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BTN, 1943

The four male plumages of the Superb Blue Wren, Malurus cyaneus.

Upper: left immature, right sub-adult. Lower: left adult in breeding plumage,

right adult in winter plumage. The immature plumage is the same for both
sexes and very similar to that of the adult female.

Painting by Betty Temple Watts
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Strrarary

A completely colour-banded population of these small, sociable, multi-
hrocded passermes of the sub-family Malurinue was studied for more than
tour vears ol Gungahling Canberra, ACT. Their plumage, behaviour, song.
breeding biology and population dynamics are discussed with particular
reference to the persistence of the young-of-the-vear within the family
proup throughout the winter, the consequent problems of Jdispersion and,
ultimately, the frequent occurrence of more than one mature mule in the
breeding group. It is sugeested that this apparent polvandry enables the
species tao he reproductvely more successful within the limits of a4 variable
climate.

L INTRODUCTION

Difterent  species have  different requirements  and  react in
diffcrent ways to a changed environment—the Superb Blue Wren,
Malurus cyanens, 1s one of the few species that actually scems o
thrive in assoctation with man. Besides the gardens, which surround
houses and public places, the opening of the bush and the spread of
exolic plants such as Sweetbriar, Rosa rubiginosa 1., and Btack-
berry, Rubus fructicosus L., have all provided additional ecological
niches suitable for M. cvanens, and in consequence the Superb Blue
Wren is widely known and frequently mentioned in the literature.

The Blue Wren 1s a multi-brooded, sedentary, and ierritoriai
small passerine of the sub-family Malurinac {Mayr and Amadon
1951). Throughout most of the year they may be scen foraging
energetically in groups numbering from 6-12, or cven more—
in other words they are obviously a sociable species. The muain
object of the present study was to investigate these social units—
their formation, the relationships within them, the constancy of
membership, and their general utility; to achicve this it was first
necessary to thoroughly “know™ the species and to this end details
of plumage, song, behaviour patterns, brecding biology. territory
and popuiation dynamics are presented before the social organ-
ization of the species 1s discussed.

The study of Malurus cyanens was nitisted n 1955 at
“Crungahlin®, the headquarters of the Division of Wildlife Research,
CSIRO, at Canberra. About the same time the Misses Bradley
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PLATE 13

Aerial photographs of Gungahlin study area.

Upper to show cleared pastoral surrounds which isolate the population.
Lower to show the variety and nature of the vegetation.

Photo by C. Totterdell



Juiy E265 Rowiry, Life History of Bine Wren 253

started a similar study at Mosman, N.SW. (Bradley and Bradley
1957). Later Pate and Courtice {unpubl.} banded Wrens in the
grounds of Sydney University, Where possible 1 have amphfied
my own figures and checked my [indings with theirs; T am most
arateful for their co-operation.

1. MrtTnons

Gungahlin is an old homestead surrounded by a mature garden
of lawns, trees, and shrubs. The drive, halt o mile long, links the
house with the main road and is Banked by hedges on both sides,
beyond which are open paddocks. The study area comprised some
49 acres (see Plate 13), most of which was enunently suitable Tor
Wrens, but which was conveniently isolated from similar habital
by surrounding grazing leases. The ncarest other Wrens were over
a mile away—a significant distance for a species with weak powers
ot flight.

The study was based on the capture and individual marking
of the entire population, followed by regular fortnightly identific-
ation of all Wrens still present in the arca; notes on plumage,
hehaviour, and territorial boundaries were made it the same tme.
Throughout the breeding season an attempt was made to find all
Wren nests and band the offspring before they fledged. [t was not
always possible to locate the nests before the cggs were laid, but
where this was done particular care was taken to obtain incubation
and fledeing data. Details of nest height, aspect. and location were
recorded and intensive observations at selected nests were carried
Ot

Trapping. Nearly all the birds were caught in a box-type trap
{30” cube) with four funnel entrances ut ground level and a
sleeved apcrture at the centre top. When trupped Wrens saw
humans approaching their invariable reaction was to lly upwards,
a few small branches placed crosswise half way up the trap fook
advantage of this by providmg perches and very few escaped via
the funncls.

The trap was baited with bread crumbs fried in fat and scattered
on the ground. The funmnels wcre left out for several hours
(frequently overnight} to allow the birds to become thoroughly
familiar with the trap before 1t was set.

Most Wrens show no trap-shyness, although one female eluded
all methods of recapture (including mist-nets) for five years. In
no instance was any disturbance to general bchaviour observed,
resulting from handling or trapping—in fact birds frequently
re-entered the trap minutes after release.

Banding. By the end of September 1956 all adult Wrens in the
arca had been trapped and each given a different colour-combin-
ation of two celluloid bands—on each leg. The bands were fused
with acctone. Besides celluloid bands, the marked birds carried a
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numbered aluminium band supplied by the Australian Bird-
Banding Scheme, which was placed on the left leg of females and
the right leg of males, thus extending the available colour-combin-
ations quite safely.

Although the banding of nestlings is generally regarded as
wastelul of colour-combinations duc to high mortality, it was
essential to have the young pedigreed if soclal relationships were
to be solved. This difficulty was overcome by using striped and
bi-coloured bands, common in aviary studics but generally avoided
for ficld work because of identification difficulties. Twenty contras-
ting patterns were selected and each vsed to distinguish a particulur
brood; a plain-coloured band denoting the year of birth ("56 red,
37 blue, "38 yellow cte. ) and @ numbered aluminium band on the
lefe leg completed a nestling’s quota. By alternating the positions
of these three bands {sece Fig. 1} four individual combinations
were possible (the clutch size never exceeded that figurc). When
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individual marking of nestlings; by changing (he metal bamd to the
risht leg a further four combinations are possible.

seven days old the legs of the young are firm cnough to take bands.
Size 1 fits satistactorily, even though the nestlings’ legs at that age
arc fatter than those of adults. Il the young are left untul more than
nine days old they are likely to “explode™ [from the nest on
handling—a uscful defence mechanism for the species, as they
scatter rapidly and then freeze motionless in the ground litter,
where they are extremely hard to locate; a predator might find one
or two. but some would survive. This performance is further
complicated by the distraction display of the parents (Rowley
1962,

Those nestlings which survived until the following July were
trapped and given adult colour combinations.
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Tdentification. Wrens are not shy of humans, so thatl recognition
of colour bands was usually done at close guarters. Occasionally
the bands could be read by the naked eye, but generally binoculars
were used (Hensoldt Wetzlar, Dialyt § x 30).

Of the seven plain-coloured bands used, red, black, and white
lasied indefinitely, but blue, green, yellow, and orange tended to
fade to a unilorm dirty grey after maore than 18 months’ wear.

TII. RESULTS
1. General
(a) Plumage
Mack (1934) has described the plumage of M. cyvanens in detail
and only those aspects important for the field identiflication of ape
or scx are given here. Both male and female birds weigh 10z
(z=0-5g) and their taits average 60 mm, which is approximatcly
hall' their total length.
Four distinct plumiages (sce Plate 12) can be separated in the
field with the aid of binoculars:
Female, The mature breeding female is a brown bird whose tail
shows greenish-blue lights. The bill and the skin surrounding the
eyes are orange brown, while the legs are pinkish brown.

Juvenile. At fledging the colouring of the bill and the skin round
the eye is poorty developed and pale, while the Lail is a mere stub
(¢. 10 mm.) adapted 1o the confined space of the small domed nest.
During the eryptic stage the tail grows rapidly and the calours of
the soft parts deepen so that when the young are next scen. feeding
indepcndently. they are almost identical with the mature female,
cxcept that they lack the bluish-green lights in the latter’s tail feath-
crs. By this time wear and tear on the tail feathers of the adult fe-
male, who will be attending her second or third brood. further dis-
tinguishes her from her offspring. with their new rectrices.

For a period of from four to six months male and female
juveniles are indistinguishable in the field or hand.

Suh-udult male. In the late autumn or winter (usually April-
May) male juveniles grow their characteristic royal blue il
feathers. but it is not for several weeks, or even months, that the
colours of the soft parts change, usvally not untl they moult into
their first nuptial plumage. Late hatched individuals {(c.g. 1112
and probably 602) may not gain their blue tails until August {sec
Fig. 23.

Ofi-season male. Males over one year usually assume an off-
scason or winter plumage following the autumn post-nuptial moult.
As will be shown later the duration of this plumage varies with
social responsibilities, age, and climate. Basically the plumage s
similar to that of the female (body-feathers), but the new tail
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remains blue; the black bill, and pale soft parts distinguish this
category from sub-adult males.

Male nuptial plumage. This consists of black and blue and is
very striking. This vividness enables the early appearance of bright
feathers to be easily seen among the brown of the off-season
plumage—conversely the first brown/grey feathers amidst this
bright array appear dishevelled and clearly mark the start of the
moult.

(b) Moult

In the autumn, all Wrens in the study area, except juveniles,
underwent a complete moult, the onset of which was determined
by the end of the breeding season, coincident with the start of dry
summer conditions, and varied from December to February in
different years. The autumn post-nuptial moult began about six
weeks after the laying of the last egg, and since pairs nested at
different times the onset of the moult was not uniform within the
population.
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* These birds mated in their first year and maintained single pair territories.

Fi16. 2—Male plumage changes in Malurus cyaneus during the first year
of life; Canberra A.C.T.
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Males have a second or pre-nuptial moult, the onset of which
was found to vary according to age and social status; both moults
in the male take about a fortnight to complete. Males assuming
nuptial plumage for the first time (see Fig. 2) did so by mid-
September, but never earlier than the beginning of that month even
when they were mated and holding territory on their own (660
and 1135). Birds coming into their second breeding season
moulted according to their social position (see Fig. 3); cocks
maintaining a territory (the dominant where more than two males
were present in the group) moulted during July (003, 035, 660,
706, 1135) whereas subordinate (supernumerary) males remained
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* This bird was a bachelor occupying territory alone.

F16. 3—Male plumage changes in Malurus cyaneus during the second
year of life; Canberra A.C.T.
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in off-season plumage for another month (015, 024, 641, 655, 658,
911, 917). The presence of a mate to establish this “dominant”
carly moult is not essential; 660 was maintaining a bachelor
territory, alone.

Figure 4 shows that sometimes a male may enter its third
breeding season still in a subordinate role; this occurred twice
(024, 1010) and the cocks in question assumed nuptial plumage
in August, whereas eight other birds of a similar age, but main-
taining a dominant role, moulted in April, May or June.

Seven birds of known age reached their fourth breeding season
and of these, four (024, 035, 706, 917) definitely moulted into
off-season plumage and remained in it for a month or more. Two
birds (003 and 015) moulted straight from one breeding plumage
to the next with no sign of the off-season grey-brown feathers
whatsoever. Male 825 was not viewed at the critical time during
his fourth winter.
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*Both these birds were still subordinate to older males (003 and 706 respectively) in their third year.

