
The Auk 111(3):556-562, 1994 

SEASONAL AND DIURNAL PATTERNS OF SINGING AND 

SONG-FLIGHT ACTIVITY IN BLUETHROATS 

(LUSCINIA SVECICA ) 

JUHA MERIL• a AND JORMA SORJONEN 
Department of Biology, University of Joensuu, Box 111, 80101 Joensuu, Finland 

AnSTR•Cr.--To assess the functions of male song in Bluethroat (Luscinia svecica svecica), 
seasonal and diurnal patterns of song and song-flight activity were analyzed by using data 
on individually marked birds. The seasonal patterns of singing and song-flight activity were 
found to peak shortly after male arrival and before the onset of egg laying. The diurnal 
pattern of song production peaked in the early morning (0300-0900), with a less clear increase 
in song rate around 2200. Male singing activity decreased significantly after clutch initiation. 
Only unpaired males, or males that failed in their breeding attempt, were heard singing after 
the egg-laying period. Seasonal and diurnal patterns of song-flight activity were strongly 
correlated with patterns of singing activity. In addition, male pairing speed was positively 
correlated with song-flight activity. These results suggest that both song and song flights in 
Bluethroats serve to attract females. Received 27 April 1993, accepted I July 1993. 

BLUETHROAT (Luscinia svecica) males are both 
visually and acoustically conspicuous birds 
compared to most northern European passer- 
ines. The song of the Bluethroat is complex 
(Cramp 1989, Sorjonen 1986) and, in contrast to 
most other passer•nes, males often perform con- 
spicuous song flights (Armstrong and Westfall 
1953). Bright coloration and complex acoustical 
displays of males may have evolved by two dif- 
ferent means: through either intra- or intersex- 
ual selection, or both (Searcy and Andersson 
1986). 

In this paper we describe seasonal and di- 
urnal patterns of song production in the Blue- 
throat. Our aim was to investigate whether the 
function of Bluethroat song and song flights 
was to attract females (result of intersexual se- 
lection) rather than to defend territory (result 
of intrasexual selection; Catchpole 1973, 1982, 
Searcy and Andersson 1986). By using data on 
temporal variation in singing behavior, we test- 
ed six predictions where the results of each test 
would be consistent with either female-attrac- 

tion or territorial function of song. We also used 
data on the song performance of individual 
males and related this to their pairing speed. 

We predicted (see Catchpole 1973, 1982, 
Lampe and Espmark 1987, Bj6rklund et al. 1990) 
that, if Bluethroat song is used mainly in ter- 

• Present address: Department of Zoology, Section 
of Animal Ecology, Villav•gen 9, 752 36 Uppsala, 
Sweden. 

ritorial defense, then: (1) singing should con- 
tinue throughout the breeding season, albeit at 
the reduced rate; (2) males should sing at a high- 
er rate when other males are singing; and (3) if 
the song is used to protect paternity, song out- 
put should peak during the females' fertile 
period (i.e. during egg laying; Birkhead and 
Moller 1992). However, if the primary function 
of song is to attract and retain mates, then: (1) 
it should occur at a higher rate before pairing 
and egg laying, and cease after the start of egg 
laying; (2) unpaired males should continue 
singing throughout the breeding season; and 
(3) males should resume singing after loss of 
their nests. Similarly, if females use male song 
and/or song flights as a cue to male or male 
territory quality, a correlation between singing 
behavior and mating success would favor the 
sexual-attraction function of song/song flights 
(Payne and Payne 1977, Rades•iter et al. 1987). 

METHODS 

Fieldwork was carried out from 16 May to 27 June 
1988 in a subalpine mountain birch forest east of lake 
Kilpisj•irvi (69ø50'N, 20ø50'E) in Finnish Lapland. The 
study area was approximately 1 km 2, consisting main- 
ly of a mixture of subalpine birch forest, meadows, 
and small bogs. Detailed descriptions of the habitat 
and the breeding biology of the Bluethroat popula- 
tion are provided by J•irvinen and Pryl (1980) and 
J•irvinen and Pieti•iinen (1983; see also ̂ rheimer 1982). 

