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Diurnal song pattern in the Great Reed Warbler Acrocephalus 
arundinaceus 

DENNIS HASSELQUIST, STAFFAN BENSCH & ULF OTTOSSON 

Abstract 
The diurnal song pattern of the Great Reed Warbler 
Acrocepha/us arundinaceus was studied at Lake K vismaren 
in South Central Sweden between 1985 and 1989. Males 
sing two types of song, a long song when attracting fe­
males and a short song when guarding fertile females. 
Seven males were studied over full 24-hour periods. The 
diurnal song pattern of males singing long song was 
characterized by a sharp peak in song rate at sunrise when 
they sang 70% of the time. In late morning song rate 
reached a plateau of about 55% of the time up till noon 
whereafter it slowly dropped to cease almost completely at 
sunset. An average male produced between 7000 and 8000 
song strophes in a day. The song rate of individual males 
in noon and afternoon was clearly predictable from mor­
ning values, i.e. a male that had a high song rate in the 

morning was also likely to have a high song rate later the 
same day. In contrast to the long song, the short song was 
produced at a rather steady low level throughout the day 
and also appeared to be more variable in intensity over 
short time periods (i .e. showed a higher variance). The 
decline in the rate of long song over the day seemed to be 
paraUelled by a decline in number of unmated females, 
suggesting that profitability of singing is highest during 
early morning whereafter it levels off. These results are 
discussed in relation to several hypotheses explaining 
diurnal song pattern in birds. 
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Introduction 

Male passerine birds typically devote much time to 
singing during the breeding season. This is not 
surprising since male song can be directed both to 
other males (intrasexual communication) and to 
females (intersexual communication) (Catchpole 
1982, Hasselquist 1990). When studying bird song 
two features are of main interest: repertoire size 
(number of different song types or syllables) and 
song rate (song production per unit time). In 
communication between males (i.e. in territorial 
behaviour and male-male aggression) it has been 
shown that both song rate (Yasukawa 1978, M¢ller 
1988) and song repertoire size (Krebs 1977a,b, 
Yasukawa et al. 1980) are of importance. In 
intersexual contexts (song directed towards fema­
les), song produced at a higher rate have been shown 
to attract more females (Payne and Payne 1977, 

M¢ller 1983, Reid 1987, Radesater et al. 1987, 
Alatalo et al. 1990, Reid & Weatherhead 1990) and 
also to increase the rate offemale copulation displays 
(Searcy & Marler 1981, Wasserman and Cigliano 
1991). Similarily, a larger song repertoire size has 
been found to have a positive effect on female 
attraction (Yasukawa et al. 1980, Catchpole 1986, 
Catchpole et al. 1985, Searcy 1988, Searcy & 
Yasukawa 1990) and on sexual stimulation offema­
les (Kroodsma 1976, Catchpole et al. 1984, 1986). 

In contrast to most visual signals bird song is only 
effective when produced. Thus, selection might 
favour those males that have a high song rate. 
However, song is costly to produce, both in terms of 
lost opportunities for other activities (Garson & 
Hunter 1979, Gottlander 1987) and directly in terms 
of increased energy consumption because of the 
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singing behaviour (Bensch & Hasselquist unpubl.) 
or an increased risk of predation when singing. 
Therefore, the song rate may be expected to differ 
between individuals even if all males attempted to 
sing as much as possible. For example, males of 
different quality (Payne & Payne 1977, West et al. 
1981) or males inhabiting territories of different 
quality (Radesater et al. 1987, Radesater & J akobs­
son 1988, 1989) may differ in the time spent singing. 
Another implication is that the daily song pattern 
should vary in concert with the probability of 
interacting with the receiver, i.e . intruding males or 
unmated females , respectively . 

The Great Reed Warbler Acrocephalus 
arundinaceus is a polygynous species. Males and 
females are monomorphic in their plumage and male 
song is the most obvious sexual signal. Great Reed 
Warbler males sing two types of song: long song and 
short song (Catchpole 1983, Ezaki 1987, Hasselquist 
& Bensch 1991). In spring each male take up a 
territory from which he sings the long song until he 
attracts a female . Then , the male immediately 
switches to the short song and guards his newly 
mated female, in most cases until she commences 
egg-laying (Hasselquist&Bensch 1991). Most males 
resume to sing long song after pairing with their first 
female in order to attract a second mate (Hasselquist 
& Bensch 1991). This pattern can be repeated several 
times in a season depending on how many females 
the male attracts to his territory. 