Fi6. 4—Male plumage changes in Malurus cyaneus more than two
years old; Canberra A.C.T,

In the fifth winter there is again considerable individual vari-
ation; 706 moulted into off-season plumage while 035 and 825 re-
mained in breeding plumage right through; all three were dominant
cocks. Two birds (035, 706) reached a sixth winter and both rever-
ted to off-season plumage in the autumn.

(c) Territory

Territory has been simply defined as “a defended area” (Hinde
1956) and, depending on the species, it may fulfil part or all of the
requirements of the occupants. With M. cyaneus individuals may
remain within the same territorial bounds from the day they hatch
until they die and this area must therefore supply: adequate
foraging throughout the year; sufficient cover to provide nest sites,
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roosts, song-perches and shelter from both predators and bad
weather. Wrens have relatively weak powers of flight but long
legs and spend most of their time on the ground or in shrubs,
progressing in a series of hops as they gather food; usually they
forage as a group and it is quite possible that this is to their
mutual advantage—insects disturbed by one bird falling victim
to another; I have called this the “hop-search”. It will at once be
apparent that open spaces are best suited to this kind of hunting,
yet because of their weak flight they seldom venture far from cover
to which they fly at the first sign of danger. Suitable territory,
therefore, needs to be an admixture of open spaces and shrubby
cover to fulfil the needs of this species; the suitability of mown
lawns and closely grazed sheep pastures, interspersed with ornam-
ental shrubs on the one hand and various bushy “weeds” on the
other, probably explains the successful adaptation of this species
to the changing environment after settlement.
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FiG. 5—Wren territorial boundaries, summer (left-hand column) and
winter, over four years at Gungahlin, Canberra A.C.T.
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F16. 6—Wren territories during spring 1956, when the population was
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Fi6. 7—WTren territories during winter 1957, showing how the reduced
population was dispersed; Canberra A.C.T.
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When the study started, in 1956, the Wren population at Gung-
ahlin was al a very high density, probably due to the previous wet
summer and mild winter, resuiting in eood breeding success and a
high survival rate. This level was not maintained throughout the
study; the 15 territories of the first year reduced to an average
of cight in the feillowing four years, an uaspect discussed more
fully later under “population dynamics™.

Figure 5 shows that once the population stabilised (at about
eight territories) the territorial boundarics changed very little over
the years; other workers who have stodted birds which maintain
territory all the vear round (Erickson 1939, Southern and Morley
1950, and Bixon 1956} have found a similar constuncy. This is
because it is rare for calamily o strike both members of 4 pair
simultancously and loss of a mate does not necessartly mean deser-
rion of the territory; replacement of breeding casualties is remark-
ably quick in most ficld populations and. at least with Wrens, the
newconmer, male or female, simply steps into the vacancy and
learns the boundaries that are alrcady cstablished,

Unfortunately an assessment of food was beyond the scope of
this study, but for a resident. insectivorous bird (see App. I1)
decreasing temperature and, consequently, nsect activity, must
mean fess food available and it is therefore reasonable to supposce
that territorial resources would be strained at this time. At
Gungahlin, particularly during the winter of 1937, when the
population was densest, some territories were modified presunably
in response o food shortage; Tour alternative modifications were
identificd:

i. The family group continues (o respect (though less rigidly)
the same boundaries as previously but may concentrate their
foraging over different areas within the territory as the vegetation
changes under the influence of severe winter conditions. Limited
trespass is common and  frequently passes undetected if the
“owners” are foraging elsewhere—this 1 shown in Figure 7.

ii. Where all the boundaries of a territory are not shared with
other groups the unrestricted boundary or “ncutral margin™
{Southern and Morley loc. ¢ir.y may be extended. As shown in
Figures 6 and 7 this was the general case and group feeding during
the late autumn and winter spread guite extensively into the pas-
tures, which by then had “haved” off and were closely grazed,
providing only sparse ground cover. During the growing season
these arcas are too dense (o permit Wrens to forage by hop-scarch.,

i, Two or more breeding groups may merge and spend the
winter as one unit, These off-scason groupings behave as any other
group with reference to boundarics and mtruders, cven though they
may constst of several adults and their offspring; the relationships
are possibly simplificd by there rarely being more than one male
in full plumage for most of this time. With the onset of spring
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these “super-groups” break up into a number of separate and
mutually aggressive breeding groups (see Figures 6 and 7, groups
C, D, and F of spring 1956 became group C winter 1957 and
groups C and D again the following spring).

iv. A group may abandon its territory and follow a nomadic
existence until the next breeding season. Once such a break is
made, "large areas unsuitable for breeding become adequate
foraging grounds—in fact “typical wren habitat” is avoided by
nomads, or passed through rapidly and inconspicuously. At Gun-
gahlin, the groups that spent the winter away from the study area
were those which occupied territory where the vegetation consisted
chiefly of deciduous exotic species, providing virtually no shelter
for either birds themselves or their insect food. That such territories
were obviously sub-optimal was clear when these groups occupied
better localities on their return, as these became available through
death or other causes (e.g. Figs. 5, 6, and 7, Group M of spring
1956 left for the winter of 1957 but returned in the spring to take
up H territory). Two strange groups entered the study area during
the winter and established themselves; it therefore seems likely
that if these nomadic groups encounter potentially better habitats
in the course of their wanderings they settle there.

(d) Song

The Wren has a loud and characteristic song starting with a few
short notes and, as the interval between these decreases, building
up to a terminal trill of surprising volume for such a small bird
(see Fig. 8); each phrase may last up to four seconds. The
frequency of singing varies throughout the year and is at a max-
imum in early spring and minimal during the post-nuptial moult.
There is also considerable diurnal variation in song-intensity,
starting with a general chorus at dawn lasting for 30-45 mins.
around sunrise, which is followed by a quiet period during which
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Fi6. 8—Sonograph of Malurus cyvaneus song; adult male No. 001, Lake
George, N.S.W.
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the first feed of the day is sought. For the rest of the day foraging
and singing arc inlerspersed until evening when a second, subsid-
lary, peak is reached just before going (o roost. During hot weather
in particular there is usually a song-lull around midday coincident
with a general cessation of activity at this time. [ once heard a male
give his full song close to midnight at full moon {but this is
extremely rure).

This song appears to serve two functions, firstly, as a challenge-
and-answer™ it is uttered by males on territory and responded 1o
by neighbouring males—this 1s particularly evident with the dawn
chorus and probably reaches a peak of perfection at this ume.
Although this use of the song may recur throughout the day it
is then more commonly heard as a duct between a mated pair
and may be of 4 somewhal abbreviated form—in fact the females
seldom, if ever, reach the level of male competence in this ficld.
Young Wrens may be seen quietly calling in an experimental way
as carly as four weeks after leaving the nest; it is not known when
they perfect their efforts but certainly by winter the “duet”
referred 1o above, has been taken up by all the family party.

Song in M. cvanreus therefore serves at least three functions,
namcly, the advertisement and defence of territory, the mainten-
ance of the pair bond, and the cohesion of the family group.

Besides the major song M. cvanens uses a number of calls cach
of which has a specific purpose or at icast is used only in certain
circumstances, In order of increasing loudness these are:

Brooding parr. While incubating or brooding the [emale often
emits g very soft and almost continuous call that | find hard 10
describe better than as a “purt”. This call is usually given after
the female has been on the nest for some time and, whereas it has
every appearance of being a “contentment™ utterance, it is quite
possible that it denotes that the female is ready to leave the nest
to forage. It evokes no response from either mate or other group
members, and can only be heard by an obscerver very close to the
nest.

Threat cafl. During experiments with models (Rowley 19637,
the initial challenging song battle was fellowed by a stationary
threat posture during which a low churring call was uttered. Only
males were heard to give this and then only during these exper-
iments, When this, as well as the song “battle”, had failed, actual
physical attack usually followed.

Feeding-young cafl. This is a louder version of the brooding
purr but is given by any member of the group who is near the
nest and carrying food for the young. It is usually answered by
the chicks if they are more than six days old. It is really a briel
reel of song, with no introductory notes. The begging cali of the
dependent young appears identical to this call.



LY TH EMU Vel 64, Pr. 4

Flock "pripping” call. This is the Bradleys’ terminalogy which
I'have adopted as it conveys the essential brevity of the utterance.
It is obviously a contact call and is constantly in usc by all members
of the group as they forage, often out of sight of each other, and
presumably serves to cohere the “flack™. It is inieresting 1o note
that a completely unrelated species, the Red-browed Finch,
Aegintha temporalis, has an almost identical flocking call which it,
too, utters as it forages; this species sometimes feeds through Wren
territory and 1 have twice scen Wrens appear to respond to the
flocking call of these Tinches, resulting in temporarily mixed
feeding flocks.

Alurm call. This is given by any and usvally all members of the
group when an intruder is located in the territory. It sounds like
a staccato version of the Hock pripping cail uttered at a much
greater frequency, and has the effect of gathering the group rapidly
to the scene of disturbance when it may be followed or accom-
panicd by either aggressive or distraction displays (Rowley 19627,

(e) Behaviour patrerns

Although M. cvaneus is not a shy species it is nevertheless a
difficult one to study in the field from a behaviour viewpoint
because so much of its life is spent in cover. Even if some aspect
of behaviour is observed in the open it is very rare for the full
sequence to be completed within view. Reasons such as thesc
have led ornithologists (o study behaviour under aviary conditions:
the following notes are based on field observations and are included
not with any sense of finality but because withoul some discussion
of theni the paper would be incomplete.

Agonistic. Wrens usually resolve aggressive encounters by song-
battles, sometimes a chase may be necessary to evict a persistent
trespasser and this gencrally takes the form of a “supplanting
attack”™—the pursuer lands in the precise spot vacated by the
pursued. If both song and chase fail, the threat posture with or
without the threat call may be used. This is a stationury posture
directed at the intruder; the body feathers are part-crected, the
wings are held siightly out from the sides and both the head and
tail are lowered. The churring call is sometimes omitled as the
display is often only fragmentary and brict before either chase or
combal follows. However, it is used in its cntirety in maobbing
other species. as occurred when tecn Wrens mobbed a Gelden
Bronze-Cuckoo, Chaleites plagosus, and when a female drove off
an inquisitive Sparrow, Fasser domesticus.

The ultimate in agonistic behaviour is reached in physical
combat (Bradleys foc. ¢/.). Such fights were only seen in Can-
berra under the extreme duress of the model experiments, and then
only after the model had failed to respond to both song-challenge
and threat-posture. That the Sydney Wrens showed a much greater
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agonistic intensity probably reflects the higher Wren population
density and smaller territories.

Appeasement. The Bradleys have described a form of display
and named it “blue-and-black” (loc. cit. p. 322); they have
observed this pattern from birds on the ground, perched and in
flight. In my experience this display is only given by a male who
is trespassing in another’s territory and is most clearly seen as the
bird retreats, vanquished after a song-battle. The flight path is
usually direct; the Wren appears to take the shortest route “home”
and ignores convenient cover to the side. This often involves a
flight that is unusually long for the species. The erectile black
feathers of the back are raised throughout and this may account
for the appearance of “impeded flight”, which is given. Viewed
from the rear, which is the aspect presented to the victor, the bird
resembles a ball of black fluff, no other colours being visible; the
performer is silent though the victor may sing loudly.