The first Bluethroat was observed on 19 May, and 
the first song was heard on 20 May. Males were cap- 
tured using mist nets and song playback after they 
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settled in territories. Each male was color marked with 

a unique combination of plastic leg bands. 
Singing and song-flight rates of males were ob- 

served throughout the breeding season in 10-rain ob- 
servation periods (song phrases and/or flight songs 
per 10 rain). We recorded 1,629 periods covering 271.5 
h of observation. For each male, observations were 

made every day (with few exceptions) in a random 
manner. Most observations were made between 0000 

and 1200 (66%), and the distribution of observation 
periods over breeding season was fairly even (n = 
783 and 846 before and after median date of clutch 

initiation, respectively). Altogether 22 males were fol- 
lowed, but some of these males disappeared, or were 
not followed later on due to time constraints. Data 

on these males were included on some analyses to 
increase sample size (proportion of males singing, 
diurnal song patterns), but excluded from the anal- 
yses of seasonal patterns. Eight males were followed 
throughout the breeding season and the mean num- 
ber observation periods per day for these males was 
6.4 + SD of 2.63. 

To reduce the interdependence of song recordings, 
diurnal patterns of singing and song-flight activity 
were calculated as follows. If an individual male was 
recorded more than once within the same hour in the 

same day, these recordings were averaged, and the 
resulting figures were used to calculate the mean 
hourly singing activity of that male over a desired 
sequence of days (see below), and averaged over dif- 
ferent males to yield the mean singing activity of the 
population for that hour of the day. Since the singing 
activity of males declined during the egg-laying phase 
(see Results), only data before this period were in- 
cluded in the analysis of diurnal song patterns. 

Seasonal patterns of singing activity were calculat- 
ed in a similar way. If an individual male was re- 
corded more than once within the same hour in the 

same day, the average of these values was taken. These 
individual hourly means were then averaged over a 
specified span of hours (see below) to yield male daily 
singing activity. These measures of daily singing ac- 
tivity of individuals were then averaged over differ- 
ent males to yield daily mean singing activity of the 
population. However, before averaging over different 
males, male-specific daily singing activities were as- 
signed to a standardized time scale where day 0 rep- 
resented the date of clutch initiation. For this reason, 
two males entered in the analysis for example on day 
-2 (two days before clutch initiation) were not nec- 
essarily recorded in the same date, but rather on the 
same day in relation to their breeding cycle. Further- 
more, since the diurnal singing activity of Bluethroats 
peaked during the morning hours (see Results), we 
included only song observations made between 0300 
and 1200 in this analysis. Diurnal and seasonal song- 
flight activities were calculated in similar fashion. 

In order to investigate whether song or song-flight 
rates might influence male mating success, we cor- 

related individual pairing speed with individual song- 
flight and song rates. Since pairing date was not pos- 
sible to assess accurately due to extreme secretiveness 
of females, the number of days between a male's ar- 
rival date and date of the first egg in his clutch was 
used as an estimate of pairing speed. 

The test for dependence of song/song-flight rate 
on number of males singing was done using chro- 
nological dates since the use of time scale relative to 
breeding cycle would confound this comparison. Thus, 
in this test the mean daily singing rate of population 
was correlated with number males singing in a given 
day. The song records of males that were not heard 
singing on one particular day were excluded from 
this analysis because inclusion of days when most of 
the males had stopped singing (see Results) had re- 
sulted in spurious correlation between song rate and 
numbers of singing males (if none of the males are 
singing, song rate must be zero). For this reason, the 
days when none of the males was singing were ex- 
cluded from the analysis and, consequently, the sam- 
ple size dropped (this explains also the difference in 
n for song rate and song-flight analyses). 

Because of the nonnormality of song variables (e.g. 
49% of song-rate records made before median date of 
clutch initiation were zeros), statistical analyses were 
carried out using nonparametric tests. In the graph- 
ical representations of the seasonal and diurnal pat- 
terns of singing behavior, we used polynomial re- 
gressions to describe trends. In each case, the search 
for the best fit was initiated starting with linear re- 
gression, and then refined using different-order poly- 
nomial models. The best-fitting model (highest r 2) 
was chosen for graphical representation. 