The meaning of the two types of song in the Great 
Reed Warbler has been closely investigated. In play 
back experiments, male territory owners "attacked" 
the tape recorder when it played long song while 
when it played short song males instead stayed at 
some distance and gave aggressive calls (Catchpole 
1983). Females implanted with a sexually arousing 
hormone (oestradiol) gave more copulation 
solicitation displays the larger the long song repertoire 
size was, while they reacted the least to the short 
song (Catchpole et al. 1986). Moreover, it has been 
shown for the long song that repertoire size is 
positively related to male reproductive success 
(Catchpole et al. 1985, Catchpole 1986) and to the 
achievement of extra-pair fertilizations (Hasselquist 
et al. manuscript). Taken together, these data sug­
gest that the short song is used mainly as an aggres­
si ve signal between males, while long song primarily 
is an intersexual signal used for attracting females . 

In this study of Great Reed Warblers we investi­
gated how mate attraction song (long song) and 
male-directed song (short song) is distributed over 
the full 24-hour period. Since the long song is used 
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for mate attraction we predict that males should 
distribute their singing so that it maximizes their 
chances of attracting females . Thus, we looked at 
diurnal timing of pair formation in relation to diurnal 
song pattern in males. Moreover, in order to be a 
reliable cue for mate choice song rate should differ 
less within than between individual males. 

Methods 

The study was carried out at lake K vismaren 
(59°10'N,15°25'E) in South Central Sweden, where 
we have studied a population of colour-ringed Great 
Reed Warblers since 1983. For a general description 
of methods and breeding ecology, see Hasselquist & 
Bensch (1991) and Bensch & Hasselquist (1991). 

Between 1985 and 1988 we recorded song rates 
for several males in order to estimate the total song 
production over full 24-hour periods. We recorded 
the length of the song strophes during the first 50 
seconds of a minute. In 1985 we sampled song in 
blocks offive minutes whereas blocks of 12 minutes 
were sampled in 1986-1988. Blocks started, with 
few exceptions, on sharp half hours, i.e. 0100 hrs, 
0130 hrs, 0200 hrs, etc. One or two blocks per hour 
were sampled for all males. Seven males were studied 
for a full 24-hour period whereas ten males were 
studied between approximately 0300 hrs and 1800 
hI's. For another purpose, these latter males were 
injected with doubly labelled water (Lifson & 
McClintock 1966) the preceding evening. However, 
this treatment did not seem to affect their singing 
behaviour. 

In 1989 two plus two males that sang long song 
were monitored simultaneously and continuously 
for two hours in order to see how much the song rate 
varied from minute to minute. 

In this study, song rate is presented as the per cent 
of time the males spent singing. This was obtained 
by adding the length of all song strophes over the 
sampling period divided by the length of the samp­
ling period. In the Great Reed Warbler, pauses 
between song strophes are normally 50-100% the 
length of the actual song strophe. Therefore, a song 
rate of 50% in fact means that the male sat in song 
position almost continuously and therefore had very 
little time left over for other activities, e.g. feeding. 
Throughout, time refers to Swedish summer time 
(GMT-2). 

In order to relate the song pattern to the availability 
of unmated females we analysed data on diurnal 
timing of pair formation. It was possible to assess the 
time (±5 hours) for 19 of 103 pair formations which 
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Fig. l. Average song intensity (per hour±SE) during a full 24 hour period for: A) four males singing long song and B) 
three males singing short song. Songs were sampled on 29 May (two males) in 1985, on 24 May (three males) and on 11 
June (two males) in 1986. 

Genamsnittlig sangintensitet (per timme±SE) under dygnet jar A) fyra hanar sam sjong langsang ach B) tre hanar sam 
sjong kartsang. Data insamlat 29 maj (tva hanar) 1985, 24 maj (tre hanar) ach 11 juni (tva hanar) 1986. 

OCCUlTed in the years 1986-89. Also, exact time is 
known for 13 females that were experimentally 
introduced from lake Takern (Bensch & Hasselquist 
1992). 

Results 

The song production of males singing the long song 
peaked at 0300 hrs when approximately 70% of the 
time was filled with song (Fig. 1). This peak appeared 
during the hour before sunrise whereafter the level 
dropped somewhat and reached a plateau at about 
55% which lasted until noon. In the afternoon song 
intensity was slightly lower (ca 40%) and appeared 
to be much more variable (Fig. 1). Shortly before 
sunset, the song intensity dropped markedly and 
eventually reached a level of less than 2% 
(corresponding to one song strophe of fi ve seconds 
per four minutes). The song level was low until 0100 
hours whereafter it quickly reached the diurnal peak. 
Males singing long songs have strophes which are 
on average 5.0 seconds long (Hasselquist & Bensch 
1991). Thus, the average individual (in Fig. I) sang 
between 7000 and 8000 song strophes per day. 

