 19th 20th 21st 24th 26th 27th 28th 29th 15th-2
0300 - - - - - -

400 0 0 0 0 0 o] 0 (1]
0500 7 7 0 2 0 1 1 2,6
0600 1 1 1 3 2 0 1 1.3
0700 7 L 2 0 1 1+ 1 2,3
0800 1l 1 1 0 1 1 0 1 0.8
0900 L 3 (4] 0 0 1 0 1.1
1000 4 2 0 1 1 0 1.3
1100 0 0 1 0 0.3
1200 0 o] 0
1300 0 0 0 0
1400 0 0 0 0 0 0 o]
1500 0 0 0 o] 0 0O o 0
1600 0 o] 0 0 o] 0O O 0
1700 0 0 0 1+ 0 0O o0 0.1
1800 0 0 0 0 0 o 0
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6. Variation in nest-building activity through the day.

In the Great Tit the female visits the nest most frequently in the
morning, and only comperatively rarely in the afternoon. There is sometimes
a period of activity in the late evening. This is shown for nest 207
(where the records were :ade visually) and nest 132 (to which a drum recorder
wes connected) in Table /5. It will be seen that little building was done
after mid-morning on most days. Pike (1932) also records that little building
is done after 10.a.m. in this species. (It must not be thought that the
visits to the neat are always so infrequent as at the nests shown. One Great
Tit was aseen to bring material over twenty times in an hour, and others have
been seen building in the late evening)

Observations made at nests of B.ue, Coal and Marsh Tits confirmed that
a similar diwrnsl variation occurred in these species, though no precise data
were obtained. Pullen (1946) on the other hand, states that in the Blue Tit
the greatest building activity occurs at midday, but no details are given.
Ross (1935) writing of excavation in the Crested Tit, says "Work was carried
on most actively all the morming, and again in the evening between 5 and 7,

while in the afternoon the bird would work for 5 or 10 minutes and then be

away for three-guarters of an hour or more”. In P, a. atricapillus Odum (1941)

records that digging is most intense in the morning. In Aegithalos caudatus

Brown (1924) says that building never continues after J.p.m.: Gait and Tuckett
comment that it does sometimes continue after 3.p.m., but at a reduced rate.

It thus seems that this sort of diurnal variation in building activity, with
building most intense in the early morning, is widespread in the family.

Within this broad daily rhythm of activity, another shorter rhythm can



be distinguished. There is a tendency for the visits to ocour in bursts,
each of several visits made in quick succession. Between these bursts are
occasional visits, or pairs of visits. The subject is discussed in more

detail on p.2%,

Be Other Genera.

The details of the nests and nest building behaviour of the other
genera of the Paridae can only be given passing mention here. 1In all cases
the neat is domed, but the details of its construction vary greatly.

Members of the genus Aegithalos build a domed nest, whose exterior
is woven principally from moss and hair, and covered with spider's webs,
lichens, small pieces of bark, etc, The inside is closely lined with
feathers, (Savege, 1923; soe also Astley, 1923). The form of tit# nest
appears to be very constant for different members of the genus, (La Touche,
1906; S. Baker, 1932; Whitehead, 1907; et al.). Both sexes take part in
building, but the female plgys a greater part in the shaping of the nest than
the male (personal observation). The nest is started as a small platform,
the sides being built up all round. The bird stamps material into the platform
and shapes the growing walls by turning round and round inside the cup, its
tail almost vertical. The entrance is near the top. Occasionally there
are two entrances, Further details of nest building are giwen by many

writers, notably d'lbadie (1926), Lintia (1905), Loos (1913), owen (1945)

Tinbergen (1942), Verheyen (1947).
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Addicott (1938) has given an excellent description of nest building

in Psaltriparus minimas. The neat consiats of a bag hanging from twigs

with its top covered by a hoods The entrance is near the top, but may be

either above or below the supporting twigs. The first stage in building

is the construction of a circular horizontal rim supported between the forks of

a twig, or between tw. adjacent twigs, Then a amell, loosely woven bag,

about 1" in depth, is hung from the rim., This bag is stretched and extended

from within, and new material is added to the thin parts., Most of the work

is done from inside., Then the hood and final entrance are built., The nest

is constructed of ™mosses, lichen, oak leaves and spider's webs"., The lining is

of down or feathers. In soms cases, after the building of the rim, a loose

bag as much as 8" in depth is added on the second day, and is then stretched

and filled in as before: Addicott states that nes.s built towards the end of
T ghe.j/k of He pest depecds /G,le\, o Ha ‘.'mus webs

the season are usually constructed in this nanner./( These are bound into the

nest by an up and down movement of the head which seems to be similar to the

movement used for the same purpuse by Aegithalos spp. Both sexes share

equally in the construction of the nest.

The genus Auriparus builds domed nesis with an entrance near the bottom
and facing downwards, There seem to be some differences between the nests of

different races .f Auriparus flaviceps: Au. f, ornatus builds its nest

principally of thorned twigs, so placed that the nest has the ap earance of a

hedgehog (Brandt, 1940, quoted in Bent, 1946), whereas that of Au. f. flaviceps
i1s built of fine weed twigs or grass stems, and not orotected un the outside
by thorns or larger twigs (Banecroft, 1930; Bent, 1946). The nests are

typically lined with feathers. The only account of nest-building which has been
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found was given by Bancroft (1930) and refers to Au. f. flaviceps.

Unfortunately the description does not mske it clear if the initial circle
is a horizontal or a vertical one., Brandt (1940) suggests that in

Au. f. ornatus the male builds several nests, and the female chooses one of

these and lines it, but the account given by Bancroft (1930) of Au. f. flaviceps

seems to infer that both sexes take part from the start.

The processes of neat building in the Penduline Tits have most

(3

recently been described by Bl.uiknardt (1948). He ehows that in Remiz pendulinus

the male first covers a thin forked twig with material, and extends this into
a vertical circle, which forms the baais of the nest. Related species, and
even the same species in other areas, build anests which differ considerably

in appearance, and which are apparently constructed in a different way; though
the details of the construction are not yet known. The nest is built of
animal and vegetable fibres, but the exact nature of these seems to vary in
different areas. The nest is started by the male, who sings in intervals of
building and attracts a female: the female may help in the later stages of
building.

Although only a brief outline of nest building in these genera has
been given, it will be clear that they exhibit great divergences in the type of
nest constructed, the technique of construction, the materials used and the
parts played by the sexes. Whthin each genus there is usually great uniformity,
though in some cases there are divergences in detail which have not been
mentioned above, At first sight it may appear that no homologisation of
nest builling activities is possible betveen birds which build their nests

from the bottom upwards (Aegithalos) and birds which build from the top

downwards (psaltriparus); or, amongst the genera which build pendant nests,
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between birds which start with a vertical circle (Remiz) and birds which

atart with a horizontal one (Psaltriparus). Unfortunately we have as yet

practically no knowledge of the details of nest building in these genera =

that is of the stereotyped movements (instinctive actgin Lorenz' sense) which are
used in building. It is at this level that we may hope to see homologies
between the different genera. It is, however, already clear that the genera

Aegithalos and Psaltriparus show certain similarities in the parts played by

the sexes, in the materials und lining used, in the firat stage in the
building, and in the relation of nest building to environmental factors;
although the ways in which the nests are supported are very different.
These two genera ar: already known to be closely related on morphological

grounds,
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" i
SECTION XM  EGG-LAYING AND INCUBATION

As_Eggs and Rgg-laying.

1. Eggs.

The egga of all members of the Paridae are extremely similar, being
white or whitish, with little gloss, and speckled with red brown spots which
are usually denser at the larger end. 1In some cases there is a tendency

for the spots to be reduced: thus P. gsmbeli abbreviatus lays eggs which

are usually pure white, but sometimes have a faint speckling of reddish

brown, and P._gambeli srinneli lays purc white eg-s (Bent 1946). Similarly

in P. inornatus, P. wollweberi and Psaliriparus minimus the eggs are often

uamarked, The eggs of Aegithiliscus cocinnus iredali very from pure unmarked

white to pink with a dense dark ring of reddish brown (S. Baker, 1922), The
actual shade of white varies from grey-white to pinkish-white in the different
species, Similarly the spots vary in size, shape and shade, and some species

( ®.g. P. _cinctus, P. minor; La Touche, 1906: P. varius; Ingram, 1908:

P. venestulus; La Touche, 1925-30) have spots of more than one shade of red

on the same egg. In the genus Auriparus the ground colour has a greenish or

bluish tinge (Bent, 1946).

2, Sequence of laying.

All species normally lay an egg a day. In the Great Tit departures
from this rule are unusual: Delmee (1940), Mocek (1939) and Verheyen (1947)

found Wmat such gaps as do oceur to be commoner after the first egg, or at
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least early in laying, than later. Mooek says that the same is true

of Blue and Coal Tits. *" Gibb (in 1itt.), on the other hand, found that
gaps may occur at any stage. Kluijver (in 1litt.) found that gaps are
rather more frequent in Blue then in Great Tits. C(ases of more than one
egg laid in one day are rare, but have been recorded in the Great Tit
(Vverheyen 1947) and Blue Tit (Gibb, in 1itt.). Gibb remarks that one of

the eggs was a marked runt,

3. Time of laying.

Eggs of Great and Biue Tits arc nearly always laid before the dawn
emergence f the female. When the female first emerges the eges are
exposed, but are soon coverel up with lining wmaterial brought by the
female in the early hours of the day (personal observation). Zollinger
(1930) slso noted that the egys of the Great Tit are laid in the early

morning, as did Odum (1941) in the case of ;. a. atricapillus.

4o Season of laying,

In the Great Tit there is much variation in the stage of nest building
at which the first egg is laid. In the present study it was usually found
that the nest-lining had either just been started or nearly completed,
but sometimes there is a gap between the -ompletion of the nest and the
laying of the first egg. (cf. also Zollinger, 1930). It is thus clear
that eg: laying does not invariably follow nest building after a fixed interval
It would thus see. that nest building is, at most, only one of the factors
influencing the sart of egg-laying. Similar considerations ap.ly to the

Biue Tit. Information on other species is meagre, but Odum (1941) records
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an interval of two days between the completion of the nest and the laying

of the first egg at cne nest of P, a. atricapillus.

The influence of the season on the date of egg-leying is discussed in
detail by Kluijver (in litt.) and Suomalainen (1937). Gibb (in 1itt,) found
that laying was so timed "that the period with the maximam number of tit
nests with young corresponded very closely with the perioi of greatest
abundance of moth larvae, Chaematobia brumata and Hibernia defoliaral.

2 Bebaviour during egg-laying.

Great, Blue and Marsh Tits seldom visit their nests during egg-laying
except to bring lining material during the early part of the day. Froam about
1100 hours on, it is rare to see the pair near the nest. The female roosts
on the nest, and the behaviow of the male at the nest at dawn and dusk is
described dn page 267, During th: day the pair keep in close company, feeding
in the territory. Sexual fighting is less comuwon than in the previous weeks,
as most pairs are already settled and the territories are established. The
male sings from timé to time, and courtship fecding is common.

Similer behaviour is recorded for P. imornatus by Dixon (1949) and for

P. 8, atricapillus by 0Odum (1941), though the latter author describes court-

ship feeding as being less common than it is during incubation.

B. Ilncubation - General.

1. Share of the sexes.

In the genus Perus incubation is carrled out by the female alone. The

only poasible exoeptions to this rule .re . atricristatus where a male is said
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to have been taken on the nest, and males are said to have brood patches

(Sennett, 1879, in Bent, 1946); and . carolinensis (Bent, 1946). Other

records of males incubating are inadequately substantiated.
The same is true of the genera Remiz snd probably of Auriparus, but

in psaltriparus (Skutch, 1935; Addicott, 1938) and Aegithalos both sexes

incubate, though the female takes a greater share than the male.

2., _Behaviour during incubation.

Incubation may start before 5:’ after the clutch is complete (Zollinger
1930; Gibb, in litt.). In the Great, Blue, Coal and Marsh Tits the female
incubates for periods of about 20-30 rinutes and then leaves the nest for
veriods of about 8 minutes (see p.7 ). “hen sitting on the nest the female
holds the tail vertically, not spread: the tailis often pressed against the
side of the cavity, but it is held vertically even when the bird is well away
from the walls, During the periods on the nest the female is fed periodically
by the male, either on the nest, at the entrance hole, or nearby. The food
which she receives in this way is quite inadequate to sustain her, and she also
feeds herself during her periods off the rest. During these periods off the

nest, the female is also fed by the male; she begs with the zeedling call and

shivering wings described above (see p./,6).

(9.) P:arus mal'ior

During the first few days of incubation the male remained fairly close
to the nest, but later he ranged widely over the territory while the female
was sitting. When the male approached the nest to feed the female he did not
enter directly, but hesitated outside and called. The actual call used

varied greatly - usually a few 'twinks', sometimes (especially later in
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incubation end during brooding) a few notes of song, sometimes s 'chioh

ich ich', a soft 'zec zee zee', or sometimes a saft call which was insudible
to the observer ten yards away. These calls sometimes caused the female
to leave the nest, in which cuse the male fed her vateide, but on other
occasions she remained inside the box and the male fed her at the entrance
or inside. 1% usually happened that if the male srrived with food soon
after the female had commenced a period on the nest, she did not leave but
wes fed on the neat; 1if, on the other hand, the male arrived later, the
female emerged and was fed outside. Owing to the difficulty of being certain
on all occasions whether or not the fmsle had been called off the nest, an
exact analysis of this point is not possiblc. The male often sang just
after the female had entered the nest-box,

In Table /( are shown,for t.o nests, the number of times that ths male
fed the female inside the box or at its entrance., (ccasions when the male
fed the female outside the box are not included as it was impossible for a
stationary observer to follow the movements of the female in the open all
the time. The figures for neat 207 were obtained by direct observation.
Those for uest 132 wer¢ obtained with the automatic recorder, each visit
of less than one minute's duration being assumed to be a visit of the male,
This latter assumption was found to hold good over several hours visual
observation. It will be seea that:-

(1) There was a marked differecnce between the two males in the

frequency with which they fed their females un the nest. The

existence of such variability between individuals was confirmed by

casual observation at other nests,
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(41) At nest 132 the male visited most frequently on the third
day of incubation, and thereafter the frequency of his visits
decreased. No such tendency was apparent at nest 207.

(343) At both nests the greatest number of visita occurred

in the early part of the day, with a2 peak at about 0600~0700 hours.

This peak could be due either to greater feeding sctivity on

the part of the male, or t- greater unwillingness on the ~art of

the female to leave the nest, so that a higher proportion of

feedings took place inside the box, It wlll be shown (p.t11 )

that the length of the periods-on of the females in one case

increased, and in another decreased, in the afternoocn; but in

peither case were the differences sufficiently great to account

for this result. 1t must thus be concluded that the differences

are due to differences in thy strength of the drive of the male during

the day. It will be aoted that there is an indicution of a second

pesk during the afternoon at nest 132.

Kluijver (in litt.) gives figures for ;. M. majoOr very similar to
these, end states that feeding is "most frequent in the morning, with a
second but smaller peak between 2 and 4 p.m.”.

At both nests the visits of the male with food occurred most
frequently just after the female hal entered to start a ,eriod-om: a similar
observation has been made for the Fiue Tit by Pullen (1946), Thos is
presumebly due to the after-rcaction' (see peZf7 }: the male is stimlated %to

feed the female while she is off the nest, and the feeding .irive doces not die

away as soon as the female starts to incubate.
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The female usually entered the nest silently, but rarely she
oalled *twink' or 'chich ich ich' or sang a few nutes before entry.
On emergence the female usually called in some way: often she sang a
four or six .ote song outside the box before flying off, which occasionally
scemed to serve as a directive call to the male, but more often caused
him to answer with 't{winks', towards which she flew. (Often the female
‘twinked' as she emerged: this had a similar effect on the male.
Occasionally she calied with a soft ‘chich ich ich'.

Incubation of the eggs passed smoothly into brooding of the young

and both should be regarded as manifestations of the same drive.

(v) Parus cueruleus, ater and palustris

Casual observations wer: mede at two nesus each of B.ue and iarsh
Tits and at one nest of a Coal Tit. The general behaviour was very
similar to that which has already been described for the Great Tit.
In all species the male usually accoupanied the female to the vicinity
of the nest at the beg:nning of a perio.-on, anl fed her most frequently
just after she had entered. The male Blue Tit called 'Drrrrittt' as the
female entercd the nest. On th® occasions when the male was heard to
call the female -ff, he used a soft 'tsit tsit' cell. Pullen (1546)
records that a femalc Blue Tit started to incubate én the aftermoon cf the
day before the last egg wes laid. The amount the cock fed the hen on or
near the nest decreased as incubation progressed.

Morley (1949) states that, in the .arsh Tit, the visits of the male
to feed the female on the nest become less frequent in the second week of

incubation, though fair.y rapii feeding of the fema.e on ewergence continued.



(76

Morley describes the behaviour of the male whilst ap_roaching the nest

and feeding the young. A similar description is given by Steinfatt (1938)

(c) Parus atricapillus

The behaviour of this species during incubation is closely similar
to that which has been described above. Odum (1941) remarks that the
male plays only - limited role in controlling the behaviour of the
female: if the female has been on the nest only a few minutes when the
male returns, she is usually fed at the nest and returns to incubate,
but if she has been sitting for ten of fifteen minu.es or more, she may
leave the cavity befure or immediately after r ceiving food from the

male, (See also Jouard, 1926, 1932, 1933; and Temperley, 1934).

(d) Other genera

In Aegithalos and Psaltriparus both sexes incubate., The female

often takes a rather larger share than the male (personsl observation;

Loos, 1913), but Addicott (1938) states that in Psaltriparus the shares
of the sexes are about equal, though the female develops a brood patch
and the male ioes not. The periods on the nest seem to be shorter in

Psaltriparus minimus than in the other genera - Addicott gives an average

of ten minutes, and Skutch (1935) records that the sitting bird is
sometimes relieved as often as every three or four minutes, and on warm
days the birds often leave the nest unoccupied for quite lang periods:
these observatioas, however, were made i. the tropics.

In Remix the female alone incubates, the male starting to build
another nest. Little seems to be known of incubation in the genus

Kozlova (1933) state that th. #ale of Remiz pendulinus

Auriparus.
stoliigkae feeds the incubating female.
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C. Incubation: Periods on and off the Nest.

1. Parus major.

(2) Method of study

One nest (Box 207) was kept under visual observation for c.130
hours, while the female was sitting. The greater part of this time was
during the days immediately following the onset of incubation, and those
following the hatching of the eggs. An automatic recorder was attached to
another nest (Box 132) and gave a reliable record for c.185 hours (excluding
the hours between roosting and morning emergence) between the onset of incuba-
tion and the hatching of the first egg. The automatic recorder was also
used at a third nest for c¢.35 hours (Box IU..B) Scattered observations,
made both visually and with the recorder, were made at a few other nests.
At the nests where th. recorder was used, a trigger was fitted to the entrance
of the nest box in such a way that a contact was made every time that the bird
entered or left: at each contact & mark was made by one of two pencils

(in and out) on the drum of the recorder.

(b) Normal incubation

Incubation during the period between the time ~hen the incubation
rh¥thm became fully es ablished and the hatching of the first egg will be
considered first. The average periods on and off the nest during this time

are given in Tables /7 and 1§ .
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Table /7, Incubation: periods on the nest.
Total of

Period of periods-on. No. of  Average a
Box observation mins. periods. period-on.
132 April 30th

to May llth. 6838 191 35.8 11.75
207 May kb, 7

and IS, W32 46 32 145
8 May 12th

to 15th. 1628 - 53 30.7 13.0

Table /8. Incubation: periods off the uest.