The conspicuousness of the display, the slowness of the flight
and the fact that convenient cover is ignored suggest that this is
not a simple escape reaction and that there is a strong appeasement
tendency in the pattern.

Table 1 shows that the display is commonest early in the breeding
season—this corresponds with a peak of male trespass and also
accounts for the mistaken impression created when people observe
this display from unbanded birds and conclude that they are

witnessing courtship. This pattern has never been observed from
females. '

TABLE 1

- Monthly incidence of four behaviour patterns in
Malurus cyaneus

|
l Month
Pattern N 111{2‘}‘)5;3501 — | . _—

‘j‘)\‘S:D!N‘D J I‘NI;A M | Ju
Aggression 50 2 7 | 12 | 11 4 1 2| 2 | 2 | -1. 4 2
Allopreening 32 2 2,10 5 2| — 31| 4 | 3 ‘ 1| — | —
Appeasement 14 3 | 21 5] 1| — 1 1| —| 1| —|—=|—
Petal-carrying 7 ‘ — 1 i 1 | 1) — | — 1| — | 1 i 1 1 —

| | | | |

Distraction Display. When the intruder takes the form of a
potential predator the aggressive display may be replaced by
distraction display; this occurs particularly when a nest containing
young birds is threatened, and commonly takes the form of a
“rodent-run”, directed away from the predator and the nest. The
performing bird fluffs up its feathers, holds its wings slightly out
from the body, lowers its tail, and scuttles along the ground at
a run as opposed to its more usual hop. This is an unusual pattern
of behaviour for a passerine and has been fully described and
illustrated elsewhere (Rowley 1962).
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Another display that seems to belong here hus only becn scen
twice and because of iis elfectiveness details are rather scanty. As
will be scen later in the paper. most Wren nests are below four
feet in height, but at Gungahlin a number of nests were built at
three and four times this height and when searching for them on
two occasions the brooding female plummeted to the ground and
scuitled off into cover. In bolh cases the nests were directly above
the spot where the lemale had hit the ground; this,. wogether
with the complete silence of the performance, although I was
within two feet of the falling bird, and the loudness of the thump
with which the ground was struck, suggests that the action was a
deliberate and unimpeded drop—I have named this patiern “the
fulling stone™ display. As the recovery from the crash is insian-
taneous there can be no question of the display being cataleptic
in origin. Armstrong (1947) guotes Jourdain (1936-7) as des-
cribing a similar type of display with hawks, eagles, and falcons;
Van Someren (1944) records a similar performance from several
African tree-nesters, and Took {1941} has observed it with a
female Nuthatch, Sirta earopaea. The last two authors described
the falling stone display as being immediately followed by another
distraction display pattern, Yan Somcren—injury feigning, and
Took—rodent-run type; with M. cvasnens it was followed by o
brief rodent-run display into thick cover, where the performance
cnded, and was not repeated as is customary when the latter display
is given on its own.

Allopreening normally occurs during the warmer part of the
day and is often preceded by a spell of idle sunbathing. The birds
arc gencrally sitting on a horizontal branch or fence wire when
once ol their number begins to probe its plumage. This behaviour
scems to be very infeetious and soon the whole group will cither
be preening themselves or their neighbours. The bird recciving
altention renains motionless, perhaps lowering its head (0 present
the more inaccessible parts of the nape. Throughout the perform-
ance excitement mounts rapidly from the passive sun-bathing to
a climax when the birds are constantly changing position by
sideways shuftles, or by a lateral leap-frog hop. As the intensity
increases so the duration of each preening session shortens from
about half-a-minute until it becomes little more than a token peck
before positions are changed. Wrens thus engaged usually crouch
low with their abdomens teuching the supporting perch and their
legs obscured from view.

Although the entire group may cngage in allopreening simul-
taneously it is much more common to see only two birds thus
engaged. Table | shows that there is a marked peak of occurrence
in spring and it is not surprising that several sessions have term-
Inated in copulation. However, allopreening cannot be regarded
solely as courtship procedure as it occurs throughout the year, is
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both intra- as well as inter-sexual, and involves both immature and
mature individuals; furthermore 1t by no means invariably precedes
copulation.

Courtshipp behaviour In Wrens tends to be both unspectacular
and briel, which relfects the “contact’” nature of the species (Crook
1961), and the conscquent absence of any need for elaborate
displays to reduce the individual distance to a level where coition
can bc achicved (Marler 1956). This may scem very much at
variance with previous published accounts of the species in which
obvicusly agonistic and appeasement elements of behaviour have
been broadly classed as “courtship”.

As mentioned above, alloprecning sometimes culminates  in
copulation; this may be regarded as the simplest form ol court-
ship. Sometimes it takes the form of a quite extensive follow-my-
leader chase, frequently surprisingly high up in mature trees, where
the whole process is easily followed. Most often courtship, and
presumably consummation, take place in dense cover and only
portions of the performance arc visible, although the excited vocal
commentary 15 clearly audible. This 15 emphasised by the fact that
m the five vears of the study copulation was only observed, with
certainty, six times and unconsummated courtship only a further
thirleen timcs.

Petaf-carrying has been reported in the literature several times
and discussed thoroughly by Hindwood (1948, 1951}, It appcars
that M. cvaneus males have a marked preference for yellow
blossoms and in the course of this study only yvellow items were
scen to be carried—yellow petals on six occasions and a yellow
lcaf once: the former were twice identificd as Catscar, Hypochaeris
radicata; the leaf was from an autumn-coloured ¢lm, Glmus sp.
Table 1 shows that cach of the seven occurrences happened in
different months. Once the male appeared o present the petal to
his mate but neither then nor at any other time did the “display”
evoke any noticeable response from another member of the species,
nor was it accompanicd by any display or noise from the bird
carrying the petal.

This display, which is not restricted to yellow coloured petals
(see Hindwood loc. ¢it.), occurs in other members of the genus
teo: M. splendens (Loaring 1948) and M. melanocephalus ( Jack
1949}, Most of the obscrvations refer 1o periods of some minutes
but none of the deseriptions, nor my own records, point to any
clear tendency behind this behaviour, aithough the literature
broadly groups it as “‘courtship”. The irregularity and rarity of
its ocecurrence and the conspicuous lack of response from other
group members make 1t unlikely that it now scrves any courtship
function—courtship 1n birds is usually of a sterectyped and charac-
teristic pattern within the species. The biological goal of courtship

B
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is copulation and for multibrood species this must occur frequently;
if petal-carrying were a part of the normal display it could hardly
be missed and would be seen very much more often than it is.

Roosting. Following the evening chorus of song, described above,
the whole group of wrens moves towards its customary roosting
site, usually in a dense bush or tree, and, to the accompaniment of
a lot of soft calling, they take up their positions for the night side
by side on a horizontal branch. Warham (1957) has described
this process for M. splendens and his paper includes a flash-light
photograph of six birds roosting close together, which illustrates
the posture very clearly.

This behaviour is in striking contrast to the “true wrens”
(Troglodytidae) of the Americas, Europe, and Asia, many of
which roost communally at night, but which customarily use a
roosting nest which may be built for the purpose, a relic of the
breeding season, or that of another species adapted for the purpose
(Armstrong 1955; Skutch 1954; Anderson & Anderson 1957).

2. Breeding Biology
(a) Breeding season

At Lakemba, N.S.W., Gilbert (1938) has recorded Malurus
cyaneus nesting in every month of the year except May; however,
no eggs laid before August or after February were found in Can-
berra during the course of the present study (see Fig. 9).

Table 2 shows the dates when the earliest and last eggs were laid
during six seasons. Figure 10 shows the monthly rainfall as record-
ed at the CSIRO Dickson Experimental Station, less than two miles
from Gungahlin, during this period; 1956, 1958 and 1959 were
normal “good years” by farming standards with ample spring

20

LI A B NN B B B B S B s |

NUMBER OF CLUTCHES STARTED

T T T

b= AUG. —+— SEP, t— OCT. —+— NOV, —+— DEC. = JAN, ——+— FEB, —

FORTHIGHTLY INTERVALS

F16. 9—Distribution of egg-laying by Malurus cyaneus at Canberra
A.C.T.
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TABLE 2

Duration of breeding season of Malurus cyaneus at Canberra

Year First Egg laid Last Egg laid
1956 6.1x.56 ll 3.1.57
1957* 19.x.57 | 10.1.58
1958 12.1x.58 [ 4.1.59
1959 18.ix.59 | 2.i.60
1960 17.x.60 | 24.1.61
1961 14.viii.61

‘ 4.ii.62

* Drought year—no eggs at all laid in November or December.

growth haying off in December and January as the temperatures
rose; egg-laying began in September and was virtually completed by
the end of December. The year 1957 was very dry and the Southern
Tablelands of N.S.W. which, climatically, includes Canberra, were
proclaimed “drought areas”; the first Wren clutch was not laid until
October and none was laid in November or December, but heavy

YEAR AMND
RAIMFALL
IN INCHES

InnnopoBnoonE:

1955

337

Fic. 10—Monthly rainfall recorded at CSIRO Dickson Experimental
Station, 2 miles from the study area.
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rains after Christmas and early in the New Year stimulated two
females to build again and to lay. In 1960 nest building began early
in September, as usual, but a fortnight of cold weather delayed the
laying of the first egg until October. In both 1960 and 1961, Dec-
ember rainfall was well above average (> 4” av. —= 2”) and the
Wrens continued to lay for a month longer than in the three “aver-
age” years. A very early and mild spring in 1961 also stimulated
the earliest clutches recorded in Canberra (August) and together
with the wet summer permitted a six-month breeding season.

Whether photoperiodicity is important in determining the breed-
ing season of M. cyaneus or not, the above evidence suggests that
temperature and rainfall either directly or via the food supply play
an important part. This would account for the almost year-round
breeding of the species at Lakemba, with its milder temperatures
and summer rainfall.

F16. 11—Early stage of nest-building, Malurus cyaneus; note framework
of egg sacs and rootlets built into the base of a grass tussock, Phalaris
tuberosa.

Photo by Ederic Slater

(b) Nest-building

Nest-building is usually done entirely by the female and is com-
pleted in 3-4 days. An initial framework of spider’s web and egg
sacs is fastened on the site (Fig. 11) and into this coarse grass
(e.g. Phalaris, Bromus spp.) and fine roots or twigs are woven,
followed by finer grasses (e.g. Briza sp.); finally the nest is lined
with softer materials such as wool, feathers, animal hair or string,
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depending on what is locally available. It is usually domed and has
an entrance two-thirds of the way up one side, which may have a
slight “porch” over it; two out of more than 100 nests examined
lacked the domed roof and were open cup nests.

