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Plate 1,

Male Wren (m7) at song post,
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Introduction

In this dissertation I shall deseribe a study of some‘

aspects of terfitorialiﬁy in the Wren (Troglodytes troglodytes
troglodxzes~Lihn.) and the efficieﬁcy of song as a means‘of'ensuring_
exclusive use of a specifie site. To aid understandiﬁg of the
fuhctions of ﬁerritoriality ip this specles, feeding and song
beha&iour have been-inveétigated, as also havé possible mechanisms
to reduce competition within the species dnd betweeﬁ the sexes. |
Information on breeding biology was'aiso'collected to attempt to

relate this to territory size,

The British bopulation of the Wren has been steadily |
increasiné since the severé ﬁintér of'1962;65 when abnormally
cold conditions drastically ieduced numbers. Indeed the Wren is
now éonsidered as one of the more common resident birds (Batten
1973; Batten and Marchaﬁt 1975;1976). In‘the last 5-6 years

mainténance of high populations of smaller birds, such as the .-

Goldcrest (Regﬁlus regulus Linn, ) and thé,Wren has been associated
~ with a series of mild'wintersQ It would’abpear from this that the
winter climate exerté a étrong, though'ﬁroﬁably indireét; influence -
upon the number of Wrens, The milder conditions have not led to

such marked increases in numbers of 1arger birds such as the

. Blackbird (Turdus merula Linn.). It is thought that the territorial

behaviour is the limiting factor to the maximum breeding density
(Batten and Marchant 1976)., However, thé male Wren is claimed to
bé‘strongly ﬂerritorial and to defend a specific site by song
(Armstrong 1955). Although Wrens ha&e been known to sing at all
times of the year song output increases during the breeding season

(Colquhoun 1940; Armstrong 19M4; Cox 1944; Clark 1949).
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The function of song in birds has been reviewed by Thorpe
(1961); Armstrong (1963) and Hinde (1969). In the Wren it is
claimed to repel other males and attract females (Armstrong 1955); '
Only the males sings, with a volume remarkable for a bird of
such a small size (Witherby et al 1945), The song produced could
delimit a selected site by the 'song distance' between individuals
(Altrum 1868); thelsong distance’being the site defended by sohg

around’ a song post into which a neighbouring individual will not

trespass.

The concept of exclusion from a specific topographical area

was noted as early as 300 B;C; by Aristotle.
' The fact is that a pair of eagles demand

an exﬁensive space fér its maintenance and consequentiy
cannét allow otherlbirds to guarter themsélves in
close neighbourhood'. (D'Arcy Wentworth Thompson's
translation of 'Historia Animalium ' 1910)
More recently the subject has been reviewed many times, e.g.
by Dewar (1920); Jourdain (1921); Alexander (1921); Laék and
Lack (1933); Lack (1934); Nicholson (1934); Nice (1941); Armstrong
.(19535)and Hinde (1956). Several authors who have written of
territory have pfesented their own definitions of the term (Mayr
1935; Tinbergen 1939; Crawford 1939) but Noble's (1939') description
of ' any defended afea' is the simplest and most applicable (Nice 1941).

Man& functions have been attributed to the ‘'defended area'.
These'have been reV&ewed most recently by Hinde (1956). To assimilate
the mass of information concerning territoriality, classificatory |
systems have been developed (Nice 1941) whereby bird species can be

grduped'according to their territorial activities. The Wren was
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said to defend an area for 'mating, nesting and the feeding of the
young' (Nice 1941)., In Holland an area was defended throughout
the year by song and posturing except during the moulting season

(August) and‘in severe winter conditions (Kluijver et al 1940).

Selection and mainténance of an area b&lmale Wrens will set
upper and lower limits to the breeding population density if the
. territories have both minimum and maximim sizé. Less than the
miﬁimum area would provide insufficient resources for the occupants
to breed successfully. Too.great an area would require too great
én allocation of time to its defence and would reducelthe time
available for other activities. Huxley (1934) discussed the
elaéticity of territoiial béundaries, their ability to éxpand or
contract and the fact that the 'iubber dise' apparently cannot
be compressed iﬁdefinitely;vThe division of habitat into 'defended
~areas' provides a mechanism for dispersion, and results in a limit
to fhe bréeding population density. The concept was first presented

by Moffat (1963).

'...,fhe battles of the male birds'eaéh
claiming a territory resulting in such a parcelling
. out of the land as must limit the numbers’ of breeding
pairs to a constant figure and prevent indefinite increase
in the case 6f a specigs-at the same time condemning
" the less powerful individuals to unproductiveness

rather than death'.

However, many animals do not restrict themselves solely
to use a defended site but establish a largef»home'range. This
has been documented more often for mammals than birds (Burt 1943),
perhaps because the mechanisms of defence are easier to identify

in the latter. Home range can be considered as the total area



that an animal utilises, Wynne-Edwards (1962) postulated that there
are four different types of home réngeg solitary and exélusive;
solitary and overlapping; gregarious and exclusive,and gregarious
and overlapbing. If defence creates exclusion the exclusive home
‘ranges can be considered as territories.

Defence does not necessarily require overt aggression,
"Song is a non-contact mechanism of defence which alleviates any
.chance éf harm to the. individuals and.yet can lead to exclusive
use of areas by mutuai avoidance.’Thﬁs song can be as effective
a mechanism of defence and dispersion as methods involving

physical contact,
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The Study Area

The sites selected for study were the mixed deciduous -
Hollinside Wood (NZ 276405) and the Durham University Zoological
‘Field Station (NZ274405), Both of these sites were approximately

2 km, south of the Durham city centre.

The limits to the site were established by the movements
of the Wren p0pulatiqn under ihvestigation and not by any physical

or‘vegetational features. The area is shown in Fig.1.

Topographically (Fig;2)~the area is divided by a ridge
along which runs an unmetalled road. To the east the ground
slopes down steeply through Hollinside Wood, and to the west
less steeply through the Field Station, Thé.floor of fhe-wood_
is undﬁlatiﬁg and the'depressioné form a series of "valley-like"

features opening to.the east,

Flowing from north to south through the Field Station
a small stream carries water run-of f from adjacent woods and fields,
The stream underwent dramatic changes in depth related to the

rainfall,

Hollinside Wood contained a wide variety of trees although

sycamore (Acer pseudoplatanus Linn.) and beech (Fagus sylvatica Linn.)

were dominant throughout. Ground cover was provided mainly by

bramble (Rubus fruticosus Linn,), distribution in Fig.4; and bracken

(Pteridium spp.), distribution.(Fig 3.)

Mature larch (Larix decidua Linn.) plantations, which had

less ground cover, were found in areas sh; s6 and s7 (see Fig, 1).
Reduced ground cover was also found under dense beech canopy. (see
Plate 6)

The Field Station contains chiefly mature oaks (guercus



robur Linn,) and a ground cover of grasses (see Plate 4), The stream

was bordered by a dense hedge of hawthorn (Q;ataegus monogyna Linn, )
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Plate 2,

Extensive ground cover in Hollinside Wood.

Plate 3

Extensive ground cover in Hollinside Wood.






Plate 4.

Stream within Field Station.

Plate 5.
‘Extensive ground and shrub cover within

Hollinside Wocd.






Plate 6.
Little ground cover within beech dominated

areas,

Plate T

Grass ground cover within opén areas of

Hollinside Wood.
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Materials and Methods

- 1.1 General
Observations were made from early April until late July
1976_and additional information on breeding biology was gathered

during early August.

1.2 Bird Censuses

To determine the initiai dispersion of male Wrens a
census was carried out in the area in April, following the recommendations
of the International Bird Gensus Committee (1969).
| Visits to the area were concentrated at times when song
activity.was believed to be greatest, i.e. in the morning and to
~a lesser extent in the evening. A walking speed of approximately
1 km. per hour was maintained whilst censusing, and different
frouies were taken through the plot at each census. The minimum
'numbéridf visits used in the closed habitat was ten and in the
open hébitat' eight. Positions of the singing males or direct

dbservatiohs of the birds were recorded on a 1:2500 map,
. Resﬁlts fromg£hese censuses are set out in the appeﬁ&ix-

and possible sources of error discussed.

It was assumed that only the males sang, as this is amply

documented by Armstrong (1955).

1.3 Trapping and Marking

- To 'establish fhe range of movements of individual birds
it was necessary to trap and colour ring individuals, Many accounts
'testify' to the difficulty of catching Wrens (Bolan 1912) and thé
Hollinside Wood population behaved characteristically.
Mist nets were set across obserQed flight paths but Wrens
seemed able to distinguish the nets from the surrounding

vegetation and avoided them. Armstrong (1955) notes the apparently
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.excebtional visual acuity of the bird.
7 'All birds caught were marked with a B.T.0. and two colour
rings. Data on wing 1ength and weight were not collected, evén
though Hawthorn (1975) and Thorne (1972) have utilised these %o
differentiate the sexes outside the breeding season, Since my
study was carried out during the breeding season, weights would
‘ﬁot have been reliable indicators of sex;-since'the femaleé
may have been,carrying.eggs.
| Chicks were ringed whilst in the nest at approximatel&
7 days old. For each brood a single colour‘was chosen and only
one colour ring used per chick. (8.T.O0, fings were used éé well.)
White rings were not used in case the female mistook them for
__faecal pellets’ahd éttempted to remove dr_eat then, -

Handling and ringing.did not effect adversely either the -
males or the chicks, Within a few hoursithe males were singing
frpm their normal song posts, and as-soon as the nests were»left

the young continued to be fed.