Total of

Box Period of periods-off, HNo. of Average o

chservation mins. periods, period-off.
132 April 30th

to ey 11th. 1593 200 7.96 3.6
207 May &, 7

and 1lth. 261 46 5.7 1.5)
148 May 12th

to 15th. 536 59 9.1 2.5

The high values of <~ (the standard deviation) show that the

lengths of both the periods-on and of the periods-of{ were highly variable,

In fact,

from 2 to 22 minutes.

different;

the periods-on varied from 4 to 98} minutes, and the periods-off

The periods-on of the females of Boxes 148 and 132 are significantly

and those of the females of Boxes 132 and 207 are Jjust not
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significantly different. Both differences between the perioda~off

of the females arc significant. Kluijver (in 1litt.) gives an average
period-on of 27,6 mins (1lst brood) and 26.2 §2nd brood) and average
periods-off of 7.9 mins (1lst brood) and 10.9 (2nd brood) for P, _m. major.

These figures have been analysed in more detail in order that the
change in incubation through the day might be stulied. In the cases of
Boxes 132 and 148 the day was split into four periods; dawn to 0800 G.M.T.,
0800 to 1100, 1100 to 1400 and 1400 to roosting time. The records for
Box 207 had to be subdivided rather differently to coincide with the
periods of observation, and the day was split into the periods dawn to
0800, 0800 to 1800, 1300 to 1600 hrs, At all nests the periods-off were
longer in the aftemoon than in the morning, but the periocds-on showed
different trends at different nests,

The average period-an of the female of Box 132 decreased to a
minimum in the afternoon and rose again in the evening; her periods-off
rose to a maximum in the afternoon and decreased in the evening (see
Tablefp). The differences are, however, in no case significant. At
nest 148 the pe:iods-on decreased to a minimun in the aftermoon, and the dif-
ference between the dawn to 0800 and 1100 to 1400 periodsis significant.
The periods-off increased to a maximum in the afternoon, but the differences
are not significant. The female .f Box.207, however, showed a different
tendency. The average period-on at this nest increased throughout the
day, the difference between the first and second part of the dey being
significant and that between the second and third just not significant.

The periods-off at this nest also increased in length throughout the day,

but the differences are not significant.



Tsble /1 .  Incubation; periods-on through the day.
Rest Period No., of Average
of day  poricda. __xm_ "
Paon
132 ¢ 50 37.7 11,6
08-11 &5 Shels 13.5
11~ L7 33.7 10.9
U~Rst. 49 37.3 13.6
U8  dawh-08 12 355 6.2
08-11 9 33.8 7.6
1l1-14 12 27.1 6.2
1h~-Rst. 20 28.6 7.1
207 dawn~-08 20 23,2 1.7
08-11 U 32.3 10.5
13"'16 12 10-20 9 118. 1
rable /0 .  Incubation: periods-off through the day.
Nest  Period No. of Average —
of day  periods. length. )
08-11 L5 7.8 Sels
u-u', 10-6 9. 8] Lre 6
M-Rst' 58 7- 7 2o 9
w8 dawn-08 1z Be 3 1.1
08-11 11 9.0 1.3
11-14 13 e 2l
Ly-Rat. 23 9k 3.1
207 dawn~08 20 5.1 Lok
08_11 ]l., 5. 6 1. 7
llb 11‘_ 12 6. 8 Q. 82

AoO
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Table 2! , per hour spent on nest by female during early
part of incubatiecn. Squares left blank indicate times when no observations
were

8, In cases where

oart of the hour period was covered, either

or for other reasons, the square is divided

because the femals was mmtﬁ T
with tes incubate the top left corner and the minutes of

observation in the bottom right.

(8) Rest 132, (Reconder).
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2nd 50 47 49 46 47 4B W3 Sk 4l M - - -
(b) Nest 207. (Visual).
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Ga T
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April 27 0
py vy 0o 0 0 O© 7 /51
2 s 0 02/ 5n 42 25 3%
29th 2, # 0 0 0 0 203 3% 25 3%,
16 : 13
30th by % b3 36 31 20
16/ 31
ol %o 1 50 - Wk 51 48 517/,
17 22
2nd %5##55649 AR
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Kluijver (in 1itt.) found a significant correlation between the
minutes incubated per day and the temperature.

(c) Onset of incubation

Kluijver (in 1itt,) found that incubation in the Great Tit starts
in the afternoon, snd that the greater part of the incubation takes place
in the afternoon for the first few days. Exactly the same conclusion was
reached in the present study. 1In TableZ! arc shown the minutes incubated
per hour by the female during the first six days after the onset of
incubation at two nests. The record for nest 132 is reasonably complete,
and shows rthe point clearly. The visual observations at nest 207 are less
complete but also illustrate the point,

Incubation did not start graduslly, with the periods-on the nest
gradually increasing in leagth, but more or less abruptly with the early
periods-o. averaging as long as those later on. The actual lengths of the

periods-on for the first two days arc shown in TablelZ .

Table Z. Length of eriods-on at start of incubation.

Nest 132, riod N;:t 207. Suratd
. period~on begaan. Duration. Pe -on_began. ation.
Date & D0 (in mins.) z‘.i.n mins,)
ril
Agsth 0622 5 1527 27
1330 4
e 37
(average) (29)
29th 0105 18 o458 9
? 0833 29 1238 21
0918 29 1307 31
1027 13 1400 32
1260 33 1450 22
1242 31 152k 22
1700 15 1558 13
(Average) (24) 161
Av 170 V¥ Sy
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(d) Ceasation of Incubation

The automatic recorder trace could not be used to as-ess incubation
during this period as the entries of the female for brooding could not be
distinguished from the visits of the male with food. Thus the records from
Box 207 only are avhilable.

In Tablel3 are given the minutes incubated per hour on successive
days after the hatching of the eg s. Oneach day the minu es incubated in any

one hour are in general less than those in the corresponding hour on the

previous day. F.r each particular day there is less incubation per hour

in the early afternoon than . the morning or ¢veniag.

Table 73 Mins incubated per hour, First egg hatched in early
morning of iay 12th.

i
i
1

Hour beginning. Ok 05 06 U7 U8 09 10 11 12 13 14 15 16 117 18 19
May 12th B4k 5S4 5k 51 53 47 k7 39 48 54 48
13th 46 47 46 50 46 4O 39 41 33 44
14th 38 32 42 29 55 36 15 3 2 43 23 WU 42
15th 43 3% 28 32 31 23
17th 19 17 7 12 6 1 8 8 6 22

Th. reduction in incubation could be due to shorter periods-on the
nest, longer periods-of{ the nest, or both, 1In order to investigate this,
each day's observations were divided into four periods, ani the average
periods-on and -of{ the nest for each period of the day calculated. These
are showm in Tablelj . Simnce .z periods on and off varied greatly, too

mich reliance cannot be placed on averages, but the following relations

appear. The average periods-on the nest decrease and the periods-off the
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nest increase on successive days for all portions of the day. There is

no regular difference between the periods-on during the different portions
of the day, but the periods-off are regularly longer in the early

afternoon than in the morning or evening, It thus seems that the
reduction in incubation in the early aftermoon is due primarily to an
increase in the lengths of the periods-off, whereas the reduction in the
amount of incubation on successive days is due both to a decrease in the
lengths of the periods-on and an increase in the lengths of the periods-off,
the former being the more important. In this respect it may be noted that
Kluijver found a greater coefficient of correlation between temperature

and the lengths of the periods-off than with the periods-on.

Table 24. Brooding.  Average periods-on and -off at
Nest 207.

(a)__ Average periods-on.

Date. 12th 13th 1l4th 15th 17th 18th
Dam-Oa 5‘{-. 7 25. l 130 7 120 O 5. 1

08"11 37. 7 28. 0 18. 1+ loc 3 3' l‘-

13’16 5}0 2 170 6 22. 6 81 1 6. 8

lG"RSt. 35. U 903 3-8

(b) _Average Periods-off.

Dawn-OB 3.8 7.5 905 8- 9 17.0
08~-11 Tols 9.0 12.5 10.6 25.5
13-16 9,2 10.3 14.0 15.0 2844
lé—Rst. 80 3 15. O 21- 5

2. Other Species.

THe observation: of vther authors on the rhythm of incubation in

Parus species are summarised in Table X¥. 2§
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Tablel35, QObservations on rhythm of incubation in other
species of Parus.

Periods-on Periods-off

No. e  Average No. Range Average
Suecies. recorded. (mins). (mins?._ recorded. (mins). (mins ; Authority.
P,a.atricapillus 15 15-36 26 16 2-10 5.6 Odum 1941
P.a,atricapillus 7 6-48 23 9 3-23 9.6 Odum 1941
P.a.atricapillus 7 11-61 22 8 7-11 8.3 Odum 1941
P. palis tris
(12th day of Steinfatt
incubation). 17 5¢73 37.9 17 2=15 7.1 1938.
P.palustris
(young 1 and 2 Steinfatt
days old). 26 1-is6 17.4 26 1-8 3.2 1938.
P.inornatus 6 - 28.5 9 - 8.5 Dixon 1949.

P.caeruleus - v=37 15 - 2-1h 5 Pullen 1946
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SECTION XIV__ C:iR:. OF THE YOUNG.

2, Hatoching of the Eggs.

1. _Hatching,

Iwo nests of Great Tits were under observation during the
period of hatching of the eggs. 1In eash case the first egy hatched
in the early morning: bothparents showed great activity soon after
the dawn e.srgence, flying in and out of the nest hole, Host of these
visits were without apparent purpose and aothing was broughtor taken
away; but on some of them portions of egg-shell werc removed, Nethersole-
Thompson (1942) states that all the British Purus speoies carry away the
large portions of egg-shell, At another nest, to which an automatic re-
corder waa attached, the first eggs hatched at about 1500 hours. The mele
inoreased the frequency of his visits as soon as the first egys hatched,
Hatching of the eg:s was normally spread over about two days.
Steinfatt (1938) states that in P, palustiris the egg-shells are eaten.

2, Removal of addled egus and dead young.
Addled egys and dead young are sometimes removed from the nest

by the sdults in the Great Tit (Ryves, 1929, 1950; .usselwhite, 1931;

Buxton, 19453 Gibb, in 1itt.), Blue Tit (Alexsnder 1929; Ryves, 1529 and
1930; Dagley, 1929) and Lomg-tailed Tit (Owen, 1945b). Sometimes however,
eg:s or dead young are merely trampled iato the bottom of the nest (personal

observation).
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2 Brooding,

(s) Pparus major

Incubstion changes smeothly into brooding, The female
continues to brood the youn; for sbout a week after the hatohing of the
first egg - oocasional brooding may last even longer than this (see pao3 ),

Although th: female is mainly responsible for bringing food
to the young at this stags, the female sometimes, but not always, brought
food at the beginning of a period-on. Ais the amount of brooding
decreased, the fomale brought food without staying to brood.

During the firss few days after the hatching of the first
egg at feat 207, and especially just afterwards, the male frequently
pecked st the 2;‘:‘;: hole when bringing feod. Sometimes he spent several
minates inside working at the entrance, The female was not seen to do
this, Throughout nesting the male experienced a certain amount of
difficulty in getting through the hole, whereas the female slipped through
easily: thus this behaviour may have been a real attempt to enlarge the
hole.

(b} Other species

Odum (19%41) rocords that im P._a. atricapillus brooding stops

almost entirely during the final week of pest life.

Tableab . Feeding of young in mest.  Share taken by male
at HOBt 207 Only visits to the nest witn fool arc inciuded,
The namber of visits refer to the number "he period of

observation only, not to the number curing the whole day.

1de
meetiing dadayse 3 1 2 3% 5% 6 12 1% 1n

18=
Visits by mele. 122 13, 199 1l 187 76 67 166 n 90
29

Visits by femele. O 3 12 6 32 15 12 23 10
Soymale, 100 98 % % B8 8 8 8 76 76
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B, ng the Y in the Nest,

l. Parus major,

(a) Gensral behavicur

During the first few days after the young hatch, the feuale
is primerily concerned with brooding, and the male brings nearly all
the hod for the young. as the amoust of brocding deoreases the female
starts to bring food to ths neat during her periods-off, and the amount
of food she brings incresses on sucoessive days after this. At nest 207,
however, the male continued to play the predominant part in the feeding
of the young up to the time of fledging: at no time was the female
recorded as visiting the nest more than seven timea in an hour, Tabletl
shows the .erceatage share of the mase on different days at this nest.
Casual observations at other nests confirmed that the male plays a greater
part thau the female, but there is undoubtedly mich individual variation in
t.is respect, and several factors are probably involved. Zollinger (1930)
aoted that a male of P. m» major fed more sealously than the female,
Kluijeer (.n litt.) gave details of the shares taken by the sexes at two
nests and showed that that of the male decreased during the first few days
after the eges hatched., At one nest vhe share of the male decressed from
96 to 357%: at the other it was a_ arcntly anly about 59.. on the first two
days but inoreased to 78. on the third and thercafter jecreased to s minimum of
3T An inddvidusl of either sex may take over the complete care of the
young if an accident should befall itz mate,

#hen visiting the neat whilst the female was brooding, the male
usually sang or calied before entering, and could be aeen looking into ths
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entrancs of the nest from au adjacent bough, presumsbly to see whether
or not the female wasz sitting (of. inocubation). This behaviour continued
throughout the whole of the period for -hich the Yyoung were in the nsst,
though later the emount of hesitation grew less und he often enftered without
callings The female rarely hesitated just cutaide the nest, but flew
straight in from 6 feet or more away, If the male did arrive whilst the
female was brooding he usually to k the fo.d into her juet the same, but
on occasions waited outside until the femele had emerged.

Although the female dii not hesitate immediately outside the
hole, she often sat for quite long periods near the top of the tree,
seversl fest above the nest, where she gave the geedling call and shivered
her win s from time to time. Sometimes she sat thus, with food ia her
bill, while the male came and went severul times, before she entered,
On such occasions she would shiver her wings and geedle each time the
male approeched, just as she iid when begging for food in courtship feeding.
Om only one ocut of the many cceasiona when this behaviour was seen did the
male show anymaction, and then only a slight wing-shivering: usually he
entered the box with his food directly and flew atraight away on emergence.
Evon if the female was actually moving towards the hole when the male arrived
she would sometimes turn and jursue him with begging cries. Vhen the male
entered the hole the intensity of the femnle's begoing diminished: it usually
increased slightly whea he emerged and then died away again repidly: the
female then usually entered with her foods T.wards the end of the period when
the young were in the nest the female':s hesitancy increaseds Cn one occasion

she sat above the hole for 15 minutes holding -« cuterpiller: during this time
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the mele visited the nest four times ani the fenale begged at each visit:
on amother, the t‘m_ule hesitated for 32 minuteas but was ocut of sight for much
of the time and it was not posaible to see if she begged each time the male
came, Somotlimes the female sat cutside for seversl minutes with food and then
flew off. During this latter part of the .eriod the reaction of the
hesitating female to the male seewed tw change, and although she atill begged,
she sometimes flew off « little way wiea he ap.roached, The female at nest
207 continued to beg from the male until av lsast the day on wshich the young
flew. This begzing on ths pari of the female #as presumably due to the
return of a readinesa o matc for a second broed, although this readiness was not
shared by the cock, and no seconl brooddy ::a‘in fact, iaid, 4 few other
instances .f wing-shivering werc seen in the nest few weeks, Thus another
female anivervd her wings a little when scolding a stuffed Sparrow Hawk five days
after her young ef't the nest, and the samc bird, secventeen days :ater, was
again see. %o give a shivering display - though ia this cese the shivering was
not very vigorous and the bird scmetimes preened ner breast at the same time
as she shivered her wiongs. A asle was seen to shiver his wings aear a stuffed
Sparrow Haowk about . wesk after his brooi flew.

The begging cries cf the young in the nest can often be heard from
a distance of severul yards, but they ccase imsediately in resp.nse to the
tchich & chich' alarm oall of the pareat.

The young were fed predomlnately with caterpillars. Before the
parents brought the caterpillar to the nest they held it with a claw egainst
s bough and opened the skia. Each .areat brought only vne caterpiliar at a

time. Promptov ani Iukina (1938) say that .me caterpillar may be shered between

several young.
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(b) Daily wariation in feeding sctivity

Recorda ciu obtained from two nests of Great Tits with the
drum recorder. Tnis does not, of course, differentiate between visits
of the sale and the femsle, «nd mo only totala of visits by both parents
are available., Theae are shown in Table2] , There were only slight
indications of regular diurnal variation in feeding activity. At nest
8 the rate of feeding was usually below average in the early morning,
reached & peak at about 0700 h.urs, deoreased somswhat in the afternoon and
reached a sec.nd .eak in the evening. luring the first few days after
the first young hatéhed mor: food was brought in the evening than in the
morning, but later this was reversed. At ..est 179 the rate of feeding was
again bei.ow aver.ge in the early morning, and above for the next few héurs,
but ther: was little regularity in the variation in ths rest of the dq_'.

Kluijver (4m 1litt.; found that iu all pairs atudied the meximum
activity occurrei in the morning, before 1200 hours, This was followed by
» definite minimum in the afterncon and s second maximum in the evoning which
wa3 always smalier than the morning peak. The .resent study thus preseats
less clear-cut but generally siamilar results to those obtained by Kluijwer,
except that at nest A8 the evening peak was often higher than the wmorming ox;e,
and at nest 179 tais was the casa on soms deys, whilst on others th. eveaing
peak was almost non-existent. Klu.ijver also states that the time of the
winimum may vary on different days, even for the same brood, and this was also
borne out by the present results. Kluijver, however, found that the feeding
activity at the afternoon minimum was always about 60. .f the morning maximum:
this was not the cuse at either of the wests studled here, where the minimum

frequency (ia feeds por;hwr) was sometimes as low as 18: of the maximum,
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2, Parus casruleus.

(a) General behaviour

Casual observations at a few nests imdicated that the general behav-
iour of the adults when feeding the young was closely similar to that which
has been recorded for the Great Tit. Detailed observations are given by
Pullen (1945 and 1946),

(b) Deily variation in feeding activity

MacGillivray (1839) gquotes the results of a day's watch .n the
nest of a Blue Tit by a lir, Weir, who counted the number of feeding visits
per hour at a nest containing six young. A first peak .f 40 was reached
vetween 050. and 0600: bet.een 0700 and 0800 the rete of feeding was
depressed to 20 and in the two succeeding hours rose to 36 and 46.

During the afternoon the rate of feeding was rather slower, ranging from
18 to 34, A similar all day watch was ade by Bergmen (1946): the feeding
frequency reached a pesk in the late morning.

Similar data is given by Pullen (1546), who found that the
morning hourly rates were usually above the average for the day, with low
figures in the sfterncon and evening; the highest rate was usually reached
three or four hours after sunrise, His figures shuw indicatious of an
evening geak on some, but aot all, dgya.

Verheyen (1547) quotes some observations of 3riede and van Gogh
who found that the visits of the parents were at first most frequent in the
evening, and only beceme equal in the morning snd evening later im the
Pledging pe. iovi. This agrees with the observations made on P, major
at Box 48 in the .resent study.
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Js._Purus palustris.

A few observations made in the present study showed that both
sexes fed the young, but further detalls were not obtained.