Males singing short song kept the song rate rather 
low throughout the day and they did not show either 
the morning peak or the evening drop in song 
intensity. The short song also showed a much larger 
variation in intensity (Fig. I). 

We also sampled song rate continuously over a 2 
hour period with the start at 0700 hrs for four 
different males. All these males showed very similar 
patterns and we give an example of the song rate, in 
per cent song per minute, for one of these males in 
Fig. 2. This male's song rate was on a high (60-70%) 
and rather even level during the whole sampling 
period. There were only a few short drops in singing 
intensity but the male never became silent for a full 
minute. The short periods with low song production 
were most often associated with the male leaving his 
exposed song perch in the top of the reed and instead 
moving around low in the reed probably foraging 
(see Fig. 2) . 

For individual males, the singing intensity in the 
morning (Fig. 3) was significantly correlated with 
the song production the same day during midday 
(r=0.87, N=18, P<O.OOI) and during the afternoon 
(r=0.89, N=16, P<O.OOI). These relationships still 
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Fig. 2. Singing intensity per minute for one male that sang long song. Singing intensity was sampled continuously for 
two hours from 0700 hrs on 13 June 1989. 

Songintensitet per minutfar en hane som sjang longsong. Songproduktionen miittes kontinuerligt under tva til11marji'an 
kl 07.00 13 juni 1989. 

hold true when we exclude the males that sang short 
song (r=0.72, N=13, P=0.006 and r=0.83, N=ll , 
P=0.002). Thus, a male's song rate in the morning 
predicts how much he will sing later the same day. 

In Fig. 4, we have compiled data on the diurnal 
pattern of pair formation. We have only been able to 
reliably estimate the time of day of pair formation for 
18% of the pairings and there is a bias in sampling 
time towards lower probability to detect pair 
formations late in the evening or early in the mor­
ning. Thus, these data should not be taken as absolute 
values but instead to show that pair formations seem 
to take place over the whole light period of the day . 

Discussion 

The diurnal song pattern 

Similar to many other song birds (Kacelnik & Krebs 
1982, Mace 1987, 1988), male Great Reed Warblers 
show a diurnal peak in (long) song production during 
the hour around sunrise, a pattern known as the 
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"dawn chorus". During the day, however, the song 
production is more evenly distributed than in most 
other bird species (e.g. Catchpole 1973, Astrom 
1976, Goransson & Karlsson 1978, Cramp 1992) 
with high song rates still in afternoons. The males 
then sing at an intensity corresponding to 50% of the 
morning peak (Fig. 1). At night, males may sing 
sporadically but the song can occasionally be rather 
intensive (own observations) especially if moonlit 
(Cramp 1992). 

Several factors have been identified as important 
to favour a dawn chorus. First, the profitability of 
singing may change during the day (Krebs 1977a, 
Henwood & Fabrick 1979). This can be if atmospheric 
conditions at dawn increase the distance over which 
song carries (Henwood & Fabrick 1979) making it 
easier for males to attract females in early mornings. 
Also, females of most migrating species seem to 
arrive during nights whereafter they may try to form 
pairs rapidly (Slagsvold et al. 1988, Slagsvold & 
Dale 1991). Hence, the number of unmated females 
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should be highest in early mornings which would 
make singing more profitable at dawn (McNamara 
et al. 1987). Second, the profitability of the main 
competing acti vity, i.e. foraging, may change during 
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Fig. 3. Singing intensity during the 
morning (0500-0759 hrs) and its 
relationship with singing intensity at 
noon (1100-1359 hrs) and in the 
afternoon (1500-1759 hrs), 
respectively. 

Sangintensitet undermorgonen (OS.OO-
07.S9) och hur dennaforhaller sig til/ 
sangintensiten vid middagstid (11.00-
13.S9) respektive under eftermidda­
gen (1S.00-17.S9). 

example, if profitability of foraging peaks at noon, 
males should feed in the middle of the day and spend 
the morning and evening singing (McNamara et al. 
1987). There are some data suggesting that the 
foraging profitability for birds is lower at dawn and 
dusk due to bad light conditions (Kacelnik 1979) and 
possibly low temperature (Avery & Krebs 1984). 
However, all these factors may act together to produce 
the dawn chorus. 