‘,1.4;Estimationyof sizes of territory and home range

bAccéPting that - song is a means éf defence (to be justified
iater) territory size can be estimated from the minimum polygon‘
of song posts used by each male. Home rahge is the area in which
non-defensive activities take place,outéide the delimited territory.
A minimum polygon drawn from non-defensive -activity observétions
thus delimits the home range.

During May, June and July eéch ﬁird was observed for as
many daylight hours aé possible, A ro£a syéfem was established
for observing.so that ih&ividﬁal male we;e.observed at least
twice a week for a miﬁimum of four hours at each session,

BEach bird was watched from a nafurally camé&laged positioh
‘with 1050 binoculars, As far as is knowp, the observer's presence

did not effect the bird's behaviour. The location of each song
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post was recorded on a 1:2500 map, as were observations of other
activities, mainly foraging.
Minimum polygons were measured with a planimeter and the

results are given in Table. 2.

1.5 Song timing
The lengths of songs were timed with a stop watch reading

to % th, s. (Only full songs were timed,)

1.6 Activity patterns

Activity was divided into:
1. Singing;only recorded wheﬁ the bird was singing
'a territorial song. |
2.Flying
3,Foraging-when the bird was neither singing nor
foraging. |

Finer divisions into activities of fee@ing, preening and searching
for food was impossible becaﬁse of the birds' inconspicuousness
in dense vegetation, Wrens were very active at all times of the day
and continually foraged, pérticularly in dense'grOund‘vegetation
such as bracken or bramble., Success rates in capturing insects
could not be measured, _

-For each record of activity, the height at which the activity
took place was noted, Vertical subdivisions of 1 metre units |

were estimated by eye.

_ Three methods of estimating the allocation of time to the
activities were used. '

1. 'continuous survey'- A-spoken commentary on the activity
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and its height was recorded on a tape as the bird was followed.
Later the tape was re-run and each activity timed with a stop %atch.
2. '5 minute spot observation method'- At five minute
intervals detaiis of the activity and height were recorded.,
'3, '1 minute spot observation method'- At one minute

intervals details of activity and height were recorded,

Aithough the most accurate, the 'continuous survéy' proved
to be extremely time consuming.vThe length of the tape limited
the period of observation to a maximum‘of one hour, Timing of
the sequence of observafions took almost twice as long. A possible
source of error, which had to be guarded against, arose if thé‘tape
ran more.slowlyuén the re-run -than on the feédrding. ﬁowever, -
this'method normally gave an accurate account:of time allocation
to each activity énd'was‘uSed as a baseline against which the

other methods were compared.

As showﬁ in Table 2 +the '5 minute spot observation method'
proved to be very inaccurate. The percentage of time spent singing
was-b#erestimatéd and the.fpfaging periodsiunderestimated. Another
fault with this method was the limited amount of data which could
be ecollected-only 12 Qbservations in eéch hour, |

The '1 ﬁinute spot observation method' provided resulté
comparable to the 'continuous survey' and most activity data
waé collected in this way. The 1 minute pauses between observations
allowed time for each. record to be written down and the bird
pursued, if it had moved out of range. Smailer sub~-divisions of

time'e.g. 30 s. would not have allowed for this.
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1.7 Vegetation mapping

The extent of different ground cover (Figs. 3,4 and 5) was

estimated visually during the middle of June and recorded onto

a 1:2500 map.

1.8 Nest_records

Once each nest had been located, the following data were

collected:

ground.,

| 2.
3.
b,
5
6.

The height of the bottom of the entrance hole above

Direction of the entrance hole,

Buiiding materials,

Surrounding vegetation,

The identity of the-male which maintained the territory.

Breeding biology-Nests were checked at least once

every three days before egg laying. Once eggs were found, the nest

. was checked every other day. The path through the vegetation to each

nest was altered regularly to avoid the attention‘ofrpredators._

- Bggs were counted with the aid of a.light béam reflected by é

mirror inserted into‘the entrance hole,
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Table 1.

A comparison of the three methods of recording time allocation

by the Wren.,
Method : % _of time spent in each activity
‘Foraging Singing » _ Flying
Continuous i
survey (n 6549 s.)  77.3% 21.1% 1.6%
5 minute spot
observatiohs
(n 148 observations) 59.7% 38.5% | 1.8%
1 minute spot
observations
(n 3441 observations)?5.3% 2 .8% 1.9%

Note: Comparisons were made for the same time of day (10.00—14,00h.)

with the same birds.
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(I) Results: Sizes of territories and home ranges.

Dﬁring the three months of observation terriforiesland
home ranges grew steadily (Figs. 6 and 7). Ten territorial~males
were located in the area studied intensively. Another three, males
m9, m1l and m12 held territories adjacent to £he area and influenced

the shape and size of the 'defended areas' of males m1-m8, m10 and m13

During May the song territories were restricted chiefly
to those parts of the wood with emergent vegetation, particularly
bramble, This association of song areas with ground cover was
ﬁarticuiarly well 'shown by male m7. From Fig,8 it appears that the
.bird maintained ﬁwo small territories (0.17ha, and 0,16ha.), since
it never sang and only occasionally foraged between these areas;
in May. Similarly,'male-mé saﬁg only along a,hawthofn and bramble
hedge bordering a grassland field, Male ml held a long but narrow
territory on either side of the Field Station stream., Expansion of the
song territory away from the stream occufred only where it bordew_"ed—'7

an area of young alder (Alnus glutinosa Linn,) with dense secondary

Vegeta}ién-
During June’and July the other dominant épecies,of ground vegetation,
bracken, appeared and provided dense cover in most of the wood, except
undér canopies of beech and largh. This may ﬁave effected the
territory expansion and will be discussed later,
In all months'sdme restrictions to the boundaries of the
territories were imposed by topographical features. Ridges divided
Lthe valley_areas defended by males m3 and m5; by m5 and mi0 and by
mni0 and m?.‘The road separated males ml from m7 and m8 from m13, bﬁt

was included in the territory of male m5, Open grassland provided

part 6f the boundaries to the territories of males nk; mb6; m7i
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n8; m13 and mi,
Often the territories were‘hot static evén for a few days.
COntinued ad justments occurred between the territories of neighbouring birds
particularly those with largerlterrifories. Foi example,'whilst-ﬁren |
m7 defended the north-western part of its territory against m10,
n8 would extend its territory into the south-east co;nér~of 07's
territory. This territorial gain was maintained for severai days
but then relinquished. For each bird,the boundaries shown
on the maps (Fig. 8-10) are the maximum areas defended by song

during each month and it must be emphasised that many subtle changes

occurred at muech shorter time intervéls.

‘Greater overlap occurred bétween hoﬁe ranges than territories.
‘Pehetration inté néighbouring territories was quité‘éxtensive
dﬁring foraging excursions..The foraging intruder:did not identify
itself as a male Wren by singing, and so was not ﬁecogniséd as

’ suéh. Home. ranges extended intO‘mére,open areas than did territories,

>F6r}example,_the home range of male ml inclu&éd much of the yQuné
1jcoﬁifer planﬁation (Fig.lkarea SZ); This bird foraged'activgly for long
; pefiods in thié open area, but ﬁhéﬁ deliﬁerately distuiﬁed‘by the
~ observer retﬁrnéd to its;terrifory.

The boundaries of the home ranges of one month provided

an indication of the territory size in the next (Table 2). A
possible implication is that during home range expansion the
locations defended by neighbouring birds were more clearly established.v
Extensioﬁ.of the territory during the next month could then be
nade in a direction where the conflict betweeri birds would be
least. For example, male m3 extended its ferritory to fhe-north—

east to iﬁclude an area of ground cover close to the footpath.
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Table 2.

'Areas (ha,) of territories and home ranges of Wrens.

Wren N | May - June ' A July
mi - Territory 0.38 | 0.9 ' 1,16
 Home Range 0.97 A S : 1.48

m2 Territory 0.47 0.43 - 0.58
Home' Range 0,74 : 0.86 o 0.91

m3 Territory 0.27 0.60 0.78
Home Range 0.61 1.13 1.46

mk Territory 0.56 ) 70-94 o 1.22
Home Range -0.89 1.33 1.35

- m5 Territory 0.31 - 0.58 o - 0.70
- Home Range 0.57 ‘ 0.93 ' 1.23

mé Territory .  0.19 0.25 . 0.29
Home Range 0.50 Of55 . 0.59

m7 Territory 0.33 ) 1.08" A © 1,59
Home Range 0.59 . 1-4;;.7 1.75

m8 Territory 0.37 | 0.98 1.72
Home Range 0.58 1.49 | 2,04

mi0 = Territory 0.34 0.32 0.38
Home Range 0,64 0.63 0.57

m13  Territory 0.51 A 0.84 ' 0.84

Home Range 0,65 1.03 . . 1.03
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Table 3.

Areas (ha.) of bramble and bracken within each Wrens;ﬁerritqry.