Steinfatt (1938) gives dstails of an all day watch on a nest
containing 7 young of 8~9 days old. The female fed 85 times to the male's
110. A first peak of 17 feeds per hour was reached in the fourth hour of
the day, but there was a seconl peak of 21 betwsen 1200 and 1300 hours,
though during the rest of the afternoon the adults only visited 9-13 times
per hour,.

Morley (1949) mentions that a female Jf this species brought
»ractically no food to the nest during the first few days of the nestling's

life.

4, Other Parus species.

Ia all other Parus a;ecies for which data are available both
parents help to feed the young, but there is little reliable information on
the shares of the sexes. The only cese where there seems to be any doubt

on this point is P. cristatus scoticus, where the observations of Smith (1941)

that both sexes share more or less equully, coatradict those of earlier
suthors that the female is mainly or entirely responsible, No doubt other
species are subject 1o & variability in this respect similar tc that which

has been shown tu exist in the Great Tit.
In #. a. atricapillus udum (194l1) found a similsr hesitancy on the

part of the male .n entering the nest during the early days of incubatiom,
to that which has bee. described ubove for the Great Tit. 1a the days after

hatching the male brought food more often than the fewmale, but later the
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sharcs becamc equal.

Wingeshivering displays by the parents during the feeding of the
young are known in P, gambeli (Beat, 1946), p. ater (Ruttledge, 19%7) and
Ps_a. atricapillus (Odum, 154l1).

2s Othsr gensra,

In Pealtriparus (Addicott, 1938) and Aegithalos (perscaal observation)

both sexes feed the young. In Auriparus Wheelook (1902, quoted by Bent, 1946)
states that in a nest whicin she watched the feeding was carried cut largely

by the female during the first few days, but the male helped later, The pair
bond in Remis usuelly breaks down soon after egg laying, and the male plays

no part in the feeding of the young.

C. Eggs or Young of more tham one Species in the Nest.

There arc a musber of records of tits of various species
incubating eg-s, and even rearing young, of species other than their own.
These records comwonly refer to birds incubstin: eges of a2 congeneric specles,
and are usually due tu one sair usurp.ny the nest and ,art of the cluton of a
second padr, while the latter were in the yrocess . f egg-laying. In many of
these c.scs the foster parents reared the young succeasfully. Examples are:-
Ps_gembeli and P inornatus (Jenson, 1923 in Bent, 1546), P. major and
v, cacruleus (Temple, 1908; Pike, 1932; Merples, 1934; Verheyen, 1947;

omen, 1949), Ps ater snd P casruleus (Butler, 1951). Ryves (1929) records

a Creat Tit laying in the nest of a Huthatch (Sitta ewropoea) and Tutt (1910)

v
a B.ue Tit nesting in the nest of a Redstart (Phoenicugl phoenicurus).
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A very remarkable record of s alightly different nature is given by

lonsdale (1935)e A padr of B.ue Tits nested inside, and a pair of

Robins on the 144 of, the ssme nest box. After the Tits had laid 3

6gzs they ceased laying for the tims being and fed the young robias in

the nest on the roof. When the young robins flew the Blue Tits laid

aeven more eg:s in their own nest, which they hatched. Russel (1947)
found a pair of P, gembeli feeding young Sapsuckers (Sphyrapicus thyroideus).

There are a number of records of wmore than two adults attending
the same nests The majority of these refer to long~tailed Tits, where
this ap.ears to be fairly comnon, but it has also been recorded in

Psaltriparus minizus (Addicott, 1938), Psaltriparus melanotis (Skutch, 1935),

Parus ater (Legendre, 1932), Parus major (Pissler, guotel by Dresser 1871-81)
and Parus palustris (Fatio et Studer, 1889).

Ds  Rest Sanitation.

le Payus m«v
uring the first few days after the young hatched =t nest 207,

fascal sacs were usually swallowed by both parents. The aduits could often
be secn making sikallowing movesents as they energed from the nest, and
sometimes the fascal sac did not disap.ear uptil the bird was fiying away.
Even on the say of hatching, however, the fascal sacs werc occasionally

sed away, and this happened more and morc freguently on successive duys.
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Swallowing of sacs was seen up} to at ieast the fifth day after hatohing,
Because of the impossibility of determining on ali oocasions whether

or not a asc had been swallowed, exsct counts of the number of sacs
removed could not be made, It is estimated that a sac was removed on
about one in seven visits,

2e chﬂr Bm.o
Observations sumarised by Blair and Tucker (1941) indicate

that with the Blue Ti%, as well as the Creat Tit, fascss wer: not garried
atil the fourth day, but there is no indication that the sacs wers not
swallowed before this., Heinroth (192,-26) has described th: peculiar
stance adépted by tit nestlings about to Gefaeca'e which brings the cloacal
opening on to a level with the beaks of the other birds: the opening is
surrounded by a circle of white feathers. Nes: sanitation behaviour

in the Blue Tit is further described by Blair (1941) and Pullen (1945).

The latter states that fasces are carried away about once in 8 or 10 times,

In P, inornatus (Dixon, 1949) and P, palustris (Steianfatt, 1938) also,
both sexes ar: known to remove fasoces, In the latter case faeces were

removed on about one in four visits at a nest with 8-9 day old young.

E. _Pledgsd Young,

1. Leaviag the nsst,
At the three nests for which accurate data were obtained all

the young left the nest within three quarters of an hour. It is possible

that at some nests the flying of the young may be spread over wore than

one dll-
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A Hay 31st, 19,9, at Box 108, a brood of 16 young were seen
actually leaving 'ho nest. ur the first few h.urs after dawn the parents
brought food at the rate .f about 50 wisits pe. hour for the first few hours
after dawn. The young were usuelly fed at the entrance, and between
the wvisits of the parents there a  eared to be a continual struggle between
the members .f the brood for the position at the solc, +hea the young
wore fed at the entrance, th parent of'ten went inside after the feeding
to fetch u faecal sace The beg:ing culls of the younz were almoat
continvous. ty O70C the astruggles of the youn: had become very vigorous,
and several times iciividuel young cune three=quarter: of the way ocut
of the hole, and ithen returned inside., st OB04 one of the young emerged
and .erched 6" from the hole, The female arrived a re. seconds later apd
took no notice .f it, but fed the next cne at the eatraucs. The male
evidently noticed the emerged young anl gave a see-saw call, like a thin
song: the youn: flew .vor tuvaris hime, This call of =bout seveu n.tes
was subsequeantly used i'requently by adult Great Tits to sumwou their brouds,
Ne yourq canhaped o enevqe af abeut ore a mirute

male seng in the same way seversal times .n! some of the young flew
straight off towards him, while others perched cutside the box for . short
while before dding s0. <hen abost rour young nad emerged, .nd two of them
wers still acar tae emtr.nce, s Grey Squirre :alked down the trunk within
about tw. £ et of the box. dedther .arcints por young took any uctice of it.
The female continued ‘o feed the young remaining in the nest, though her
rate fell of -onsiderably. The emergel young c.ontinued the *zi zi zi 21 zi’
beguing call from near .h. nest. At 0832 the last youny bird, after many

fruitless attompts to get out ur' the bole, emerged .. fluttered offe The
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whols of the brood thus emerged in 28 minutes, Half an hour later the
brood had moved 80 yards down the wood and wer. being fed in an oak tree
by their parents,

isgendre (1932) and Fike (1932) also state that the young leave
the nest in quick succession, In the latter case the whole brood left
within 20 minutes, snd the author states that the parents seemed to entice
the young out by perching at the hole and then flying off. This was not
noted in the departure of the brooi described above, but it was evident
that th: young were perching at the entrance and coming half out in their
efforts to be first for the food when the perents returmed,

Desoriptions of the young leaving the nest have also been given

for P _a, atricapillus (Cdum, 1941), :saltriparus minimus (Pinlay, 1905;

Addicott, 1938) and asgithalos caudatus (Verheyen, 1347). All agree very
closely with the account given above for ;. major, Hendy (1943) gives a

d
case wherc the i’l@.ng of a brood of B ue Tits was spread over several days,

3
and Pudlly (185)) amays that this way ocour in the Lung-tailed Tit,

2s___Second Broods.
In 1945 none of the Gr.at Tits in t < atudy arca attempted scoond

broods, though there were in:ications of a recrudescence of sexual behaviour.
The proportion of pairs which attempt second broocds varies from year to year,
but is apparently always smalier in ingland (Gibb, in litt.) than on the
Continent (sec e.g. Kluljlver in litt.}. ihen a second blutch is laid, 1t ia
ususlly startcd shortly before the first broud leave the nest., It is

usually laid in & diffsrent hole, an; the nest is at first ver. sketchy

(Delmée, 19405 Dachy, 1946).
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Js__General Behaviour.

(a) Parus major

The young remain in the carc of adult birds for 2-i weeks after
leaving thc nest, although they are entirely de,endent on the ,arents for
food for only sbout a week, During this early period after leaving the
nest, the young W almost opntimuwusly with a similar begging call to that
used in the latter part .f the nestling veriod. This call I recorded at
differant times as ‘zicker sicker micker 2id' and *zi zi zi =1 =1 zi =i 3}
sid', The beg:ing culls of the young Great, Blue, Coal and iiarsh Tits are
all clesely similar though probably distinguishabls by means of the differences
in yitoh, sto. The young also shiver their wings when begging in a similar
manaer to that whioch has beea described for courtanip f'eod[ﬁnﬂ pre—copulatory
displsys.

The intensity of beg ing varies greatly, ap.arently according to
the degree of hunger. At times each parent ia pursued by a group of young
ahich call continuously and settle near it +ith wings shivering whenever
the areat pauses in its search. On the other hani, =t times when the young
are apperently more satisfied, they beg only when apd ajult approaches with
food, It is usually possible to tell which of e brooé{ young will be fed
pext by the intensity o its begzing, If an adult with food settles near
a juvenile which does not beg imnediately,it flies off elsewhere, If one
young is fed geverzl times in succession the intensity of its beguing
jearesses with each fesding. Roth the beg ing calis ani the wing shivering
inorease on the approach of 7lpamxre: they die down a fraction of a second
befors the food is ressed but are usually resumed again immwediately afterwards.
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It should be noted that fighting between the young occurs at
moat very rarely during the first few days out of the nest, so that
competition for food seems to take the form of competition in ability to
kesp near the parent, and in abllity to stimulate the pareant to feed.
Cocasiomally, when a brood is begging very vigorocusly, one juvenile may
knock another off a txig in its eforts to get near 7the parents,

The begging of the young is stilled imrediately by the alarm calls
of the parents, The adults use » thin see-sas song of about seven notes
t¢ sumnon the brood. This call is used particularly when the young are
moving about the wood, but a_fma.le with foel ia her beak, but out of sight
of young, was 2iso heard to give it,

The parents usually remain on or near their owa territory, although
territorial aggressiveness is rare at this time., The young remain with their
owma parents for the I.rst few days, but after abour a week from when most young
had left the asst it was found that many of the "broods” did in fact conaist
of young frow mors thsn one uest, although they were being fed by only one
padr of adulta. In sowe cases a pair of adults wers feeding young from at
leaat thre¢ nests. The way in which this aixing of brocds ocouid come about
in a wood where the population wasz fairly high and the adults dii not keep
atrictly to their own territorics, iz easy to understsnd. In one case two
wmixed (ringed; broods were see. to come together and intermingle: when one
padr of adults moved of i glving their sce~asw o2ll those young which happened
to be near them followed,

By the second day out of the nest the young can often be seen locking
with apparent intereat a’ the lesves around tiwm. Within a dsy ur so they

bezin to make pecks at surrounding objeots, anl are scon uble to get at least
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some of their food for themselves., Their efforts sre at first clumsy,
and they of'ten peck at objects beyomi their reach, or lose their balance
and topple of the twig., When they have been out of the neat s week they
can feed themselves guite competently, hanging upside down with apparent
ease and treating caterpillars in the adult fashion before eating them; but
nevertheless they still get the greater part of their food from the adults.
Prom tnis time the amount of food which thuy obtain from the adults decreases.
The adulta go off to feed by themselves for increasingly long ;ericds, and
the young seem comtent to feed alone., Hevertheless the sight of sn adult
produces an immediate begging respouse, and young which have been feeding
themselves at one woment may be begging furioualy the next. Some feeding
by adults gofes ua for st least three weeks after tne young have left the
nest., Verheyen (1947) giwes 15 days ae the period for which the young ere
{fed by the pareats.

The young preen in the normal fashion imrediately after they have
left the nest, and possibly veforw, One juvenile wes heard to call
tghioh ich ich' within half an hour after leaving the nest. The first
vehich a chich a' alarm oall by 2 juvenile was hsard from a bird ten days out
of the nest.

Phe Pirst fights between juveniles were seen about 17 days after
fledging, sud become increasingly frequent thereafter, They are discussed

further in Section XV .

(b} 2arus cacruleus, afer .ad palustris

The begging o the young «ad the genersl vehaviour of the brocd are

very similar to those of the Creat Tit, 1 got the dspression that the Biue



224

tit broods moved farther than those of the Great Tits, so that mixing

of broods may huve occurred at an earlier stage then in that species.

On ths other hand the large territories of the Marsh Tits delayed the
mixing of the broods. Colquhoun (1942) also noticed association between
broods of Blue Tits, but stated that the broods kept distinct in the flock.
Ko mixing of broods of different aspecies occurred shile the young were still
being fed by adults,

In one darsh Tit brocd, which was followed closely, the young
started to feed themselves on th: third day out of the nest, though the first
sttempts were very inccmpetent, The first flight between Juveniles was
seen on the eighth day. The brocd remeined closely associated and in the
Jarental territory until the sixteenth day, «fter which the young suddenly
seattered to all corners of the wood. ©On cne occusion cne young Marsh Tit
was seeu to beg fros szpother. Steinfatt (1938) says that the young of

2, palustris loagirustris are fed by the .arents for 8 - 14 days.

The Blue Tit young, as well as using the beg ing call, also
aometimes oslled '%$is 33 i si seep'. Tais cull secmed to be used
carticulariy in the absence of th. pareats. The 'Drrrrereret' call secmed
to be used by the adults to sumwon the yoang.

The young Marsh Tita weix to give the ‘chirrup chirrup'

6all on the teatadiay cut of the nest, and may have ased it earlier.

(c) Gther species

seilly (in Jouard, 195:, statcs that the young of p, atricapillus

ar: nonaally ted for the first teu days out of the nest, but young taken from

the nest couli fecd themseives completuvly after five or six days. The
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begging ories of the young disappsar af'ter 5 - 6 weeks. Odum (19%1) records
that in 2. a, stricapilius the young esn feed independently in sbout ten days
and 4o not remain with the parents more than three or four weeks., The beg:ing
display is closely similar to thaet described for the other tits,

(d) Other geners
Por pssltriperus minjmus addicott (1938) gives 8 - 14 days, and

for segithslos osudatus Naumazn (1905) gives about two weeks, for the period

for wshich the fledged young are fed.

(e} General

When the fledged young of Creat, Dlwe or Harsh {its are particularly
bungry they shiwver their sinus very vigorously and taese shivering wmovements
sometimes become sufficieat to raise them in the air, so that they fiy towards
the pareat. Adults searching for food are thus sometimes pursued by several
of their furiously deguing youn', who may kuoek each other off the branches in
their efforts to get near the parents. 1t thus seems that the wing-shivering
is to be regamrded as & rituslised intention wovement, in which the form of
movement has remsined very similar to that from which it was derived, so that
3¢ still serves the suape purpose whes given st a high intensity. Similarly
the crouched position when begging iz also probsbly én about~to-fly intention
aovement. 1In all probability the wing-shivering in the pre-copulatory and

courtship feeding displays sre to be regarded in the same light.
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SECTION XV,  AGGRESSIVE AND SEXUAL BEHAVIOUR IN LATE

SUMMER AND AUTUMN.

A. Introduction.

It is well known that msny asserine (and other) species show

incipient reproductive behaviour outside the normal breeding season.

Such behaviour very rarely proceeds as far as actual aest-building, and
it is even rarer for eggs to be laid, The biological function of such
behaviour is quite ‘bscure., In temperate latitudes it occurs primarily
at two seasons - amongst Jjuveniles which have recently become independent
(see Iice, i943), and again in early autum (see Morley, 1943). In titg
the most conspicuous aspect of sucn behaviour is the aggresaive behaviour
amongst the juveniles. The nature of this fighting is not immediately
apparent: it is often concerned with food, and yet has much in common
with reproductive fighting. The general character of this aggressive
behaviour is described in the present section, together with the other
aspects ot reproductive behaviour which occur at the same time of year.

The significance of the fighting is further considered in section WV,

B, Parus of.

1. Juveniles.

During the first few days cut of the nest juveniles did not fight
for food, but competcd with each other only in the intensity of their

begging behaviour towards the parent. Once they had begun to be
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independent of their parents, however, aggressive behuviour concerned with
food became fairly comnon. This usually consisted of simple supplanting
attacks, which very often dewveloped into actual combats, the two birds
falling together to the ground, Sometimes the head-forward posture was

used. These supplanting attacks were not always made with reference to

food, however, <Often one bird supplanted another two or three times in
succession, and sometimes a chase foliowed the supplenting attack: in neither
of these cases could food be the immediate object of the aggressive behaviour.
Of'ten the supplanting attack seemed to be concerned with food initially,
though the subsequent chase was note On une or tvo occasions incipient
head-up posturing followed the supplanting attack. As hes been mentioned
previously, such behaviour was seen occasionally in the winter, but it was
muoh more common between June and August than later in the year. (cf. behaviour

at pair formation, p. 67 ).

2, Adults.
There was some recrudeacencc of sexual behaviour in the adult birds

towards the end of the nestling period of their first brood. ¥ing shivering
displays and courtship feeding occurred occasionally at this time.  Three
males were seen engaged in reproductive fighting of high intensity a few days
after the young left the nest. In this year, huwever, none of the Great Tits
in the wood 1aid sec.nd brouds, though some pairs did in other years.

During September and October there were again sone signs of sexual
behaviour in the adult Great Tits. Some birds were seen to be in definite
pairs, and the cbserver was acolded on a number of occasions. Chases were

comuon, and some prolonged skirmishes (reproductive fighting) were seen.
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A little song was heard in !ate September and early Ootober, Some of the
birds concerned were certainly .n their second year (colour ringed

individuals). It is not snown for certain if juveniles were also involved.

C. Parus caeruleus.

1s _Juveniles,

Aggressive behaviour, very similar to that which has been described
for the Great Tit, was com.on in June, July and August. Supplanting
attacks were frequent, and often led to actual combat, to chases, or to
slight head-up posturings The skirmish often included display pecking,
and song was common. At least the greater part of the song came from
juvenile birds, Although the chases werv usually intraspecific, Blue
Tits often chased, or were chased by, warblers (Phylloscopus).

2. Adults.
a

Some indications of Lrecrudescenca of sexual behaviour were secen in
September and early October, Song was heard occasionally, and there was

some reproductive fighting.