McNamara et al. (1987) used dynamic 
programming to make theoretical predictions of 
daily song patterns in male birds, investigating the 
influence of the factors mentioned above. In addi­
tion, they also studied the effects of energetic cost of 
singing and overnight energy expenditure. As 
expected, if the profitability of song declined during 
the day or if the profitability of foraging peaked at 
noon, males showed a clear dawn chorus. However, 
not intuitively obvious, if no variation existed in 
either profitability of singing or foraging, but night 
temperatures varied unpredictably, males should 
still show a clear morning song peak. The reason for 
this seemed to be that males each day would fill their 
energy reserves to meet requirements of the coldest 
night to be expected. Since most nights are less 
severe than the coldest expected, they have an sur­
plus of energy in the morning which can be used for 
song production. Thus, besides diurnal variation in 
profitability of singing and foraging, variation in 
night temperatures may contribute to the pattern of 
dawn chorus in birds. 
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Can we separate between the relative importance 
of these factors for the daily song pattern in the Great 
Reed Warbler? We have no data to test whether 
changing atmospheric conditions during the day 
play a role in how males distribute their singing. 
However, the song is clearly heard from a distance 
of several hundred metres and since females seem to 
survey a substantial portion of the area containing 
singing males (Bensch & Hasselquist 1992), the 
relati ve advantage of better atmospheric conditions 
during mornings should be very limited. 

Great Reed Warblers feed mainly on large aquatic 
insects (Dyrcz 1979, own observations) taken from 
the water surface or from the reed when they have 
emerged. During the morning hours the large flying 
insects are often immobile due to low temperature 
and are probably therefore easy to catch. Thus, there 
are reasons to believe that Great Reed Warblers may 
feed at least as efficiently in the morning as during 
midday. Therefore, a changing profitability of 
foraging seems not to explain the daily song pattern 
in the Great Reed Warbler. 

Instead, the daily pattern in the availability of 
unpaired females may contribute to the song pattern. 
As a nocturnal migrant, Great Reed Warbler females 
most likely arrive to breeding grounds in the early 
hours before sunrise. Hence, each day the highest 
number of unmated females should be present at 
sunrise whereafter the number probably declines as 
these females form their pair bonds. Thus, even 
though the number of pairings appears to be rather 
evenly distributed over the day (Fig. 4) the number 
of potential partners probably declines during the 
day. 

To conclude, for Great Reed Warbler males the 
profitability of singing seems to decline during the 
day since more unmated females probably are 
available in mornings than in evenings. However, 
since night temperatures do show a rather large 
variation during the main song period for Great Reed 
Warblers in our study area (May), we cannot rule out 
that the song peak in the early morning is partly 
caused by males using up the extra energy which 
they still carry after having survived a night warmer 
than the coldest expected. 

Diurnal pattern of short song 

In contrast to the long song, the short song is produced 
at a steady level throughout the day except at night 
when the song output is low. However, the production 
of short song appears to be much more variable from 
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minute to minute (have larger variances) than 
production oflong song. This diurnal pattern in short 
song production is markedly different from the long 
song and may be explained by the two types of song 
being aimed at different receivers that show diffe­
rent diurnal activity patterns. If song is produced in 
such a way that it optimizes information transmis­
sion, this suggests that the long song, which is used 
for female attraction, should level off during the day 
if the probability of attracting females decreases 
during the day (see above) . The male directed short 
song, which is used by males when mate guarding 
their fertilizable females, seems to be more evenly 
distributed over the day. This makes sense in the 
light of recent findings of female sperm storage 
organs (Birkhead & M¢ller 1992) and that a single 
successful extra-pair copulation has a rather high 
probability of fertilizing the subsequently laid eggs 
(Birkhead et al. 1988, 1989). Thus, the threat from 
intruding males prospecting for fertilizable females 
should be more evenly distributed over the day . 

Mate choice 

Females might use song rate as a cue in mate choice 
(Payne & Payne 1977, Radesater et al. 1987, Reid 
1987, Reid & Weatherhead 1990). This is not 
surprising since song rate can be directly related to 
both male quality, i.e. parental effort (Greig-Smith 
1982, but see Yasukawa et al. 1987) and parasite 
load (M¢ller 1991), as well as to territory quality 
(M¢ller 1983, Radesater & Jakobsson 1989) and 
food availability (Searcy 1979, Gottlander 1987, 
Reid 1987). However, to be a reliable cue of direct 
benefits from male and/or territory qualities, the 
character underlying mate choice has to be a cue 
reliably reflecting these benefits (Zahavi 1977, 
Kodrick-Brown & Brown 1984, Searcy & Anders­
son 1986, Shutler & Weatherhead 1991). 