May : Jﬁne o July
Wren Braﬁble Bracken Bramble Bracken Bramble Brabken
m ©0.03 0.0 0.08‘ 0.0 © 0.08 0.0
n2 10,30 0.0 - 0.30 o.0h  0.35 0.17
n3 | 0.07 - 0.0 0,08 0.6 6.12 10,27
mb | 0.40 - o;ol 0.0 o.jo 0.9t | 0.30
m5 0,04 0.0 0.12 0.3 0.30 0.39
6 0.03 0.0 0.10 | 0.15 0.10 0.15
m? o | b;zo 0.0 0,73 0.3 0.78 0.81
m8 - 0,07 0.0 10.29 | 0.35 0.47 0.46
m10 | 0.19 0.0 .0.19 0.13. 0.22 0.16
'm13 z 0;03 0.0 6.15 o;i9 0.;5 0.19
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FIG. 6 Area (ha.) of territories for May, June and July; showing
growth in size,
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FIG, 7 Area (ha.) of home ranges for May, June and July; showing

growth in sirze.
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This created less confliet than would have resulted from an expansion to
ap area occupied by male m2 or that occupied by m5.»Al§o male mi,

as the sole occupaht of the Field Station, was able to expand its
territory as far as ihe road before male m7 prevented further

expansion., Restrictions on.male ml extending its territory in

other directions were provided by the lack of grouﬁd cover,

The increase in territory size was, for most of the birds,.
greater between May and June thén between.June and July (Table 4).
* The area of bracken and bramble cover within each territory
increased with territory expansion (Fig.11—13)?,Although the amount
of bramble cover inoieaséd steadily‘(Fig. 11), the most marked .
increase was in the amounf of brécken cover within each territory
between-May‘and»June (Fig. 12).(No bracken cover had been available
before its emergencé in June;)‘The 1arge.iﬁcrease‘in fhe amount~
of bramble within male md's territory between June and.July was
VAue to the incorporation of hitherto undefended bramble éreas in%o .
the song'territory boundary. Male m1 and male m13 had territorieé
adjacent to the stream and although the'groﬁnd cover for these
‘sites was hawthorn and grasses,.expansidﬁﬂof these terriiqries
étill occurred, It‘was the presenée of ground cover, not the»type

of vegetation, that allowed territory expansion,

To examine experimentdlly whether the Wrens continued
territorial expansion during July to occupy the maximum possible suitable
areas, or whether territories held then were the physical maxima which
could be defended,(An increase in thé time allocated for defence

would detract from foraging time )oae male, m3, was removed from its
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territory and taken to a suitable habitat 3 km. from Hellinside
Wood, Fig. 14-16 show the egpansion of the territories of neighbouring
males, m2 and mh, ﬁhich took place subsequently, Within two

days male m2 had occupied the entire-area vacated by mﬁ. Bbth

iis original and 'new' territory, which it defended by utilising
the same song posts at the same height as male m3 had done, were
maintained until at least the end of July. Male m5 did not expand
its territory into the vacated area although sbme of its song
posts were close to the boundary of male m3;s territory. However,
a ridge separated the territories of male m5 and m3, as noted
earlier, so that if m5 had occupled m3's vacated territory, the
 en1arged area could not have been kept under completé

: sﬁrveiliahce ét'all times, The rapid colonizatién by male m2

- may have prevented male m5 from detecting that a vécatedvaréa had
beéome available. It was not possible for a human,oﬁserver to

~ hear whetherrmale m3 was singing or not unless oné ﬁas ploSe to

the m3/m5 border,
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- Table &4,

The increase in area (ha,) ofrthe territories between the months,

Wren May to June June to July
m1 - o 0.56 0.2z
m2  S | | ”: -0.04 * . 0,15
n3 . ; 0.33 . . | | : 0.18
nly | -  0.38 »'_ 0,28
m5 | : o b¢27' , _ 0.12

" né - ._ ' 0.06 _ - 0.0k
n? - o 0.75 o 0.51
m8 7 , 0.61 ,“ 0.74
m10 -0.02% | 0.06
mi3 ' | 0.33 1 . 0.0

* Indicate a redugtion in territory size from May to June

s
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FIG. 11 Area (ha.) of bramble within each territory for May,
June and July,
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FIG.’12 Area (ha.) of bracken within each territory for May,
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FIG., 13 Area (ha.) of bramble and bracken within each territory
for May, June and July.
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FIG. 14 Removal experiment (1) - Territories held by male Wrens

before male m3 was removed (14-7-76)

- -
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FIG. 15 Removal experiment (2) - Territories held by male Wrens
24h, after male m3 was removed (15-7-76)




FIG. 16 Removal experiment (3) - Territories held by male Wrens
48h, after male m3 was removed (16-7-76)




(I) DISCUSSTON
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(i) Digcuséidn '

Lack and Venables (1939) classify the Wren as a 'scrub'.
bird which resticts all its activities to secondary.giowth.rl
However, they point out that although the Wreﬁ should not be
regarded as a truely woodland bird, most 'scrub' in Britain
is found within woods. Lack of secondary growth in some woods,
,suchras beéch; restrictsthe number of Wrens found there., Dunlavy
(1935) assumes ground cover to be the true niche of the bird, |
for it seeks safety within this zone. The importance of ground

cover for foraging will be shown later.

Within each woodland, areas ofisuitable'habitaivare limited,
natural woédlands being veéefationélly heterbgeneOUS; Wrens
night attempt to maintain their entire populations within
such patches of suitéble habitét (which would require reductioﬁs »
in térritory size to allow any iﬁcrease in aehsity);'or,some birds
might be forced into less suitable habitat35

If territory has a minimum size (Kendlelgh 1941 Nice 1943{
Klui jver and Tinbergan 1953; Armstrong 1956), and if the amount of
" such habitat is limited, a-maximum number of birds can be accommodated
by any chosen area, if the Wrens are‘only found in suitable‘habitats.
A greater amount 6f sultable ground cover within the chosen area
woﬁld Jead to a higher numbér and. overall density of birds;
.or to a stable density for the area but larger territories
for the resident biras. The Wrens of Hollinside'Wood increased
fhe areas of their territories to iﬁclﬁde the areas of emérgent
bracken'without an increase in the nu&ber of.térritories.

As the size of the territories inéreased.the amount

of ground cover included increased. The.increase in theOSize of
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territories from ﬁay tovJune was possible because of the increased
cover.provided by the emergént braéken allowiﬁg expansion inté
new'suitable-areas. The increase in size of territories from

.June to July was into undefended areas of Eoth bramble and

bracken, The grpwﬁh of the bracken produce& the grdﬁnd cover
necessary to liﬁk uﬁdefended areas of bramble before expansion

of territory could occur, For some of the Wrens the increase in
territory size from June to July included a substéntial increase
in bramble cover. The bramble cover could be important for nesting
sites, foraging areas or protective cover for the chicks. Territories
in May all had bramble within them and thg amount increased

with territory expansion.

The»funcfion of the territory increase could be to make .
available thé exclusive use of a larger'foiaging area,'for example
for the young. However, not all foraging takes place within the
territdry and neither the female nor the éhicks recognize territorial _
‘boundaries, as will be shown later, In any case, it has not
been préved that territorial behaviour'is necessaryito ensure
an adequate food supply for thé young (Hinde 1956). if the food
supply was thé limiting factor it would be expected that'with an
increase in insect abundance during the suﬁmér months there
would be no need to increase £he size of the territory. The idea of
a 'food territory' suggested by Altrum (1898) and Howard (1929),

finds 1little support in the case of the Wren.

A larger territory could increase the males' chance
of obtaining a mate if the females' movements through the area

were at random, However, as will be shown later the male
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attracts the female to the nest site with ééng. Thus a male

with a small territéry but one who sings 6f£en willlhave a
“better chance of attracting a female than a ﬁale with a lérger
‘territory who sings less. Males with larger territories haye more
song posts,-and could therefore épénd less time singing from

each poét if adequate defehce of the entire perimeter of the
territpry was necessary - or the numbér of songs per day would
have to be increased; An increase in the number of songs would
reduce the time available for foraging, However, frpmfa_sélected
song post within d sméll'territory defence of the territory and
attraction of females to nest sites would be possible for the whole
of the térritory. Leés tiﬁe need>be spent patrolling the terriiory
and the defénce'of tﬁe territory would be just as efficient

as the use of many song posts.

An increase in territory size incorpo#aiing an increase-

in the>area of bramble cover wouldvmake more nesting sites available,
_Brackén was not a suitable nest-supporting matérial..HOWéver,
~since male Wrens will build nests in a muititude of habitats
(Witherbyhgi_gl_1945),‘bramb1e cover is unlikely to have been

a limiting factor to the number of nest sites avaiiable..Howeyer,'
if there is a minimum distance between nests, because of the
foraging area required by the female whén feeding the nestlings,
then an increase in territory size will increase the number

of potential nest sites, Armstrongi(1955) states that femalés

will no£ select nests close to occupied nests. Thus a larger
territory will create a better dispersal of nests and more

“available potential nest sites.
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Observations on three male Wrens were collected in the
middle of each month, Data were cdllected during dry, stili days
td try to alleviate the,efféct of climatic factors affecting
song production. In all months, May (Fig. 17); June (Fig. 18)
and July (Fig. 19),.there was a reduction in>song output per
hour thrOughout the day. The maximum number of songs per hour
‘was given soon after dawn but the time at which the minimum
number was given changed in different months. The 95% confidence
limits to the means of the hourly song outputs are large because
of individual variation between the birds; small sample size
and éxogenous factors e.g. climate and the'proximity'oflan'intruder

" affecting song production,

Gomparisdns were made between song production in different
time iﬁtervals by entering data for time spent singing and not
singing into a 2><2 cdntingency table., The amount of time spent
singing was calculated from the number of songs per hour and the
mean song 1engtﬁ.‘The difference between time spent singing(i)’
and.one'hour was the time available for nqn—éinging activifies(ii)
in each hour, . | |

. (i).Song number/h. > 5.51 = Number of»seconds spent singing

(ii) 3600-Number of seconds singing = Time spent not singing

The‘total'number of songs produced per ds. in May was
less than in June or July, between which the song oﬁtpuf was
similar., There was a significant decrease in May in the number
of songs between early (5.00-6,00n,) and late (7.00-8,00h.)

morning. ?(% =4,09 p<0,05 degrees of freedom =1).
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After this initial decrease in song output the level remained

stable for the rest of the day.

