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Nesting, clutch-size and breeding success of the Dunnock Prunella modularis in
mountain birch forest in Swedish Lapland

Om boplats, kullstorlek och hickningsframging hos jirnsparv Prunella modularis i fjillbjorkskog i

sodra Lappland.

Anders Enemar

atroduction

Enemar, A. 1987. Nesting, clutch-size and breeding success of the Dunnock
Prunella modularis in mountain birch forest in Swec%ish Lapland. — Acta Reg.
Soc. Sci. Litt. Gothoburgensis. Zoologica 14:29-35.

The analysis is based on 332 Dunnock nests found during the bird census
work of the LUVRE project in the Ammarnis area, Swedish Lapland, from
1963—1983. Most nests were placed in juniper bushes and most clutches con-
sisted of five eggs (mean clutch 5.2 £ 0.64 S. D., N=155). Laying occurred
from about 20 May to the first half of July with latest laying start o%served on
10 July. Fifteen per cent of the eggs failed to hatch successfully and 70 per cent
of the nests were lost during the nesting period of 27 days. The probabilit
that an egg will give rise to a fledgling was 0.239 which means that the breed-
ing success expressed as the mean number of fledged young per breeding at-
tempt was 1.25. The rate of nest losses is among the highest found in small
open-nesting passerine species. Genuine second clutches are probably needed
to maintain the population size.

Denna studie dr en analys av 332 hickningskort forda éver bon funna i sam-
band med figelinventeringsarbete inom LUVRE-projektet i Ammarnis-
omradets fjillbjorkskogar under dren 1963—1983. Inte mindre 4n 75% av de
funna bona lag i enbuskar.

Virpningen bérjar omkring 20 maj och nya dggkullar liggs innu i férsta
hilften av juli. Den senaste kullen bérjade virpas den 10 juli. Den vanligaste
kullstorleken var 5 dgg, dirnist 6 igg. Medelkullen var 5,4 dgg i maj och 5.0
senare hilften av juni. Den fallande trenden i kullstorleken ir pa grinsen till
att vara sikerstilld statistiskt. Medelkullen 1 hela materialet 4r 5,2 + 0,64 S.
D. Av dggen resulterade 85% i livskraftiga ungar. Nira nog 70% av hickning-
arna misslyckades av olika orsaker innan ungarna var flygga. Dirtill f6rsvann
enstaka dgg och framférallt ungar under botiden. Tas hinsyn till alla former
av forluster finner man att varje hickningsférsék genomsnittligt resulterade i
endast 1,25 flygga ungar. Omfattningen av boférlusterna ir bland de stérsta
som dr kinda fér fribyggande tittingar. Den 13ga hickningsframgingen anty-
der att andelen omlagda kullar maste vara hg. Berikningar ger vid handen att
dkta andrakullar sannolikt miste f6das upp fér att populationen skall vara
sjilvreproducerande.

Anders Enemar, Department of Zoology, Untversity of Géteborg, P.O. Box
25059, §400 31 Goteborg, Sweden

The nest record material

The Dunnock is a regular breeder in the
mountain birch forest of Swedish Lapland in-
cluding the Ammarnis area. Although it is a
common species, the basic reproductive bio-
logy is poorly known (Glutz von Blotzheim
in litr.) The aim of this study is to fil this gap,
using data from the LUVRE project, which is
an ornithological research program based on
field work and run since 1963 in the Ammar-
nis area (Enemar et al. 1984).

With few exceptions the breeding data refer
to Dunnocks inhabiting the south-facing slo-
pes of the mountains of Gaissatjikke and Val-
le (65°58'—65°59°N; 15°58°—16°8’E) near
Ammarnis. The nests were mostly found by
accident during bird census work. The analy-
sis is based on 332 nest record cards from 21
seasons {1963—1983).