In a previous study we followed the movements of 
radio tagged females that were introduced to 
K vismaren from lake Takern (Bensch & Hasselquist 
1992). These females visited on average six males 
before choosing a male to breed with. Each visit was 
from approximately 20 minutes up to several hours 
and most of the released females established a pair 
bond with a male within 24 hours, often with another 
male than the last visited. Interestingly, the females 
behaved very secretively as they passed through the 
males ' telTitOlles and in most cases the males probably 
did not notice the female (Bensch & Hasselquist 
1992). Therefore, a male has to keep a high song rate 
for a substantial period in order to ensure that a 



female that listened to him early in the morning and 
returns later on the same day will find him singing 
with similarly high song rate. As we found a strong 
positive relationship between an individual male's 
song rates at different periods of the day (Fig. 3), 
song rate has the potential to be a "honest 
advertisement" cue for females when inspecting 
males during mate choice. So far we have no data on 
whether female Great Reed Warblers use song rate 
as a cue in mate choice. 
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Sammanfattning 

Sangmonster under dygnet has trastsangare 
Acrocephalus arundinaceus 

Under hackningssasongen spenderar hanar av manga 
smaiagelarter mycket av sin tid pa att sjunga. Detta 
ar kanske inte sa fOrvanande med tanke pa att fagel­
sang kan vara riktad bade till andra hanar (intrasexuell 
kommunikation) och till honor (intersexuell kom­
munikation). Det ar framforallt tva faktorer i sangen 
som visat sig vara intressanta: repertoarstorlek (an­
tal olika ljud eller sangstroftyper) och intensitet 
(sangproduktion per tidsenhet). Fagelsang kan an­
vandas i samband med aggression mellan hanar och 
vid revirhavdande, och i bada dessa fall har sang­
intensitet saval som sangrepertoar vis at sig ha bety­
delse. Sangen kan ocksa vara riktad till honor, och 
aven fOr denna funktion har man funnit att bade 
sangens repertoarstorlek och intensitet paverkar 
hanarnas framgang. 

I motsats till manga synliga signaler maste en 
hane som signalerar via sang vara aktiv, dvs han 
maste sjunga. Eftersom fagelsang verkar innehalla 
information fOr bade hanar och honor inom en art, 
kan man fOrvanta sig att hanar som sjunger mycket 
gynnas. Men det ar kostsamt att sjunga, dels pa 
grund av att hanarna fill: avsta fran andra aktiviteter 
(t.ex. fOdosok), dels beroende pa att sangbeteendet i 
sig ar energikravande. Man kan dador forvanta sig 
att sangintensitet varierar en hel del mellan hanarna, 
aven om alIa fOrsoker sjunga sa mycket som mojligt. 
Detta kan antingen bero pa att hanarna ar av olika 
kvalite, eller att de haIler revir av olika kvalite. En 
annan forutsagelse utifran detta resonemang ar att 
sangens fordelning over dygnet skall variera, sa att 
den ar verksam da mottagarna, dvs revirinkraktande 
hanar och oparade honor, ar mest aktiva. 

Trastsangaren Acrocephalus arundinaceus har ett 
polygynt parningssystem: ungefar 40% av hanarna 
bildar par med 2-4 honor. Hanar och honor ar lika till 
fjaderdrakten och hanens sang til' istallet den tydli­
gaste "sexuella" signalen hos arten. Trastsangarhanar 
sjunger tva olika typer av sang: langsang och kort­
sang. Langsang sjungs av hanarna fran att de etable­
rat revir pa hackningsplatsen och tills de attraherat 
en hona. Orne del bart nar en hane lockat en hona till 
sitt revir overgill: han till att sjunga kortsang och 
vaktar sin hona. Detta pagar oftast tills honan bOljar 
lagga agg. Darefter Mergar de flesta hanarna till att 
sjunga langsang for att pa sa satt fOrsoka locka till sig 
ytterligare honor. Detta monster kan upprepas flera 
ganger under en hackningssasong beroende pa hur 
manga honor hanen lyckas locka till sitt revir. 

Genom experiment med play-back i falt harman 
visat att trastsangarhanar attackerar om de far hora 
langsang, men fOrhaller sig mer avvaktande och 
fOrsiktiga nar de hor kortsang. I laboratoriefOrsok 
visade det sig att hanar reagerade lika aggressivt pa 
langsang med bade stor och liten repertoar, medan 
honori motsvarande experiment avgav mer parnings­
inviter da de horde sang med liten repertoar. Vidare 
har man visat att trastsangarhanar som har langsang 
med stor repertoar har hogre hackningsframgang 
och ar far till fler utomaktenskapliga ungar. Sam­
mantaget visar dessa undersokningar av trastsang­
are att kortsangen huvudsakligen ar en aggressiv 
signal mellan hanar, medan langsangen framforallt 
anvands fOr att attrahera honor. 

