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Generally, lack of paternal effort in temperate passerine 
bird species manifests itself in terms of either fewer 
fledged young, and/or lighter young (BjSrklund and 
Westman 1986, Sasvari 1986, Kempenaers 1994). 
However, the effect of male absence on the growth of 
vouna is noorlv known (Sasvari 1986). Recent interests 
in flu&&ing asymmetry (defined as random tluctua- 
tions from perfect symmetry of bilateral traits) have 
suggested that developmental stress caused by inade- 
quate nutrition, for example caused by limited paternal 
care, can lead to an increased level of asymmetry 
(Palmer and Strobeck 1986, Watson and Thomhill 
1994). A high level of asymmetry can be an indicator 
of poor feeding conditions during growth or the in- 
abilitv of certain individuals to cope with poor growing 
conditions, and thus serve as a cuefor genetically-based 
mate choice (Msller and Pomiankowski 1993. Watson 
and Thornhill 1994). This suggests that chicks without 
paternal care might suffer not only in terms of being 
lighter at fledging but also by a higher degree of asym- 
metry, leading to reduced reproductive success. 

In this paper I will analyse the effect of male absence 
on a number of breeding parameters in the Blue Tit 
(Puru.r cueru1eu.s). In this species male paternal effort 
is extensive and normally at the same rate as female 
effort (Perrins 1979). In particular I concentrate on 
clutch size and number of fledged young, as well as 
growth of individual chicks in biparentally attended as 
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opposed to uniparentally attended nests. Furthermore, 
I examine the degree of fluctuating asymmetry in chicks 
in the two classes of nests with the expectation that 
asymmetry will be higher in broods without male at- 
tendance. 

METHODS 

The field work was carried out in the surroundings of 
Uppsala, central Sweden, during May and June 1994. 
All the Blue Tit pairs were found breeding in luxuriant 
deciduous forests. Nest boxes were checked regularly 
and the date of first egg, clutch size and the day of 
hatching were recorded. At two days of age, one young 
in each nest was randomly picked and marked. This 
chick was then measured at 2, 5, 8, 11 and 14 days of 
age. At age 14 days, all young in the nest were counted 
and weighed. I measured wing length, tarsus length, 
tail length, bill length, skull length and body mass. 
However, since all these traits are heavily intercorre- 
lated (Bjiirklund, unpubl.) only tarsus, wing and mass 
measures will be used in the present analysis. Tarsus 
length was measured to the nearest 0.1 mm, wing length 
to the nearest 1 .O mm, and mass to the nearest 0.5 g. 
To estimate fluctuating asymmetry (FA) wing length 
was measured on both sides from day 8 and after (i.e., 
when feathers start to grow), since it is known that 
growth of feathers is condition dependent (e.g., Grubb 
1989). To be able to separate measurement error from 
estimates of FA each chick was measured twice (see 
below). When chicks were eight days or older, adults 
were captured. 

Normally, when nest boxes were opened, the male 
behaved very aggressively especially when young ap- 
proached fledging (14 days). However, at some boxes 
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TABLE 1. Breeding parameters for Blue Tit broods with and without a male. Date of first egg and hatching 
date with April 1 as day 1. Figures in the table are means (SD), unless otherwise stated. The P-values refer to 
a one-way ANOVA except in the case of clutch size, first egg and hatching date, where a Mann-Whitney U-test 
was used. Wilks’ Lambda refers to a MANOVA where the three traits were tested simultaneously for the two 
groups. n-values are 8 or 9 in the without male group, and between 43 and 55 in the with male group. 

Trait and age With male Without male P 

Clutch size (median) 
Fledglings 
First egg (median) 
Hatching date (median) 

Tarsus: 2 days (mm) 
Wing (mm) 
Mass (g) 

Tarsus: 5 days (mm) 
Wing (mm) 
Mass (g) 

Tarsus: 8 days (mm) 
Wing (mm) 
Mass (g) 

Tarsus: 11 days (mm) 
Wing (mm) 
Mass (g) 

Tarsus: 14 days (mm) 
Wing (mm) 
Mass (g) 

Mean nestling mass (g) 

11 
9.9 (2.55) 

31 
55 

7.8 (1.03) 
6.6 (0.73) 
2.2 (0.56) 

12.2 (1.35) 
11.6 (2.06) 
5.0 (0.92) 

16.3 (1.01) 
22.6 (3.22) 

8.1 (1.13) 

18.0(1.27) 
32.4 (4.12) 
10.2 (1.41) 

18.8 (0.70) 
42.3 (4.01) 
ll.O(l.11) 

11.0 (0.93) 

10 
5.7 (2.42) 

33 
58 

7.6 (0.56) 
6.4 (0.52) 
2.2 (0.56) 