The number of nests found varies conside-
rably between years (Fig. 1). There is an in-
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Fig. 1. Fluctuations in the Dunnock population density in the mountain birch forest at Ammarnis (open
circles; data from Enemar et al. 1984), and the number of nests found in the same area (filled circles) during

1963—1982.

creasing trend in the number of nests over
the years which is probably due to improved
skills of the field workers. The most informa-
tive cards were produced in connection with
the mapping census which are based on re-
peated investigations of the same study plot,
a procedure which enables the census-taker
to revisit and examine a nest that has been
found. It is evident in that the number of
nests found fluctuates in parallel with the
density of the Dunnock population in the
study plots (Fig. 1). This means that the nest

card information is biased ir: the sense that it
more accurately reflects the conditions in the
population peak years (many cards) than in
the bottom years (few cards). Another bias is
that nesting is not investigated with the same
efficiency throughout the breeding season.
Most observations were made during the bird
census period, which begins in the first wec
of June and lasts for about three weeks. The
distribution of the observation periods of the
nest record cards is shown in Tab. 1.

Tab. 1. The distribution of the nest record cards on 5-day periods of the breeding season. A. The distribution
of cards according to date of discovery, or, if the nest was checked more than once, of the mean date of the
observation period. B. Number of cards of nests containing eggs presented according to date of discovery.

May June July Total
Period No. 6 1 2 3 4 5 6 1 2 >3
A — 4 33 96 83 77 19 10 7 3 332
B 1 10 66 68 51 37 9 6 3 1 252
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Tab. 2. Nest sites

Number Percentage
Juniper bush 240 74
Birch stump 50 15.5
Fork in birch
or sallow 14 4.5
Between trunk and
loosened bark,

‘ithin roll of bark 11 35
Jthers 8 2.5
All 323 100.0
Results

«@st sites

Most nests were found in juniper bushes
(Tab. 2). The proportion reported is probab-
ly too high because the juniper nests are easi-
ly discovered. The nests were also often plac-
ed in more or less excavated birch stumps or
in the space between the trunk and loosened
bark. This means that the nests are someti-
mes well concealed and that they are found in
sites which are also used by other typical
hole-nesting species such as the Redstart Phoe-
nicurus phoenicurus. Most nests were found
0.5 to 1.5 m above ground, maximum height
4 m. Two nests were found on the ground,
one under a piece of birch bark, and one
under a root at the base of a birch trunk.

The breeding season
The first clutches were laid in the second half
i May, and we continued to find new clut-
ches into the first half of July. It is evident
that many pairs started laying about 20 May.
The latest recorded breeding, a nest with 6
eggs, was found on 22 July and resulted in 4
sstlings still in nest on 2 August. Thus, the
~unnock has a long breeding season compa-
red to many other passerine species in the
area. It should be noted, however, that
knowledge of possibile breeding activities du-
ring the latter half of July is scanty for most
species.

The nesting cycle

The length of the different phases of the nes-
ting cycle has not been investigated especially
and the information on the nest record cards

on these matters is poor. To calculate breed-
ing success it is necessary to estimate the
length of the incubation and nestling periods.
Five nest cards show that the incubation lasts
for 11 or 12 days, and two cards reveal a peri-
od of 13 days. For calculations of breeding
success an incubation period of 12 days was
assumed. According to four nest cards the
young leave the nest at an age of 10 days, but
another card shows that they can remain in
the nest for a further three days. A 10-day
nestling period was chosen which together
with the 12 days of incubation amounts to a
22 day nesting cycle. This probably means
that the calculations of breeding success are
based on the minimum number of days at
risk in the nest for complete clutches and the
broods.

It has been established repeatedly that the
Dunnock normally lays one egg a day. The
average clutch of the species is slightly more
than five eggs (see below). This adds between
four and five days to the nesting cycle if the
incubation period is counted from the laying
of the last egg. Thus, for successful breeding,
the nestcup is occupied by eggs or nestlings
for about 27 days.

The Dunnock can probably complete the
nest-bound part of breeding within a period
of five weeks. This estimate allows for a few
days for the nest construction and a prolong-
ation of the incubation and nestling periods
of one or two days.