I denna studie undersoker vi hur honattraktions­
sang (langsang) och hanriktad sang (kortsang) ar 
fOrdelad over dygnet hos trastsangare. Nar det galler 
langsangen forvantar vi oss att hanarna skall uppvisa 
ett sangmonster som maximerar deras chanser att 
attrahera honor. 1) Vi har darfOr undersokt nar pa 
dygnet parbildning sker hos trastsangare och satt 
detta i relation till sangmonstret under dygnet. 2) For 
att sangintensitet skall vara en paIitlig karaktar fOr 
honor att valja pa, bor variationen i sangintensiteten 
vara mindre hos enskilda individer, som mats vid 
olika tillfallen, an variationen mellan olika indivi­
der. 

Metoder 

Studien har gjorts vid sjon K vismaren i Ntirke, dar vi 
sedan 1983 studerat en fargringmarkt trastsangar­
population. Aren 1985-1988 matte vi sangintensitet 
for flera hanar over hela dygnet. Med hjalp av 
stoppur matte vi langden av varje sangstrof de fOrsta 
50 sek av vatje minut. Under 1985 matte vi sang i 
perioder om fern minuter och 1986-1988 i perioder 
om 12 minuter. Vatjematperiod paboljades exaktpa 
vatje halv timme och vi matte under en till tva 
perioder per timme. Sju hanar studerades under ett 
helt dygn medan ytterligare tio hanar studerades fran 
ca 03.00 till 18.00. For att studera hur hanarnas sang 
varierar fran minut till minut, matte vi under 1989 
langsang fOr tva plus tva hanar kontinuerligt under 
tva timmar. 

I denna studie visas sangintensitet som procent av 
den totala tiden som hanen sjong aktivt, dvs. andelen 
tid hanen har "sang i strupen". Hos trastsangare ar 
ltingden pa pauserna mellan sangs troferna 50-100% 
av stroflangden. Saledes innebar 50% sangintensitet 
att hanen i princip sitter pa sin sangplats hela tiden 
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oeh har myeket begdinsad tid over till andra syssel­
sattningar (t.ex. fodosok). Genomgaende i uppsat­
sen ar kloekslag angivna enligt svensk sommartid 
(GMT -2). 

For att relatera sangmonstret till tillgangen pa 
oparade honor, har vi analyserat nar pa dygnet 
parbildningen ager rum. I 19 av 103 fall under aren 
1986-1989 hade vi mojlighet att med ± fern timmars 
sakerhet bestamma tidpunkten for parbildningen. 
Vidare har vi exakt information om nar honorna 
valde haekningspartner fOr 13 honor, vilka fOrsetts 
med radiosandare oeh introdueerats i K vismaren . 

Resultat 

De hanar som sjong langsang var mest aktiva under 
timmen innan soluppgangen (ea 03 .00) da sangstrofer 
produeerades under ungefar 70% av tiden. Darefter 
rninskade sangintensiteten nagot till ea 55 % oeh holl 
sig sedan pa denna niva fram till middagstid. Under 
eftermiddagen sjong hanarna ungefar 40% av tiden 
oeh sangproduktionen var da mer variabel an tidi­
gare under dagen. Strax innan solnedgangen mins­
kade sangintensiteten mat'kant oeh nadde slutligen 
en niva pamindre an 2% (en 5 sek.lang sangstrofper 
4 min.) . Hanarna sjong ytterst sporadiskt fram till 
01.00 varefter de snabbt nadde maximal sang­
intensitet. Sangstrofernas medellangd hos trastsang­
are ar 5.0 s., vilket innebar att medelindividen (i Fig. 
1) sjunger mellan 7000 oeh 8000 sangstrofer per 
dag. 

Hanar som sjong kortsang hade en ganska lag 
sangintensitet over hela dygnet. De uppvisade inte 
heller nagon morgontopp eller kvallsminskning i 
sangintensitet. Kortsangen var oeksa mer variabel i 
intensitet. 

For att studera langsangens variation minut fOr 
minut studerade vi fyra hanar kontinuerligt under en 
tva timmars period med start 07 .00. Resultaten for 
dessa fyra hanar val' myeket likartade, oeh i Fig. 2 
gel' vi ett exempel pa sangintensiteten for en av 
hanarna. Denna hane sjong med hog intensitet (60-
70%) under hela studieperioden oeh val' inte tyst ens 
en hel minut i strack. De korta perioder da hanarna 
var tysta sammanfOll oftast med att de lamnade sin 
exponerade sangplats i top pen av ett vasstra fOr att 
istallet hoppa omkring lagt i vassen, dar de fOrmod­
ligen sokte efter foda (se Fig. 2). 

En hanes sangintensitet under morgonen var sig­
nifikant korrelerad med hans sangintensitet saval 
mitt pa dagen som pa eftermiddagen (Fig. 3) . Detta 
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samband kvarstar aven nar vi utesluter de hanar som 
sjong kortsang. 