The nest site is usually in dense cover, but so situated that direct
approach and exit by the bird are possible—in other words it is
usually on the fringe of the supporting shrub, tree, or grass clump.
Gungahlin provides a very wide choice of cover for Wrens (see
Table 3) and in consequence height, substrate, and aspect vary
considerably, not only between birds but between successive nests
of the same pair or female.

TABLE 3
Location of M. cyaneus nests—Gungahlin 1956-60

Number per Height Group

Substrate chosen for nest - 127
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Height was largely determined by the nature of the shrub, tree,
or plant built in. The selection of a particular substrate was influ-
enced by the season and possibly other factors. Early in spring
(September) little growth has taken place and perennial grass tus-
socks and piles of garden trimmings are suitable sites; later, as the
flush of growth accelerates, such sites become hard of access and
the general level of nests rises. The 15 high nests were nearly all in
pencil pines (see Table 3) and over 10 ft. high—the record being
21 ft. These trees provide a vast choice of sites, which are very hard
to find, but the Wrens encounter considerable opposition from
Goldfinches, Carduelis carduelis, and Sparrows in such situations,
both of which compete for sites and may rob the much smaller
Wrens of nest material.
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The aspect of 76 nests at Gungahlin is plotted in Figure 12,
which shows little constancy in this regard. That one third of the
nests faced north or north-west, from which direction most of the
rough weather in Canberra comes, might suggest that in a covered
nest adequate light is more important than protection from the ele-
ments, but nearly one-third of all nests were so placed (facing
south-east to south-west) that they would receive no direct sunlight
at all.

{\NEATHER

NW

5

F1G. 12—The aspect of 76 Malurus cyaneus nests built at
Gungahlin, A.C.T.

Individual females showed little constancy in nest selection. Fe-
male 037 throws some light on the subject. She bred for five suc-
cessive seasons and mated with five different cock birds. Table 4
shows the great variation in height, aspect, and substrate of her 13
nests. The point of interest, however, is the consistency shown, at
least as regards substrate, while mated to a particular cock, e.g. to
003 and 024 in 1958 and to 706 in 1960. Some of the changes in
mate involved change of territory too, and therefore, of necessity, a
change in substrate availability. In 1958 her mate died half-way
through the season and the subsidiary male (024) took over; the
territory remained the same throughout, but the height, substrate,
and aspect of her nests altered markedly. This suggests that al-
though cocks were never seen to participate in nest-building they
may influence site-selection. De Warren (1926) describes a cock-
bird building two nests. The first was refused by the female but she
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accepted and used the second. Since the literature contains no other
references to such male behaviour it must be regarded as abnormal,
but nevertheless the record serves to illustrate the male’s capacity in
this regard.

Although to human eyes Gungahlin appears to offer an enorm-
ous range of nest sites for Wrens, some must appear more suitable
than others to the birds. A possible example of this occurred with
a nest built in a juniper bush. All nests were labelled with small
metal tags in 1956 and when, two years later, a tagged nest was
found it was ignored as a relic. As no other was found, however,
this “relic” was inspected and found to be a completely new nest,
containing fresh eggs. The second nest was constructed by a pair
that had been in no way connected with the birds that first chose
the site.

TABLE 4
The position of 13 nests built by female 037 over five seasons

Year Mate Height Aspect Substrate*
1956 023 307, 427 NW, N 12, 7
1957 024 Ground level NWwW 4
1958 003 187, 32" NW, E 6, 6
024 607, 967 SW, SW 9.9
1959 823 9”, 18" W, SW 15, 8
706 ? ? 1
1960 706 847, 1447, 120" NE, S, SW T il

# Numbers refer to vegetation listed in Table 3.

Two instances have been recorded of Blue Wrens using the nests
of other species; Favaloro (1932) describes the usurping of a
White-browed Scrub-Wren’s nest, Sericornis frontalis, and McGar-
vie (1957) observed Wrens using a freshly built Goldfinch nest to
which they added a roof and lined the cavity with feathers.

The location of Wren’s nests is therefore largely determined by
the substrate available and, although he does not normally build,
the cock may influence the selection.

(c) Egg-laying

From five days to a month may elapse after the nest is com-
pleted before the first egg is laid. This interval is influenced by
weather (1960, cold spell in September mentioned above) and
the stages of the breeding cycle; with the season’s first nests bad
weather may postpone egg-laying for up to a month after the nest
is completed. With rebuilds following failure, the delay is minimal
as there are no dependent young to be tended.

The eggs are laid between dawn and 0900 hrs, usually on suc-
cessive days. Some hens laying four-egg clutches lay the fourth
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egg on the fifth morning. The shells of the eggs are very thin and
fragile and are coloured pinkish-white, spotted with reddish-brown
markings, especially towards the blunt end. The average dimen-
sions of 41 eggs from Canberra were 16-09 > 12:-14 mm, the
largest measuring 18:2 %134 mm and the smallest 15-1 > 111
mm. Clutch size varied from 3 to 4 in the ratio 2: 1, the mean
for 67 nests being 3:37 eggs. There is a tendency for larger clutches
to occur later in the season, and some females lay more four-egg
clutches than others (see Table 5). Table 6 shows that a known-
age female (689) laid four-egg clutches only in her second season;
female 037 is presumed to have been in her first season in 1956, and

TABLE 5
Showing variation in clutch size as season progresses; Canberra
1956-61
Fortnightly Periods
Clutch x == = ol Tota
Size® | gy | o8- | 7 2Lx- | 4.xi- | 18.xi- | 2.xii- | 16.xii- | 30.xii
22ix | 6.x 20.x 3.xi 17.xi 1.xii 15.xii 29.xii 12
Texg 8 9 10 9 2 1 1 1 1 =T
4 egg 2 2 4 3 3 4 5 1 1 25

* Only those nests where at least two visits confirmed that the clutch

was complete are included.

TABLE 6
Successive clutch sizes of individual females at Gungahlin
Numbers of Eggs laid per Clutch
Female Se] pe—
No. i
1956 1957* 1958 1959 ‘ 1960
037 8 3 Bk w7 8.8 0 3,3
030 Failed to lay 4,4, 3% | 3. 4 4, 4
689 Hatched 3 3, 4,4 ?, <~——dead— >
|

* 1957 was a drought year and nesting was poor.

030 successfully
renested after the drought broke in January,

but with only a 3-egg clutch.

laid four-egg clutches only in her third year, reverting to three-
egg clutches in her fourth and fifth, so that ovulation in the female
may reach a peak and then decline in some birds, but not in all
(cf. 030).

(d) Parasitism
White (1914) recorded M. cyaneus acting as foster-parents to
the following: Pallid Cuckoo, Cuculus pallidus, Fan-tailed Cuckoo,

Cacomantis pyrrhophanus, Square-tailed Cuckoo, Cacomantis
variolosus, Horsfield Bronze-Cuckoo, Chalcites basalis, and Gol-
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den Bronze-Cuckoo, Chalcites plagosus. Hill (1906) recorded
parasitism by the Black-cared Cuckoo, Misocalius osculans. Around
Canberra Chalcites plagosus most frequently parasitizes Wrens’
nests.

The Blue Wren is not readily “fooled” by cuckoos, and it is
quite common to find the “alien” egg buried in the nest lining and
a complete Wren clutch laid on top—the lining between providing
sufficient insulation to prevent the cuckoo’s egg being incubated.
An extreme example of this is recorded by Parsons (1918), who
describes a Wren’s nest with no less than three C. basalis eggs at
different levels. On top and separate from these was a normal
clutch of three M. cyaneus eggs—Dby this time the egg cavity was
half ful! of feathers.

Apparently this covering behaviour happens when the cuckoo
lays before the Wren—in only one case (McGilp 1929) have
Wrens' eggs been found buried also. When the cuckoo lays into a
partly or wholly completed Wren clutch, even if it removes one of
the rightful eggs (Ross 1919), the Wrens may react by deserting.

During the past five years some 116 nests have been observed
(including 35 outside the study area). Buried cuckoo eggs were
located on two occasions—both nests were deserted, and twice
Golden Bronze-Cuckoos were fledged. This gives a parasitism rate
of 3:4%.

Mellor (1917) has described the hatching of a parasitized clutch;
Barrett (1905, 1906) described the ejection of young Wrens from
the nest by a young C. basalis, and photographed the process.

(e) Incubation

Brooding starts with the laying of the last egg in the clutch,
though occasionally the female may roost in the nest before that.
The eggs usually hatch within a few hours of each other 13-15
days later. Only the female sits, the male “keeping guard” in the
neighbourhood and periodically calling the female off the nest to
feed, when he accompanies her. Rarely the male feeds the female
at the nest, but this is unusual. Later in the cycle the male may pass
food to the brooding female, who, in turn, passes the food on to the
nestlings below or eats it herself. Warham (1958) describes such a
case and erroneously calls it “courtship” feeding.

Air temperature appears to affect the duration of incubation.
From the limited Canberra data available, six first nests took 14
days each to hatch, whereas three later clutches required only 13
days. From Sydney, with its milder climate, Pate and Courtice have
recorded incubation periods of 13 days (11 times), 14 days (7
times), and 15 days (once). Dove (1910) in Tasmania recorded
15 and 14-day incubation periods; Cutcher (1944) recorded 14
and 12-day, Hindwood (1951) a 13-day, and the Bradleys (1958)
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PLATE 14

Both male and female Malurus cyaneus attend the nestlings.

Photos by Roy Cooper
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two of 1d4-day and onc of [3-day incubation period. The Bradleys
(personal communication) also recorded one incubation period ol
18 days ending in a successful complete hatch, which 15 quite
cxceptional, as is Mrs Cutcher's 12-day one,

() Nestling development

The freshiy-hatched young are blind, naked, pink-coloured, and
silent. By the second day the colour has turned bluish as the fcather
iracts develop, and a weak call can be heard. On the fifih day the
eyes begin to open, and thercafter the gaping responsce is elicited
only by the parents and not, as previously, by any casual stimulis
that vibrates the nest. Feathering develops rapidly and the nestlings
are completely covered by the ninth day.

Premature departure of nestlings that have been over-disturbed
in the nest comphcates measurement of the duration of the nest-
ling stage: one cannot be sure of the degree of disturbance that
accompaniced published records. Dove, Culcher, Hindwood, and
the Bradleys floc. cit.j give 10 and 11, 10-11, 113, 2 > 13 and
12-day periods respectively: my own observations, where 1 banded
the nestlings carly and was surc that Hedging was natural, pave 12
days three times, 13 days twice, and 14 days once. The nestling
peried is therefore from 10-14 days depending on such factors as
weather, reflected in the parents’ behaviour, and the availability of
food, the number of nestlings in the brood and disturbance, human
and otherwise.