Wilks’ lambda 
10.9 (1.00) 
9.7 (1.00) 
4.0 (0.78) 

Wilks’ lambda 
14.7 (1.08) 
18.1 (3.37) 
6.8 (1.15j 

Wilks’ lambda 
17.8 (0.68) 
28.9 (2.52) 
9.7 (1.07) 

Wilks’ lambda 
18.4 (0.48) 
39.1 (2.54) 
10.8 (1.15, 
Wilks’ lambda 

10.3 (1.22) 

0.32 
0.0004 
0.10 
0.10 

0.64 
0.48 
0.25 
0.39 
0.013 
0.006 
0.004 
0.034 
0.00005 
0.0003 
0.002 
0.001 
0.70 
0.030 
0.41 
0.14 
0.22 
0.055 
0.64 
0.18 

0.10 

no males were ever seen, nor trapped in the boxes. 
Since males were so conspicuous at most boxes, the 
absence of a male at the frequent measuring and cap- 
turing visits will be regarded as evidence for a complete 
absence of the male. Since males were always seen at 
the other boxes, but never at these boxes, the likelihood 
of a false scoring seems very low. The reason for this 
absence was not known. 

All body-trait measurements were In-transformed 
before analysis to decouple possible relations between 
means and variances. Traits were normally distributed 
at all ages (Shapiro-Wilks test). Analysis of differences 
between groups was made by a one-way ANOVA. 
However, since all traits were strongly intercorrelated, 
a MANOVA was also performed and the correspond- 
ing multivariate Wilks’ Lambda values will be given 
(Morrison 1990). Other variables, like day of hatching, 
were analyzed by Mann-Whitney U-test, since they 
were not possible to transform to normality. 

To analyze FA I used a mixed model two-way ANO- 
VA, where individuals are treated as the random factor 
and the sides (left and riaht) as the fixed factor (Palmer 
and Strobeck’l986, Me&l’and Bjiirklund 1995). This 
procedure makes the error variance equal to the mea- 
surement error. The variance component correspond- 
ing to the interaction mean square equals the level of 
fluctuating asymmetry and can be estimated as s& = 

FA = (MS,,,,, - MS_)/2. This approach has the 
advantage of providing a measure of FA that is un- 
biased with regard to measurement error, and also gives 
the proportion of total variance that is accounted for 
by differences between individuals (estimated as sZmD 
= (MSti,,,, - M&&/4) and by FA. To test differ- 
ences in FA between groups I used the different values 
of s21,s for each group in an ordinary F-test using the 
approximate degrees of freedom given by Palmer (1994). 

RESULTS 

In nine cases (11%) of a total of 82 breeding pairs, the 
female was raising her brood with no apparent male 
contribution. There were no differences in time of first 
egg, time hatching, nor in clutch size (Table 1) between 
male-attended and uniparental nests. At age 2 days 
there were no differences in size of the chicks in the 
two groups of broods. However, at age 5 days and age 
8 days, considerable differences were recorded between 
chicks in the two groups in all traits, whereas at ages 
11 days and 14 days there were only differences in wing 
length. There was a significant difference in the number 
of fledged young between nests with and those without 
a recorded male presence. The mean nestling weight 
did not differ between the groups. 

Significant FA was found at all age stages in the group 
with male attendance, but only at age 14 days in the 
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TABLE 2. Fluctuating asymmetry in nestling Blue Tits as estimated by a two-way mixed model ANOVA for 
each category (with or without male) at three age stages (8, 11, and 14 days). Columns represent mean squares 
(MS) for each effect, F-values, degrees of freedom, P-value, and percentage of total variation (%) that is accounted 
for by each effect. 

With male Without male 

MS F df P % MS F df P 96 

8 days 

Individuals 40.75 354.32 50 <O.OOl 98.1 40.92 294.7 8 <O.OOl 98.3 
sides 0.04 0.15 1 0.70 0.0 0.03 0.13 0.73 0.0 
FA 0.29 2.56 50 <O.OOl 0.9 0.22 1.55 

: 
0.21 0.4 

error 0.16 100 1.0 0.14 18 1.3 

11 days 
Individuals 54.56 222.78 49 <O.OOl 97.4 27.64 126.35 
Sides 1.59 3.51 1 0.07 0.1 0.28 0.66 
FA 0.45 1.85 

;; 
0.005 0.7 0.42 1.94 

error 0.24 1.8 0.22 

14 days 
Individuals 54.38 141.72 43 <O.OOl 95.0 25.37 355.17 
Sides 0.56 0.53 4: 0.47 0.0 0.000 0.0000 
FA 1.04 2.71 <O.OOl 2.3 0.42 5.83 
error 0.38 86 2.7 0.07 1 