Clutch-size

A clutch was defined as completed when it
was confirmed either by repeated eximina-
tion of the nest contents or by transillumina-
tion of the eggs (Arheimer & Enemar 1980).
Complete clutches are known for 155 nests
(Tab. 3). The mean clutch-size was 5.23 +
0.643 (5.D.) eggs and clutches of five were the
most frequent ones.

The date of start of laying could be traced
for 95 nests, and the average clutch-size has
been calculated for three separate periods of
the breeding season (Tab. 3). A declining
trend in clutch-size can be discerned from the
second half of May to the last weeks of June.
The ditference between the beginning and
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Tab. 3. Clutch-size

Date of start of laying

No. of Before June 20 Total no.
eges May 15—30  June 1—15  June 16—30  July 1—15 (date unknown) of clutches
3 — — — - 1 1
4 2 3 1 6 12
5 13 43 6 — 95
6 14 3 1 19 44
7 — 2 — — 1 3
Totals 20 61 12 2 60~ 155
ff’lgag 544049  53+058 504074 - 524072 5.2310.643

end of the breeding season, 0.4 eggs, is close
to being statistically significant (t = 1.99,
p=0.05).

Hatching success

The number of newly hatched nestlings was
often fewer than the number of eggs laid.
This was due to hatching failures caused by
unfertilized eggs or by death of the develop-
ing embryo. In the present context hatching
failures also included weak young which died
at hatching, or immediately after, and were
removed by the parent birds before being
observed. In 47 clutches which were known
to be complete (5.23 £ 0.56 eggs) 37 out of
246 eggs (15%) failed to hatch successfully. In
another 53 nests, where the clutches were
probably complete, the failure rate was also
15% (40 out of 271 eggs). The two samples
agree nicely indicating a hatching success of
85%. It follows that the mean clutch of the
population produced only 4.45 hatchlings.

The hatching failures were distributed
among 48% of the investigated nests. Single
egg failures were characteristic (26 nests) but
nests with two unsuccessful eggs were also
common (17 nests). In four nests, three eggs
failed to hatch and in one nests no less than
five eggs out of six failed.

Rate of nest losses

No nests were inspected daily from the start
of laying in order to measure the rate of nest-
ing failures. The value of this can neverthe-
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less be calculated by an application of May-
field’s (1961) method. Nest exposure time
was available for 159 nests which were in-
spected at least twice. A nest loss during a
visit interval of several days was arbitrarily
assumed to have occurred on the day at the
middle of the interval. The number of nest
losses was 50 during a period of 1149 nest-
days, which means a daily loss of 0.044 nests
(corresponding to a survival rate of 0.96).
Accordingly, this figure will be 0.70 (0.96%)
for the nesting period of 27 days. In other
words, from the start of laying more than
two of three breeding attempts will fail due
to nest predation, nest destruction due to
other reasons, nest desertion in connection
with harsh weather, death of a parent bird,
and so on.

Survival of eggs and nestlings

The main factor reducing egg and nestling
survival is loss of the entire nest. But it hap-
pens that single eggs or nestlings also dissap-
pear from or succumb in successful nes+
and these losses should be added to those «.
whole clutches and broods when the breed-
ing success 1s calculated according to May-
field. Available data are presented in Tab. 4,
where the resulting daily survival rates of
individual eggs and nestlings are given. The
Value iS about the same ‘hroughout the nest-
ings period. The differences in survival rates
between laying, incubation, and nestling
periods are not significant (chi-square test,
P>0.1).



Tab. 4. Survival rates of eggs and nestling, together with data from calculations according to Mayfield (1961).

during laying

No. of nests 37
No. of egg/nestling days 259
No. of losses 15
Daily survival rate 0.94

Eggs Nestlings
during incubation
89 46
2151 831
929 50
0.96¢ 0.94

1) 3 records were single egg losses, the rest were loss of the whole clutch.
J 14 were single nestling losses, the rest were loss of the whole brood.