I Fig. 4 har vi sammanstallt information om nar pa 
dagen parbildning sker. Endast fOr 18 % av paren har 
vikunnatfaststalla vid vilken tidpunktparbildningen 
agde rum. Det finns en skevhet i detta material 
eftersom parbildningar som sker sent pa kvallen 
eller tidigt pa morgonen ofta undgar upptaekt. Sale­
des ar inte detta resultat representativt fOr att i detalj 
beskriva dygnsmonstret fOr nar parbildning ager 
rum. Resultatet visar dock tydligt att parbildningar 
hos trastsangaren forekommer under hela den ljusa 
delen av dygnet. 

Diskussion 

Sangmonster over dygnet 

I lilillet med andra sjungande smafaglar uppvisar 
trastsangaren en topp i sangintensitet strax innan 
soluppgangen (gryningssang), vilket ger upphov till 
en sa kallad gryningskor. Till skillnad fran de fiesta 
andra arter haIler trastsangaren daremot en jamforel­
sevis hog oeh jamn sangniva over hela dagen. Pa 
eftermiddagen sjunger hanarna fortfarande med 
ungefar 50% av den sangintensitet de haft vid sol­
uppgangen . 

Man har funnit flera faktorer som kan ge upphov 
till en tydlig topp i hanarnas sangintensitet i gry­
ningen (dawn chorus) . En orsak kan vara att det ar 
fOrdelaktigast fOr hanar att sjunga i gryningen. Detta 
kan bero pa atmosfariska effekter som gor att sangen 
da kan horas pa ett langre avstand oeh dador effek­
tivare attraherar honor. Det kan oeksa bero pa att 
honor hos flyttfaglar anlander till haekningsplatserna 
under senare delen av natten oeh darpa snabbt valjer 
haekningspartner. I sa fall skulle antalet oparade 
honor vara som stOrst tidigt pa morgonen, oeh dfuior 
yore det oeksa mest effekti vt att sjunga da. En annan 
orsak kan vara att mojligheten till effektivt fodosok 
andras over dygnet. Om det till exempel ar effekti vast 
att soka fOda vid middagstid, kan detta led a till att 
hanar fOdosoker mitt pa dagen, medan de agnar 
morgnar oeh kvallar at att sjunga. Eftersom dessa 
faktorer inte utesluter varandra kan flera variableI' 
samtidigt paverka sangmonstret under dygnet. 

McNamara et al. (1987) har anvant sig av dyna­
misk programmering fOr att gora teoretiska fOrutsa­
gelser om sangmonster under dygnet med hansyn 
tagen till ovanstaende faktorer. De tog aven hansyn 
till energikostnader fOr att producera sang samt 
effekterna av energiupplagring for att kunna over-



leva natter med Higa temperaturer. Som fOrvantat 
fann de att om fOrdelen med att sjunga minskade 
over dagen eller om fOdosok var effektivast mitt pa 
dagen, sa gay detta upphov till en sangtopp i gry­
ningen. Mer ovantat var att aven om utbytet av att 
sjunga eller soka fOda inte varierade over dygnet, sa 
kunde det and a uppkomrna en sangtopp i gryningen. 
Orsaken till detta var att hanama varje dag fyllde pa 
sitt energibehov fOr att kunna overleva den kallast 
tankbara nattemperaturen och drufor ofta hade energi­
resurser over under den tidiga morgonen vilka de 
spenderade pa att sjunga. 

Kan vi da separera de faktorer som ar av betydelse 
fOr uppkomst av sangmonstret under dygnet hos 
trastsangare? Vi har inga uppgifter fOr att kunna 
testa om atmosfariska orsaker kan paverka hur ha­
nama sjunger under dygnet, men vi hal' indicier som 
gor att vi haIler detta for osannolikt. Detta baserar vi 
pa att sangen ar ljudlig och kan horas pa fIera hundra 
meters hall och att vi hal' funnit att trastsangarhonor 
soker igenom stora delar av ett delormade dar det 
sitter sjungande hanar. Honoma torde datfor ha goda 
mojligheter att obehindrat kunna lyssna till de fIesta 
hanama inom ett delomrade. 

Trastsangama ater fOretradesvis stora insekter 
som de tar fran vattenytan eller i vassen. De fIygande 
insektema ar speciellt latta att fanga under morgon­
timrnama nar de ar ororliga pa grund av laga tempe­
raturer. Detta antyder att trastsangarna inte har lagre 
framgang vid fOdosok under tidig morgon jamfort 
med mitt pa dagen. Vi tror darfOr inte att andrade 
fOrhallanden i fodans tillkomlighet kan fOrklara sang­
monstret under dygnet. 