7 <O.OOl 95.5 
1 0.44 0.0 
7 0.13 

16 ::;’ 

6 <O.OOl 96.3 

:, 0.0032 1.000 0.0 2.6 
14 1.1 

group without male attendance (Table 2). Partitioning 
of variance components can thus, strictly speaking, only 
be made at this age for this group, but for comparison 
approximate values are given at all age stages. There 
was no significant difference in FA between the groups 
at age 14 days (the only age stage possible to test sta- 
tistically; Table 2). If anything the amount of FA was 
higher in the group with male attendance than in the 
group without attendance (F,7,5 = 1.90, P = 0.25). This 
could be a result of the low number of broods without 
males, thus reducing the power of the test. However, 
the ANOVA approach has been shown to be a highly 
powerful test even for relatively small sample sizes 
(Bjbrklund and Merill, unpubl.) which strengthens the 
conclusion that the differences between the groups are 
real. 

There was no relation between growth rate and FA. 
In both groups at all periods, the correlation between 
growth in one time period (for example 8-l 1 days) and 
asymmetry (the unsigned difference between the sides) 
at the end of the period (11 days), was not significantly 
different from a zero expectation (correlations ranging 
from -0.21 to +0.21, P > 0.1 in both groups). The 
amount of FA at age 11 was not correlated with the 
amount of FA at age 14 days in either group. 

DISCUSSION 
The results show that the absence of a feeding male 
has the most pronounced effect on the chicks during 
the time of maximum growth between 5 and 8 days. 
Since the number of eggs in the brood did not differ 
between the groups, whereas the number of fledged 
young did, it is likely that the main period of brood 
reduction occurred between 5 and 8 days. This hap- 
pened gradually over time such that at the early ages 

most young were still present, while during growth young 
were found dead in the nest box and broods became 
successively smaller. Unfortunately, no exact data were 
collected on the rate of brood reduction. After the num- 
ber of young were reduced in the brood, the remaining 
chicks apparently grew faster than chicks in broods 
with male presence since there were no differences in 
mass at ages 11 and 14 days. 

The uniparentally raised chicks did not have a higher 
degree of FA than the chicks with male attendance. 
Moreover, the proportion of total variation in wing 
length accounted for by FA was very low in all groups 
at all ages, in particular in relation to variation in ab- 
solute size among individuals. This suggests that the 
increased stress imposed on the chicks in the nests 
without a male did not manifest itselfin terms of higher 
levels of FA but rather in terms of differences on size, 
at least up to age 14 days. The wings are about two- 
thirds of their adult length at age 14 days (Bjiirklund, 
in press), but even if asymmetry will increase up to 
adult size, it is unlikely that the variance in wing length 
between left and right sides (= FA) will be even close 
to the variance in overall size among individuals. Since 
chicks without male parental efforts grew faster at the 
end of the period (see above) it may expected that this 
could manifest itself in terms of a correlation between 
growth rate and asymmetry, and that individuals hav- 
ing a certain asymmetry at one age will continue to 
have this asymmetry provided that individuals differ 
in their abilities to cope with stress. However, no such 
relationships were found. Growth rate and asymmetry 
were uncorrelated and the asymmetry at one age stage 
was not carried over to the next age stage. This suggests 
that differences in the size of the sides were merely 
accidents, or part of a natural growing scheme, rather 
than an indicator of differences in the abilities of in- 
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dividuals to cope with stress. Unequal growth rates of KEMPENAERS, B. 1994. Polygyny in the Blue Tit: un- 
the sides in the tail have been demonstrated in the balanced sex ratios and female aggression restrict 
Paradise Whydah (Barnard 1994). mate choice. Anim. Behav. 47~943-957. 

As this study exclusively deals with a single trait, MERIL& J., AND M. BJ~RKLIJND. 1995. Fluctuating 
overall effects on asvmmetrv including other unmea- asymmetry and measurement error. Syst. Biol. 44: 
sured traits cannot be excluded (Watson and Thomhill 97-101. 
1994). However, as asymmetry in wing length has been MORRISON, D. F. 1990. Multivariate statistical meth- 
shown to correlate to asymmetry in other characters ods. MacGraw-Hill, New York. 
(Moller 1994), there is no a priori reason to believe Mount, A. P. 1994. Sexual selection in the Barn 
that while it is absent in wing length in Blue Tit nest- Swallow (Hirundo rustica). IV. Patterns of fluc- 
lings it is prevalent in other characters. tuating asymmetry and selection against asym- _ - 

I thank Juha Merila and Staffan Ulfstrand for valu- 
metry: Evolution 48:658-670. 
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