D. JFarus ater.

Aggressive behaviour amongst juvenile Coal Tits was very marked,
especially in June and July. Supplanting attacks sften led to skirmishes

with marked head-~up posturing, =snd juvenile song was frequent,
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E. Parus palustris,

Sexual behaviour in juvenile Marsh Tits during the period
imnediatsly after they left the nest was even more marked than in the other
Parus species discussed above, The young from two nests wer- colour
ringed (by M. C. Cullen) so that their movements could be followed, The
Juveniles left their .arent's territory when they had been ocut of the nest
about a month, and became scattered all over the wood. Some of these
Juveniles seemed to establish themselves in a limited area almost
immediately, so that they could be found in the same place for several days
in succession. 4t first, however, thase "preferred areas" were oaly
temporary, and the bird moved and established itself elsewherec after a few
days. lievertheless it is possible that this should be regarded as an
expression of the territorial instinet at a very iow inten:i_ty » for it was
linked with reproductive fighting. Indeed, aggressive :;::ﬁ:g was comnon
at this time in both first anl secand year birds, and the reproductive nature
of the fighting waa clearcr than in the other tit species. Head-up
poaturing, upright flight and display pecking were usual in these skirmishes.
The juveniles often used a warbling song which was sometimes, but not always,
associated with reproductiv: fighting. Further, wany of the juveniles seemed
to be in company with other birds, as though they were paired. Reproductive
fighting became rather less comnon in Dctober, but it occurs occusionally
in the Marsh Tit in all months of the year.

At least one of ine juveniles remained for most of the winter in the
arcay where it settled a few weeks after leaving the nest. My observations

do not show whether such preferred arcas becoms territories in the next year,

Morley {1543) states that in winter the yarsh Tit population consists of



territory owers, which associate in flocks with other Marsh Tits inside
their own territories; and unpaired flock birds, without territories,
which are probably first year birds., It is, however, possible that the
differences in the degree of territorial behaviour shown by individuals
are of degree only. HNo doubt, as in other species, flocking is increased
and tertitorial behaviour decreased in cold weather.

in Parus inornatus sexual behaviour of the juveniles is apparently
s%ill morc marked, for many pair up and occupy permanent territories in
late sumser, (Dizon, 1949). Aggressive behaviour is also common in late

sunser flocks of P. 8., atricapillus (0dum, 1941)s

23)
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SECTION Xv¥!  THE RELATIONS RBETWEEN THE FORMS OF

AGGRESSIV: 3:H.VIVUR.

Tinbergen (1942; in 1itt.) has demonstrated that the causal structure
underlying behaviour has a hierarchical nature. lHe recognises a number of
"major moods" or "major drives", to each of which are subordinated& a number
of "submoods". For example, the (major) reproductive drive of the Three-

spined Stickleback (Gasterosteus aculeatus) is activated by a hormonal change

ac.ompanied by certain external stimulation, A fish i1 reproductive mood

is brought into the fighting sub-mood by the presence of another male. The
fighting mood is expressed by chasing, threatening, biting, etc., according to
the opponent's behaviour. A similar scheme has been successfully applied by

Baerends (1941) to the behaviour of the wasp Ammophila campestris, and by

Raber (1948) to the fighting behaviour of the domestic Turkey (Meleagris ap. ).
Such a scheme implies that reproductive fighting, which is activated
by the reproductive drive, is fundamentally different from fighting over food,
or fighting over roosting sites. The observations made in the present study
give considerable support to this view, Reproductive fighting utilizes
different displays, is evoked by different situations, and is dependent on a
different internal state, from fighting over food, For these reasons, the
suggestion made by Conder (1949) that "Individual distance” (which is
dependent on food fighting) changes into "mated-female distance” (i.e. an area
which includes the female), or into the breeding territory, is not acceptable:

the types of fighting concerned in the two situations are quite distinct.
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Nevertheless, a closer examination of the facts connected with food
and reproductive fighting do seem to indicate certain possible relationships
between the two. These are (i) that the activation of one type of fighting
lowers the threshold for other types, and (1i) that an animal with a high
reproductive fighting drive will also have a high food fighting drive, and
vice versa, We shall consider the evidence for these two possible
relationships,

(i) During the late winter, when the Great Tits are feeding in
flocks, disputes over food are sometimes accompanied by the incipient use of
postures appropriate to reproductive fighting, Thus one bird may make a
supplanting attack on another, and then ahow a brief head-up posture.
Sometimes postures appropriate to food fighting and reproductive fighting
are shown simultaneously, as when a feeding bird adopts a2 marked wing-raised
posture and at the same time makes incipient head-up postures. The most
marked head-up postures seen in a food dispute were made by two Great Tits
which settled, each in a vertical position, on opposite sides of a piece
of fat: it may be significant that the breast of each bird was exposed to

the other. Similarly in the Herring Gull (Larus argentatus), Tinbergen

(1939b) states that substitute nest-building, common in reproductive fighting,
sometimes occurs in food disputes in the reproductive season.

Conversely, the wings-raised and head-forward posture of the tits,
which are normally associated with food fighting, occur in reproductive
fighting. They are often well marked in intra-specific encounters in the
Blue Tit, but rather less so in those of the Great Tit. Further, the

head-up posture, unlike the wings-raised posture, is not generally used in
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inter-specific reproductive fighting, 1In inter-specific fighting, as we

have seen, both combatants are on their om territory, so that the fighting
drive is atrong in both. Alse, the colour pattern of the opponent is not
that which releases the displays appropriate to reproductive fighting.

The exact reason for the appearance of the wings-raised posture in reproductive
fighting is not yet clear: an exact analysis of the stimulus situation in
which this posture appears in both food and reproductive fighting is needed.

In late summer, during the peridd after the young tits have become
independent, head-up postures are often associated with fighting over food,
Purther, as described on page 223, a skirmish which starts with reference to
a food object is often continued into a series of supplanting attacks, or into
a chase, which carries the combatants far away from any possible food. Song
alsc often occurs in these skirmishes,

It is difficult to find any hypothesis to cover the above behaviour, other
than that the activation of cne type of fighting lowers the threshold for
other types. [Head-up posturea were not seen in the food disputes in mid-
winter, though these werc often intense, so that high intensity of the fighting
will not account for their ap.earance, It is noticeable that behaviour
a propriate to reproductive fighting occurs in food fighting only at those
seasons when the reproductive drive is active to some extent. This in iteelf
lowers the threshold for reproductive fighting; and we presume that the
activation of food fighting lowers the threshold still more, so that certain
characteristics of a member of the same species may be sufficient to release

activities appropriate to reproductive fighting,
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(11) Three separate authorities have now shown for Parus 8ppe.
that there is a relation between the order of birds in a "dominance hierarchy"
and the distance from the feeding station to their reapective territories -~

Odum (1941) for P._s. atricapillus, Colquhoun (1942) for P. caeruleus,

and Brian (1549) for P, major. In each case the top bird in the hierarchy
held territory close to the feeding station and the next few birds held
territories at successively greater distances from it, Birds without
territories werc at the bottom of the hierarchy. Colguhoun and Brian
appear to have made their observations at seasons when the birds had
probably already begun to establish their territories, and infer that the
distiddos to the territories of the differvnt individuals influenced the
order of the hierarchy. Odum, on the other hand, began his observations
some months before the flocks broke up, and states that "The top three males
were the ones that remained on or near the winter feeding range to establish
territory and nest"”. We cannot be sure, therefore, whether in general

the dominance hierarchy ,recedes the estublishment of territory, or vice versa,
It does seem, however, that there is a relation between the two.

Now the fighting which takes place in the establishment of a hierarchy
is focd fighting, whereas that in the establishment of territory is
reproductive fighting. Here again we see a rclation between the two forms
of fighting: it seems that those birds with a high reproductive fighting
drive have also a high food fighting drive, and vice versa.

Pinbergen (1942) has shown that certain inter-relations may exist between
the causal chains underlying behaviour - that is that the activation of one

drive may affect activities conuected with another. Only two forms of
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such inter-relations have s0 far been studied, namely:-

(a) Suppression. The activation of the fighting drive may suppreas
courting, and vioe versa. [Escape may suppress meny other activities.

(b) Outlet. Under certain circumstances, as when two mutually
incompatible drives are aroused simultaneously, the impulses connected with
one sctivity may find expression in another apparently irrelevant one.
(Displacement activities, see e.g. p.!!% ).

Here it seems that we have a third type of inter-relation - an
activity subordinate to one major drive lowers the threshold for a similar
activity connscted with another, The evidence available at present does
not prove such an inter-relation, but its existence would apparently provide
the simplest explanation for the observed facts.

We may inquire into the nature of the similarities between the two
activities concerned, i.e., betweon the different types of fighting, Each is
directed (primarily) againat other members of the same species, serves to
obtain or protect some object or situation important for survival or
reproduction, and varies in intensity according to the spatial relationship
between the combatants and that object. Purther, the basic pattern of
attack in each form .f fighting is the same - the supplanting attack.

It may be tentatively suggested that the motor patterns of all forms of
fighting were primitively the same - i.e., that :ne group uf motor patterns
could be evoked by the activation of a number of different drives. Such
an hypothesis differs only in degree from the scheme given by Tinbergen
(1542, 1a litt,), for .ven quite distinct instincts must use the same muscle

fibres, groups of mascle fibres, and even groups of umscles: it .erely
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suggests that the comuwon path along which the impulses travel oould
exiat at one stage higher than had yrevicusly been suposed. It is further
siggested that, in miutim, fighting techniques then became specialised
to sult the situations in which they were evoked, an. the different types
of fighting thus becams differentinted, |

A aimilar hypothssis oan probably be applied to fleeing. Riber
(1948) has shown that in leleagris sp. flecing from males of the same
apecies differs from fleeing from hostile species, for it does not occur
in the moulting seazson, and depends on the activation of the major reproductiw
drive, levertheless, relations, aimilar to those which it has been
sugzested exist betwoen the differeat forms of fighting, may also exist
between the different types of fleeing. In this case, however, different

motor patterns have probably not been differentiatod.
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S€crion xvll BERHAVIOUR TOWARDS PREBDATORS

A+ General

Although we do not yet know what proporiion of the inaividuals
of a passerine species fall victims to predators (but sce L.
Tinbergen 1946), there can be liittle doubt that efficisnt responses
to stimuli indicative of possible danger carry a high selective
value. Thorpe (1944) has distinguished two types of response glven
by birds to predators. In some cases there is an innate response
to a particular species or Xind of predator. jFor instance, Song

sparrows (Melospiza melodia) recognize owls instinctively. In other

cases there 1s an "instinctive equipment whereby they tend to take
avoiding or self protective action to (1) a wide range of stimuli
which are likely to be signals for danger, especially any moving
object; (<) any stimulus or situation which is stirange; (J) any
stimulus at an unusually high intensity". It is probable that the
response of tits to an avian predator in fli ht belongs to inc
first of these two lypes, and ilnat other responses 10 predatlors
belong to the second; bul of course it is nol possible to be
certain without evidence from individuals whose past experience 1s
known.

The behaviour of tits tlowards predators is extremely complex.
Both the behaviour patterns and the calls used seem lo Le Vvery

variable, so that axact description is impossible. ‘fhereiors,
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although it is necessary to divide the behaviour patterns into a

number of types for purposes of description, it wust not be thought
that the categories are very precise ones. The complexity seems

to be the result of the activation of three distinct drives; (1)
the drive which was controlling the bird's activities before the
appearance of the potential predator; (ii) escape; and (1iii)
attack. QOne of these drives may suppress the otner two, in which
case the behaviour is relatively simple. Alternatively the
behaviour may be a complex resultarmt of the activation of two or

three of the drives.
Be. Behaviour towards Mammalian Predators

Observations were made on the behaviour of the lits towards
only two of the wa-nalian predators present in une wood - the
Grey Squirrel and Man. It must be noted that neither of these
can be natural predators to the particular population of titmice
in question, though the Red Squirrel, which occupied the woods

befors the arrival of the Grey Squirrel, may have been.

(a) grey gguirrel (gcuirus carolinensis)

The Grey Squirrel occasionally attacks the nests of tits,
and eats tne eg.s and young. w«ith one gxceution noted below,
however, no Lit was seen 1o ygive any response 10 the proximity

of a Grey Squirrel excepl a simple avoiding one. Birds which

were feeding on the ground or in the trees would merely fly a

few feet away when & Grey Squirrel approached too closely.
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Occasionally, when squirrels made sudden dashes over inhe leaves,
nearby Great Tits flew up giving the ‘chich a chich a chich a!
alarm note: this represents a somewhat greater activation of the
GZ?&%? drive than mere flying up, presumiably due to the additional
esgz;axn_of noiss and movemeni. JEven when a Grey Squirrel walked
down the trunk of & tree past a nest box when the younyg were
actually leaving the nest, neither adults nor young gave any response.

On Jan. 1l4th, 1949, however, a male Great Tit gave a very
remarkable display to a Grey Squirrel. The Squirrel had cr.itered
a drey 20 feet up in a nazel tree, when the Great Tit flew up and
perched about one oot from the drey. It spread its wings to about
threse-guarters of their full extent in such a manner that thelr
upper surfaces were dir.cted towards the drey. It lowered its
head, and slowly swayed it from side to side exposing first one
cheek and then the other. The talil was widely spread and usually
lowered, though sometimes it was raised. The bird hissed
continuously. After about thirty seconds it hopped to a position
below the drey and repeated the display, though this time its head
was pointing half away from the drey and the upper surfaces of its
wings were not directed forward. Then it returned to the first
position and displayed again. After a brief break it displayed a
fourth time. The whole performance lasted about three minutes.
The significance of this very elaborate display, which was not
seen at any other time, is guite obscure. It was also witnessed

by J.Ae Gibb. The only reference in the literature to a similar
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display by a meaber of the paridse refers to Machlolophus

haplonotus: a female mobbed a Palm @quirrel which approached her
nest wit h wings spread and feathers erect (£.A. Butler quoted by
Hume, 1889). Pettingill (1y37, quoted by Bent, 1946) describes

the mobbing of a Red Squirrel by a pair of p. hudsonicus: the birds

used actions similar to those used by Great Tits in mobbing a
Sparrow Hawk, but one of them twice went into what was apparently

an hypnotic state induced by fear.

(b) uan

(1) In winter.

when a winter flock of (reat Tits is disturbed by man, their
response occurs in two stages. First one or more birds fly up,
usually giving the alarm 'chich a chich a chich ieh ich ich', and
the other birds in the flock do likewise. This is an immediate
end probably an innate response. The further reaction depends on
the situation. 1If the reason for alarm is evident, the birds fly
off, calling '"twinks'. If there is no evident cause for alarm the
birds continue feeding. A Similar two-stage alarm response has
been described by Tinggg:h (1942, in the Herring Gull (Larus
argentatus): he points oul that the first alarm evokes & 'mood’,
and that the further response depends on the further stimuli.

In some cases the initial response conslsis merely of flying

up, without an alarm call. This apoears to represent a lowest

level of alerm. when an alarm call is given, it may be 'chit’,
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twit', *twit a wit', or '‘chich a chich a chich ich ich ich!'.
The differences seem to be differences of intensity, and produce
correspondingly varied effects on other individuals. Thus the
'chit' call wmay only cause one or two neighbouring birds to fly
up, whereas the full alarm causes the whole flock to fly up.
Occasionally the trilling 'tsee!, which is normally given on the
aporoach of an avian predator, was given on the appro&ach of the
observer. Why the call appropriate to a flying avian predator
should be given on the approach of a man is unknown. 1In the House

Sparrow (passer domesticus), whose reactions to predators seem 1o

be generally similar to those of tits, Daanje (1941) encountered
a similar phenomenon.

A similar two-stexe response is given to0 a wide varlesty of
other stimull, such as a gunshot, the noise of a tractor, the
sudden movement of & squirrel, & pheasant's alarm, and so on. We
may thus presume thal the response is given to "a wide variety of
stimuli which are likely to be signals for danger" (Thorpe, 1944),
and not to any particular species or kind of predator.

In Great Tit flocus feeding'bn the ground such alarms often
occur without any apparent initial stimulus. It is, of course,
extremely difficult to be certain that there was no initial stimulus,
but it is at least possible that these are "yacuum Activities" or

vjeerlaufreaktionen” similar to those which are known in ducks and

ternse.

we see, therefore, that when a human iniruder approaches a
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Great Tit flock in winter the escape drive usually suppresses
the feeding drive and the birds fly off. Qccasionally the
activation of the escape drive only causes a momentary cessation

of feeding, and the birds fly down again.

(11) In spring

In spring, whan the Great Tits are feeding in pairs, their
behaviour on the aporoach of a human observer is much more complex.
The male fliazs up and scolds the in;;uder, while the female
remains in the background, or fliegé Pemales disturbed when alone
sometimes also show scolding behaviour. 8ince they sometimes
apnroach the observer, it seems cvident that a fighting drive is
activated, though an actual attack 1s never made. They also show
behaviour associated with escape, and witn continuing their previous
activity. In practice, it never haospens that only one of these
three drives controls the behaviour. Compound behaviour always
appears, and it is for this rsason that the behaviour is always
so complex.

The principle types of response snowr at this time of year
are shown below. (It is assumed that the birds are feeding on the
ground when first seen, unless otherwise stated).

(1) The bird may simply fly up to a bush, and then fly down
again without any audible call. This is the lowest iniensity of
escape, quickly suppressed by the feeding drive.

(ii) the bird flies up, calling tcnich a chich', and then
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flies down egain with gentle *cihich ich ich' calls and resumes
feeding.

(1ii) The bird flies up, calls 'chich a chich', and then
flies off xiving a series of 'twinks!t.

Generally speaking, the posaibilittqi described so far oceur

i
later in the day, when the reproductive[;; low (p.292 ). They
represent, in fact, behaviour identical with that seen in winter.
wht&éh of these possibilities actually occurs depends on the extent
to which the escape drive is acuiivated. (Another alarm call, 'zur
leseeceeecep leéEEEEZZQP', seens to be given on the distant approach
of danger, and may be followed by the 'chich a chieh' if the
intruder continues to approacn). At other times more complex
types of behaviour mey appear:-

(iv) The bird flies up, usually calling t'chich a chieh', and
then remains in a tree, usually facing the intruder, calling
'twink', 'zee twink twink' or 'twink de twink', and flicking its
wings. The flicking of the wings seems to be an inhibited intention
movement of escape, and it apoears that in this case the escape
drive is activated but is lemporarily inhiblted by the attack or
feeding drive; invariably, however, the bird flies ofr after a
short while. gSometimes, before it flies right away, the bird

and

flies down to the ground and hops about, still 'twinking'/ flicking

its wings, apparently looking for food but in an alert uprignt
posture. Here we see 'feeding' and 'flecing' mixed, but after a

minute or so the bird flies off.
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(v) Sometises the bird flies up, and remains nearby scolding
with a wide variety of calls- principally 'pit pit churrrr', 'pit
pit chich ich ich', or a very harsn 'chik kik kik kik'. Although
it is possible to give approximate verbal descriptions of the
calls in this way, intermediates between the verbal types are
common. These calls are accompanied by & jerking movement of the
body, the bird moving the fore part of the body up and down, and
siaultaneously swinging it from side to side, so that the head
follows an approximately U-shaped course. The tail may move
synchronously with (and in the opposite direction to) the body,
but in the intense displays the movementis hecome asynchronous.

The wings are usually flicked at the same time. The body feathers
are sleeked. The movementis may be made with all degrees of intensity:
sometimes they are limited to incipient jerky movements, while at
others the whole body is swayed vigorously to and fro. Usually

the bird scolds in this way for a minute or two and then flies ofl.
sometimes, however, it resumss feeding: this only occurs when the
scolding has been comparatively mild.