In June-there was again a significant decrease in song
output from early (5.00-6.00h.) to late (8,00-9,00h.) morning
( x* = 5,28 p<0.05 degrees of freedom =1). Subsequently song
outpu% was stable‘from 9,00-20,00h, During this period the song‘v
output pér hour was greater and fhe stable level reached later

in the morning than in May.

In July the number of songs given each day was similar
to that in June But‘ﬁery few werergiven after 15,00h, There
was a significant decrease in the song‘Output Between 5.0046:00h.
and‘10;oo—11.00h, ( X* = 4.49 p<0.05 degrees of freedom =1)
No stable level of song production per hour wés observed during

the day.

Although no quantitative data were collected during

_'April it was appafent that the number of songs'per hour was

less than May, a result cénsistant with that givén by Clarke (1949).
Fewer Wrens could have been singing in Hollinside Wood during

April,

The length of song did not vary significantly between months

and a mean duration of 91 songs was 5.51£§.24 (s.B,=0,34)s.This



-figure includés only full sdngs.>The interval between songs

varied greatly. The minimum ﬁasAapproximaiély 7s. f0r‘an£iphonai

singing i.e; when éach.song‘evoked an:immediate sbng respbnse by &nother
'male;‘Much longer intervals between-ébngs Weré-observéd later

in the day when much of the singing was not antiphonal.
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(II1i) Results: Time allocation to singing, determined by the

'1 minute spot observation method'

Three catagories of activity were timed; singing; foraging
and flying. The time allocation to flying was ninimal and uniform
throughout the day ( see-Results (IIIvi ) ); the time allccated
to singing was therefore reiated inversely to the time spent

~ foraging,

The decrease in the time spent singing as the day progressed
in June ( Fig. 20) was not as evident when measured by this
method as by the number of songs per hour ( Fig. 18); the 1afge
95% confidenéeﬂlimits.sbﬁewhat obscure £he trend, For example,
there was no éignifican£ difference in song activity ( when
compared by'a 2x‘2.contingenCy table including data for singing
and non-singing activities) between 5.00-6,00h, and 8,00-9.00h,
()6' =0,0137 p<10.9v degreés of freedom =1), but song activity
"decreased significantly between morning (6.00-7,00h,) and
afternoon (16.00—17;00h.) (x* = 35.09 p< 0,001 &egrees of

freedom =1),

In July (Fig. 21) a highly significant decrease in song
activity ( X" = 22,57 p<0.001 degrees of freedom =1) was

evident between early morning (5.00-6.00h.) and midday (12.00-13.00h. ).

Fig., 22 and 23, composite histograms of all activity
that was measured, show thé.general trends'of a- steeper reduction ‘
- in song activity in July than in June and an increase in foraging

activity through the day in both months.
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FIG. 21

JULY-Singing as % of total activityl.min.obs
[mean + 2SE n= no. of hours obs.]
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FIG. 22 Histogram of flying, singing and foraging activity
measured by the '1 minute spot observation method' (JUNE)

FLYING

k S SINGING

FORAGING

Yo activity
100

- 90-

80+

70

60+
50-
40+
30+
20

104

T 1 T

6 time(h) 12 18



FIG., 2

-52-

singing and foraging activit

% activity

measured by the 'l minu

Histogram of flyin

te

ot _observation method’ (JuLy)

a7

FLYING

SINGING

FORAGING

100?mu;§f"'unn+,pm“.mn

90;

80

70+

60+

50-

40+

30+

20+

10 -

N\

vqe
.....
......

S

.....

time (h)

12

18




jiiiii)'Résﬁlts: ﬁgights of song posts

Male Wrens sang throughout thg day from selected song

posts, whose height was estimated to the nearest 1m;'The data were
.groufed into four vertical sub-divisions; 0-im, (ground cover
zone); 1-2m. (bush zone); 2-4m, (lower tree zone); and above 4m,
(middle.tree zone'and aboye).‘Fig;25—29 show the heights chosen
during different 3h, periods‘of the day in June; and Fig.31-35

in Jul&. Fig, 2ly and 30 show the mean percentages; with 95%
confidence limits, of song and foraging -activity at the different

heights,

..Most songs were deliveréd from the 2<4m, zone in June (Fig.24).
Little preference was given to the lowest zone (Oﬁim.)'for song
activity,

In July most songs were delivered from either the 1-2m.
or 2-4m. zones (Fig. 30)._Preference was shown'for singing from
the 2-Um, zone in the morning (Fig.31 and 32) but from the 1-2m.
zone later in tﬁe‘day (Fig, 3% and 35). ﬁowever, it must be stressed
thaf most songs were produced in the morning during July, and that very

little singing activity took place after 15.00h.

Comparisons between the use of the zones for singing
activity were made by 'Student's' t-test between the means
using the correction for small sample size. The results of the

comparisons are summarised in Tables 5 and 6.

All the song post heights ﬁere'measured aﬁove giound
level. Howevef, the ridges that cross the wood would assist
the male Wren to éain song post height;vFor example, a song post
.at 10m, in the valley could be at the same height above sea
level as a 1-2m. song post on the top of the ridge. This might have

had an influence upon song post‘selection.
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. BSTEDY, pPoys, gEouhd Jevel from 5.00-8.00R,  (JUNE)
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Percentasze .of song and foraging activity at-different
o heights above ground level from 11,00-14,00h, (JUNE)
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FIG., 29 Peicentageuaf.éoﬁgnanduforaging@aciiyitymaimdifférént

heights above ground level from 17.00-20,00h, (JUNE)
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F‘IG.M 30 Percentage of song ang foraging activity at different

heights above ground level from 5,00-20,00h,  (JULY)

( mean + 2SE where n=5)
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heights above ground level from 5.00-6,00n.  (JuLy) .
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FIG. 33 Percentage. of song and foraging activity at different

heights above ground level from 11,00-14,00h, (JuLY)
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Table 5
Cémparison between different heights of song post by~'Studen£'s"

t-test with the correction for small sample size.

June ‘*—Xél29§ Degrees of freedom=8
O-im, . * p< 0,05

| | ** 1< 0,01
1-2n, 2.429% . *¥*¥% p< 0,001
2-bnm, 12, 0%%% 5.32%%%
+hm, - 3.126% 0.719 I, 1%% -

O-tm. 1-2m, 2-l4m, | +4m;,

’1‘1&_6

Comparison between different heights of song post by 'Student's'

;'t—test with the correction for small sample size.

Juli " 4 values
' Degrees of freedom=8
O-im.- -
* p<0.05
**¥ p<0,01
1-2n, 3.38% g
*%% p<0,001
2-lim, 2.837% 0,79
+Him, 0,0003 3.1% 2.49% -

O—1ﬁ. 1_2m' ' 2_1_',m. +L|’m-
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(TIiv) Results: Patrolling behaviour

Preferences for certain.song posts were measured by
studying the patrolling behaviour of the male Wrens. The number
of song posts per territory; and the number of songs per post
were counted, The number of songs per post is prééented as a
percentage of the total number of songs produced whilst the bird
was observed during July, for a limited time period only (Table 7).
The use of song posts in each territory is ranked from highest

to lowest amount of use (Table 7).

The larger the territory the more sorng posts were used.
For example, male m2 had a territory in July of O.58ha; and
used only four song posts: male m3 had a territory.of. 0.78ha.
_in'July and ﬁsed five song postsy male m7 had a.ierritory of
1.5%a. in July and used ten song posts. When male m3 was removed
from its territory male m2 increased its territory size substantially,
and by using both tﬁe song posts that male m3 had used and those
of its original territory increased the number of song posts

that it used,

Different numbers of songs were bréadcastAfrom each
song post; a greater variation in use waskébservea.'Where coﬂflict
over territorial boundaries was more likély; or where the
boundaries were close or QVerlapping, the use of the closest
song post to the bouﬁdary increased, For example, male ml and m7
sang antiphonally (each'broadcast of song by one Wren was returned

by another-a song conflict situation) from song,postS'24 and 3



respectively ( see Fig. 37). Prbbably'as a pesult male ml sang 54.8%
i of its songs'from song post 2% and male m7 26.2% of its songs
from_sqng post 34. However, the large number of sdngs.broadcast

from post 24 by male ml might havé been because this was the only
border close to another Wrers territorial boﬁndary.“ThUS it |
was able to spend longer at that particular song post; since

~ defence ofrothe: parts of its territory was unecessary.

Song posts near nes£ sites were alsovfavoured. For example, ¥
18,6% of the songs produced by male m8 were from song post 46,
which was close to nest site (t) (see Fig.38 ), 54.8% of songs
;piodﬁced by_male m2 were from song post 2 ( see Fig. 36) close to
nest site (a) ( see Fig.~38), and 34% of the songs produced.by male

mi3 were from song post 53 close to nest site (u).

The position of the song posts correéponded appro#imately
with fhe territoriél boundaries., The territories‘expanded and
new song posts cloée to the new territorial boundary were |
selectéd. The song posts40f‘the‘prévious smailer territory were..“*““‘\\\‘
then utilised less except where the'séme boundary (i;e. beside
an open field) was kept, or advertisement of-an unused nest site

was maintained.
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teble 7

The.péfcentage of songs produced from each particular song post

within some of the male Wren territories.