(g) Care of nestdings

All members of the family group which have reached indepen-
dence feed the nestlings: from my records the youngest juvenile
seen heiping at the nest was 58 days old. Six periods of intensive
observation at three different nests showed so much varnation
between individual pairs, members of pairs, various-aged nestlings,
the numbers of nestlings, and cfTects of different weather conditions,
that this time-consuming aspect of the study could not be continued.
Table 7 illustrates thar variation: at the first nest the male never
made more than a quarter of the feeding visits: a1 the next nest,
at the same stage, the male made at least two-fifths of the wvisits;
at the third nest, where a supernumcrary male also attended, the
combined male cfforts outnumbered the female efforts. It 15 prob-
ably a significant feature of this individual variation that the first
pair rearcd only two out of three nestlings hatched, whereas the
second and third rearcd three and four {the complete clutch) res-
pectively.

Observations on the first nest showed the rate of feeding increas-
ing rapidly as the nestlings grew—from 12-6 feeds per hour at six
days {3 nestlings) to 22-4 feeds per hour at 12 days { two nestlings).
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TABLE 7
Feeding of nestlings by M. cyaneus—Gungahlin, 1956
Date - — — e
pr::S[Z'ilt | in#)g:?ys Time Mins. (| 5| & 1 (& | Total r‘;ﬁ_k
27656 [ 3| 5 | 1s221700 08 || 17 1| -~ | 18 || aro
28.%.56 -rjl s e 1023-1440 257 ||a1 13| - - | 54 || 1276
35,56 2 1z | w2rasaz 255 || 70 25 |- 74;97’ 224
3.%1.56 3| 5 || wsenss oz |20 22 e o
4.xi56 T{ 3 | 6 | ossenion 170‘()9“ s 1 2 || 22
9 xiL.36 1 9 || 1005-1405 | 240 71?-?(147" 40 || 100

* Supernumerary male,
1 Braces link observations made at the same nest.
On 3.xi.56 two observers maintained separate watches.

The effect of weather is shown in the records of the second nest,
since November 3 was cold with hail showers and the young nest-
lings were brooded by the female for much of the time at the ex-
pense of her foraging; the next day, which was warmer and sunny,
saw the feeding rate rise from 11-5 to 25-2 feeds per hour. The
unseasonable weather on November 3 did not affect the feeding
rate at the first nest, as the young were well feathered and presum-
ably capable of independent temperature regulation.

The third nest is not typical, since the observations were made
very close to the nest from a hide erected for cinematography, and
the adults would have been wary of feeding their young. Neverthe-
less it does show the distribution of labour between group members
and the great value of the supernumerary, assuming that the shy-
ness affected all individuals equally.

The Bradleys (loc. cit.} give rates of 18-5 feeds/hr by a female
assisted by three males and 24 feeds/hr by a single pair; Rowlands
(1960) gives 29 feeds/hr by three birds. Although these figures
were obtained from relatively short periods of observation on difi-
erent days, they serve to emphasize the extreme variability in
attentive behaviour between different individuals.

Not only will the female brood young nestlings by day during
adverse weather, but she frequently broods them by night right up
to fledging.

(h) Fledging

Fledging takes place when the young are fully feathered except
for their tails, which are only 10 mm long. The margins of their
bills are still distinctively light-coloured, which, in the nest, prob-
ably helps the parents to feed the nestlings in poor light. All the
offspring usually fledge on the same day around noon and this is
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followed by a cryptic stage lasting about a week, during which the
young keep closely to the cover of shrubs and are fed there by the
parents. While cryptic their tails are still undeveloped and flight,
though possible, is erratic and slow. After this they venture in the
open and are capable of flying to cover rapidly.

Altogether the fledglings are, at least in part, dependent on the
parents for food over about four to five weeks. The Bradleys (loc.
cit.) record young still being fed 20, 26, and 32 days after leaving
the nest (the figures refer to different broods)—I have several
records of similar periods; the longest dependency shown was 40
days. The longer periods are probably unimportant so far as the
fledglings’ survival is concerned and appear to be frequently promp-
ted by the sight of parents carrying food to a subsequent brood;
they are more in the nature of fortuitous ambush by the young than
intentional attendance by parents. After this they remain in the
group with similar standing to that of supernumerary males, and
help feed and care for later-fledged offspring of the group.

About 30 days out of the nest,
young reach independence
and are available to help
parents with later broods

! Conflicting parental
. responsibilities
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FiG. 13—The overlap of parental responsibility due to successive
nestings of a multi-brooded species~—Malurus cvaneus.

(i) Re-nesting .

Wrens are a multi-brooded species whose fecundity seems to be
restricted only by the limitations of the season; most pairs nest at
least twice and some rear three broods in the six-month “season”.
Immediately after the young fledge the female still helps to feed
them, but within a week she is building again and she is soon fully
occupied incubating the next clutch of eggs. The main responsibility
for the fledged young therefore falls on the male and it is here that
the supernumerary males serve a useful purpose. When the next
clutch hatches it is quite possible for the earlier young to be still
dependent on parental feeding (see Fig. 13); two alternatives
appear to exist—either the female must feed the nestlings unassis-
ted (which is possible, as it happened at one nest where the male
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deserted during incubation}, or the older fledglings will compete
with the nestlings for male attention: not a very safc procedure
near a nestful of vulnerable chicks. Where there Is a supernumerary
male in the group, however, he frequently takes sole charge of the
fledglings, lcaving the trug parents unhindered to cope with the
nestlings; the supernumerary usually keeps the fedglings well away
from the nest.

In practice such an ideal nesting cycle as shown in Figure 13
rarely happens. It is rarc for three clutches Lo be reared without
any mishap, so that quite often more or less than this total of nests
may be built and clutches laid. The maximum recorded at Gungah-
lin was in 1956, when one female built six nests and laid four
complete clutches (16 eggs). none of which hatched. De Warren
(ioc. cit.) records a pair building five nests in a scason; Littlejohns
and Lawrence (1919) and Cutcher (loc. ¢it.) have recorded four
nests, as 1 have twice at Canberra,

Parents scem unable to identity their own offspring in the early
days after fledging, as was shown when two neighbouring nests
hatched simultaneously and the cryptic young from both became
completely and hopelessly mixed up. Territorizl barriers disinte-
grated and all parents (plus a previously “bachelor™ male from a
third territory) fed the fledglings indiscriminately. After about a
week one pair withdrew to their former territory and re-nested,
leaving the other pair plus the bachelor to care for all six fledglings
which they did successfully. Such a coincidence of timing rarely
occurs and the formation of such « créche was not scen again,

At Gungahlin no Wren ever used the same nest twice, although
the Bradlevs (in fit.) recorded such an occurrence once in Sydney,
as also did Hyem (1936). The shell of the new nest is usually built
from fresh materials, but frequently the lining is retrieved from the
previous nest and used again.

(i) Predation

Evidence on this subject is tarely obtained for any bird so small
as a Wren becausc few traces remain after the act. At the egg
stage, shells which appeared to have been sucked, were sometimes
found below the nesi—probably the work of rodents: sometimes |
the nest was scarcely disarranged at all, suggesting a small culprit,
but at others the whoele structure was wrecked in the process of
robbing and the predator had obviously had difficulty in gaining
entrance. Warham (1938) described the taking of nestlings from
a nest of M. cyanens by a brown snake, Demanyid texriliy, and
illustrates the incident (sce also Chisholm 1928). Snakes of this
species are quite commeon at Gungahlin in some seasons and al-
though [ have no evidence of predation by them. one was scen to
be mobbed by Wrens on one occasion (Rowley 1962).
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There is little doubt that the feral cat was by far the most signifi-
cant predator on Wrens at Gungahlin. One winter a cat accounted
for no less than five successive males in one group before it was
shot.

During some experiments with a model Wren a Grey Shrike-
Thrush, Colluricincla harmonica, was seen to attack the stuffed
male, Tilt (1962) has reported a similar occurrence in the field.
Campbell (1927) records a Kookaburra, Dacelo gigas, raiding a
Wren’s nest, and Legge (1901) found a Wren . . . “spitted on a
large sweetbriar thorn in a hedge close to a grove of trees frequen-
ted by the Butcher bird”. Both Kershaw (1932) and McKeown
(1939) describe Wrens enmeshed in spider webs, but this is more
likely an accident than deliberate predation.

(k) Annual increment

The breeding success over four years is shown in Table 8. Of
the 240 eggs laid, for which full data are available, only two-thirds
hatched. Most of the nestlings survived (815 %) but little more
than half of these reached independence and the numbers were
further halved in the ensuing six months.

TABLE 8
Showing breeding success over four seasons

Year ‘ Eggs laid ‘ hatFed ‘ 1}0%2:251 | jnai}i)éﬁﬁlm IR AN
1956 “7 117 ‘, 64 ) 52 \__12;_77'77716741
1957 ‘1131 B ‘ 18%_,‘#4*1?,,‘,,,,;*_
958 | 45 a2 38 | 1w | 6
llllllll | ! ! ———
1950 | 47 | 30 | 21 11 | 5
" Total 240 | 158 ‘,_129 ‘— T | 29

Losses at the egg stage are relatively unimportant in a multi-
brooded species such as M. cyaneus, because rebuilding quickly
follows and little time is lost. However, it is interesting that in the
first year, when the population density was greatest, these losses
were very high, amounting to nearly half the eggs laid; this probably
reflects the use of sub-optimal nesting habitat—a fact further
emphasised in the following years, when there was less crowding
and these areas were avoided.

The most vulnerable stage for young Wrens is the period immedi-
ately after leaving the nest when they are still dependent on the
adults for food and before their powers of flight are properly
developed. This is particularly so if their demands overlap with
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those of the next brood. In 1957, a drought year, when few birds
re-nested, the survival of young out of the nest was much higher.

The number of juveniles still in the population at July 1 each
year, gives a measure of the replacements available for the coming
breeding season (see Table 8).

3. Population Dynamics
(a) Annual fluctuations

As with most natural communities, the Wren population at
Gungahlin varied in size over the years of the study. Table 9 shows
that there was an initial decline in numbers and at first glance it is
tempting to blame the methods of study but no evidence exists to
show that banding contributed to mortality significantly, nor did
the species show any tendency to desert after their nests had been
found. The rapidly growing city of Canberra nearby may have
adversely influenced the interchange of birds between local popu-
lations since the process of clearing land for the erection of new
houses creates, at least temporarily, ecological deserts as far as
Wrens are concerned.

TABLE 9
Population structure of M. cyaneus over five years at Gungahlin

Year 1956 ‘ 1957 | 1958 ‘ 1959 ‘ 1960
Number of groups ‘ 15 9 ‘ 8 7 ]
., breeding groups | 15 | 7 6 7 8
,, bachclor groups — | 2 2 i s
,, simple pairs N 4 1 T i
complex pairs* | 4 3 5 — ‘ 2
0o . 19 14|18
\

" adult birds 36 2

* Groups with more than one adult male.