Since the bird often moves towards the intruder during the
gcolding, it seems highly probable that an atiack component is
involved in the behaviour. Indeed similar scolding of a Sparrow
Hawk dum.y sometimes leads to incipient attack. No doubt the
exact nature of the scolding depends on the relative sirengtihs of

the three drives concerned. The complexity of the behaviour is

illustrated by the fact that such behaviour towards man only occurs
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when the birds are in the reproductive mood. So some component
of tne behaviour must be activated by the reproductive drive.
Nevertheless behaviour which is at least superficially very
simllar is ghown to Sparrow Hawks at all times of year. Thus
there must be a close connection between the two forms of attack,
although they are released by Gifferent situations and depend on
different internal states. This is, in fact, another instance of
one motor pattern being activated by two different drives. #e have
already seen that this may also be the case with fleeing (p.*3% ),
and that it may have been the case with intre specific fighting
(pe227).

Further, if the bird is engaged in singing when disturbed it
rarely scolds. Usually it continues singing, though somewhat
erratically, and hops about from per:h to perch (conflict between
singing and fleeing), and after s while files right off. Thus the
behavicur of a bird disturbed whilst singing differs from that of
a bird disturbed whilst feeding.

Not only are the calls highly variable and difficult to place
in categories, but they may change one into another through a
geries of indefinable intermediates. Very often scolding (or
twinking) changes gradually into song.

The occurrence of the 'Twink!' and *'Chich ich ich' calls is
interestin;. W#e have already seen that 'twinks' are associated

with well integrated, long range, flock movements, and *‘chich ic¢h

ich' calls witih the cessation of movement and with short, loosely
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integrated movements (p.2¢ ). Also the 'chich ich ich' (and 'pit
tit churr') is used in reproductive fighting more by the attacker
than by the attacked bird:s +the t*twink', on the other hand, is
used more by the attacked bird. Now, in the present case, we find
that the 'twink' precedes flying away, and the (gentle) 'chich ich
ich' precedes a resumption of the previous activity. In all cases
the 'twink' is associated with movement, and the 'chich ich ich'
with cessation of movement, or with staying in the same place: yet
different drives are concerned in each instance. The real signifi-
cance and evolutionary origin of these calls remains obscure, and
will probably only be revealed by comparative study.

Somewhat similar scolding behaviour is shown by Blue Tits at

the same times of year, but has not yet been studied in detail.

(1ii) sSnake Display.

When disturbed on the nest, members of the gerus Parus give
ar intimidatory display which often gives a human observer the
impression that a sreke is in the hole. The most conspicuous
feature of the display is a hissing sound, couwparable to the hissing
of & snake. This is sometimnes accompanied by blows of the wings
against the side of the cavity. Pickens (194t ) has given a

detailed descripiion of the display in p. carolinensis. He stataes

that the bird first rises sligatly on its legs and throws its head
back, and then, "as if with a ,reat effort", throws its head forward

emitting a hiss, and at the same time the tail is sprzad and the
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wings extended. A display of this type was encountered in (reat,

Blue and Marsh Tits in the present study. It has also been

recorded in P. ater (Jourdain, 1529), Pp. atricapillus (Jouard, 1932,

Burleigh, 1930), P. gambsli (In Bent, 1946), P. rufescens (Bowles,

1909, Burleigh, 1930) and P. inornatus (Allen, 1943; Dixon, 1949).

It is not known what predators normally elicit this response, but
its survival value is clear. A similar display is known in the

Wwryneck (Jynx torquilla) - another hole-nesting species (Coward, 1920

(1v) Distraction Display.

When the young are out of the nest, the parents show a very
remarkable form of distraction display. This behaviour has so far
only been seen clearly in the Blue Tit, though glimpses have been
obtained of Great Tits psrforming & siiilar display, and J.A. Gibb
(personal comiunication; states that it is regular in that species.
In boih cases it appears 10 be released by the cry of peain of the
young. At one Blue Tit's nest, f{rom which the young had just
flown, the parents at first scolded me with crown featners raised,
flicking wings and straeddling walk, and from time to time jerked
their bodies in a manner gimilar to thal described for the Great Tit.
I managed to catch one of the young, winich sgueaked as 1 held it.
The parents immeciately gave a yuite different display, flying
towards or past me with slow, moth-llke Ilighu, often gliding a
fost or two, with slish.ly raised, not fully spread wings. They

gave & corntinuous hiesing quite like thet given in the snake
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display (v. supra) but less 'breathy'. Qne of them perched on a
branch about three fest away and rolled over on one side and held
one wing up, staying like tnis for two or three seconds. Several
times one of the adults showed even more extreme forms of impeded
flight, fluttering with moth-lixe [light, losing height; and
sometimes fluttering down thus from branch to branch. During this
time the parents often perchea within four feet of me. The display
lasted about a minute after eac:;::e young squeaked, and then the

ordinary scolding was resumed until the next call from the young.

A similar display in P.a. atricapillus, which was also appar-

ently released by the cries of the young, has been described by
0dum (1941).

Such distraction displays may have originated through the
conflict of two opposing drives, but they have become highly

ritualised and their selective vhlue is clear.
C. Behaviour towards Avian Predators.

Tite show two different responses to avian predators, one
being given to a predator in fli,ht and the other to a predator
perched in a tree. The vehaviour patierns ap-ear to be yulte
distinct, and are associated with different calls. Qftep,however,
the apnearance of & predator in flight evokes some of the calls

normally associated with a perched predator, and vice versa.
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{8) Avian Predator in Plight

when & hawk approaches a mixed tit flock, ome bird gives a
high pitched trilling 'tsee ee ee ce es' and flies into cover, and
all the other birds in the flock immediately do likewisc. Soge
writers have called the resultant noise a 'coﬁfusion chorus! and

believe that the sound makes it difficult for the predator to

locats any particular prey. The trilling 'tsees' die away after a
few seconds, but the birds remain in cover, usually still and
s8ilent, for & minute or longer. As well as the trilling 'tsee?,
other calls are also given whsn a hawk passes over a tit flock -
especially ‘*cnicih a chich a chich' calls, wnich often precede the
trilling 'tsees'. The trilling 'tsse' call was also somaetimes given

to woodpigeons (Columba paluwbus) and Blackbirds (Turdus meruls)

flying over the wooud.
Behavicur of this type hes been recorded ir (reat, Blue and

Marsh tits in the present study: in Psaltriparus minimus by

grinnell (1905, yuotled by Bent, 1946, and Finlay (19¢5): and in

Aegithalos candatus (u. and s. Lack, personal comaunlcetion).

gne brood of yreaiv sutls, wnich had left tiie nest an hour
previously, were atlackoeu successively by a gparrow Hawk (Accipiter

nisus) ana a Jay (Garrulus glandariusj. ¢on each occasion the parents

S oo qutees.

called 'chich & chici a chich ich icn ien ich', producin immediate
silence in the youine, and chascd the intrudar off. Thus in these

cases the parents flew towards the predator and their response to 1t
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wes quite different from that given to gparrow Hawks in winter

flocks.

(b) Avian predator Perched

The *mobbing! behaviour of tits, which is given to an avian
predator perched in a tree, was studied witih the aid of a stuffed
femals Sparrow Hewk, mounted in the typical perchied position. The
mount was placed on boughs, in vositions in which Sparrow Hawks
might perch normally, and ihe behaviour of the tits observed from
a distance. In order that the birds in the wood should Lscome
conditioned to the mount as littl: as possible, il was seldom
exposed to mobbing for more tnan Iivs minutes. gJorty-five experi-
ments of this nature were mads between January, and July, 1949. At
least one, and oftsn twenty or thirty, tits wobbed tne mount on

each cccasion.

(1) parus_major.

It is not easy to generalise about the behaviour of Great Titse
when confronted with the mounted Sparrow Hawk, for there apoeared
to be much individual variation. This was probably due largely to
differences of intensity in the different drives concerned, but
1ittle progress has been made so far in its analysis. Lost of the
movements shown by the great Tits when mobbing a Sparrow LHawk are
very simllar to, and probably identical with, those shown by a

paired male on the approach of & human intruder, which have been

discussed dn p.24+%.
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Typically the birde flew towards the mount, and hopped from

twig to twig with ralsed crest and flicking wings, keeping about
ten feel away. gSome made diving attacks down towards the dummy

and scared up agein when about three feet awsy. OQthers scolded

from nearby twigs with the head down and forward and the tail up,
jerking the fore part of the body from side to side, ard at the

sane tiwme flickin, thse tail from side to side and fliciking the wings.
The tail was usually moved more rapidly than the fore part of the
body, 80 thati the movements were not synchronised. Other birds

sat almostbmonionless, but scolded vigorously. The sound of one
bird mobbing caused olhnsras to fly towards the mount and join in.
sometimes & bird scolded on hearing others do so, even though it
couldn't sec the mount itsclf.

A great varisty of calls were used. [he comton2sl was a
harsk 'chici, ich ici ich', which was often prefaced by 'twinks?,
tehich & chichi a chici a', 'pit & chich' or 'pit chur'. often
birds gave long series of 'twinks' with no other calls, and
sometimes such & series changed gradually into song. similar

scolding behaviour has been uescriled in p. inornatus by Dixon (1949)

some individuals scoided in tkic way for only a winute or 80
and tnen flew off, but cthers coniinued for len ninutes or more if
the Cuaay was left in posdilon. Usually a number of rLirds
col.ectec within a few ainutes of tne first alaru call, and
dispersed over about a guaricr cf an hour. #hen a live Sparrow

Fad

lHawk was being, wobbed, 1t usually flsv off afier a few minutes,
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but the mobbing of Tawny QOwls (strixgaluco), which appeared to
be similar to the mobbing of sparroi Hawks, sometimes corntinued
for a guarter of an hour or more. 1In some experiments, mobbing
continusd for several minutes after the mount hed been removed -
the so-cealled after-reactinn (see p24] ). after-reactions were
also noted when tits were mobbing live Tawny Cwls.

puring the breeding season the behaviour of the tits towards
the mounted gparrow Hawk was similar to that during the winter,
except that the males became much more vigorous than the females.
on four occasions after the young had left the nest, however,
behaviour of & different type was noted;

I. on June 4th a pair of adults, with young only a few days
out of the nest, scolded the mount. Their behaviour was typical,
except that the female shiversd her wings a litivle while nobbing.

2. On July &th an adult male shivered his Wings in sbmilar
circumstances.

3. on May 3lst the mounted gparrow Hawk was placed near a
brood of Great 'tits whici. had lefi the nest a few hours earlier.
The female scoided the mount vigorously for about a minute. Then
she suddenly stopzed scolding and hopped around the tree as though
she w%ia looking for caterpillars. she pecked repeatadly al leaves

- sometimes several times at the sane leaf - but apparently vicked

nothing off them. She continued thus for about ten minutses,

keeping between 3 and 10 feet from the mount. Juring the whole

of this tiue she took no feed to her young. All her movemenis
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suggested that she was looking for food (and this was of course

the actlvity on which she had been engeged just previously) and
yet apparently she picked up no food at all. It is possible that
she was picking up small food particlés and eating them herself,
but her pecking wmovements seemed to be incomplete.

4. On June 2nd a female Great Tit, with young nearby, hopped
along a branch pecking at the bark in the intervals of scolding.
Her movements were reminiscent of the displacement peckinyg used by

males in reproductive fighting.
| In all four cases cited above, the Sparrow Hawk mount was
presented when the tits were vigorously engaged in feeding their
young, and iis presence caused that drive to be thwarted. The
anomolous behaviour patterns shown are possibly to be regarded as
displacement activities. 1In all cases the benaviour pattern shown
was one wnhicn was comwmon in its normal context at thau time of year,
In the case of the female whicn went on 'searching! for caterpillars,
it appeared that uwne energy aporoprisate to the thwarted drive found
release in the incomplete eéxpression of that drive. It is, however,
impossible to assess the significance ol such patlterns of behaviour
until ther have besn seen more tnan once.

Juvenile great Tits in their [irsi few weeks out of the nast
gave much less intense reactions to the :rount than did the adults.
The parent?s 'chicu & chich a chich ich ich* alarm call caused
them to stop bewgging lmmediaiz2ly, but sometimes they did not mob

the mount at all, and resunmed be ying very soon. [hose younyg which



259
apnroached the mount often just perched near it looking at it;

sometimes they hopped about flicking their wings or jerked their
bodies from side to side in a manner similar to, but much less
intense lhan, that of the adults. In any case they seldom remained
near the mount for more ihan a minute or two. Those Jjuveniles
which sat looking at the mount appeared tc be uneasy: they gave
the observer the feelin, that "they knew couwething, was wrong, but
didn't know what". gometimes a juvenilc sat and looked at the
dumny for a minute or more and then squégked and flew of{ in
evident alarm. Others slowly apnroached the dusny, nopping froa
twig to twiy, and then suddenly flew off. (ne young Great it flew

veproductive

over the dumay using the upright flight typical of sexuax fighting.

In general the Jjuveniles called much less than the adulis - usually
a gentle f‘chich ich ich!' or opeguing calis. guveniles about a month
0ld behaved wore like aduiis, but still their reactions were less
intense. This difierence betiween the behaviour of juverile and
aduli Great [its cuannol be interpreted without experimental evidence
on birds of known history. It scems protable that ther:z is some
sort of inbcrn recognition of & gparrow Hawk, but that the mobbing
behaviour does not masture until the birds are several weeks old.

The behaviour of the adults may also be of importance in the forming
of conditioned patterns in the young.

(ii) psrus caeruleus, ater and palustris. The patierns of

mobbing behaviour . in these species were closely similar Lo those

which have been described for the great Tit. gitting looking at



the mount, raising the crest, flicking wings, scoldiny with
Jerking of body and tail, occurred in all species. The following
calls were heard during the mobbing of the Sparrow Hawk mount:-

(a) Blue Tit. Drich ieh ich ich
Tsee taec Lsee chich a chich a chieh ich
ich ich ich
brrrrrrrd 4 4 4
Pit tit chrrrrr
Pit tit tit durrreecece
Song

(b) Marsh Tit. Dur dur dur dur

Tseas tsoee tsup

Pitchou

Chich a dee dee dee dee dee
(c) willow Tit. Tchaaaaaaay.

(d) coal Tit. (scolded the mount on one occasion onlyy
Sss8eteeep

(111) aegithalos caudatus. The sparrow Heawk mount was

pPlaced outside the nest of a Long-tailed Tit twice during nest
building, once during incubation, and once during the feeding of
the young. The response was similar on all occasions. The adults
hopped around the mount, often aporoaching, to within four feet of
it, flicking their wings. Their tails were often slightly raised
and their heads slightly lowered, but there was no Jjerkinyg of the
body comparable to that seen in parus species. They calied with
the 'tsirrrup! call continuously. 1In all experiments there was a
marked after-reaction:; the birds continued to mob the place where

the mount had been for five or ten minutes arter it had been removed.
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D. Biological value of the responsec to predators

The biological value of the response shown by tits to an
avian predator in flight is clear - the action taken is just that
which will increase the individual's chance of survival. similarly
the response shown to stiuuli indicative of possible denger, the
snake display and the distraction display are all of obvious
selective value. The cases oI the mobbing of perched avian preda-
tors, and of the scolding of human intruders by paired males, are
more difficuit to understand. aAlthough the individual may not be
in any lmumediate danger from & psrched gSparrow Hawk (the typical
response to & predator in fliight is given as socn as the Hawk takes
wing), it is iapossible ic believe that the individual would not
be in lees danger if it flew of! than if it mobbed. The mobbing
does, however, make Lne predator more conspicuous to other tits:
perhaps this is a case where it is necessary to nostulate a group
survival value. The behaviour of the paired male who scolds the
human imtruder perhaps xives hls mate the opportunity to escape -~
so that we must presume that the dangsr run by the male is more

than offset by the difrficuli; of finding & new mate.
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O Kvil! STIHG ARD AW, G.

Ae Parus msjor and caeruleus.

1. General Behaviour

During the summer the majority of Creat and Blue Tits roost
in foliage., In winter they roost in holes, cracks in trees or
buildings, or in other similar sites, In the study area only a small
proportion of the Great Tita, and even fewer of the Blue Tits, roosted
in nesting boxes - perhaps because the boxes were too large, Delmee
(1940) similarly found that his boxes were used for roosting more by
Great Tits than by Blue Tita, The change from summer to winter roosting
placea takes place betwsen September ani Novesmber. In spring the males
leave the holes again, and start to roost ia the foliage a few weeks
before the start of nest building: the females roost in the nest-holes
until at least a few days before the young fly. Some individuals roost
in cavities all the ysar round. There are a very few records of two
birds roosting in the same cavity (Plattner and Sutter 1946, 1947).

(a) late sumper and early autumn.

Although all parts of the wood werec used for roosting, there
were some areas in which the concentration of individuals was mach higher
than elsewhere. Such areas were not at all clearly defined. They were
aseveral acres in extent and contained plenty of dense elder, hawthorn
and hazel cover. Since, however, nearly all parts of the wood contalned

similar cover, there was no obvious reason why some areas should have
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The flocks normally moved back towards the roosting area about
one hour before sunsets Their return was usually marced by an increase
in callings The flocks then spread out and the individuala settled
down to feed quietly. Their movements became extremely diff'icult to
follow, and they seemed just to disappear in the foliage.

In the morning the titmice woke up rather later than wmost other
Passerine species - there was often a lapse of fifteen minutes between

the calling of the first Robin (Erithacus rubecula; and that of the

first tit. The different tit species started calling at about the

same time as each other, There was often a lapse of several minutes
between the first call and the time when calling became general. Great
Tits gave moatly 'Twinks' and a few 'chich ich ich' calls, and Blue

Tits 'Tsip' and 'Drrrrréttt' and a few 'sip si; sue' calls. The calling
usually rose to a crescendo soon after the majority of the birds were
awake, Some then started to feed, but many birds continued calling

and flying to and fro, apparently at random, for some time. Gradually

the individuals gathered into flocks, which moved off in Jiifferent

directions,

(b) inter.

In the study area most of the dead trees had becn taken out.
Winter roosting sites werc available for Great and Blue Tits in nesting
boxes, iu the few rewaining dead trees, and in other natural cavities.
The smaller holes and craucks were evidently referred, and the birds were
often seen with tails bent, aprarently throurh roosting ia too small

cavities. Crinnell (1923) noticed a ci—ilur occurrence in [, inomatus.

243
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A medium sized flock of tits roosted in a group of dead elms
which contained many woodpecker holes and other cavities., Here
observations were made at one particular tree (referred to hereafter as
the Roosting Tree;, which was used by several Great and Blue Tits as well
as by two Great Spotted Woodpec:ers anl by one or two Huthatches. Other
Tits roosted in neighbouring trees, Even after most of the Great Tits
were paired, and had established themselves on more or less definite
territories, the tree was of'ten used for roosting by two males. This
concentration of birda for roosting should be compared with the situation
described by Kiuijver (in 1itt.) in a coniferous wood in Holland. Here
all the tits roocsted in neat boxes, which were scattered throughout the wood.
Yost tits established themselves in a "domicile" (aee p.b4 ) Lgd—December,
on which they roosted for the rest of their lives, Thus in this area the
birds must have scattered to roost.

As in summer, there was usually an increase of calling as the birds
returned to the neighbourhood of their roosting sites. Some individuals en-
tered their holes as soon as they arrived at the Roosting Tree, but the
majority steyed at the base for some minutes before entering. During this
interval the Blue Tits usually fed in the elders at the base of the tree,
and only occasionally sat atill for any length of time: the Great Tits
on the other hand, fed only occasionally, snd usually sat in the elders,
motionless or preening. lMarples (1935) showed that Blue Tits started
feeding at a bird table earlier, ani finished feeding later, than Great
Tits. At this time cu:llins was occasional - Blue Tits calling ‘seip sip
sue! and 'Drrrrrittti' and Creat Tits soft 'Twinks' ani a sleepy. bubbling

'chich ich ich! often there was a marked silence between the time when
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the birds réturned to the tree and the time when they entered their
holes. The amount of calling was dependent on the weather, being
greatest on warm, clear evenings. Sometimes faint 'twinks' were heard
from a hole for a few seconds after a Great Tit had entered it.