Number in brackets (0) is the rank of the song post

iMale mi n=629 songs ' Male m8 n¥458 SOngs
Song Post 18  L4,6% (7) _ song Post 36  15.3% ()
19  3.0% (8) 37 7.9% (6)
20 5,1% (6) .38 17.9% (2)
21 5.4% (5) 39 15.5%.(3)
22 10.5% (2) _ ‘ - ko 1.3% (9)
23 8.9% (3) b1 0.4% (11)
2 k8% (1) - | h2 11.8% (5)
25  1.6% (9) - | b3 7.6% (7)
26 - 6.0% (&) Ly 2.4% (8)
| ' 45 1.3% (9)

, : ‘46 18.6% (1)
Male m2 n=126 songs o

. Song Post - 1 1.6% (1) Male m7 n=141 éongs.

2  54,8% (1) - Song Post 26 7.8% (4)
i 38.0% (2) o C2p 2.1% (9)

| 5.6% (3) 28 2.8% (8)
- 29 7.8% (4)

' | . .30 7.1%  (6)
Song Post 13 3.1% (5) : 1 19.9% (2)

31
1 21.4% (2) 32 17.7% (3)
15 8.1% (4)

Malé n3 n=295 songs'

16 49.2% (1) e ;3 -ZZ:;ZZ E?;
7 18.3% ) - 35 1.4% (10)
Male m4 n=1i4 songs A ,
Song Post 5 2,66 (7) Male m13 n=259
6 . 35.1% (1) | Song Post 47 8.1% (4)
7. 1.8% (8) | 48 7.0% (5)
8 17.5% (2) AR 49 5.0% (6)
9 5.3% (6) 50 26.3% (2)
10 1142 (4) o | 51 0.8% (8)
11 9.7% (5) a 52 3.9 (7)
12 16.7% (3) | 53 34.0% (1)

sh 15.1% (3)
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FIG, 36 The position of song posts within the July territory

for males m2; m3 and m4,




_67_

FIG. 37 The position of song posts within the July territories

for males m1; m7; m8 and m13
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jli)-Diécussion

The 'purpose' of song by a male bird is to advertise
~ its presence to oiher birds of the same species. The functions
of song indicated by Armstrong (1944) can be summarised as:

1. intimidation of another bird of the same sex
io drive it from the territory.

2. attracting a female to a nest site.

To achieve these functions the song must be broadcast from the
best vantage points within the territory as often as possible; but
an inecrease in the time allocated to singing reduces the time
available for foraging. Thus for the most effective use of time
spent singing; song must be coneentrated into one part of the day.
In Wrens the early morning peak of production in song is used
to re-establish territorial boundaries after the.night when no
singing; and therefore no defence of the territory takes place,

During May less time was spent singing than in June or |
July perhaps because more time was needed for foraging; However,
even though fhe number of songs given per day was less than in June,
a similar time pattern of song préduction each day was observed. Songs
were broadcast throughout the day in May and June both to maintain
the territorial boundaries and attract females to the nest sites.
In July the abscence of songs after 15.00h., could be due to
the necessity to spend more time foraging, possibly to build up
food'feserves to sustain the bird through the moult in August,
Clarke‘(1949) found that Wrens spend little time singing during
August. The concentration of the songs into the early part of the

day in July might be related to the lessened need for female
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attraction at ﬁhe end of the breeding seasonj or that the position—
of territorial boundaries had been learnt by the'ofher male
. Wrens and that reinforcement throughout the day was therefore

unecessary later in the season,

Colquhoun (19408. established a relationship between
the penetration of fird song'and the size of ifs‘territory.‘For
example, woodpeckers (Picidae spps.) are obliged to establish
large territories becéuse~of their nesting and feeding habits
and the maintenance of é large territory is possible because the

song carries so far. The Redstart ( Phoenicurus phoenicurus Linn.)

has a song of low penetration? in that it will not carry véry far,

put é territory of approximately 0.4ha, (Buxton 1950) which it
édvertises by singing high in the vegétation and/or sings Whiist flying,
The W?en's loud song penetratesveasily through the wood, and

alds the establishment of a large territory.

To.incréase thévpenetratiOn of £he song through the wopd
hiéher song posts could be selected. The Wrens of Hollinside i>
Woed selecfeq a preferred songiheight of 2-4m, This height was
;above the dense ground vegetation zéne (0-1m, ). The éffect of
dense vegetation innpreventing éong penetration can be illustrated
by the fact that‘antiphonal singing acréss the open field @f’disﬁance
Qf 200m.) was common between male m11'and mé; mh; m7 and: m3, but
"within the wood antiphonal singing rarely occurred unless the
birds were much‘closer'tOgether. |

The ridges between the valieys‘also héd some effect in
preventing the song carrying so far in the wood.

. To assist the carrying powef of the song over distances
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the male Wren holds its head Back (»see Plate 8) when singing;
projecting the song upwards towards the canopy. Song posts

with little foliage.(Plate 1 and 8) were preferred to aid song
penetration (dense foliage would detract from this) and perhaps

make the Wren more conspicuous when posturing;

Song has a duel function, tc.repel males and to attract
females, and song posts might be selected whereby both functions
could be carried out from the same song post. Howevér, an
expansion of the territory required 'new' song posts to be
selected. Nests would not be built in areas where conflict
between males might result in the loss‘of part of the térritory
and with it a nest.However, building nests cloée to the boundary .
of the territdry would ensure simultaneous attraction of females

" and defence of the boundary,from the same song post.

The larger the‘territoryg the more effective use must be
made‘of the limited number of'songs. Either the number of songs
per day must be increaséd (e,g.frovaay to June) or the time spenf
at éaéh song post must be.related‘to.its function, namely-male
repulsion or female aftraction‘qrtboth. Song posts situated
where the defence is unecessary because there is no Wren's territory
CIOSe'by and no suitablé neétiné site are used to a lesser extent
(if at all) than éong posts close to another males territory and/or !
near a nest site. Thé time?spent singing cannot increase above a

level which would effect the time available to forage.
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(III) Foraging activity.

Céperal:_

The diet‘of the ﬁren comprises chiefly Qf larvae of
_Lepid6P£era(G§oﬁetridae and Noctuidae); Diptera. (larvae of
Tipulidaé); Coleoptera (Sitona eﬁc.);'Trichoptera (larvae of
caddis flies); Hemiptera (Aphididae); spiders and some séeds
according to Witherby et al (1945).,These foods are picked from
leaf surfaces. In my studies aerial feeding was not observed
and foraging often commenced at the base of the txee , branch
or twig and continued up the stem, Particular attention was

givén to searching the abaxial leaf surface for insects.
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(II11) Results: Time allocation to foraging; estimates by the

"1 minute spot observation method'

As stated earlier because the percenﬁage' of time spent
‘flying was uniform throughout the day, the time allocated to
foraging waé inversely related to the time spent‘éinging. Thus
the proportion of each hour spent foraging increased throughou£

the day (Fig. 39 and 40),

Comparisons between the proportions of each hour spent
foraging at selected times were made by a 2x 2 contingency
table in which times spent foraging and not foraging in each hour

were entered.

In June the percentage of time épent foraging increased
significantly from 5.00-8,00h, £o, 14.00-17.00h, (X~ =24,85
p <0,001 degrees of freédom =1).
. During July days the'proportion of»time spent foraging
increased rapidly; the increase between 5.00-8.00 and 14,00-17.00
(‘Xl=1zh:8 'ﬁ < 0,001 dégréés ogﬁgeedom =i) was more highly

significant than in June,
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(IITii) Results: Heights ofrforaging-by males.

The preferred foraging zone was O-im. in both June and

July. ( Fig. 24 and 30 respectivly )

Comparsions were made between the mean use for each zone
by using the 'Student's' t-test corrected for small sample size.

Tables 8 and 9 summarisé the t values calculated,

In June the use for foraging of the 1-2m. and 2-4m,
zones was similar, but the +lim, zone was used significantly
less than the 2-4m. zone. |

In July the +im. zone was used significantly less than
each of the=other:zones ;nd again the use of the 1-2m. and 2-4m.

zones was similar,
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Table '8
Comparsion between different heights of foraging by 'Student's'

t-test with the correction for small sample size.

June i values Degrees of freedom =8
O-tm, T * p<0,05
** p< 0,01
1-2m. 5.28%%% Y4% 40,001
C2-m, - b.6wx 1.3
+im, © o 6.28%% 16 2,93 =
0-1m, 1-2m, 2-lm, : +lm,
. Table
July t.values .
 0-1m . o o Degrées of freecf_iom,='8.
1-2m, Wl - % p<0.05
*%* p< 0,01
2-4m 6, bR 1.0 **¥ p<0,001
. - BligErx L1pe 2.35% .

0-1m, | A-zm. . 2-hm. +hm,
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(IITiii) Results: Size and use of the home range by females.

About half of the females that were mated and attached
to males iﬁ the study area were watched to obfain estimates
of their maximum home ranges whilst foraging for their nestlings
(Fig, 41). The areas given in Table 10 are the minimum polygons

derived from foragihg observations.

Rapid daily changes in the size of the homé range whilst
the female was feeding the chicks made it impossible to find
out whether the home increased from hatehing to fledging. The
maximum home range was used just before the chicks left the nest. This

. was not surprising because the demand upon‘the food supply of
the home'rénge was presumably the greatest at this time.

Thé female'did not resirict ﬁhe home range solely to her
use although it was apparent thatithé méle in whose territory
the female was foraging did not enter tﬁe females home range
during the timé that the young were in the nest.

The fema1e>did not recognise the males' territorial
boundaries ( as will be documeﬁted later undef observations
of chick and female foiaging). She foraged within the nales
territory because the nest site'was far enough away from the
territorial ﬁoundary to prevent the-fgmale foraging in another

- male%"territory or an undefended area.