The spring and summer of 1955-56 were very wet (see Fig. 10)
and suitable for breeding; the winter which followed was relatively
mild so that survival of young and the persistence of the groups
were probably both exceptionally good. Whatever the cause of the
decline that followed, a significant point appears to be a sudden
shortage of females; the sex ratio fell from M20 : F16 in the first
year, to M13 : F7 in the second, to M13 : F6 in the third and for
the next two years it was 50 : 50. All this time first-year females
were leaving the study area at the onset of breeding, although
‘supernumerary’ or ‘bachelor’ males were available locally for
pairing. This suggests that in most years seven breeding groups
was the capacity of the area, but that under certain favourable
conditions this number may be doubled; observation suggests that
under winter conditions of reduced cover and, possibly, lowered
food availability this maximum (15 groups) breeding population
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could not be maintained all the year round. This aspect has been
discussed earlier under ‘territory’.

(b) Mortality

Only one instance of sickness was obserbed during the course of
the study and this bird (female 675) showed symptoms of pneu-
monia on post-mortem examination; this was unlikely to have been
the cause of death which was probably an infection contracted
during a period of weakness due to some other, unknown cause.
All other known causes of death were due either to predation by
cats or accidents: collision with car, twice; collision with window,
once; leg caught in wire netting once, and trap misadventure once.
The known cat predations all took place in one winter and affected
only one territory (A/59*)—removal of the cat ended the killings
so that it appears that a ‘rogue’ individual was responsible, one
that became an expert killer of Wrens; it is interesting to note that
the female of this group survived the five slaughtered males. This
apparent mortality bias towards accident is understandable in a
small, mainly terrestrial, species, surrounded by many potential
predators (mammalian, avian, and reptilian), so that the weakened
state induced by any sickness renders the individual a susceptible
and rapidly accepted prey.

TaBLE 10
Longevity of M. cyaneus at Gungahlin

l No. of these Birds reaching

No. of Birds which were at least One '7‘,__
Year Old on: | !
2yrs. | 3 yrs. 4 yrs. ‘ 5 yrs. 6 yrs.
166 ... ... 6 2 1 — — -
1ii.b7 ... oL, 17 11 6 4 3 1
Tais8 oo, .. 6 H — — — —
1i b9 ... ... 5 4 4 4 — -
1160 ........... 1 1 1 — — —
Total 35 23 12 8 3 1
Males 20 15 8 4 1 —-
Females 15 8 | 4 4 2 i 1

(c) Longevity

Table 10 shows that once the hazards of immaturity, inexperi-
ence, and dispersal are overcome the expectation of life for an
adult Wren is surprisingly long; three birds lived for at least five
years. Lack (1954), considering a number of passerine species,
suggests a life expectancy figure of between 1-9 and 0-9 years.
Dixon for the Plain Titmouse, Parus inornatus, and Erickson for
the Wren-Tit, Chamaea fasciata, both calculated much higher
figures—both these species are resident territorial species, as is

* A/59 refers to the appendix—territory “A”, during season ’59.
C



284 THE EMU Vol 64, Pt. 4

M. cvanens, for whom the respeetive caleulations are that 66% of
the adult breeding birds persist to breed the next year; from Lack's
formula (2—m/2m, where morepresents the percentage (as a
fraction) annual moertality} this gives an average expectalion of
further life of 2-5 vears. a figure that agrees well with that for the
other two species quoted above.

4. Soctal Organization
{(a) Dispersal of vonno

As has been pointed out earlier Wrens are unusual in that the
young of the year persist in the [amily group right through the
winter and as a result a certain amount of reorganization is neces-
sary before the next breeding season starts.

[t has been shown from experiments with models (Rowley
1963} that during the winter only the dominant male bird is agp-
ressive lowards birds trespassing within the group territory. Domi-
nant cocks alse attain their [ull breeding plumage some months
before the supernumeraries or ficst-year males, as mentioned above
under “plumage™. Tt is not surprising therefore to find that these
males become sexually awake before any others in the group; un-
fortunately there is no histological evidence to support this theory,
but is was frequently observed that early in August these older
males indulged in an unusual amount of trespassing and were often
scen to be paying attention to the females of other, established,
groups. These sortics were terminated abruptly by the arrival of
the resident cock—the intruder usually retired, giving the 'blue-
and-black” display as he left. The impression given was thai the
restdent females were unreceptive at this stage for no consummated
matings were ever witnessed as carly as this, The conclusions drawn
from these observations were fully borne out when, on two occa-
sions, a female mainlaining territory on her own and advertising
the fact loudly by song, not only attracted established males from
other groups but, in both cases, managed to break the pair-bond
and seduce the male from returning to its old group (MOQ77, E/57
and M706, A/59).

Whether this carly wandering of the males stimulates it or not,
towards the end of August the females become mutually intolerant
while the young males, still in eclipse plumage, cause no friction.
In consequence the dispersal of young at this stage shows marked
scxual diffcrentiation and only twice during the study was more
than onc hen bird present by the time nest building had started.
This differential dispersal is shown in Table 11 which shows that
70% of the young males present on the [irst of July cach year
(mid-winter) were still present in the parental group by mid-spring
(1.x), whercas only 27% of the females of the same age group
remained anywhere in the study area.
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TABLE 11
Differential dispersal of young Wrens from Gungahlin over five
years
Number of Males Number of Females
“(7‘_3“1- ‘7 —— —_— S — . !..._.._.
At Lvii At I.x ' At lvii ; At 1.x
1957 4 4 6 3
1958 5 2 : 3 0
1959 4 1 | 2 1
1960 3 3 : 2 0
1961 4 4 ‘ 2 0
Total ‘ 20 14 3 4

Dispersal outwards from a focus is difficult to trace since the area
to be searched increases rapidly (as the squares of the radii) and
soon becomes unmanageable, especially where, as at Gungahlin, a
mile-wide buffer zone of unsuitable habitat meant that dispersing
birds must travel at least this distance. However, two fortunate
records show that dispersal may be quite widespread; in 1956 a
female (017) was banded at Gungahlin and constituted one of the
two occasions when more than one female attended at the same
nest; she left, however, before the second nest was constructed and
was not seen again until the next year when she was retrapped nest-
ing five miles away. In 1958 two yearlings were seen to follow much
the same route as the above female and a week later were estab-
lished in a garden about two miles from Gungahlin. Only one of
the four Gungahlin-hatched females who remained in the study
area occupied a vacancy in a territory other than the parental one
—F674 moved from N to O, a distance of about half a mile. The
other three filled vacancies caused by the disappearance of the hen
(675 and 689) or stayed as an extra (835).

During 1957 and 1958 there were two bachelor territories each
maintained by a male bird on its own and yet five young females
left the study area without settling with these unrelated and loudly
advertising cock-birds. Of nine unbanded birds that entered the
study area from outside during 1956-60, four of these were lone
females while the others arrived as preformed groups (1M and 2F;
1M and 1F). This suggests that not only are young females more
liable to disperse than males of the same age, but that once on the
move they travel some distance rather than settle locally, even if
vacancies are available.

Males, on the other hand, show very much less inclination to
disperse and are frequently allowed to stay in the parental group
and this appears to be the commonest way in which supernumerary
associations (more than one male attending at a nest) arise. Dur-
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Fi6. 14—Malurus cyaneus—group composition and changes as shown
by individually colour-banded birds at Gungahlin, A.C.T., over four
years.
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ing the course of this study this happened nine separate times:
638 tn AL 706, 825, 911 in C, 602 and 914 n G, 641 in M/H,
655 in 17K, 701 in O (sce App. and Fig. 14}, The only males
known (o have entered and cstablished in the study area during this
time came as preformed groups. as mentoned above, probubly in
the course of winter nomadic wanderings; the only male known to
have lelt also moved as a preformed group. Finally, the fact thut
a number ol males passed the breeding scason in bachelor state 1n
their territories rather than wander in scarch of @ mate further
emphasises the reluctance of males to disperse.

With a sedentary and sociable species such as M. evaneus some
interchanpe of group members must occur it inbreeding is not to
hecome the rule: in fact three cases of inbred relationships were
recorded: MO1S mated with F&89, his daughter, and M825 mated
first with his mother (F037) and later with his sister FE33. A
measure of interchange is achicved because of the differential dis-
persal of the sexes us outlined above; in a population less isolated
than that at Gungahlin it might well be expected that the exodus of
voung females in the spring would be equalled by a corresponding
influx from other groups or populations.

(bY Pair-hond

Since the group social structure und the territorial Timitations
are maintained throughout the vear. one might expect that the
pair-bond would be a lasting feature. However, Figure 14 shows
that it is rare for two birds (0 remain mated for as long as wwo
years, and usually the cause of disruption is the death of one of
the partners, This effect is emphasised by the sex-imbalance in the
population already referred to, since this means that most males
arc at least two vears old before they achiove a mate of their own
(as opposed to supernumerary statusy, and she is then usually 2
vouny female. Mature hens. when widowed. are most hkely to
draw their new mate from supernumerarics nearby (see Fig, 149,
i.c. from yvoung males, so that pairs tend to be of uncqual age.

Both males and females remwn in the territory and attempt w
aftract new mates after one of a pair has died —this resuits in the
territories persisting spatially intact, far longer than any one pair-
hond. even throughout the five years covered by this study. in some
cases (sece Figure 5). '

(cYy Swrpluy males

As already pointed out Wrens frequently show a sex-imbalance
within the population, in favour of the males. The <urplus males,
redundant to stmple pair formation. are cither tolerated within the
family group or clse hold “buachelor’ territories an their own. or
even Lwo males together (FA57 und 58 G/57:0 BASRY. These
bachelor csiablishments are obviously unproductive and  their
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value to the species is that they provide an established territory
ready for completion the next season, they provide a ready source
of replacements for casualties during the breeding season among
the functional breeding pairs (G/56), and they may also, rarely,
help in an avuncular fashion to rear the offspring of ncighbouring
groups (see E/57 with C’s offspring).

Surplus mature males within the family group do, however,
serve a reproductively useful function (see “re-nesting” above)
and enable the true parents to concentrate on successive nestings
unhindered by the clamour of dependent nestlings from earlier
broods.

TABLE 12

A comparison of the productivity of supernumerary and simple
groups of M. cyaneus

'K'“p,l ;!;r;l)‘ll‘}l):;:-’ll-}v Simple Groupst
Number of nests 1936 37 32 32
Kygs laid 97 96
Eegs hatched 76 h2
Nestlings fledged G4) 39
Fledglings independent 34 24

* 12 breeding groups involved 37 adult birds.

v 16 breeding groups involving 32 adult birds.

* No data for 1959 are included as there were no supernumerary groups
that year; their inclusion did not alter the overall findings but made the
comparison less clear; the relevant figures are shown in Table 8.

Table 12 shows that from similar numbers of cggs laid, more
eggs hatch and more nestlings fledge from groups with supernumer-
ary males in attendance; in terms of efficiency per adult bird in-
volved supernumerary groups produced, annually, 1-9 fledglings
per adult, whereas the simple pairs produced only 12, This is a
large diffcrence and one that cannot be dismissed on the grounds
that the supernumerary groups rcpresented only the experienced
breeders (see Fig. [4), since experienced simple pairs (pairs
breeding for the sccond year) failed to produce any more fledg-
lings than inexperienced pairs on average. The data suggest that
the supernumerary contributes more to the population, acting as
a nursemaid, than he would if hc were breeding in a simple pair;
this effect is most manifest at the egg and nestling stages and
appears to be due to reduction of the demands made upon the
female at this time.