During early spring, after the flocks had dispersed and most
individuals were paired, the calling before roosting was rather more
marked. This increased calling came chiefly from the males, the
females usually entering their holes silently. Sometimes the males
sat 'twinking' and singing for as long as twenty minutes before flying
up the tree in stages to enter their holes.

Colquhoun (1942) and sartin (1938) have described a pre-roosting
ceremony between members of the pair in the Blue Tit which takes place
occasionally in the winter and more frequently as the nesting season
approachea, This was seen fairly often, especially in February and
March, The two birds flew together from twig to twig, sometimes with
raised crest and 'moth-like' flight, calling 'Drrrrrit-t-t', 'Durreeee!,
or singing. Occasionally the two birds of the pair flew in stages up
to the top of the Roosting Tree together, and then spiralled down again
to the base. Sometimes they merely sat a foot or two apart before
going to roost. Sometimes the male inspected the female's roosting hole
after she had entered. legendre (1928) records finding two birds in
one box, Kluijver (in litt.) states that thc male also sometimes waits
at dawn near the female's roosting site until she emerges. In the
Great Tit the members of the pair ofteu associated particularly closely
just before roosting, and the male of ten accompanied the female some
way towards her own roosting hole, but nothing comparable to the

behaviour of the Blue Tit was seen in this species during the winter in



the present study, though it has been recorded by other writers (see
Plattnsr and Sutter 1%},—19&}).

In the mornings the tits emerged from their holes and spiralled
domn to the elders at the basse, either silently or with thin 'tseee' notes:
then there was usually an cutburst of calling as in sumwer, in spring
the males usually sang ver, soon after leaving their rvosting places,

In general, each individual oocupied the same hole on successive
nights, though in many cases tits altered their roosting sites without
apparent reason. During the winter only one possible instance was seen
of one Great Tit fighting another for a roosting hole at roosting tiue,
but on five occasions one was seen tc arrive at its hole to find it
oocupied by a Great Spotted woodpecker. Blue Tits were similarly
dispussessed on two eveaings, cnce by a Great Spotted Woodpeoker and once
by & futhatche In ail cases the resultent behaviour was similar. The tit
first hopped sbout near the hole, fluttering its wings, or perohed with them
half open (an aggressive posture, see p4io ). 1t then flew away to the
elders nsarby, and either hopped around giving harsh 'Drich ich ich' calls
or sat preening - perhaps a displacement reacticn, After a minute or two
4t would return to the hole and hop arocuni near it as before. Sometimes
the bird tried to enter aiternative holes, but in all cuses these were
already oocupied and it showed similar behavicur outside them. Oue Great
Tit which had beeu dispossessed wes seei to threaten two Blue Tits with
lowered nead and flicking wincs. On February 21st, i%y, anotier Great
Tit, finding its hole occupied vy a Great Spotted Woodpeoker, fiew to a

branch some distance away and gave a momentury head up aggresaive posture

‘)Ain
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although no otner tit was near, This bird showed behaviovr of the same type,

L
outside this hole on the next night, aiew, when the Joodpecker was again in
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oocupation. One Great Tit who tried to enter a hole occupied by a Great
Spotted Woodpecker was pecked vigourously and several feathers floated
away.

On two evenings when & Great Tit was seen to eanter a hole which
i3 had certainly not ococupied previcusly, it did so directly and apparently
coanfidently, as though thc site had been chosen in the day. (Unce, however,
& Blue Tit in similar circumstances inspected the hole several times first,
and entered only after much hesitation,

(c; Breeding season.

Some weeks before the start of nest building the male Great Tits
started ¢o roost in the foliage, but the females continued to roost in holes,
These holes sometimea became their nesting places, but this was not always
the cese. Gooch (1935) found that one female Great Tit rousted in its nest

rom the third night after the start of nest building,

A watch was kept ocn one aest of a Great Tit on a number of mornings
and evenings from the beginning of nest builiing. 1In the evening, the male
accompanied the female to the box, the female usually entering im:ediately.
The male then sat or hop:ed about a few feet from the box, sreening or
feeding. After a few mimutes he inspected the hole of the box, clinging
outside for a few seconds and then hopping up into the tree again, This
was repeated several times, the male usually increasing his distance froa
the box between each inspection, sv that he sometimes returned from twenty
yards for the final one, Sometimes he werely looked into the hole from a
foot or more outside, whilst outside, the male usually called with 'twinka',

'chich ich ich' or variants of these, and sometimes sang. Only once was the
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female seen to re-emerge af'ter she had gone to ro.st - (the male was
singing outaide, - but she stayed out of the box for only a few seconds.
During the early stages of nest building, the male usually inspected the
hole about five times after the female had gone to roost, but this
benaviour becamt less mariked during the following fortnight, and he was not
seen actually to inepect the hole af'ter the beginning of incubation.

In the early aorning, the male normally arrived at the box about
half an hour befcre sunrise, sSometimes ne atarted to sing iomediately
he arrived, somestimes he sat i silence near e box for a few minutes first,
The first fow notes of the song were usually thiu anl breathy, ocut they
quickly gainsd strength. Different variants of the zong were uged, the
mule changing from one to the other wilthout agparent cause. Turing nest-
builiing and egg-laying the maie wasa very active at lais ime, singiug
contimaously, hopping arcund within a foot or two of the nest, and often
perching on the rovof aal peering into the hole. On sowms morniags the male
:gg;e& thus for over .U aminutes, hen the female emerged, the male
usually attempted to copulate luw.ediately, sometimes pouncing on her while
she was atill within a yard of the bex. Usually copulation took »lace in
a hawthorn sbout ten yards away a few seconds after the female cume out,

.n one morning the male copulated with another female, wio had lost her mate,
before nis own aate emnerged.

After the beginnin: of egg laying the male 317 not wwit guite so
asar the acie as he had Jone previously, bu’ seng fram points several yards
away. Singing #as rathor ore intermitteant then 1t hald been previcusly.
Once incubation had Btarted the aale bocame much less interested in the box,

but coautinued tu sing in the vicinity until the female cmuee out.
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Similar behaviour of the male of P, m. major outside the female's
roosting site is mentioned by Zollinger (1930) and described by Kluijver
(in 1itt. ). A few observaticns made at nests of Blue Tits showed that
the male of this species exhibited similar behaviour at dawn and sunset
to that of the Great Tit, In both species the evening behaviocur is clearly
simllar to that seeu in winter, but of a higher inteasity.

After the young left the nest the whole broud roosted in a
fairly close group in the foliage (sec also Bailly, 185:[).

2. _Times of roosting and emergence,

(a) late sumner and autumn.

During the period when the majority of the Great and Blue Tits
were roosting amongzst the foliage, no real attempt to determine roosting and
awakening times was made. The time at which the first biri was heard
calling, in an area where a nuzber were roosting, was, however, acted on a

oasber of mornings. These rscords are summarised in Table 23 by months,

Table 25 a, Time of firat call of Great Tits in relation to sunrise.

Month. Ho. of Time in minutes before (~) or after (+) sunrise,
records. Zarliest. Iatest, Average.
June > -3 +15 VN
July 1l +3
August 3 -8 -3 -5
Oct. 4 ~17 -5 -10
Table2f b, Time of first call of Blue Tits in relation o sunrise.
Month. Ho, of Pime in minutes before {(~) or af'ter {+, sunrise,
records, Earliest. isteat, Average,
June 2 0 +8 +
August 2 =dp =lp -l



These figures do not represent a sufficient number of records
to enable any definite conclusions to be drawn, but they suggest that
the time of awakening becomes progressively earlier with respect to sunrise
in late summer and early autumn. Data for P. m. major in kfnich given by
Frens (1948) are in approximate agreement with the above figures, but in
neither case are the muuber of cbaervations sufficient to make a detailed
comparison worth while., These records may be compared with the data in the
next seotion: the interval between emergence and the first call is not
usually more than sbout two minutes.

No data on roosting times between May and Cctober were obtained in
the study area, but a few observations were made bhetween 3eptember lyth and
19th, 1949, on tits roosting in the side of a houge in Chelsfield, Kent,

These are gsummarised in Teblel{ .

Table 29. Roosting time in uinntes before sunset of Great and Blue Tits,
Observations made between Septe. lhth sud 19th, 19,9, in Xent.

Species. Ho. of Time in minutes vefore sunset,
records, Earliest, Latest. Average,
Great Tit L 27 11 19
Blue Tit 9 3 6 19
(b) wiater.

(L) Susmary of observetions.
(bservations wers mede at the rocating tree from November 1948 to

Harch 1549, Up to three (reat Tits aad two Blue Tits rovsted in the tree
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every night. Although only a few of the tits which used the tree were coloure

ringed, these wers sufficient to show that the same individuals were not present

throughout the winter, It was not possible to recogaise the sex of any of
the Blue Tita, and of some of the Great Tits, though certainly most of the

GCreat Tit records refer to males.
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The records of the times at which the tits were seen to enter
their holes in the evenings ani leave them in the mornings are summnarised
by months in Tables 30and3! , (The times for Great Spotted Woodpeckers and

Ruthatches, which were collected at the same time, ure givean in Section D).

Table3pae Time of emergence at dawn of Great Tits in minutes before sunrise.
Month, No. of Time in minutes before suarise.
records. Sarliest. Latest.  Average,
Dec. '48 3 25 16 21
Jan. ‘49 7 29 13 22
Feb., *'49 8 26 12 19
March 49 15 26 8 19
Teble3shs Time of emargence at dawn of Blue Tits in minutes before sunrise.
Month. No, of Time in minutes before suarise.
records, Barliest., latest, Average.
DQCQ '48 1 - - 23
Jan. '49 3 35 21 29
Feb, ‘49 6 26 19 22
March '49 3 23 g 17
Table3la s Roosting times of Qreat Tits in relation to sunset.
Month. No. of Roost times in minutes before (~) or after (+j sunset
records. Barjiesat, Latest, Average.
Nov. 48 19 =1C +10 +1
Dec. ‘4B 11 -5 +16 +5
Jan. 49 23 =30 +15 -5
Feb, ‘49 19 -3 416 -12
March 49 22 -36 +1z -16
Table 3/be __ Roosting times of Biue Tits in relation to sunset,
Month. Mo, of Roosting times in minutes before (~) or after (+) sunset
Nov. ‘48 5 +2 +12 +5
pec, ‘L8 3 *7 +21 +13
Jan. W9 1 -20 +15 +3
Feb. ')._9 8 -29 +2 -1}
March 49 12 -22 0 -13
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Whﬁn to sunrise.

time of emergence of both Great and Blue Tits changed little
between December and March, averaging about twenty minutes before sunrise for
the Great Tit and twenty-five minutes before for the Blue Tit. In the Great
Tit the few records for femsles were not appreciably different from those for
the males, though Kluijver (in 1litt.) found that males of P, m, major went to
roost in winter about ten minutes later than the females,

Both apecies went to roost at a higher light intensity than that at
which they emerged at dawn. The roosting time in relation to sunset varied
markedly with the season. The Great Tits retired slightly later in December
(5 minutes after sunset) than in November (1 minute after sunset). After
December they retired progressively earlier, averaging 5 minutes before sunset
in January, 12 minutes before in February and 16 in ‘farch., The time changed
most rapidly in late January, during a period of mild weather. The records
of Blue Tits were rather few but showed similar trends. They appear to roost
a few minutes later than the Great Tits. iartin (1938 found the average
roosting time of a Blue Tit in December and January was 4.3 minutes after sunset -
a result very similar to that given above, which was at nearly the same latitude.
Frenz (1948) found that in Mfnich, Blue Tits awoke at about the same time as
Great Tits, but roosted about five minutes later.

Records of the times of roosting .nd emergence are available for the
Great Tit from four other areas. These are compared in Table3Z, The figures
for Helsinki, Finland, (Lehtonen, 1947), Lapland (Franz, 1943) and Mdnich,
Germany (Franz, 1948) are derived from diagrams in the original papers: actual

They ate thus enly appronimale . »
figures were not given. 4 The figures for Holland were obtained from the incomplete

MS of Kluijver's papef on the Great Tit: his full figures were not available,
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TableJ«, Roosting times in relation t: sunset of Great Tits in
different arecas.

Area, Latitude. Roosting time in minutes before (-) or after (+) sunset.

Hov, £ec. Jen. Feb, sarch,
iapland 67°N C. +100 c.+70 Co +20
Finland 60°N Ce+25 Ce +25 Cet 3l C. +8 =21
Hollisnd 52K -5 +5 decreasing to «10
England 529N +1 +5 -5 -12 -16
Germany LB +1C *15 +5 +5 0

Table U, Time of ewergeacc or first call in minutes befure sunrise of
Great Titz iu aifferent areaa.

Arez, ratitude, Awakening time in winutes vefore suncise.
lov.  Deg, ~ Jam.  Feb.  March.
Lapland 670N c.110 c.80 Ce35 c.15

finlend 60N Ge3s  Ge 0 Coisdy G. 30 Ce25

Holland 520N 26 26 26

Englaad 529N 21 22 19 19

Germany 4L8ON Ce25 ©o 25 ce25 Ce25 c. 20

Although the figures given for the more northerly localities are
based on rather fewer records than the others, certain conclusions can be
drawn:-

i). ‘There is fairly close agreement between the records made by

Xluijver and his helpers in Holland aind those made in England at

the seme latitude,

iij. la winter, Great Tits in Mdnich awaken at about the sane time,

relative to sunrise, as those in Holland and Xngland. Their roosting

times appear to bz consistently ratuer later. The value of this
later roosting time is obscure: it may be associated with greater

scarcity of food or with climatic differences.

1i1). Whereas in lower latitudes the tise o7 ewnkenir - of the Great
Tit rclative to Buarise re.uains approximately constant throughout

the winter months, in the north the birds aweken cuunsiderably
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earlier in midwinter than in February. Roughly speaking the

time of awekening in the north changes in early spring to a value,

which is similar tc that obtaining throughout the winter further

scuth.

iv)e In midwinter the roosting time in relation to sunset is much

later in the uorth than in Hollaud or fngland. The seascnal change

in the rocsting time in the far north is similar to that in the
south, but the actual time of rocsting remsins later throughout

the wianter months.

Kluijver (in 11tt, ) shows that the roosting time (but probably
not the awaksning time) is to same extent dependent on the availability of
foods He shows that in spring the males atart singing at a lower light
intensity (c.1 lux) than that ut which they retire in midwinter (¢,250 lux).
It is reasonsabie (Lo suppose that & greater light intensity is required for
feeding then for singing. In midwinter at 67°0  the Great Tits go to roost
nesrly two hours after suuset, when the sun is 7° below the horizon. Uuder
these conditione Kluijver states that the light intensity would be about
1 lux if no anow were .resent, liuwever, as Xluijver points out, the light
intensity is probebly cornsiderably higher than this bscausze of ihe snow.
According %o infcormation for which I am indebted to H. M. Nautical Almanac
Off'ice, Royal Greemvich Cbsezwvatory, the 1llumination to be expected in the
abasence of anow woulii be even less than this - perhsps  lux. The Nautiecal
Almanac Office had "o precise information regariing ths effect of =znow on
illumination, but as a very rough approximation it is possible to see twice
the normal distance ower snow-coversed ground at low lewvels of illumination.

This infers roughly & five-fold increase in iliwuination if attributable to that



275

factory only, but it is ;robeble that the effect of heightensd contrast
is also involved", It is thus clear that the light intensity at which
Great Tits go to rcost in the Arctic in micwinter is consicersbly lower
than that at which the Great Tits in more temperate latitudes go to
roost, Palmgren (1944) has alresdy shown that, in high latitudes, many
species go to roost at reletiveiy lower light intensities in midwinter
tha. at other times of year,

In midwinter, the comparstively late roosting times at all 1atitnde§,
and the earlier uwakening times at high latitudes, mean that the length
of the tits working day is longer, relative to the length of daylignt,
than in sumuere It seems probable that this is connected with the short
length of time avuilable for the collection of food in winter. The fact
that Great Tits have a shorter working day in Jeptember than An March is
probably connected with a greater aveilability of food in September.

(i1i) Individual differences.

Individual differences in rovsting and awakening times werc often
considerablie,. The ~reatest Jdiffereace between two iaidviduals on one
night was 28 minutes in the case .f the Great Tit and 12 winutes in the
Blue Tit: in both species intervals of ten minutes were usual., In the
morning, individual dif't'erences were less warxed,  Jften all the birds came
out in the course of a minute or two, and the greateat difference on aay

one morning between the times of emergence of individual Great Tits was

nine minutes.

(iv) Meteorological factors.
Owing to the great individual differences uoted above, and to the
fact that the same inlividuals werec not watched throughout the winter, it

was not possible to make a statistical examination of the effect of the



276

weather cn roosting end awekening times (4.e, on the proximate factors
contrelling roosiing)se  In gemersl, the birds retired carlier ou ciloudy
evenings than on clear oncs. Kliijver (in litt.; gives details £ the

effccts of ueteorological conditions in Holland.

(¢) BSreeding season.

(i) Male.

The times at which males left their boxes were recorded on three
mornings in eariy aApril. These were 17, 21 and 22 minutes before sunrise -
similsr in fact to the records which had been made throughout the winter:
the last of these was on April 13th. Records of the roosting of on¢ male
on #prdil Sth and 10th were respectively 13 and 35 minutes before sunset.

Ho observations on the time of emergence or roosting of mle birds
were made during tae nesting season. OB a aumber of morminga in April
and iay, however, the time at which the firast Great Tit was heard to sin;
was noted. These records are show in Table 33 , They give unly an
approxiumate indication of the time of emergence, for several minutes may
elapse vefore the bird begins to sing. The actual interval between the
time when 207 male arrived at the box and the time at which he began t. aing
was noted on three mornings - 6, 7 and 2 minutes, He may, of course, have
spent some time in getting to the box from his rousting site. In addition,
the first notes of the song are usually thin and sof't, audible only at short
range. The birds concerned had thus probably ewerged about five minutes
eariier than the figures ianlicste. On the other hand, these were the first
birds heard, and scmetimes five minutes elapsed befcre all birds were singing.

They are thus roufhly comparable with the figures given for tne winter in
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the previous s=cticon,

In early April singing started at about the seme time es in
winter - sbout 20 minutes before sunrise. In mid-ipril however, i.e.
at about the time when nest building began, the males emerged much
earlier - aversging about 40 mdnutes hefore sunrise. Kluijver's data
on Pa_me major show even sarlier times than this., During late April and
early lay, when most fomeles were incubating, the time when the first
male waz heard beceme later, until it was again sbout the same as the
tizme at which the birds had emerged in winter, A similar conclusion
was reached by Schwann (1521-2, quoted by Kluijver in litt.), but Kluijver
could not prove it from his data, There are indications that the Great
Tits were rising rather earlier than this at the end of May, just before

the young flew,

{1i) Femals,

During the ericd of nesting the rocatlag and awskenlag tices of
the fecales @emt marked changes. At the atart of nest building,
or shortly before, the females started to roost sarlier and emerge later
than during the winter. The length of the female's working day during
part of the incubation pericd wus about thres hours zhorter than it had
been before the changes set ine The roosting &and swakening times then

ed
retumlgradualxy towards their original values.
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Table33 . Times of roosting and awakening of Great Tits in the breeding
season. Times given in minutes before (-) or after (+) sunset or sunrise.
(E) = 1st egg laid. (I) = Incubation started.. (H) = 1st egg hatched.