Females‘did not forage in areas with no ground cover,

so territorial boﬁndaries of males along a fence separating the
' wood from open grasslénd coineidentally provided one boundary
to the female's home range.

The shape of the females' home range was dependant on

the .amount of ground cover close to the nest site, Female f8
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‘had a narrow home range extending south-west and north-east from
the nest because no suitable ground cover was available closer

to the nest or in other directioﬁs.
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» Table'lo.

The areas (ha.) of female home ranges and expressed as a percentage

of the males July territory and home range in which the nest was

located.
N Male Female ' Sige of ’ Female home Female home
’ Maximum home range as %  range as %
range (ha.) of male _of male home
territory range
m1 f1 0.065% 5.6% L. 3%
w £2 . 0.121 | 20.9% . 13.3%
‘m6 : £6 0,060 20,9% 10.3% -
n7 £7 0.17% 10, 9% 9. %
m8 8 0.117 6.8% 5.7%
n10 £10 | 0.093 . 24.5% 16. %%
. -
m13 £13 0.093 - 11.1% 9.0%

% The chicks died before leaving the nest



FEMALE HOME RANGES

FROM NEST SITES
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(IITiv) Results: Tﬁejféeding ranges of fledged chicks,

After leaving the nest the‘brood was fed by the female
for up to 20 da&s, Groups of one female and several chicks were
often seen foraging within the wood in June and July,

No attention was féid by the female or the chicks to the
territorial boundaries éf the male with which she had mated and
within whose territory she nested. On several occasions the brood
of chicks with female f5 were found ih the territories of male
m3 and m4, up to a distance of 350m. from their original territory,
which belonged to male mb.

- However, thé presence close to the territorial boundary
of the male with which>the femalé had mated‘seemedvto prevent
foraging excursions furfhei afield. For exgmple, the presencé
of male m13, which.delivered both territorial songs and-alaim
calls at the boundary between his territory and that of male m8
(close to the road), halted the movements. of female f13 and her

chicks which then returned to the territory of_male mi3.
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(I1Iv) Results: Height: of foraging by females.

During at least 10 days of observation thé female Wrens
foraged only within the ground cover zone (0-1m.). She only‘
hoved'above tﬁis zone when removing faecal pelle‘ts from the nest.
Once she had collected a faecal pellet the feméle-flew to a high
pérch where she either ate or dropped it. The same perch and tree

were often used during rep®tition of this behaviour,
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“'(IIIVI)fRééuIﬁé?“'Time’allbééfibn'to flying for males; data ™ =

obtained by 'l minute spot observation method’

The time allocated to flying was similar in June and July.

There was no significant difference between the proportions of

‘each hour spent flying at different hours of the day. Only a

bsmall percentage of time was spent flying (Fig. 42 and 43).

Wrens fly quite swiftly, but usually'for'distances less
than 50m, The height of flight'is low, rarely exceeding Z2m.
above ground level, Longer flights seemed to be assisted by

leaving a high perch (e.g. the ridges and higher trees) and flying

to lower positions in the vegetation some distance away. Wrens

appearéd to lose height whilst flying, and to reach a high perch

Awithin a tree would climb and not fly to it.
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(III)' Discussion

As mentioned earlier, when the size of territories increased,
the amount of ground cover within each territory also increased.

The ground cover zone was the most favoured for foraging " bﬂ

both males and females, so.greater foraging areae were available

at the end of July than in May within.each territory. Hoﬁever,

the male Wrens did not restrict their foraging to their territories
and made extended foraging excursions into the territories of

other males,

The most favoured foraging zone perhaps. offers greater

protection against predators because of the 'denseness' of the

vegetation. However, as the majority of the Wrens' prey (e.g. Lepidopteran

larvae) live upon the su;face of leaves an increase in the total(
surfece area of the leaves above a fixed area of ground,i.e. the
‘'denseness 'of the vegetation, may lead to an increase in the prey
aveileble. Thus the height;,selected by the Wren, the lowest .
zone_(d—lm.) night present a more abundant food supply, the leaf
surface-area being greate% for a fixed area of‘grognd, and also

© provide cover whilst foraging. Cover might be particularly '
important for the fledgelings which cannet‘fly well, When disturbed
even adult Wrens always seek safety within ground cover.

If food availability was greater in higher zones it would
have been expected that Wrens would have spent more time foraging
within these =zones, The success of the brood, that is whether
any young>eurvive or not, depends upon successful foraging by the
_female, since -she alone feeds the chicks. Although not restricted to

the 0~ 1m. zone by any phy31ca1 constralnts, all the females foraging
occurs within this ground cover zone, After the young fledge
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use of the ground cover zone allows. the female and her brood

to feed undetected by predators.

However, for the male there is a difference in height

between the foraging zone (0—1m,) and the preferred song post

gone (2-4m,). If singing was exclusive to one zone and foraging

to another energy would be wasted in.moving between the two.

The male Wren is an opportunlst when foraging and will sing and
forage between songs within the same height zone. Therefore some
foraging occurs at all height zones in which song activity is
high., When there is a reduction in the proportion of time spent
81ng1ng, more time is spent within the lowest, most favoured,
foraging zone. In the morning, when more songs are produced each

hour, more time is spent foraging at the higher zones, which

_contain the favoured song poste, than in the afternoon when song

output is less; In July when songs are broadcast both from 1-2m.

and 2-4m, zones, the former belng preferred in the afternoon and

. evening, the use of the +4m. zone for foragirig was less than 1n June.

The male Wren spent more time et the lower zpnes, as the song
prqductien decreased'

To establish a hlgh level of energy 1nput every opportunlty
would be made to forage. However, there would be a compromlse

between the height preferred for song activity and that for foraging.

'~ When the song production was at its highest a greater proportion A

of the'time spent foraging would be at the preferred song pest
height, even though the mejority of the fime foraging would
still be spent at the 0-im, zone. The proportion of time spentv
foraging early in ‘the horning,.when the song production was
highest; would be less. A greater precedence would be given to

song because its function might be of more imprtance at that
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time of day than foraging, The amount of time spent foraging T
might also be effected by the capture rate per unit time of insects by Wrens
being less in the morning, This might be due to the lower ambient -
temberaturé slowing down the movements of the inseets:and'theirv
detéction more difficult, As the song rate per hour‘waé reduced
the time available to forage was greater, and this coincided
with a higher ambient temperature, With more time available to
forage more of the time woﬁld be spent within the 0-1m. gzone.
Foraging at higher levels would be unnecessary becauséifew
songs would be produced at a highér level, and the effectiveness

of foraging at these levels would be less,

An example of how the maximum use of time was made so that
the proportion of time épent fpraging was greatest'was shéwn
by the foraging behaviour of the female. After leaving the nest
the female would fly to the selécted foraging area then,forage
continually back to the nest. The maximum time was spént féraéing
and the least amount of energy was spent on flying. This béhaviour
- psttern would also allow for the 1arges£ area to be-éearched for
food in the time available.

In the male highialightingAposts_were used ﬁhen flying
because they would reduce the effort of flying without any

sacrifice of distance between alighting and landing points.

It appeared that as preference for the O~1im, zone was given
by the male and female Wren ﬁopulation there was no competition
between the sexes for foraging zones, The demands by the Wrens
on their food supply of that particular zone were not great enough

to incur any exclusion mechanism. However, as was stated earlier
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the male did not approach his respective female's home range. This

may have been a mechanism - to restrict the use for foraging of
a particular area to one Wren of either sex, However, it could.héve
been due to the fact that the male no longer had any interest

in the occupied nest site and no further need to visit that

particular area of the territory.

/4
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" (IVi) Results: Nest building.

Nest building was carried out entirelylby the malé and
A,several nests were built by each male. Building took place throughout
the breeding season.untii June, but no evidence of new nests
was found in July. - |

The male completed nest construction by sometimes lining
it withrmOSs. Once the nest ﬁas completed it was Qisited
regularly and any necéssary repalrs-made by the male. The female
which had selected a particular nest lined it With'feathérs Just

prior to egg laying.

It was possible on only one occasion to observe continually
a ﬁale Wren building a nest, Malé m5 was bullding betweénrbracken
petioles a neét which was later abandoned still incomplete. The
allocation éf time by this bird fb various activities was measured by the
'continuous survey' mefhod and the results are givenvin,TableAll.

It appeared that whilst nest building the normal-ﬁime |
allocation to activities was altered, (Table ‘1 and»Table 11).
Flying activity incieased,.possibly because thé male searéhed
for nést maferial at some distance from the selected neét site,
‘Both singing and total>fofaging activity decreased to allow

for the high proportion of time spent actually building the nest.
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Table 11.

Time allocation to various activities whilst nest building

Time 10,00-10, 55

Total duration of observation period  55mins,

Time spent foraging* ' 32.?min._(59.5%)'
Time spent flying 4,1min, ( 7.5%)
Time spent singing ) . 0.7min, (1.3%)

Time spent nest building 17.5min. (315°%)

¥ Foraging activity included searching for both food and suitable

nesting material,

. ¥




 Plate 8.

Male Wren (m8) singing from song post.

Plate 9,

Nest (k) built by male m6.






Plate 10.

Nest (d) built by male m2.:

Plate 11.

Nest (j) built by male mé.






Plate 12,

Nest (u) built by male mi3.

Plate 13.
Nest (m)vbuilt by male m10.
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gIVii);Results: Nest site location and building materials, .