Istallet tror vi att en andrad tillgang pa oparade 
honor atminstone till en del kan fOrklara sangmonstret 
under dygnet. Parbildning hos trastsangare verkar 
aga rum under alIa dygnets ljusa timrnar (Fig. 4) . 
Arten lir nattfIyttare och det ar datfor sannolikt att 
det storsta antalet oparade honor finns tillgangliga i 
gryningen och darefter minskar antalet allteftersom 
honoma valjer hackningspartners. 

Samrnanfattningsvis antyder vara data att fOrde­
len med att sjunga fOr en trastsangarhane minskar 
over dagen eftersom det finns fIer oparade honor 
tidigare pa dagen. Det finns dock en altemativ hypo­
tes som kan fOrklara trastsangamas sangmonster 
under dygnet. Nattemperaturen uppvisar ganska stora 
variationer under hanamas huvudsakliga sangperiod 
(maj-juni). Datfor kan vi inte utesluta att hanarna 
sjunger som mest i gryningen eftersom de da ofta har 
ett energioverskott fran de reserver de lagrat upp fOr 
att overleva en natt med mycket lag temperatur. 

Dygnsl1'lonster jor kortsangen 

Till skillnad fran da de sjunger langsang sjunger 
trastsangarhanarna kortsang med lag intensitet over 
hela dygnet, fOrutom under natten da de mestadels ar 
tysta. Produktionen av kortsang varierar ocksa be­
tydligt mer fran minut till minut jamfort med lang­
sangen. Dessa olika sangmonster under dygnet kan 
fOrklaras av att de tva typema av sang ar riktade till 
olika mottagare som hal' olika aktivitetsmonster 
under dygnet. Om sangen produceras pa ett satt som 
optimerar informationsovetforingen till mottaga­
ren, kan man forvanta sig att produktionen av lang­
sang skall minska under dagen (se ovan). Kort­
sangen, som riktar sig till andra hanar, verkar vara 
mer jamnt fordelad over dagen. Detta fOrefaller 
rimligt eftersom aven en enda "tjuvpaming" kan 
befrukta en honas agg och ge upphov till oaktingar 
fOr hanen. Saledes ar det sannolikt att hotet fran 
inkrliktande hanar, som letar efter befruktningsbara 
honor, ar ganska jamnt fordelat over dygnets ljusa 
timrnar. 

Partnerval 

Man har i fIera undersokningar visat att honor kan 
anvanda sangintensitet som vagledning i samband 
med partnerval. Detta ar inte fOrvanande eftersom 
sangintensitet hal' visats vara positivt relaterad till 
hankvalite (hanens matningsintensitet) och hanens 
parasitbelastning, men ocksa till kvaliten pa hanens 
revir och tillgangen pa fOda i reviret. For att honoma 
ska kunna anvanda sangintensitet vid partnerval, 
kravs att sangintensiteten ar en palitlig ledtrad for att 
fOrutsaga hanens och/eller revirets kvaliteer. 

I en tidigare studie fangade vi trastsangarhonor i 
Takern, fOrsag dem med radiosandare och slappte 
dem sedan i Kvismaren med avsikt att kunna fOlja 
dem da de valde hackningspartner (Bensch & 
Hasselquist 1992). Dessa honor besokte i genom­
snitt sex hanar innan de bildade par och bOljade 
hacka. Varje hane besoktes mellan 20 minuter och 
upp till flera timrnar och de fIesta honoma hade valt 
en partner inom ett dygn efter att de slappts ut i 
K vismaren. Notabelt var att honoma betedde sig 
mycket fOrsiktigt nar de passerade igenom en hanes 
revir och det var troligen sallan hanama fick syn pa 
dessa honor. Saledes maste hanarna uppratthalla en 
jamn och hog sangintensitet under en langre period 
for att pa sa satt vara sakra pa att en hona som lyssnat 
till en viss hane kan atervanda och hora att han 
fortfarande sjunger med samrna hoga intensitet. 
Detta verkar ocksa vara fallet hos trastsangaren; vi 
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fann ett starkt positivt samband mellan individuella 
hanars s~mgintensitet under olika perioder pa dagen 
(Fig. 3). Sangintensitet kan alltsa vara en "arlig 
ledtrad" (honest advertisement) som honorna skulle 
kunna anvanda i samband med att de undersbker 
potentiella hackningspartners. Vi har dock annu inte 
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nagra data tillgangliga fbr att narmare undersbka om 
trastsangarhonor anvander sig av hanars sang­
intensitet vid partnerval. 

Meddelande nr 78 fran K vismare fagelstation. 