First song Emergence of Female. Roosting of Female.
April. of male. Box 207. Box 132. Box 179. Box 207. Box 132. Box 179.

2nd -15

3rd -19

Lth

5th -24

7th -20

9th

10th =24

13th ~23

I4th =23

16th 41 -26

17th ~LO =20 + 1

18th -42 -20 -21

19th ~36 =24

20th -53

21st -33 - 3(E) + 6(E) -53(E) -19(E)
22nd i, -15 -50 -56
23rd + 3 -69
24 th -32 - ; - ; =70 -%
25th - - + -
22th g +9 -100 -89
27th -36 0 +1 -109
28th (1) +1 -93(1) -119
29th -35 0 +15(1) -97 -111(1)
30th -30 + 1 -5 - T
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Table#7%, (contd,) Times of roosting ond awskening of Great Tits in the
1ing Times given in minutes before (- or after (+) sunset or suarise.
(E}) = 18t egg iaid, (I, = Incubation started, (H) = 1st egg hatched.

Pirst song Emergencs of Female, Roosting .f Female,

May. of male. Box 20/. Box 132. Box 179. Box Z_O-Z. Box 132. Box 179.

1lst +15 =100 - 66

2nd -3 +18 + 6 =120

3rd +22 -1l

Lth +25 +2h -119 -102

5th +36 - 83

6th +15 -87

7th +29 -113

8th +21 «104

9th +15 -142

10th =24 +20 +30 -8 -137

11th +17 -172

12¢h  -21 +13 + 2(H) - 80(H) (1) -6l
13th =25 + i +13 -66
Uth  «29 -17 + 1 -u8 -77
15th -17 + 7 -83
16th

17¢h =13 0 -59
18th +11(H) -65 -52(H,
19th - 1
20th -6 -65
21st =11 49
22nd -16 -0
23rd -13
24 th -ix6
25th  -13

26th
27th
28th

29th
30th -33
318t =29
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In early April, before nest building began, one female went to roost
(in Box 159) 25, 16 and 28 minutes before sunset on April 1lst, 4th and 7th
respectively. These figures represeat little change from the roosting times
in March. But the same bird emesrged 3 and 9 minutes after dawn on April 2nd
and 5th respectively - considerably later than most females in .arch. On
April 2nd the bird was heard moving in the box 31 minutes before she emerged;
but on April 5th the box was examined 6 minutes before she emerged, and she
was apparently still sleeping.

During the breeding season fairly complete records of the times of
roosting and emergence of female 207 were obtained: some records were also
made at two other nests (132 and 179). These are shown in Table3D .

Daring the early part of nest-building the female of box 207 continued
to emerge at about the same time as she had done in winter, but she rose later
during egg laying. It would thus seem that her change to a later waking time
came at a later point in the season than that ot’ézfemale of box 159 cited above,
At the start of incubation female 207 emerged at about sunrise, and became later
still until on the tenth day of incubation she did not emerge until 29 minutes
aftsr sunrise, After this she emerged progressively earlier, until the time
when she atopped roosting on the nest.

During nest-building the roosting time of female 207 varied from
23 minutes before sunset to one minute after sunset. Just before the laying
of the firast egg she started to become earlier, until in the middle of
incubation she was roosting two hours before sunset. The times then became
gradually later, but on th. second ani sixth days after the young hatched she
was still going to roost 48 - 65 minutes before sunset.

The female of Box 132 had already started to emerge after suarise

by the day on which the first egg was laid, The changes in her times of
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emergence were similar to those deascribel for 207 female: her lateat time
was 36 minutes after sunrise on the seventh day of incubation. Her roosting
times alsc followed a similar pattern to that of 207 female, though the times
were rather more irregular ani the maximum of 172 minutes was :u0ot reached until
the day before the 8zgs hatched, (.fortunately this bird then deserted.

The few data available for the female of Zox 179 during the last
»art of incubation and the first few days after the young hatched show trends
similar to those of 207 female,

do data werc obtuined on the changes in roosting and awakening times
during the rearing of secund broods, since % of the Great Tits in the study
area attempted second broods in the year iu which these observations were made.
Kluijver (in 1tt.) has shown that the changes are similar to those which eccur

during the rearing of the firat brood,

B. Qther rarus 3pecies.

In other Farus species, z2 in P. major holes arec in general prefersred
as roosting aites in winter, ani folisge in sumser., There are, however, some

species which roost in foliage throughout the wiater (e.g. ¥» a. atricapillus;

Odum, 1941), and others in whick there is great variation iu the sites chosen,
8o that same iuividuals roost in holes in sumser and others roost in foliage

in winter {e.g. P. ater hibernicus, Ruttledge, 1946; see also Nunsheath and

Doncaster, 1941).  Odum (1941; found that in wiateg memvers of a flock of

P. a. atricapgillus tended to roost near each other in the same part of the

wood.
In all species the femalc roosts in the nest cavity during nesting, but
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the actual stage at which she begins to do so seems to vary, even within
one species, The cavity may have been her winter roosting site, opr she may
start to use it anly a few wecks before nesting, (e.g. Ps inornatus, Dixon,
1949), or only a few days before the first egg is laid (e.g. °. rufescens,

Williams, 1941). No doubt these variations partly depend on whether the
winter and nesting areas are the same, and on the availability of other
roosting and nesting sites., Usvally the female stops roosting in the nest

before the young leave (@.g. P. atricapilius, Odum, 1941; Verheyen, 1947:

P. palustris, Steinfats, 1938). At this stage the old nest is perhaps
unsuitable owing to the presence of parasites, The male rooats near the
neasting hole,

An evening ceremony, similar to that described above for Blue and

Great Tits, has been recorded by [dxon {(1949) for P. inomatus, and also by

#111iame (1941) for P, rufescens.

There are few Jdata on roosting and awakening times for other species,
but the information av.ilable secems to iniicate that tits in general rocst
earlier and rise lster than other woodlend species, at sny rate in temperate

latitudes. Wiliiams (1941) found that P, rufescens rcosted very much eariier

than Theyomanes bewickii, and Odum (1341) found that P, &, atricapillus was

early to roost and late to rise compared to other amall birds. In both
these species the females usually rcosted before the males.

In the present study Maersh tits were often heard calling several
minutes after the Great and [ilue "its had gone to roost, but there was little
difference in the time at which these three s;'aeoies emerged at dawn. Thus
these three sjecies have, in the saxe ares, progressively longer days with
decrcasing body size. (iarsh Tits are on average lighter than 3lue Tits).

The difference between the rcosting and swakening timss of Great Tite and



2%4

and Willow Tits found by Franz (1548} appear to have been small.

Odum (1941) found that P. a. atricapillus went to roost relatively

later in Qctober than in the winter mon‘as, and a few figures given by
Futtledge (19.6) for P._ater hibernicus point to a similar trend in this

species, This ia the opposite tu what is suggested by thefigures for Great
and Blue Tits in the present paper. At other seasons Odum's data indicate
trends similar to those found in the present paper.

Ce Other Genera.

The male roosts with the female in the nest in Psaltriparus
(Skutch, 1935; Addicott, 1938; Bent, 1946}, auriparus (Balley, 1923;
Whitaker, 1543), Aegithalos (lLoos, 1913; Owen, 194575 personal observations)
and probably in Remiz (Kozlova, 1933). it some nests of segithaloe the male
roosts outside the nest during the latter part of the feeding of the young.
In Auriparus, nests arc also used for roosting in winter (e.g. Bent, 1946).
¥inter flocks of Aegithelos species often roost in very close groups in
bushes. Paechnatz (1936) has given a good description of this behaviour:
he also gives some data .n roosting times, Naumann (1905) states that

Aegithalos caudatus sometimes roosts in holes.

Some (bservations on Great Spotted Woodpeckers
bates major) and Nuthatches (Sitta europes).

De.

During the winter Great Spotted Woodpeckers and Xuthatches as

well as tits roosted in the Roosting Trees, Their roosting aui awakening
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times may be compared with those of the tits.

(1) Great Spotted Woodpecker (Dryobates major).

Two male Great Spotted Woodpeckers used the tree for roosting.
They did not use the same holes every night, and on some nights only one
roosted in the tree, The two birds often fought near the tree at roosting

time.

Tableda  Roosting times of Great spotted woudpeckers relative to sunset.

Month. No, of Roosting time in minutes before (~) or after (+) sunset.
records. Earliest. Iatest. Average,

RNov. 8 ~33 +12 -2

Dec. 7 "M + 6 - 6

Jan. 15 =5y +11 =12

Feb, 16 «63 -5 -35

March, 1N -86 -26 -7

Tabledb . Times of ewerge:cs of Greai Spotted 7Tuodpecssrs in relation

to_sunrise.
¥onthe. No. of Times of euergencs in ainutes before (-) or after (+, sunrise.
records, Earllest. Latest. Average,
Dec. 2 =16 -2 -9
Jane & -17 + 7 -1
Feb, 12 -12 +30 + 9
Karoh. 15 =10 +23 + 8

The roosting and swakeniag times are suncearised in Table 34.  The
records for both iudividuals have besn shown together. The awakenlng times
refer to the time when the bird actually left the hols: on some morniags they

coul’ be seen peering out of thelr holes at intervals for as much as twenty

minutes pefor: they finally cusrged.
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It will be seen that the Great Spotted Woodpeckers usually went
to roost before sunset, even in midwinter, and that the roosting times
becume progressively earlier after midwinter; until, late in ifarch, they
were going to roost well over an hour before sunset.

The times of dawn emergence were considerably later than those of
the tits in all months, In midwinter the woodpeckers eserged shortly before
sunrise, in January and February they becume later, until, in .arch, they
emerged on average 8 minutes after suarise,

A few cbservations ixade by ryanSnen (1939) on tais species at
624°N in Finland gave the following roosting times:- Dec. 6th, ¢.560 minutes
after sunset; Jan. 22nd, 20 minutes after sunset; Feb. 25th, c.45 minutes
after sunset; tarch 1lth, 48 minutes af'ter suaset, Thus, at tuis latitude,
the birds rocat considerably later in midwinter than in England. Franz (1943),
at 67°N, found rousting tises of about 5. minutes after sunset in Mebruary.

The greatest recorded differe.ce on any une day between the roosting

tizes of the two individuals was 34 minutes: that of the awakening times

was 22 minutes.

(ii; utnatches (Sitta europea;.

A Bingle male mthatch roosted in the tree in December., It was
joined by a female in late January, ani from then on both birds ro-sted in
neighbouring branches. The female was usually, but not invariably, a minute
or two earlier in going to roost,and later in euerging, than the male, The

records for both birds are shown together in Table 35,
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Table 3Sa, Roosting times o iuthatches relative t- sunset.

ionth., No, of Roosting time in minutes before (-, or after (+) sunsct.
records. Earliest. lateat, Average.,

NOV. 5 "11 - ‘b - 7

" @Ce 3 -7 + 5 -2

Jan. 5 -31 + 6 -10

Feb. 15 =52 -11 ~33

warch 1 =55 -6 =27

Pable 35h, Awskening times of ;luthatches relative tu suarise,

Lonth, No. of iwakening times in minutes before (-) or after (+; sunrise.

records, Earliest, latest, Average.
Jun, 2 + 2 +12 + 7
“eb, 10 -10 +13 0
jlarch 16 -7 +ls v 2

The times are in general intermediate betwee.. those of thc Great
Spotted oodpeckers and the Creat Tits, In midwinter the uthatches roosted
withia a few ninutes of sunset: the time became relatively earlier in
January, so that in February and .arch they usually went t. roost about half
an hour before sunset. They usually euerged within a f'ew winutes of sunrise.
There are not enocugh rec.rds tu show whether or not there is a seasonal

variation in the timc of dawn emergence,

Be Winter Roosting - Geuaeral.

he roosting wi! swekening behaviour of four hole resting s, ecies

has been studied. 7he following comparisons may be uale between thems
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(1) The length of the day's activity in midwinter in these species
incressed with decreasing body size - Great Spotted Woodpecker, Nuthatch, Great
Tit, Blue Tit, This difference probably tends to disappeer at high latitudes.

(11) A1l these hole-rcosting species had shorter days than at least
the majority of the sy eciea in the aame area whioh 4id not roost in holes.

(441) In 211 four cases the roosting times in midwinter were rather
later in relation to sunset than those in late January - March, and probably
later than those in Novesber. 1In the Great Spotted Voodpecker and Great
Tit the seasonal change$ in the roosting times is even greater in high
latitudes than in England.

(iv) The dawn emergence times of Great aand Blue Tits remained
constant from late Noveuber to March in the area of the present atudy.

Great Tits in the sub-arctic, and Great Spotted ioodpeckers both in sub-arctic
and wid-temperate latitudes, emerge earlier relative to sunrise in midwinter
than in spring.

(v) All species emerged at dawn at a lower light inteasity than that
at which they went to roost in the evening. Franz' (1948) records show that
in midwinter in high latitudes this difference disappears - presumably because
it is essential for the birda to utilize all the awdilable light.

(vi) In all species, roosting times were considerably more variable -

both from day to day and between differ-.t individuals on the same day - thean

avakening times.

F, The Study of Roosting and Awakening Zehaviour,

It is possible that no entirely satisfactory account of the variation

of roosting and awakeniug times can be given until sufficient data are
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available for the behaviour of the species to be compared (i) with that of
the same species at different latitudes, and perhaps in different habituts,
(i4) with closely related species and (1ii) with species with similar
ecology. Data of this nature are not yet available for any species,

When such an analysis is attempted, a clear seperation :mst be
made between the ultimate ani the proximate factors influencing the bird's
behaviour. In the first place there is presumably an optimum length of the
active day, which is determined in part by the time needed to discharge the
various activities of life (feeding, courting, sleeping, etc.). The
susceptibility of the bird to predators under different conditions of light
may also influence the value of this optimum. 1In general, it is true to say
that birds which roost in holes arec better srotected from cold and from
predators than other similar birds which do not roost in holes. The optisum
length changes with the season. 1In winter, when the length of the day
available for feeding is relatively short and the night is long and cold, it
is evidently necessary to utilize the hours of twilight for feeding, even though
feeding may be less efficient then. In the breeding secason early rising may
be of importance for the projection of the territoxz?“ The optimum length
(both the absolute length snd the length relative/\so]ar day) also changes with
latitude. All faotors which affect the optimuu length of the active day may
be considered as ultimate factors.

Each bird has an internal diumal rhythm of activity which causes it
to be active for a period near to the optimum., (See e.g. izlmgren, IS
1949). This internal rhythm is modified by environmental stimull so that the
bird's active day is kept in the correct relation to the solar day. These

environmental factors, in their relation to the internal motivation, are
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probably similar to the sign-stimnli (Tinbergen 1948) associated with

other instinctive activities, If this is the case, the difficulty which
has been experienced in evaluating them in the past is due to (i) The complex
nature of the adequate sign-stimulus: ocontributions are made by stimuli
acting through different sense organs, (ii) The differential relation between
the internal state and the adequate sign-stimalus, If the motivational
factors are high, only & amall influence from external stinuli is needed
before the drive reaches the threshold walue, (1444) The fact that other
environmental factors may, through their influence on other drives, influence
the effectivensss of the 'roosting drive': thus Kluijver (in litt.) shows
that the availability of food may effect rooating times. The nature of the
effect which incubation has on the roosting times of the female is obscure,
Light is probeably the most important of the proximate factors. Kluijver

(in 1litt.) has given an asnalysis of some of the proximate factors in the case
of P._m. major.

This discussion is, of course, largely hypothesis, but is intended
to suggest how the study of roosting and awakening behaviour should be
attempted,

A recent discussion of roosting behaviour in P. m. major, from a
rather different point of view is given by Frana (1948). This author does

not always make a clear distinction betweea ultiuate and proximate factors.
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SECTION X!X  PERIODIC VARIATIONS IN THE FREQUENCY OF

IHSTINCTIVE ACTIVITIES.

In the preceding sections a number of examples of the daily
variation in the frequencies of various activities have been given.

These may be grouped under four heads as follows:-

A. Rate of movement of flocks. Pel!8
Twink calls from flocks. Pe22 &
Degree of integration of flocks. p.2s .
Reproductive fighting. Pe'32
Sm‘o Peloé o
Hole inapections. Pe 169 o
Hest building. Pe 190,
Feeding of female by male. Pe 194,

All these activities show a peak in the early part of the day,
either at dawn or in the first hour or two afterwards. They are at
a minimum in the afternoon, and sometimes have a second peak in the
evening. Some similar records have been obtained by Lehtonen (1947).
Although it has not yet been proved, it seems highly likely that these
diurnal variations are dependent on changes in internal factors, and
not merely on fluctuations in the eavironment.

B. Incubation. The diurnal variation in incubation is amall.
The periods-of{ the nest tend to be lonjJer in the afternoun, but the
periods-on are shorter at some nests and longer at otaers. Gince
Kluijver (in iit:.) hus shown that there is a greater coefficieat of
correlation bétween temperature and the lengths of the periods-off than

with the periods-on, this variation may be largely Jue to external factors,

(pp.19)-2%),
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C. TFeeding the youngs No regular variation, though some
tendency for a peak in the early part of the day or in the evening. (p<’3 ).

De Roosting. The actual records of roosting times are given
in SeotionXV!!,  The rhytha of roosting and wakening is the most obvious
case of the diurnal variation of an activity. The work of Palmgren
(reviewed 1949) seems to show that it depends un an internal rhythm,
modifiable by certain intermal factors (e.g. the onset of incubation) and
also guided by a complex of external factors, which may be different in
different cases (e.g. predominately daylight in temperate latitudes, and
humidity in the Arctic).

Casual observations indiceted similar diurnal rhythms in other
activities, though 1o definite data wer: obtained, Thus the displays in the
pre-nesting season (p.7é ), territorial behaviour (p.83 ), scolding human
intruders (p#+% ) and courtship feeding (,./#¢ ), seemed to be similar to
other reproductive activities (type A). Preening seemed to have a peak just
after dawn, another near mid-day and a third just before roosting time.

It is possible that Incubation (type B) and Feeding the young (ty.e Ici) are
really only wodifications of type ..

The literature on the diurnsl variation of activities in birds has
been reviewsd rccently by Calhoun (1944) and falmgren (1949), and such
2l ~hour periodicities will not be discussed further here.

Although all the activities associated with the reproductiv: drive seem
to have o similar .iiurnal rhythm, they are not, of course, all shown
simultanecusly. Rather each activity is to be se:n atl somewhat irregular

intervals. These intervsls are dctermined by the fluctuationas of the
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internal drive, by the inter-actions between the drives (see Tinbergen, 1942;
in 1litt.; also p.236 ), and by the changing stimulus situation.

Activities such as nest-building, feeding of the female by the male,
and feeding of the young, show indicetions of a rhythm. Each activity
tends to occur in bursts, in each of which the activity is repeated several
times, with intervals in which it occurs only occasionelly., Similarly
sonz occurs in outbursts, which occur with decreasing frequency throughout
the day. Even within each outburst fluctuations in the intensity and
rapidity with which the notes are delivered can be detected: these
presumebly correspond to internal fluctuations in the rate of accumulation
of "reaction specific energy", which are of an even shorter periodicity
than those discussed above. (See e.g. the diagram for the drumming of
the Great Spotted Woodpecker, FigeS ).