Twenty-one nests were found and their ownership, height,
‘and details of nest construction are given in Table 12, Their
" position within the wood is given in Fig, 44; and Plates 9-13

- show photographs of the nests of some of the male Wrens.

A wide variety of nest sites were used,e.g., under the stréam
bank; within bramble; in holes and branches of trees. The height
above ground level also varied widely, from 30cms. to 450cms.,
but none were found at 200cms. or‘above that were chosen by female
Wrens.,

Males m1 and mi3 bqth made use of the overhanging stream
‘bank for nest sites. The grass roots and overhang of the bank
Were vér& suitable nest supporting structures. The‘majoritytof
nests built within the wood were made of dead bracken petioleé.
There was an abundance of this material tthughout the seasdn. Where
" bracken was not available in the vicinity of the nest site dead
1eaves and.gfasses were used to bulld the nest, e.g. in thé larch
wood and the Field Station. Bracken was not favoured as a nest
' supporting material even when it was abundant durihg Juhe and-July.
' The only attempt at nest building (nest g) within bracken was soon
abandoned.

Nest sites were found close to territorial boundaries if
a suitable supporting material for the nest was available., Nests
found in a central position in the territory wereVCIOSe to fbrmer
territorial boundaries at the time they were built. For example,

male m8 built nest (r) close to the boundary if its May territory;
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nest (t) was built in June at the furthest extension to the territory
in a southerly direction; and nest (q) was built in late June.‘
at the edge of the territorial expansion in a northerly direction.

The distance between nests.varied considerably. Male m6,

- whieh had a small térritory, built nests relatively close together.

The distance between nests (k) and (L) was approximately 10m.
Wren male m5 commenced building a nest, (g), which was approximately

10m. from nest (h), but did not complete it. The largest number

. of nests was found within male m8's large territory. Here the

nests were separated by a minimum distance of 25m, (nest (r)

from nest (s)).
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" Data on nests found within study area,

Nest

%o .polygamous males m2 and mi0 respectively.

Note: £8* was presumed to be the female
£8** the second.
£21:£2";£10' and £10" were thoug

inc., represents incomplete nest

Male: Female Nest Height abov SUIrounding
' ground \®MS. material  material -

ni f1 n 90 grass/roots” erass/Soil

nl - o 120 grass rose bush

m2 2! a 100. ~ bracken ~bramble

m2 2" d 30 leaves rowan/sycamore tree
n3 - c 270 bracken beech tree

m3 . - e 450 bracken sycamore branch
m3 - f inc, bracken tree stump

ml £l b 70 bracken branble

n5 - g inc. bracken bracken

m5 - h 90 bracken bramble

né - 3 130 bracken bramble

mé - - k 30 bracken bramble

m6" £6 1 4o bracken ‘bramble

n7 £ p 70 ‘bracken bramble/tree
n8 £g* r 40 bracken tree stump

n8 - t 60 leaves bramble/tree
n8 f£8** 1s 70. bracken bramble

n8 - q 300 bracken sycamore tree
ml0 - £10" i 150 bracken bramble .

w10 . £10" m 180 'b?acken ~ silver birch tree
-m13n4 £13 u (110 _moss ~ -grass/soil

of the first clutch,

wt to be females attached
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(Iviii) Results: Breeding biology.

0Of the twenty-one nests found only ten were later occupied by

females, Of the ten clutches laid four were lost to predators

before hatching. The predators could have been small mammals
and only eggs were taken, No evidence of predation dﬁring the nestling

stage was observed but one brood died of unknown causes (nest n),

Nest (p) was destroyed before egg laying commenced but had been

feather lined by the female,

The time between the completion of the nest and occupation
by the female varied considerably. Only nests (a) and (b) were

selected ﬁy.the-female Wrens immediately'after building by the male

had been completed. Nest (d) built by male m2 in May was not occupied

until the end of June, whereas nest (a) built in June was occupied

immediately, .
The number of eggs laid,length of incubation period, length -

of the nestling period and the number of days the female remained

 with the chicks are presented in Table 13. The chronology of -

B breeding biology is presented in . Flg 45.

'~ Two separate groups of fledgelings were found within male

m5 and m7's territory but no nest site could be found for them,

The fledgelinge sometimes returned to their nests at dusk, but

unfortunately this was not so in the case of the twb‘missing' nests.



Table 13, Breeding biology.

Male

ml
n2
nz'-
-mh
mb
m?
n8 -
n8:-

mi10-

m10*

Note:

- 8% is thought to be
~£2;£2"; £10'andf10" are thought to be fema
-3P- clutch was predated before complete

Female

f1
f2'
f2ll

£

6

7
£8*
£8**
£10'

£10"

Nest

‘Site

n

a'.

NN N 0N N \n
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Cluteh Date of

size

first egg.

- u/7/76

28/6/76
1/7/76

3/6/76

30/6/76
20/6/76
20/4/76
22/5/76
1&/6/76
29/6/76

~ Incubation
period(days)

14
PRED,

15

-PRED, - clutch was predated during incubation

Nestling

period(days)

DIED

15

14

b

14

16

Number
fledged

the female of the first clutch and f8%* the second.
les attached to polygamous males.
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ﬁiV) Discussion

Multiple nest building is recémed' amongst birds in
widely diverse families'and may serve ; variety of funciions;
The averag§ nunber of nests per nale Wign found in Holland was
6.2 (Kluij;er et al 1940); fhe aieragé number of nests per male
in Hollinside Wood must have beén much less even though the 2,1

nests per male were'probébly not all the nests built.

Each nest which was started was completed, or abandoned
incomplete, before a new nest site was chosen., However, nest repairs
and lining with moss cbntinued throughout the breediné season
until the nest was O§cupied by a female, Sihgihé from a song
jost close to tﬂg nest site also continued until the'nesﬁ was ‘
oqcupied. No completely built nest was'aiéndoned by the male. Thus
by creating more nests the male provides a greater bhoicé'of nesting
sifes for a female; He also has a greaiér chance of méting, if_the_
femaie seleéts which nest she will usé. The Nethersole-Thompsons
(1943)rstate becaugse the male builds the nest he seleects the nest
location, However, it:is clear that the female must make the final
choice which, if any,.of the many nests she will use,

An additional advantage to the male of having se?eral»nésts
available might be that when one of them ié occupied, advertisement
of the others can continue with the possibility of further matings
- with other females,However, this is only possible because the male
is not responsible for feeiing the female.on the nest; incubating;~

brooding or feeding the chicks.
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If females tend to avold nests close to occupied nests, it -
would be advantageous for a male to space his nests as far
from each o%hér as possible, this might increase hié c.hance
of multiple mating. |
| Height above ground level appears to have been one factor
influencing tﬁe females choicgvof nest site. Nests above Z2m.
might not have been 6hosen for a variéty of reasons. For example,
predators might be able to see the female returning to the nest
after foraging excursions more'easily above the dense ground cover;
or the distance above the ground could be too‘great for the newly

fledged young to fly back into the nest.

A polygamous male Wren may be able to leave more offspring
than a monogambus bird both during one season and during his
lifetime, Vor Haartman (1956) found that a polygamous male Pied

Flycatcher (Ficedula hypoleuca Linn, )could father‘és many offspring

in three yearé as a monogamous male could in six, Hé'suggested (1950)
that two types of polygamy exist . '
1. 'successive'
2; *simultaneous’
Male Wrens' poiygamy normally falls into the first catagory
(Armstrong 1955); in that first one feméle is mated and then another
but not all males are polygamous. 'Simultaneous' polygamy occurs
when a male has more than one mate at the same time, and in the
Wren population I studied male m2 had fwo different females laying
eggs and inculating at the same time. On the other hand,male m10

had two females which laid in different nests 15 days apart.

.. Py
L
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" This would be considered .as "successive'polygamy even though the
second female had laid the first egg before the first female
- hatched her'clutéh. However, because the females were not individually .
marked the first female may have re-nested,because her clutch
was predated, in the second nestvaﬁd only one female was in
fact concerned, - |
The period df approximately three weeks in which the
female feed the fledgeiings after they leave the'neSt may prevent
ﬁér‘from laying a second clutch if her first clutch was laid
late'in the breeding season. Yet males often courted females
with fledgelings and attempted to mate with them,
It seems unimportant whether the male Wren is successively
or simﬁltaneously pélygamous provided that he fafheré the maximum .
- output of young within a breeding season. Since the male does not
assist the female‘by incubating or,feeding the chicks, elther -
pre~ or post-fledging, simuitaneous polygamy piaces_no greater
strain on his energy resources in foraging than successive polygamy.
Where“thé food supplylis iess abundant, in the island habitats
of the wféns of St. Kilda, Shetland and the Outer Hebrides, the
‘males are normally monogamous and assist the feﬁales iﬁ feeding the
young (Harrisson and Buchan>193h; Armstrong 19534) .
The chances of a male becoming polygamous depends on the
number of suitable nests built and his success in attracting females
toithe nests, If all nests built are advertised untiljoccupied
by a female, then Simultaneous polygamy can occur if two females'
‘are attracted fd diffeient nests at the same time within the

breeding season.

'Polygémy will maximise the reproductive output of a single
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territorial male only if there is no difference in survival between
‘the offspring of polygamous and monogamous males. Sinee the male
Wren takes no part in the rearing of young, polygamous males should

be more productive,
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(V) Final discussion,

The Wren population haé shown a rapld increase since_thé
severe winter of 1962-63. Common Bird Censuses have shown a ﬁen-fold
increase in the number of males holding territories on farmland since
then (Batten and Marchant 1976). Wrens thus have the ability
to re~establish population levels quickly after a severe decrease
in number, This is possible because Wrens ha#e a high reproductive
outpﬁt, the result of large clutch sizes and the possibility
of several broods from each female in a season.