The breeding success

The average probability of a newly laid egg
giving rise to a fledgling can be calculated
“om the data presented above. The only
missing information is the average number of
days the egg is at risk before incubation. If in-
cubation is arbitrarily considered to start
when the last egg is laid this average number
is 0.5 (n-1), where n is clutch-size. This gives
2.12 days at risk for the mean clutch-size of
the population.

Following Mayfield {1961) and using infor-
mation from Tab. 4 and the lengths of the in-
cubation and nestling periods given above,
the average expectation of life in the nest for
an egg will be

0.94212 x 0.9612 x 0.9410 = 0.29

As shown above the hatching success of the
eggs was 0.85. This reduces the probability of
an egg reaching fledging to 0.24. In other
words, slightly less than one egg out of four

ill give rise to a fledgling. Thus breeding
success, expressed as the mean number of

fledged young per breeding attempr, is 1.25.

Discussion

T,

+ is a drawback that the breeding season of
-ne Dunnock has not been investigated with
the same efficiency throughout, Most data
are from the height of the season, June,
which weakens the presented results.
Complete clutches usually contain 5 or 6
eggs which seems to be the same as elsewhere
in Scandinavia (Svirdson & Durango 1959,
von Haartman 1969, Haftorn 1971). There
was a declining, although insignificant, trend
in the clutch-size over the course of the breed-
ing season. A larger sample may confirm such

a trend. The many replacement clutches laid
after the abundant nesting failures did not,
apparently, contribute to a significant reduc-
tion in clutch-size. This indicates that the lay-
ing capacity of the females was good.

The annual mean clutch-size varied be-
tween 5.6 (n=12) and 4.9 (n=18) although
no two seasons differed significantly. Clutch-
size tended to decrease with increasing
population density but this trend was not
significant (r=—0.33, n=12, P>0.20). The
clutch-size analyses are impeded by the fact
that so few nest record cards are available
from the years with low population density.
But the general impression is that the clutch-
size of the Dunnock is fairly stable.

As shown above nest losses were consider-
able, resulting in a low survival rate of eggs
and nestlings. The forest in the study area is
largely primeval, a condition which is gene-
rally associated with a high predation rate
compared to man-made habitats impoveris-
hed in predators (Wesolowski 1985, with re-
ferences). Wesolowski found a rate of nest
losses of 0.7 for the mostly single-brooded
Wood Warbler Phylloscopus sibilarix inhabi-
ting a primeval forest in Poland. This is simi-
lar to the rate of losses in the Dunnock and
represents one of the highest losses found in
small open-nesting passerines.

The breeding success of the Dunnock can
be compared to two other open-nesting small
passerine species in northern habitats which
have been analysed according to Mayfield’s
method. Nilsson (1983) calculated the survi-
val rate of eggs and nestlings of the Reed Bun-
ting Emberiza schoeniclus using nest record
cards of the LUVRE project. The population
densities of this species and the Dunnock
have been about equal and have fluctuated in
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Tab. 5. Calculated average production of fledged young per breeding pair when the rate of failure is 0.7 and
the average production of fledglings per breeding attempt is 1.25. (For assumptions, see text.)

Strategy A. Clutches are re-laid after nest losses, no genuine second clutches.

Strategy B. Clutches are re-laid after nest losses, and early successful broods are followed by second clutches.

Stra- Laying  Proportion of the Number of fledg- Accumulated Required adult
tegy no. population laying lings per pair number of survival rate to
fleglings maintan popu-
per pair=a lation size = x1)
1 1 1.25 1.25 0.76
A 2 0.7 0.88 2.13 0.65
3 0.49 0.61 2.74 0.59
1 1 1.25 1.25 0.76
B 2 1 1.25 2.50 0.62
3 0.7 0.88 3.38 0.54

1) The adult survival x is solved from the equation 2(1-x) = x/2 - a, where (1-x) is the proportion of the tw.
parent birds dying and x/2 is the survival rate of the number of offspring produced (a).

parallel over 20 years (Enemar et al. 1984).
No less than 49% of completed clutches (not
single fresh eggs) in the Reed Bunting will re-
sult in fledglings whereas the percentage for
the Dunnock is 27, a substantial difference.
Tiainen (1983), investigating the Willow
Warbler Phylloscopus trochilus in Finland,
found the survival rate of nests and of
eggs/nestlings to be 0.399 and C.342 respect-
ively, calculated for the whole nest and
egg/nestling periods. Corresponding Dun-
nock values are 0.30 and 0.28, again indicat-
ing the very limited breeding success of this
species.