Because of the large sampling variance in mean 
song and song-flight rates (because a number of the 
observations produced a zero; i.e. no song or song 
flight recorded during a given period), we also cal- 
culated mean song and song-flight rates based on 10 
most active observations of each individual. These 

measures are not independent of mean song and song- 
flight rates, but provide a way to check robustness of 
results based on mean values of more beterogenous 
observations. 

All times refer to Finnish summer time (GMT + 3 
h). All tests are two-tailed unless otherwise stated. 

RESULTS 

Seasonal pattern of song production.--Song pro- 
duction was highest directly after male arrival 
and declined sharply towards the start of egg- 
laying (Fig. 1A). There was a significant differ- 
ence in song rates between the period before 
clutch initiation (• = 10.98) and egg-laying pe- 
riod (f = 1.18; Wilcoxon sign-rank, z = -2.36, 
n = 7, P = 0.018), as well as between the period 
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Fig. •. Seasonal variation in singing behavior in 
the Kilpisj•rvi Bluethroat population. (A) Mean daily 
song rate (phrases/10 rain) of seven paired males 
(closed circles) and one male that failed to pair (+). 
Open circles indicate mean daily song rates of two 
males after breeding failure. (B) Proportion of silent 
males at different times of breeding season. (C) Dis- 
tribution of 10 most active song observations of seven 
paired males. Open bars indicate observations of two 
males after breeding failure. Vertical line indicates 
date of clutch initiation (observations for unpaired 
male are standardized to median laying date of the 
population). Equation for regression line in panel A 
is: Y = 3.732 - 0.744X + 0.04X 2 - 0.01X • (F = 97.0, 
r 2 = 0.88, P < 0.001). 

before and after clutch initiation (excluding egg- 
laying period; Wilcoxon sign-rank, z = -2.20, 
n = 6, P = 0.028;). However, the difference in 
song rate between the egg-laying period and 
the period after egg laying was not significant 
(Wilcoxon sign-rank, z = -1.6, n = 6, P = 0.109; 
one male that failed in breeding was excluded 
from this and previous test). Three of the seven 
paired males stopped singing before clutch ini- 
tiation, and only one of them was heard singing 
after clutch completion. However, one male that 
failed to pair continued singing throughout the 
season (Fig. 1; crosses), and two males that failed 
in breeding resumed singing after loosing their 
clutches (Fig. 1, open circles). 

The decline in singing as the egg-laying stage 
approached also is indicated by the dramatic 
increase of silent males (i.e. males known to be 
present but not singing) just before the median 
date of egg laying (9 June; Fig. lB). Similarly, 
the distribution of 10 most active singing ob- 
servations for seven males that were followed 

throughout the season truncates around the date 
of clutch initiation (Fig. 1C). However, the mean 
daily song rate of the population was not cor- 
related with the number of singing males 
(Spearman rank; rs = 0.01, n = 28, z = 0.08, P > 
0.90). 

Diurnal pattern of song production.--The mean 
song rate of population was highest between 
0300 and 1100 (Fig. 2A), and another, less clear 
increase in the song rate occurred around 2200. 
Little singing was noted between 0000 and 0300, 
and song rates in afternoon and early evening 
hours were also low in comparison to the morn- 
ing hours. The number of silent males increased 
after 1000 (Fig. 2B), and the distribution of 10 
most active song observations for eight males 
peaked between 0300 and 0900 (Fig. 2C). 

Seasonal pattern of song-flight activity.--The 
seasonal pattern of song-flight activity is similar 
to that of song (Spearman rank; r, = 0.92, n = 
39, z = 5.89, P < 0.001), with the highest rates 
at the beginning of the breeding season and 
ceasing before clutch initiation (Fig. 3A). The 
difference in song flight rates between the pre- 
laying (œ = 0.65) and egg-laying periods (œ = 
0.03) was significant (Wilcoxon sign-rank, z = 
-2.197, n = 7, P = 0.028). There was, however, 
no significant difference in rates between the 
egg-laying and postlaying periods (œ = 0.03 and 
0.00, respectively; Wilcoxon sign-rank, z = 
- 1.00, n = 6, P = 0.32). Only one male was seen 
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Fig. 2. Diurnal variation in singing behavior of 
Bluethroats. (A) Mean hourly song rate (+ SE). (B) 
Proportion of silent males at different times of day. 
(C) Distribution of 10 most active song observations 
of nine males followed from their arrival to start of 

egg laying. Equation for regression line in panel A 
is: Y = 1.213 + 4.49X - 0.453 X 2 + 0.12X a (F = 19.9, 
r 2 = 0.75, P < 0.001). 