Polygamy does not assist this situation but provides more
offspfing for a particular male, but because the sex ratio in Wrens
is assumed to be equal (Kluijver et al 1940) some males fail to
‘obtain a mate. Sexusl seleétion'of males by females will oﬁerate.
‘The male with the greatesf number of well advertisgd suitable
nests will have a higher probability of attracting a female,

As the pobulation of birds increases, more and more males will
be forced into unsuitable habitats, If the sex iéiio; remains
the same, since thé'feméles will be attracted to the better
habitat, there will be aﬁ increase in the chance of pol&gamy

for the males in these habitats,(The females will make maximum
use of the better habitats because of the possibility of reduced

success in producing fledgéd young in unsuitable areas. )

The quality of the habitat may be dependant upon the
density of the food supply. Harrisson and Buchan (1934) have shown

that both male and female St, Kilda Wrens forage to feed their young,
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Euf-eﬁenrthéhv%here iswé gréét;f chance ;f chickwgtérvéfi;n thén in
the mainland habitats, Howevér, the‘habitat is appafently not
bleak enough to produce significant inereases in the time necessary
for foraging (Bagenal 1958). Cody'(1974) has shown a strong
rélationship between territory size and food density for the island
Wrens; the iess abundant the food supply the larger tifirterritory,
‘But Cody has given little iﬁdication as to when the territory
size waé measured andadkiher foraging for island Wréns is resticted
to the territory. FUIthe; support for a link between territory
and food density came from Nicholson (1927) who considered that
amongst insectivorous species with weak flight, such as Warblers
(Muscicapidae spps.), therevmay be food territéries, since such
i‘spécies wogld have greatér difficulty in obtaining their food-
'. requifemenﬁs than swift flying speciés such as House Martins

(Delichon urbica Linn;). This claim is far from proved (Lack

and Lack 1933), and 'weakf or 'strong' flight is a very
'subjective c1assificatiop; especiélly if one considers the Wren
as an apparently weak flier which nevertheiess_haé colonised
femote islands; |

1

Howard (i920) claiﬁsithaﬁ territory insures. ample food

for the youngAin close proximity to the nest'. It could be

presence or absence of a suitable feeding:area around the nest

that attracts a female Wren to a partieular nest, However, Lack and
Lack (1933) point out that if the food supply is to be exclusive

to the female; interspecific as Well as intraspeéific exclusion
nust occur of birds with éimilar foo@ requirements. There is no

evidence of this in the Wren although the niche overlap with other

- birds is not great, according to Cody (1974).
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Armstrong (1955) found a correlation between territory

size.and reproductive 'vigour®, indicated by the fact that
polygamous male Wrens generally defended larger térritories than
ménogamous males, However, one polygamous male-of Hollinside Wood_
had one of the smallest territories (0.58ha.), a result

" inconsistant with Armstrong's claim, Reproductive'vigour' is
defined by Armstrong as ' the number of nests built and the
number and volume of songs produced', and was, he believed)dependant
upon food supply. With an increase in the number of nests and how
well they were advertised there would possibly be an increase in
mating success. But 'vigour' may be dependant upon the level

of teétosterone present more than on the food supply.

Fig L6 shqﬁs:relationshipsbetween song output,:incréase in territory
and breéding success , ' ", The relationship Shows that an inciease
in territory size will make available a greater foraging aréa,but,
perhaps more important, more suitable nesting sites are included
within the territorial limits,

.The‘male Wren is extremely ecatholic in its selection
9f~suitab1e nest sitesrand any increase in territory size would
undoubtedly include more nest sites. The hore nests available |
increases the chance that a female will select one. If the terfitory
increases until social interaction prevents further expansion
one might assume that the object of defence is thebnest or the
potential nest site,

Von Haartman (1956) considers the breeding system of the
Pied Flycatcher as 'polyterritory' where each nest hole is defended

and the majority of males have more than one nest hole, The upper
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limit to the population density of the Pied Flycatcher is set

by the number of nesting holeé. One might consider that the same
situatioﬁ applies to Wrens, because they defend a laige number
of nests and eéch nest is exclusive to the male that built it,
However, there is no shortage of suitable sités for nest building

so the population cannot be limited in the same way as the Pied

Flycatcher.

The size of the male Wren's territory is much larger

than that of other small passerines, The Reed Warbler (Acrocephalus

scirpaceus Herm, ) defends an area of approximately 500 square

yards (0,04ha) (Brown 1946); blackcaps (Sylvia atricapilla atricapilla

Linn,) and garden warblers (Sylvia borin Bodd.) 0,5 acre (0,2ha, )"

(Raines 1945); willow warblers (Phylloscopus trochilus-trochilus Linn,)

0.3 acre (0,12ha.) (May 1947) and Redstarts (Phoenicurus phoenicurus

phoenicurus Linn.) 1 acre (O.Qha.) (Buxton>1950). However, of these
only the male gérden Warblerkis known to build 'cocks' nests
(Witherby et al 1945), a practice.common in the male Wren. The
larger territory in the male Wren might be becausévof the multiple
nest building habit, However, as ﬁhe density ineréases the.

average sige ofithe territory may decrease. This situation is

found in the House Wren ( Troglodytes aedon Linn.) (Kendeight 1941).

An unsuitable habitat might have a lqwerrdensity of male
Wrens and a suitable-haﬁitat a high density of males, The only
indication of suitaﬁility of habitat might be given from the amount
of ground cover available when the'territories'were established
That the population is still increasing rapidly (Batten
and Marchant 1976) would imply that the maximum density of many

.areaé has not yet béen attained, Expansion of the territories
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to increase the number of nest sites can still ééierplaéé where the

density of Wrens is low and not all the available ground cover is

utilised. One méy speculate that the higher the initial density

of males, the smaller the increase will be in territory size from -
May to July, until at some maximum density there may be no increase
at all. However, even the minimum territory size coﬁld allow

every male to build more than one nest. One would expect the

maximum density of male Wrens for a woodland to be reached and

then expulsion of male Wrens £o unsuitable habitats, Williamson (1969)
has shown that Wrens prefer certain habitats. The ‘reserve' group
of males in unsuitable habitats could replace,at any time of the year,

any male which died while holding a territory within the woodland,

This would ensure a stable density within the wood.. That'reservé'

males of other bird species replace males that held territories

‘has been shown by Hensely and Cope (1951); Stewart and Aldrich (1951)

and Krebs (1976). Therefore the build up of a population of non-

breeding ‘reserve' males would always mean that a maximum use

of the suitable habitat is made as a breeding area,

The male Wreﬁ is able to maximize its reproductive‘potentialu
at different densities by increasing the number of nest sites

when the density is low or maintaining a high density in the suitable

. areas when the population is large. The use of the territory

a

limits the density of a suitable.habitat so that the resources

. are not stretched to an extremé and new suitable habitats are

constantly,sdught after by the unproductive male population.

If a territory is by Noble's (1939) definition 'any defended
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area' and implies 'any excluded area' (Ricklefs 1973) the only
territory for the male Wren is the nest site, The arrangement

of nests forms ihe more usual Wren territory studied. Song is a

. very difficult defence mechanism to understand, for example, the

distance of penetration; the effect of an increase in volume, and a
greater knowledge of 'song distance ' as a quantitative measure

is needed ©before defence by song is fully understood.
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FIG. 46

- Inter-relationships established between territory s1ze, song output and
breedlng sSuccess, .
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(Vi)'Appendix.' o . - S

Results of the Common Bird Censuses for the Wren population

of Hollinside Wood and the Field Station are given in Table.13.

The estimation of the number of territory holding male Wrens"
from the censuses was much lower than the actual population found after

intensive study.

The shape of the territory could have caused some errors
in‘the estimation Qf the number ofrmale‘Wrens..Long, narrow.
terfitories, for example along stream banks and hedges, could
lead to a higher estimation of the number of male Wrens, A male
‘-:could sing at one end of the territory and‘then move to the other,
but out of sight'éf the obSerVer, to sing again. Repetition of
this several timeé-coﬁld confqée the'oﬂserver into thinking that
there were two, not one, male Wrens at this site, |

The possible effect.of the climate in reducing song output
_.coﬁldilead to an underestimation of the number of male Wrens
présent.

” Otﬁer pOSsible sourées of efrorv%hat could have arisen
are from the actual time»that”the survey was taken (Slagsvold 1973);
the difference.betwéén morhiﬁg and evening song production peaks
(Hogstad 1967), and the song depreséing effect of rain and wind
(Hogstad 1967). The most accurate methods-of estimating the
size of the population are those of Pough (1947), Odum and
Kuenzler (1955) and Weins (1969) but are not épplicable to
evefy sitﬁation and for every species of bird and are time
consuming,AThe, recommendations made by the International.Bird .
Census Committee (1969); SvenSSon’(iQﬁO) and Robbins (1970) shoqld

be adhered to as far as possible to obtain consistent reliable results.
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pable i,
Number of male Wrens estimated by Common Bird Censuses in Hollinside

Wood. 'and the Field Station.

Date Number of Wrens (male) " Time of census
20/4/76 6
21/4/76 5
- 22/4/76 7
23/4/76 b
- 24/4/76 6
25/4/76 6
26/4/76 v < Morning
B 5
8
3
8
5.

Morning
Morning
Morning
Morning
‘Morning

Morning

27/4/76
- 28/4/76
29/4/76
30/4/76

Evening
Morning
‘Evening
Morning

mean= 9 Wrens
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