IV. DiscussioN
The clarification of the different age and sex plumages explains
the paucity of “full-blue” male Wrens during the winter and the

apparent “harems” herded by these few individuals. The differen-
tial timing of the male moult, depending on age and social status,
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reflects the behavioural-hormonal determination of this event and
probably reduces conflict within the group to a minimum. Whether
the thyroid or the gonads are responsible for this variable response
is not known, as the birds were not subjected to surgery in the
interests of other aspects of the study, and opinions in this particu-
lar field are somewhat divided at present (Assenmacher 1958).

The breeding of animals is usually timed so that the period of
greatest demand from the offspring coincides with a flush of food.
With those territorial species which depend on a limited (defended)
arca for the maintenance of both the pair and the young, the bal-
ance between supply and demand may be extremely delicate and
the sooner the offspring reach independence and leave the restricted
area the better for all concerned. Where more than one brood is
reared this becomes even more important and the young may be
discharged from the territory less than a fortnight after fledging, e.g.
Erithacus rubecula (Lack 1943) and Passer domesticus (Summers
Smith 1963 ). These independent young, since they have no nesting
requirements, can fulfil their nutritional and other needs in ecologi-
cal niches which would be quite unsuitable to their parents’ breed-
ing activities; this achieves an economy of limited, specialized
breeding environment.

Many species of birds, especially the migrants, only visit their
breeding grounds for part of the year, spending the rest either in
nomadic flocks (finches, tits, parrots, sea-birds, waterfowl and
waders) or in remote winter quarters (swallows, warblers). In
other words these species only occupy the nesting area at its opti-
mum and therefore quite a small area may suffice. Animals which
are locally resident all the year round place a much higher demand
on their environment—namely that of supporting them at a period
of least productivity, usually the winter, when both vegetative and
insect activity are very much reduced. In many cases the shedding
of the young from the family group before food becomes scarce
sufficiently answers the problem, e.g. Parus palustris (Southern and
Morley 1950), Chamaea fasciata (Erickson 1939), Parus inorna-
tus (Dixon 1956). In other species loose aggregations of families
may form which forage together over a combined area previously
held as independent territories (Aegithalos caudatus, Lack and
Lack 1957).

Crook (1961) has suggested that two sorts of flock occur de-
pending on whether the animals concerned are ‘contact’ or ‘dis-
tance’ types. With distance species, as shown by Marler (1956)
for the Chaffinch, Fringilla coelebs, the ‘individual distance’ is all
important and any member of the species infringing it is either
attacked or fled from. The distance varies with the season, obviously
reaching a minimum at the time of copulation and nesting. As the
young reach independence, so the conflict between parental res-
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ponsibility and infringement of individual distance grows until the
young cease to be regarded as part of the family and become
intruders.

With contact types this individual distance does not arise within
the species, as is evidenced by allopreening throughout the
year and, in the extreme, by the clumping behaviour of wood-
swallows (Artamidae). Wrens are such a contact species and even
in mid-winter on a warm day the whole family group may be seen
perched side by side preening each other; at night they regularly
roost close together. Therefore no behavioural mechanism exists
which drives off Wren offspring when they are capable of looking
after themselves and M. cyaneus provides an example of a resident
contact species, maintaining territory all the year round, within
which all the requirements of the entire family are met. The only
other species known to do this, among the small passerines, are
Campylorhynchus brunneicapillus (Anderson and Anderson 1957),
C. zonatus and Troglodytes aedon (Skutch 1954).

The contact nature of the species and the fact that much of their
lives is spent in dense cover, the open spaces only being sought
for foraging, explain the paucity of behaviour patterns and their
infrequent use—or, at least, observation. Some of these patterns
such as petal-carrying and “blue-and-black™ display suggest that
in the past these may have played a more important part in the
bird’s life, but are now infrequently, and even apparently, point-
lessly performed. The advantages to be gained from the mainten-
ance of family ties and social behaviour, such as that of the Wren,
are varied. The young birds presumably benefit from the experience
of older group members in such important matters as food-finding
and avoidance of predators. Besides this the generally accepted
advantages of flock behaviour apply to Wren groups, namely—
increased vigilance against predators as the number of receptors
(eyes and ears) increases, and the mutual advantage of close-
feeding in that insects disturbed by one bird, but missed, may fall
prey to another group member. Group or flock feeding also enables
localised and temporary gluts of food, e.g. a hatch of insects, to
be made full use of by several individuals, rather than benefiting
only one or two birds who, often, could not cope with the quantity
available, alone.

The breeding biology of the species shows high adaptability in
the use of nest sites and a breeding season limited only by low
temperatures and aridity. This in large measure explains the resili-
ence of the species in contact with human developments together
with their suitable temperament and enables them to take advantage
of settlement, whilst other Malurus species disappear.

Copulation was seen too seldom to affirm or disprove actual
polyandry, but the presence of more than one sexually mature male
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in a breeding group was sufficiently common an occurrence to rate
as normal behaviour. The results suggest that this unusual state of
affairs arises from the differential dispersal of the sexes which, in
turn, is due to mutual tolerance of old and young males but intoler-
ance between females. In this species there is no question of the
young males being sexually immature—siblings of subordinate
males have bred successfully at nine months old and subordinate
males have successfully assumed the dominant réle at the loss of
the dominant cock.

In regions with a climate as variable as that which characterises
much of the range of M. cyaneus and in particular its drier extrem-
ities (e.g. Booligal, N.S.W., with 10” rainfall), a proportion of
years will not be sufficiently suitable to furnish adequate replace-
ments for the species. A multi-brooded species whose breeding is
only restricted by climatic factors, such as rainfall and tempera-
ture, has a reproductive capacity capable of responding rapidly to
particularly favourable circumstances. This not only enables the
species to make the most of a good year, but enables rapid coloniz-
ation following major ecological changes.

The ultimate reproductive limit is determined by the number of
breeding cycles it is possible to complete within the prescribed
climatic limitations. This depends on the frequency of the cycle,
part of which (the incubation period) is inflexible, but part, the
dependent fledgling stage, can be almost eliminated where super-
numerary males adopt nursemaid duties.

In effect, then, the presence of supernumeraries in the family
group shortens the frequency of the breeding cycle to the irreducible
minimum occupied by the incubation and nestling stages and must
therefore be regarded as a highly efficient adaptation to a widely
varying climate, by a multi-brooded species.
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ApreNox T
[ he full history of the groups occupying the study area during four vears
is eiven below: a fow groups were abserved for a fifth veor, Sinve the terri-
tories were the most stable Teature of the populibon the deseriptions are
given uitder the letters designitmg these and are referahie (o Figures 5
14 of this paper. The time period nsed s o veur dating from July [slo "ASE
refers Lo territory A from Lyvil 36 to 3y 57,
565 —The gverwintering group consisted of seven birds, Towr maldes (014,
oL 020, 0151 amd three females (0320 0160 017 ). 10 was handed the
previows winter and was the dominuni cock. but the ages of the others were
pnknown, In Anmast MU disoppeared amd 11017 moved 10 territory P
and paired with MO3R. This left three males and two femuales. MOLO and
FO3® woere the effective padr but a1l the others assisted at the first nesl once
the vouns were hatched: despite this the young perished, soon after ledeing,
MOTU and M2 disappeared  while the second hatch of nestlings were
being fed: abeut the same time FOLS left the ares and was not seen unti]
the next yemr when she was found breeding ontside the CSTRO Insecticides
Laboratory at Black Mountiain, five miles away. Three yvaung survived
from this sceond nesting (633-6607 and four from the third (6RY-692 )
These remained with their parents except for 660 who wandered o territory
O far about two months of autumn and then joiocd up with groun N oand
speit *he winter with them—this is the only decumented example of juvenile
\-\:m[it‘rm_'_’ soon ilter fedging. 839, 6890-2 disuppearcd during the autummn and
MOTS, 1032 and 658, 689 overwintered together, FO3I2 was i seen in
Taly leaving MO1s und F&89 as the breeding pair (o father-diughter mating)
amd MESSE aw supernumerary male. 1937 was o drovght year and only one
nestine succeeded. all three voung surviving throngh nntil DUSE when ome
moved inte Canberra snd set up territory with o female from J—-the others
were not seen agin, In 1958 three nestings were aceompiished and three
voung from the 2nd overwintered with the adults, One cat accounted tor
all three vouns and both males of this sroup in July, before it was destroy-
ed—this left FORY alone and in response to her vicorous advertising song
she was soon juined by M706. the dominant male from 0 Their first nest
waus destroved  (canse unkinown) wnd FaRY disuppeared  while incubating
the second clutch: MT06 way alone for a few weeks, but wis then joined
by FO37. also from . and topether thev rewred o brood, two of which
overwintered with them, In 1960 two nestings were complered and three
voune from the second overwintered with thelr parents, In 1961 one of these
remained as a supernumerary mele and the grovp eniered the winter con-
sistime of M706. FO3F, MO0 and three vomng of the vear 037 wis
S alive in April 1962, after completing her fifth effective hreedine seoson
and surviving at Teast 2280 days 16) vrs ). the Tongest of any bird i the
sty
R36—--Seven birds overwintered in this growp, MO09 MO05, MOIX and
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FOOL PO FY, FOI0.0 MOIR and FOIY were nol seen after September,
while PO moved to Ko MOUYS and 036 Tormed eroup G, leaving MONS
and FOi4 as the hreeding puair in B, This puir completed 6 nests during the
seison but never managed o hatch eggs. MOOS disuppeared in February
1957 and FOUS joined group C for the winter bul was not seen after Juno,
In subsequent vewrs this ares became purt of teeritories C and G gagept
for a brief period when M706 was exiled in 1958 when he re-established
the baundaries for o period of two months before he re-joined €.