making song flights during egg laying, while 
no song flights were observed after clutch com- 
pletion. The exceptions to this were the un- 
paired male and one of the two males that failed 
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Fig. 3. Seasonal variation in song flight activity of 
Bluethroats. (A) Mean daily song flight rate of seven 
males (song flights/10 min). (B) Seasonal distribution 
of 10 most active song flights for seven males. White 
bars indicate observations of one male after it failed 

in breeding. Observe that n in panel does not add up 
to 70 because of the great individual variation in song- 
flight activity (i.e. some males performed song flights 
often enough to add up to I0). Best-fit to data in panel 
A was provided by regression: Y = 0.36 - 0.15X + 
0.004X 2 - 0.0004X • + 0.000009X 4 (F = 30.0, r 2 = 0.78, 
P < 0.001). 

in breeding attempt (Fig. 3A). This concentra- 
tion of song flight activity during the period 
before clutch initiation can be seen also in the 

distribution of 10 most active song flights of 
seven males followed throughout the breeding 
season (Fig. 3B). The mean daily song-flight rate 
was moderately correlated with number of 
singing males (Spearman rank; z = 2.06, n = 25, 
r, = 0.47, P = 0.039). 

Diurnal pattern of song-flight activity.--The di- 
urnal pattern of song-flight activity was similar 
to that of singing activity (r, = 0.85, n = 24, z = 
4.08, P = 0.001). Song-flight activity peaked dur- 
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Fig. 4. Diurnal variation in song-flight activity of 
Bluethroats as indicated by distribution of 10 most 
active song-flight observations for nine males. 

ing the morning (0500-1200), and few flight 
songs were performed between 1700 and 0300. 
This can be seen also from the distribution of 

10 most active song flight recordings made for 
different males (Fig. 4). 

Individual variation in singing behavior and pair- 
ing speed.--Song rates differed significantly 
among 7 paired males, as measured by mean 
daily song rates (Kruskall Wallis, H = 15.86, P 
< 0.05), and the song rate in 10 most active 
observations (H = 39.51, P < 0.001). Similarly, 
there was significant heterogeneity in song- 
flight rates as measured by 10 most active ob- 
servations (H = 34.61, P < 0.001), but hetero- 
geneity was not evident when mean daily song 
rates were used (H = 3.57, P = 0.81). However, 
using the first measure of song-flight rate, males 
with higher song-flight rates were also those 
that mated first (Table 1). However, mean daily 
song-flight rate was not significantly associated 
with pairing speed (Table 1). No significant as- 
sociation was found between pairing speed and 
different measures of song activity. Further, 
there was no correlation between pairing speed 
and arrival date (Table 1). 

DISCUSSION 

Our results show that the singing period of 
Bluethroats is short, peaking before or during 
pair formation and ceasing shortly thereafter. 
These data suggest that song in Bluethroat func- 
tions primarily, if not solely, in mate attraction 
and not in territorial defense; if it did function 

in territorial defense, song should continue af- 

TABLE 1. Spearman rank correlation coefficients be- 
tween singing behavior and pairing speed (time 
elapsed between arrival and first egg) among seven 
Bluethroat males. 