If we sssume that each activity is associated with the expenditure
of energy which is (more or less) specific to it, in the manner pictured
by Lorenz (in 1litt.) we may imagine three idealised possibilities. If the
rate of building up energy were constant, we should expect that the energy
would reach threshold level at regular intervals and so the activity would
ocour regularly, (Figé ). If, on the okher hand, the rate of building
up energy showed sudden marked fluctuations to a high level, with long
periods at or near zero level in bet.een, we should exiect the activity
to be performed in short bursts with intervals between, The third
possibility is that the rate of building up energy should fluctuate more
slowly. In this case the intervals between the erformances would
Jecrease as the building up became morc rapid until, when the rate was at

its maximum, a burst of activity occurred: then, as the rate decrecased,
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the intervals would become longer. Of course, if the rate is low
"bursts™ may not occur, and the activity will be repeated at more or less
regular intervals.

The feeding visits of the male Great Tit, and some other activities,
correspond most closely to the third of these possibilities, A close
inspection of Fig.5 , will show that the fecding visits tend to occur in
bursts, after each of which the intervals between visits increase and then
decreese again until there is another burst of activity. In practice,
of course, there may be numerous camplications which make the rhythm far
less regular than is shown in the idealised Figure 6 . Among such
complications may be mentioned:-

1. Each visit to the nest involves a chain of activities, and
the energy expended in carrying through this chain of activities may not
be the same on each visit. Thus food may be more difficult to find on one
visit than another, more time may be spent in nest-building on one occasion
than on another, and so on.

2. VWhen an action, or chain of actions, is performed once, the
threshold level for it to be performed again seems to be lowered by that
performance for a short time interval. Thus during the intervals between
the burstsof activity, whea; the bird is only visiting the nest occasionally,
one of these occasional visits may be followed by another. Af'ter such
a double visit the level of energy may be lowered abnormally, so that a longer
interval than would be expected may elapse before the next visit,

3, External stiuulation may complicate the situation in several

ways. In feeding the young such stimulation may come either from the young
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or from the food, It is known that broods of many young receive more
visits than broods of few young (e.g. Gibb, in litt.), but the exact way in
which this effects the rhythm of feeding the young is not yet knowmn. Also
the discovery of a plentiful supply of food may stimalate the parents to
feed very rapidly (Pullemn, 1946): here agein the mechanism is unknown, but
it may be compared with the situation when food is difficult to find and
more energy is uned up on each trip.
4e External stimulation may also act by influencing other

drives which may interact with or inhibit the drive in question.

Considerations of space forbid the presentation of numerous examples
of these fluctuations, but a few arc shown in Pig.$ . One point requires
emphasis. Each burst of activity usually starts gradually, and dies away
gradually. In most cases the growt. of activity at the beginning is wmore

the tate of buwildirq ap ererqy
rapid than the dying away at the end. The fact that a—-&r:v%, once aroused,

takes some time to d‘:g;g. is responsible for the "after-reaction®, (S pr—)
Thus on several occasions when the Sparrow Hawk dummy was removed whilst the
tits were scolding it, the birds continued for several minutes. 1In
reproductive fighting the after impulses arewsually dissipated as song. The
after-reaction usually consists of a number of short bursts of activity,
occurring, as we should expect &%, at increasingly long intervals. Iu each
successive burst the activity usually ap.ears at a lower intensity than it did
in the previous one: the reason for this is not clear.

The actual roles of internal and external factors in the causation

of these rhythms are, of course, open to experimental investigation.
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SECTION XX THE GENUS PARUS,

In the preceding pages the annual cycle of the Great Tit has been
outlined, and some aspects of its behaviour analysed. Wherever information
was available, comparisons have been made between the Great Tit and the
other species of the genus Parus, In general, the different Parus species
show remarkably similar behaviour: the differences which do occur may be
grouped as follows:

(i) General cutline of the annual cycle. The only differences which
occur between the species lie in the degree of migration or dispersesl shown
(Section V ), the occurrence of second broods (p.220), and the extent to
which individuals flock or hold territories in winter (p.9%8 ). These
differences are probably all directly related to local ecological conditions.
Indeed differences of this type may even exist between different populations
of the same species,

(ii) Nest sites. We have seen that the different Parus species occupy
slightly different nest sites: also, some species excavate their own holes
and others occupy natural holes (Section X! ), Such differences are also
clearly related to local ecological conditions, This is illustrated most
clearly by the—fect—thzt-those species which nest in coniferous woods, where
natural holes are scarce; P cristatus usually excavates its own hole and
P. ater often nests in holes in the ground.

(iii) Roosting times. [Even the same species may snow different diurnal
rhythms of roosting andi awakening in different areas. Similar differences
exist between different species in the same area. These also are clearly
related to local ecological conditions, for those species with the larger

body-size have the shorter active day (Section XvijL
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(iv) Displays. Such differences as do exist between the displays
and the details of the behaviour patterns are for the most part of degree
only. Thus all the Parus species which have been studied exhibit the
head-up posture in reproductive fighting, but in the Great Tit this has
been elaborated much more than in the other species. Similarly, all
species use gliding or moth flight in the early courtship displays, but they
are much more comaon and elaborate in the Blue Tit than in the others.

(v) Calls and aongs. The most obvious differences between the e
species lie in the call notes and songs. Such differences may hareZLad
selective value in the prevention of inter-breeding. However, there are
often marked individual end geographic differences even within one sub-
species, and little is yet known of the degree to which songs are inherited
or learnt.

(vi) Feeding behaviour. Only brief references to feeding behaviour
have been made in the preceding sections, but it is here that the most
noticeable differences between the Parus species are to be found.
foological differences must exist between the various species, and these
mst ultimately depend on differences in behaviour as well as on structural
adsptations. It is generally true to say that the various species deal
with their food in much the same way once they have found it, so that the
differences must lie in the food-searching or appetitive behaviour, and
in the innate releasing mechanisms of feedin;;. Thus although it is often
said that the appetitive behaviour is the least stereotyped part of an
instinctive chain of behaviour, yet the appetitive behaviour associated

with feeding wgi probably sufficiently rigid to have provided a basis for

speciation ,
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We thus see that the major differences between the Parus species
are related to ecological factors, while the displays and othsr similar
behaviour is much more conservative.

Unfortunately sufficient data are not yet available for comparison
to be made between the different genera of the Paridae, except in the
matter of nest-building. Here we have seen that members of the different
genera build very different neats, the only obvious similarities being

between Psaltriparus and segithalos (SectionXll ),
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POSTSCRIPT, AGGRESSIVi BEMAVIOUR TUWARDS STUFFED BIRDS.

A, Introduction.

In the springs of 1949 and 1950 a further study of reproductive
fighting was made with the aid of atuffed specimens. These were placed
near the neats of Great and Blue Tits during incubation and the feeding
of the young.

The objects of the experimesnts were: (i) To obtain more information
concerning the mechanisms involved in reproductive fighting. A stuffed
bird outside the nest presents a constant stimulus situation, and thus a
much simpler one than any occurring in natural skirmishes. Since the
external stimilus aituation is constant, changes in behaviour must be due
to internal changes in the bird. (i1} To obtain information on the
relative effectiveness of the different parts of the plumage colour patterns
in releasing reproductive fighting. For this purpose experiments were
carried out with stuffed birds whose colour patterns had been altered in
various ways. A large number of tests will be necessary before final
conclusions can be drawn, and it is planned to continue this work over
several seasons.

3ecause of the late breeding season the 1950 programme is not yet
complete. The present section is therefore confined to brief discussions
of the techniques used, and of the behaviour of the birds towards the

dunnies. It includes also a short summary of the results obtained so far.



304

B. Technigues.

Male Great and Biue Tits, stuffed and mounted in a normal
perched posture, were used. 1In order to investigate the releasing
values of the various parts of their colour patterns, dulmies with
parts of the normal pattern occluded were used. Attempts to dye the
feathers failed, so poster paints werc employed. These had a slight
tendency to matt the feathers; but the effect was at most a small one,

The following dumnies were employed.

GA. Normel male Great Tit, BA, Normal male Blue Tit,

GB. dale Great Tit with the white BB. Male Blue Tit with head all
cheeks painted blaci, blue,

GC. Male Great Tit with under-~ BC. Male Blue Tit with under-
parts completely blaock. parts all blue.

GD, ¥ale Great Tit with under- BD. Male Blue Tit with black
psarts (including throat) ventral stripe similar to
completely yellow. that of a Great Tit,

W. Wood Warbler (Phylloscopus sibilatrix).

The dumnies were atiucned to the top of a vertical stick which
also bore two horizontal sticks at right angles to each other slighily
below the dummy. This stick was placed at standard distances from the
neat boxes,

In order to compar: the effectiveness of dum.ies with different
colour patterns in releasing fighting behaviour, it is, of course, necessary
to eliminate or keey constant all other factors which might influence
the response, so far as is possible in the field. Tnese factors, and the

steps taken to deal with them, are listed below:-
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(1) Posture of dummy, All dummies used were mounted as nearly
a8 possible in the same posture, and were placed facing towards the
nest-box.

(i1) Distance from the nest~box. Standard distances were used.

(4i41) seasonel variations, The strengths of the fighting and
fleeing drives show marked seasonal changes (\pa~ ). The extent of
these changes during inoubation and the feeding of the young is being
tested experimentally, but they apgear to be small in the Great Tit.

In the meantime only experiments carried out at approximately the same
astage in the breeding cycle have been compared.

(iv) Diurnal variations. The strengths of the fighting and fleeing
drives show marked diurnal changes, (ps32 ). It is,of course, impracticable
to carry out all experiments at exactly the same time of day, but work
was confined to the period 0700 - 1100 hours G.M.T.

(v) eather, Weather conditions have a marked effect on the
ocourrence of many of the activities associated with the reproductive drive,
This factor cannot be eliminated, but no observations were made on rainy
or very dull days.

(vi) Inter-actions betwe.n drives. The response of a bird to the
dumay may depend to some extent on the strengths of the other drives
influencing its behaviour. Examples of this will be seen in the next
section. (cf. also Tinbergen, 1948). It is not possible to control
this factor in the field, but it must be considered in assessing the
results.

(vii) Conditioning. If the responses towards different dummies

are to be compared, 1t is necessary to ensure that the birds used have not
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become negatively conditioned (_s?e ps'33 ) to dumaies, or that the
effects of conditioning are sm‘sl. In the first series of
experiments which were carried out (series A), an attempt was made to
eliminate the effects of conditioning as follows. Twelve nests were
used to compare the relative effectiveness of six different dumsies.

At nest 1, dummy A was presented first, followed by B, G, D, E and P,

At nest 2, dumny B was used first, followed by the remainder C, D, E,

P and A - and 80 on at the nests 3 = 6. At nests 7 -~ 12 the order of
presentation of the dum:ies was the reverse of the above - i.e. F, E,

D, C, B, A. By following this scheme the effects of conditioning should
have been on the averuge the same for all dummiea. In order to reduce
them still further, however, no dummy was expused for longer than

3 minutes on any cne oceoasion, and no nest was used more of'ten than once
every other day. This meant that the above scheme was not always followed
strictly for every individual, for it sometimes happened that cne bird of
the pair scolded the dummy for three minutes before the other appeared

on the scene:; the dummy then had to be removed although it had only
been seen by cvne of them.

In spite of these precautions, the effects of conditioning were
atill considerable. Nearly all the actual attacks were made wn the
first two or three occasions when s dumny was presented at any one nest.
It was therefore clear that this technique did not give the best results
possible, for the differeices between the responses to the differznt
dumiles were smaller after some conditioning had taken place than before,

The results of experiments made later in the series at any one nest thus
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tended to obsoure those of earlier ones.

In order to get the best results, therefore, comparisons were
made between the responses of birds which were seeing a dummy for the
first time. Dummies were thus presented at as wany different nests

as posaible (Series B).

C. Behaviour Towards the Dumuies,

The responses shown by both Great and Blue Tits to the dummies
were always of an aggressive, and never of a sexual, nature. They
varied from imnediate attack to a mere hesitation in the bird's breeding
activities.

In vigorous attacks the bird flew .nto the duammy's back and
pecked at its head, Occasionslly, in less intense attacks, the bird
merely sidled along the horizontal stick and pecked at the dummy from
an inch or two away: un such occasions the attack drive was presumably
only slightly greater than the fleeing drive. Head-up postures usually
preceded and sometimes followed attacks., In the Great Tit tnese were
never so marked or sustained as those occurring in natural skirmishes,
but female Blue Tits sometimes gave quite well-marked head-up postures,

Sometimes the bird gave slight head-up postures although no actual

attack was made.
Between attacks the bird hopped about mear the dumsy with feathers

sleeked, wings very slightly open, tail slightly spread and the body in a

ocrouched, horizomtal, position.
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When the dummy was scolded, but not attacked, the bird hopped
around in a similar fashion. Great Tits usually called "chich ich ich ich",
but "twinks" were also used and were usually associated with wing-flicking.
Blue Tits called "derr tt tt tt". Blue Tits usually raised their crest
feathers (this was mich less evident in Great Tits) and often also their
cheek feathers. Blue Tits, and to a lesser extent Great Tits, often jerked
the body from side to side with a pendulum~like movement. Similar behaviour
towards predators seems to be due to a conflict bet.ecen attack and escape.

The wings werc usually opened rather more in Blue Tits than in Great
Tits. They often flicked or shivered their wings while scolding or attacking
the dummy., Flicking the wings seemed to indicate inhibited fleeing, as it
does in other contexts, (see pl4) ). Wing-shivering also sometimes seemed
to be associated with inhibited fleeing, At other times it seemed to be
connected, not with flying away, but with flying to the nest with food.

Since wing-shivering forms part of the begging display of the female in
courtship feeding, it may also sometimes have been connected with this., On
only one occasion was a Great Tit seen to shiver its wings while scolding a
dummy .

Male Blue Tits often used the 'straddling walk', half spread wings and
spread depressed tail which are often seen in the early courtship displays
(pe )% j» The significance of this is obseure.

In sone experiments the presence of the dumyy merely csused the bird
to hesitate slightly in the course of its previous activity. Birds would

hop about near the dummy without scolding, or sit and look at it from a few

feet away.
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It was often evident that the behaviour towards the dummy was
influenced by the strength of othsr drives. Thus females returning to
incubate would often hesitate, look at the dummy, and then enter the
box. Sometimes females made vigorous attacks, and then entered the box
almost immediately. iale Blue Tits often offered the female food while
she was attacking the dummy, and sometimes the female would snatch the
food between attacks. Sometimes the male would move hesitatingly
backwards and forwards between the dummy and the female, suggesting that
‘the attack and feeding-the~female drives were alternately governing his
actions, though neither was strong enough to produce a complete chain of
behaviour,

Although the dummy was sometimes attacked imznediately, on other
occasions the bird gave a response of gradually increasing intensity -
slowly working up through scolding to attack. Conversely, the response
invariably waned after a while. S8uch changes clearly depend on the

relative rates at which the attack drive builds up and is dissipated.

D. Preliminary Sumary of Results.

For the reasons explained above, the Series A experiments were
inadequate to provide proof of differences in response to differently

coloured dunnies of the same species, though they were suggestive,

They did, however, show that dumnies of a different species produced a

much smaller response than those of the same. The results are summsrised

in Tables 36 and 3] , and show the following tendencies:-
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(1) Responses of Great Tits.

(a) In general, males showed a rather stronger response
to the dumnies than females.,

(b) Blue Tit dummies evoked a much weaker response than
the normal Great Tit dunmy . Even the addition of a black ventral stripe
to the Blue Tit dumny made no appurent difference to the response,

(¢) A Great Tit duumy with all black underparts
evoked approximately the same response as the normal, but a dummy with all
yellow underpartas evoked a smaller response.

(d) A Great Tit dumsy with an all black head appeared
to be rather less effective towards males but rather more effective
towards females,

(ii) Responses of Blue Tits.

(=) 1In general, females showed a rather greater response
to the dummies than males., This was particularly the case early in
incubation, when males often disregarded the duwmy in attempting to
feed the female.

(b; A Great Tit dummy evoked a smaller response, and
a wood Warbler dum.y a much smsller response, than Blue Tit dummies,

(¢) A Blue Tit with all blue underparts was about as
effective as a normal Blue Tit.

(d) A Blue Tit with a black ventral stripe seemed to
be slightly morc effective than a normal Blue Tit. This may be a case
of a ‘super-normal' stimalus.

Of course, many more experiments are needed to confirm these

resulta. A little further evidence is available from the Series B
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experiments: the records of the responses of Great Tits and Blue Tits on

the first occasions on which dumsies were .r-sented ure shown in Tables

and 36 .39 These illustrate even more clearly some of the
tendencies shown by the series A experiments.

The work is being continued.
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Table 36 , Series A experiments. [Frequency distribution of
responses of Great Tits to dummies. The series was begun
at each neast within a few days of the start of incubation,

Dummies at 8 ft. from nest.

Responae of Male. Response of Female.

Scold- Hesita- No re~ Seold- Hesita- No re-
Attack. ing. tion. sponse. Attack. ing. tion. spoase.

Great Tit. 2 5 3 0 0 5 3 0

Great Tit
with Black

Head,

Great Tit
with all

Black

Under-parts. 2 5 3 0 1 6 2 0

Great Tit
with all

Yellow

Under-parts. O 9 2 1 0 2 5 0

Blue Tit. 0 6 1 2 1 1 3 0

Blue Tit

wit: Black
Veutral stripe
as in Great

Tit.

32
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Table 37 . Series A experiments.  Frequency distribution of
responses of Blue Tits to dummies. The series was begun
at each nest within a few days of the start of incubation.

Dumnies at 8 ft. from nest.

Scold- Iesita4 No re- Scold- Hesita- No re~

Attack, ing, Attack., ing. sponae.
Normal
Blue Tit. 6 0
Blpe Tit
with Blue
Head, 7 0
Blue Tit
with Blue
Under-parts, 8 0
Blue Tit with
Black Ventral
Stripe as in
Great Tit. 5 0
Norwmal
Great Tit. 6 2
Wood Warbler. 2 4

Response of ale.

Response of Pemale.




Table 38 , Series B experiments. Freguency distribution of
responses of Great Tits to dumnies, Dumuies presented during
incubation at 3 ft, from nest.

Responses of lale. Response of Female.

Scold- Hesita- No re- Scold- Hesita- No re-
Attack., ing. tion. sponse. aAttack. ing. tion.  sponse.

WHorual
Great
Tit. 7 3 7] 0 1 4 1 0

Great Tit

with

Black

Head. 1l 5 0 0 2 2 2 0

Great Tit

with

Black

Under-

parts. 3 1l 0 0 1 3 1 0

Great Tit

with

Yellow

Under-

parts, 2 2 0 2 1l 3 & o

314
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Table 39 . series B experiments. Frequency distribution of
responses of 3lue Tits to dmmmies. Dumuies presented during
incubation or the first 2 days after natching at 3 ft. from the nest.

Reaponse of ale. Response of Female.

joold- Hesita- No re- Scold- Hesita- HNo re-
Attack. ing. tion.  sponse, Attack. ing. tion. sponss.

Normal
Blue Tit. 2 6 0 0 2 & 2 4]

Blue Tit
with Blue
Head. 0 3 1 0 0 5 1 0
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