The low nesting success of the Dunnock
raises the question of whether reproduction
by the local population can replace the adult
mortality. If so, then the reproductive capa-
city of the females must be considerable. Can
the replacement of lost clutches be enough,
or must genuine second clutches also be pro-
duced? These questions cannot be answered
here unequivocally, but some light can be
shed on them.

The adult survival rates required to main-
tain population size have been calculated for
different levels of reproductive effort (average
number of replacement clutches, with or
without genuine second clutches) (Tab. 5).
The calculations are based on the following
assumptions: (1) all pairs start first laying be-
tween 15 and 20 May; (2) pairs relay when-
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ever the clutch or brood happens to be lost
during the nesting cycle; (3) only the length
of the breeding season limits the production
of replacement clutches; (4) new clutches are
not started later than 15 July to secure
enough time for the young become ready to
migrate; (5) the nesting success is the same
throughout the breeding season; (6) the survi-
val rate of the fledglings (the first-year survi-
val) is half that of the parent birds; (7) the be-
ginning of each generation of replacement
clutches is assumed to occur in the middle of
a complete nesting cycle. The first nesting
cycle is assumed to start on 15 May. This
means that there will be time for three ave-
rage” breeding attempts within the breedi:
season. However, pairs who lose their nests
during the last week of the nesting cycle will
probably not manage more than two at-
tempts, whereas those who consistently lose
clutches they have just completed can theore
tically produce five or six clutches before .
July.

The adult survival rates of small passerines
varies between 0.4—0.7 (e.g. Cody 1971,
Ricklefs 1973). Here I assume that the Dun-
nock survival rate is about 0.6 because it is a
rather robust and medium-sized bird of this
group. Table 5 shows that a considerable
number of replacement clutches are required
to account for an adult survival of 0.6. Appa-
rently no less than half the population must



produce, on average, three clutches when a
single-brooded strategy is applied. As some
pairs of this category may have lost two
broods late in their nesting cycle with a low
probability to relaying again, other pairs
with early nest losses must compensate for
this by laying even more than three clutches.
It is far from certain that the female Dun-
nock can fullfil such a demand.

However, the population can be virtually
self-maintaining if each pair has two breeding
attempts and a double-brooded strategy is
applied (Table 5). In order to reduce the adult
survival from 0.62 to the required level of
0.60 probably only a small fraction of the
»opulation must accomplish three breeding
attempts to compensate for those pairs who
fail to produce two clutches. The two strate-
gies do not differ much in reproductive out-
put in comparison to the difference in the
number of clutches produced. This is because
of the low nesting success which results in
only half the population being in a position
to produce a genuine second clutch. Never-
theless, double-brooding considerably redu-
ces the demand for a fraction of the females
to produce three clutches or more. If we take
into consideration the fact that all pairs prob-
ably do not manage to start breeding by the
middle of May and that the extension of the
nesting season into August is overestimated
the probability of double-broodedness occurr-
ing increases substantially. The alternatives
to the production of genuine second clutches
ce that the survival rate of the adult bird is
higher than 0.6, that our data on the breeding
success has been depressed by the influence of
field workers, or that the population level is
maintained by immigration.

The best support for the proposed double-
orooded strategy of the Dunnock is Swan-
berg’s (1955) observation of a Dunnock pair
alternatively feeding fledged young and
constructing a new nest in the mountain
birch forest north of the arctic circle. The
first egg was laid in the new nest on 4 July
and the interval between the start of the two
layings was estimated to about 33 days.
Curry-Lindahl (1958) reports on a similar
observation in the same habitat elsewhere in
northern Lapland.
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