Dependent 
variable r• z pa 

Arrival date -0.54 - 1.52 0.12 

Singing rate 
Mean daily -0.16 -0.40 0.34 
10 most active • -0.40 -1.07 0.14 

Song-flight rate 
Mean daily -0.47 -1.14 0.13 
10 most active • -0.63 -1.60 0.05 

One-tailed test, except for arrival date (two-tailed). 
Based on 10 most active song/song-flight observations of each male. 

ter mate acquisition (Catchpole 1973, 1982). This 
interpretation is further supported by the fact 
that no paired males were heard singing after 
clutch completion, a phenomenon also ob- 
served in Sedge Warblers (Acrocephalus schoe- 
nobaenus; Catchpole 1973, 1980, 1982; for a sharp 
decrease in song rate after mate acquisition see 
also: Nice 1943, Stenger and Fails 1959, Lowther 
and Falls 1968, Dowsett-Lemaire 1981, Wallin 
1986). By contrast, one unmated male was ob- 
served to continue singing until the end of the 
study period. Similarly, males that failed in their 
breeding (due to predation or desertion) re- 
sumed singing after loss of their clutch (for sim- 
ilar examples, see Wasserman 1977, Krebs et al. 
1981, Johnson 1983, Cuthill and Hindmarsh 
1985). All of these facts are consistent with mate 
attraction being the chief function of Bluethroat 
song. Furthermore, if males sing mainly in ter- 
ritorial defense, one should find a correlation 

between number of simultaneously singing 
males and their singing activity (Lampe and 
Espmark 1987). This was not the case in our 
study--singing rate was independent of the 
number of males singing, as has been also found 
in study of Swedish Great Tits (Parus major; 
Bj6rklund et al. 1990). Thus, although the hy- 
pothesis that males use song in territorial de- 
fense cannot be ruled out, the evidence suggests 
that Bluethroat song functions primarily in mate 
attraction. On one occasion, when making a song 
playback in the territory of a disappeared male, 
we observed a female approaching the tape re- 
corder on the ground. From the behavior of the 
female it was obvious that she was attracted to 

the broadcasted song. This observation parallels 
the experimental results of Eriksson and Wallin 
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(1986), who found that female Pied and Col- 
lared flycatchers (Ficedula hypoleuca and F. al- 
bicollis, respectively) were attracted by male song. 
Bluethroat song could function also, at least in- 
cidentally, in territorial maintenance during the 
females' fertile period (G6ranson et al. 1974). 
However, because song output peaked before 
onset of the female fertile period, approaching 
zero during the egg-laying period, Bluethroat 
song seems not to function to ensure paternity 
(for further discussion, see Birkhead and Moller 
1992). Nevertheless, since some of the paired 
males were heard singing during the egg-lay- 
ing period (albeit at a greatly reduced rate), this 
could indicate that song is also used in female 
retention. For example, Catchpole (1973) ob- 
served that male Sedge Warblers that momen- 
tarily lost contact with their mate during egg- 
laying phase sometimes resumed singing. 

The seasonal pattern of song flights was sim- 
ilar to that of song. Song flights were restricted 
to the period before clutch initiation, and only 
unpaired males, or males that failed in their 
breeding attempt, performed song flights after 
this. These observations taken together suggest 
that flight songs serve a sexual-attraction func- 
tion. The time in which males acquired a mate 
was negatively associated with our measure of 
song-flight activity; this draws further attention 
to a possible sexual function of Bluethroat song 
flights (Table 1; i.e. the higher the song-flight 
rate, the more quickly the male acquired a mate). 
The relationships between pairing speed and 
other measures of song-flight activity and song 
rate are consistent with previous results, but 
lack statistical significance. Larger samples and 
more accurate estimates for pairing date would 
be needed to guard against acceptance of false 
null hypotheses (i.e. that song performance does 
not affect pairing speed). 

Further indications that flight songs are used 
in sexual attraction are provided by observa- 
tions where males in a flight song were seen to 
approach females. On four occasions we ob- 
served several (two or three) males making in- 
tensive flight songs in the presence of a single 
female in one of the male's territory. These kinds 
of intrusions (sometimes extending over several 
territories) were apparently related to the pres- 
ence of a female on the other males' territory 
(see also Schmidt-Koenig 1956). During field- 
work we also found that males responded to 
the song playbacks with song flights directed 
towards the tape-recorder (unpubl. data). Re- 

sponse occurred at the beginning of the breed- 
ing season, but not after clutch completion. This, 
together with the fact that mean song-flight rate 
was positively associated with the number of 
singing males, may indicate that song flights 
also function in male-male interactions. Thus, 
song flights may be used both to attract females 
and to keep intruders away from the males' 
territory during the pair-formation period. 
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