CS6-—Nine birds overwintered i O MOUZ, 02§, 023, 024, and Fi1lz,
025 026, 0, 037, G201, 025, 026 were not scem after september. MO S
and FO3Y took up territory Doouand MO24 and F029 took up territory F,
feaving MOO3 and 1032 10 breed in O OF three nests started only one
fledaed vouny (20, one of which remained in the family eroup through the
winter buat wis nol seen in August (6851, During the winter of 1957 Lroups
OO0 and B merged dentity and foraged aver the combined ares: MUO03
and 028 had disappeared leaving ecight birds: MOQ3, 023, 024: Fo2o.
OO 027 amd 653, 685, By spring (hese were reduccd 1o the three males
ad only two Temales FUO22 amd FO37. In the previous wvear Mi73 and
ME24 had meulted in at about the same time (Ang,-Sepl.) suggesting that
they were, then. both stll in their first vear—in 1957, M024 moulied in at
feast two weehs ahewd of MO023 and gained FO3IT for 4 mate afler sume
Herve battles: they re-established D MO23 was not seen after Scptember.
MOUS and F022 only munaged o nest ence diue 1o the adverse season, but
Audaed three young (704-6) who all survived into the winter: 704 joined
hachelor M660 in FE during April. while 706 persisted in € us o supernum-
ariry mule—705 perished when used as a decoy during Irapping tthe only
sty during the studyvi. FO22 failed 1o survive the winter and sinee
groupy € and T had merged again at this dme. when spring came there
was only one female hetween the three males (003 024 and 706, M024
adopted supernumerary stutus while M706 wis temporarily exiled to B,
Four nests were built in O during 19358, the first was deserted ofter a cuchoo
had laid in it, but the next three all fedged younsg. three of whom survived
info the winter in the family group, MO03 was not seen afler the summer
of T95R-1959, and M024 failed 1o survive the winter. so that spring 1939
totmnd MTO6 as the dominant cock, MREZS as supernumerary, and his sister
PE3S and FO3T as hens, FORY mmomaged 1o seduce M706 awny (rom the
territory early in Angust (AS59) and MS25 mated with his mother, FORT,
with his sister in close wttendunce. While 037 was incubating, M825 and
RIS Rept close company, and when 1he voune failed 1o hateh, FO37 lefl
the gronp and was not seen for o month when she turned up as i replace-
meat of F6&Y9, who hod drsappeared. ME25 and FR3S [ brother-sister mating)
suceessfully reared three voung. one of whom (901) persisted as a super-
numerary doring 1960-A61,

056 —As already indicaied nnder © this small territory wis only accu-
pied Juring the breeding season in two vears, The members spent the winter
mereed with group C and the arca fingdlv became absorbed into C. Tn the
first vedr two voune were fedeed. one of which survived to jein O during
the autumn with its parenis, but did not survive the winter, In the second
vear the hatching of voung coincided with that of € and the (two broods
beciime hopelessly intermined; the adults from © phlus Me60 from E cared
for all the youne while M0O24 amd FO3I7 withdrew 1o their old icrritory
and renested. unsuccessiully,

FAA0 Two females (027 and 028) overwintered with MO49. bor 1:027
disappenred hefore nesting begun. This pair nested twice and fledeed young
huth times, bur they failed to survive for long: MO49 disappesced ot the
e of 1956 und the female and her offspring meroed with A for the last
of the summer when she then inined W for the winter, Tn Tulv FO8 resumed
her old terriiory and advertised her solitads loudlv antil MOZT leit his old
aromp (N1 and ioined her: however, she did nar <orvive lone and MO7Z7
spent the spring in solitary bachelor state in F. ax his efforts (o re-establish
m N owere repulsed. At the end of the summer H0.57) M660. whe had Tost
his mate coined MO7T and they hoth Belped to care for the offsnrine of
groups O and D, withdrawing in aummn with one of the voune (7043 in
constanr company. MOTT wis ot sween alter April. and 704 was not seen
after June. by which time she was obviously a female. MB60 spent the
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scason ol 1958-59 as a buchelor in X but was not seen after the middle of
April. In May 1439 an established proup of three birds entered the study
arca from outside (MI106, F107. FI08). and by July were defending terri-
wry in B, FI7 was repeatedly attacked by Fi0y diring August and wis
net seen agiing MIO6 and FI08 nested successfully and tooh two Foung
through the winter. a male who persisted as supernumericy, and a iemale
who later hecame the hen of group C (1961,

“36.—This was another small (erritory comparable to 13, but which was
only occupicd during the first year of the study (by MO24 and 15029
three unsuccessful nestings were made before the group mersed with C for
the winter. during which time F029 disuppeured. The area was divided
hetween C and Foin subseqguent veurs,

(:36.-—This territory was part of B during the winter of 1956 and wus
taken up by MO0Y und FO36 in the following spring. Their {irst two nest-
ings were destroved before hatching, but the third cluich hatched success-
fully und young weve fledged. It is particulurly interesting that M09 disu-
ppeaced carly 1 Junuary 1937, before the voung had fledged, and his place
wits immuediately taken by M035 who, unnl then. had been SUPETIIUMICEArY
to Bl 036 wax not secen after the avtumn moult and MO3S overwintered
with one of his step-offspring, numely 602, who developed inte a mule,
These two spent the season of 1957 in bachelor state until » strange fermale
103 joined them in January 1958: M602 did not survive the winter. For
some reason MO3S and F103 failed to produce uny voung during 1959
(ef. K563 and overwintered alone, but in the ensuing season they were
successtul and fledged young, two of whom persisted into the winter, and
one (MOLd) persisted as a supernumerary. In 1960-61 two broods were
successfully fledged, one of which (M1010) persisted throughout the winter.
M35 disappeared carly in the spring of 1961 he was the longest lived male
during the period of this study, having lived at least 2052 davs (5] vrs.).

H56—No infermation is available before the spring of 1936, when the
birds were first banded and four birds were present, (wo males (034, 0353
und twao femades (033, 0311, FOR1 disappeared carly in the spring. leaving
a trio that finally reared young ufter failing at two carlier attermpls, M35,
the supernumerary. left (o join G early in Junuary 1957, This Lroup wenl
“walkabout” during the winter of 1957 and was not scen again. The palr thi
had nested in M doring 1956 visited H in the course of their “walhaboui™
during the winter and fnally settled ihere in August 1957 with ome of their
offspring, Mé41. This tric nested successfully for the next 1wy scasons wniil
FI60 disappeared and MI0t acquired a new mate. Whether this Process
mvolved rivalry with M641 is not known, but is quite likely since the latter
disappeared for four months to reappeur as the mate of FU3I0 in K during
the next scason,

P56 —101T7 from A and MO3R nested siecesstully in this smail territory.
the first year. hut thereafter hecame merged with H. This group merged with
K during the winter of 1957 and is detailed further under (hat heading.

J56.- Another 1mio (MO&D. 066, FO65) built (hree nests, of which only
the fast was successiul, The whole eroup went “walkabout™ during the winter
and were not scen after April 1957,

A56.—F03) paiced with M042, Jate in September. and aithough this pair
maintained territory throughout the spring and summer no nest wus ever
found. and certainly no young were cver hatched. This is a similar state of
effatrs as occurred at G during 1958 where aguin no nest was found, although
hours were spent scarching. Tn both cases the area to be searched was yuire
small and wus combed thoroughly, and observed for lomg periods: in cn-
suing vears the nests of these females were found rezularly. Cureful checks
during the winter. when the cover was more open. were also fruitless Tn
conscquence it is quite likely that these were immature females who man-
aged 1o atiract a mate but who were phvsiolopically unable to complete
the breeding cycle.

M2 disuppeared carly in the winter and was replaced by MO3R {7567,
whose female had also disuppearcd: he Broveght with him M#655. a4 son. who
remained as supernumerary for the next two breeding seasons during the
iast of which he becume the dominant cock after MO3R disappearcd. M653
disappeared late In the summer of 1959 and was replaged by M641, who
fathered an unsuccessful brood and disappearcd before the end of 1959
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FO30 survived until 179061 when she was shat because she had lost her
coluur bands and dehed all attempts o retrap ber, angdd in consequence
could no longer be identified in the ficld, She was then at least 1874 duys
old (50 vrs ).

Li6. Was occupicd by a frie (MO7L 073 FOT72Yy thut nested three
mes and fedged voung once during 1936, The entire family went “waulk-
about” in the wintler and were not scen again. This territory became part of
K during the ensuing years until late in 1959 when it was briefly occupicd
for the spring and early summer by a pair which disappeared afrer failing
1o Tedr nestimes.

M36—A puair successtully ralsed two clutches here in 1956 but went
swalkabout” during the winter and finally tcok up residence in H the next
seuson {MIOL FI00. 6413, In 1960 a ifresh pair established themselves
tthe male was reared in H oand futhered by M101) and successfully nested,
they. ton. ahandened the arca during the winter.

NS —After one Tatlure o pair (MO77. FO7R) nested successiully here
and all three voung overwintered with the parents. plus 660 from A and
and 028 from F. As related under F. MO77 wius led away by FO2ZE and
after her disappearance 077 was nol permitted (o rejoin N by M&60, who
had taken over. FUTE did not soevive to breed that spring and her place
was tuken by 1673, her daughter; one nesting failed 1o hatch and 673 died
before another attempt could be made. ME60 then joined MOTT in bachelor
siate in bF. This territory became part of A alter this.

56 —This group was not observed as Tully as the others since it was
more than half a mile from Gungahiin and in o private garden: however, it
iy inelisled because one of the offspring from N36, F6T74, settled there and
bred during 1937, and one of their offspring persisted ax supernumerary in
the parental group during the Toliowing scason. Afier this the hedges sur-
rounding the gardens were removed, which disrupted the Wrens.

Arersimx Il

ANy oF S1oMace CornriNgs oF 32 Brug WeeNs
Medoris o voens

Thirtv-lwo hirds (30 & and 2 %%y were taken during a distribution
survey and therefore came from points as far afield as South Anstralia and
Oueensland and from widely diiferent habitats ( Rowley, in prep. ). burther,
the samples muke no attempl to cover all seasons of the year—Muy-June
= Uwinter” and January “summer’” (see Table 13),

Tuble 13 shows the diflerent food classes represented in these Wren
stomachs subdivided into two proups—winter and summer. Certain broad
foatures are at once apparent and iranscend the fimited nature of the sample:
firstly, irrespective af season. ants and shicld bugs consistently make up a
large part of wrens” diel, Certain species arc taken only during winter
tearwigs. cockrouches, bectle larvae and moth cocoons} probably reflecting
aspects of inscet ceology. though 1o some extent chansed foraging habits
on the purt of the wrens may be important. e, more fies are taken during
winter sugpesting that a certuin amounat of “hawking” is done by the wrens.
Conversely, specics such as crickets amd prasshoppers are only availuble 1n
the warmer manths.

The plant seeds present a problem: all except one (Gerantun spo) were
sceds of a prostrate native herb, genus Riwsodia, one sample came from
the ACT. and one from Lake Victorin. NS W, OF five specimens of other
Malorns spp. taken (1 M. Jewconotns and 4 M. aesimifiv), three of these
contained seeds and ali were from Rbacodie berries. The Trequency of the
aceurrence of these particuiar seeds is bevond the realms of chance: In fuct
the ingestion of no less than 43 Rhagodia seeds by five different individuals
mahes it very unlikely that they were ingested in mistake for insects, and the
fact that the fleshy pericarp had been etfectively cizested leuving only the
hird seed suggests that Rhueodio spp. provide a minor source of food for
Malurny spp.

[The imsect remains were identilied by Mr W T. M. Vestjens of the
Division of Wildlife Research. CSIRO. und the plant seeds by Mr Max
Grav of the Division of Plant Industry, CSIR(]
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TapirE 13
Analysis of lood from 32 Maluris cvaneus stomachs
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w0 peeurrence gives the T0 of stomachs containing representatives of
a4 particular food class: there were 17 stomachs in the winter sumple and 15
in the summer one,



