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Seize the night: European Blackbirds (Turdus merula) extend
their foraging activity under artificial illumination
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Abstract In the urbanized world, the diurnal cycle of light

and darkness has lost its accuracy due to artificial light at night

(LAN). Because light is one of the most important zeitgebers

for the synchronization of the endogenous clock, this loss of

the night has serious implications for health and activity pat-

terns. Although it is a well-known phenomenon that LAN

advances the onset of dawn song of passerines, little is known

ABOUT whether birds extend their activity into the evening

hours and THUS may benefit from exploiting the night light

niche. By observing wild urban Blackbirds (Turdus merula)

under different LAN intensities, we found birds exposed to

high levels of LAN to forage longer in the evening than their

conspecifics in the darker areas. This difference was most

pronounced during the short days in March, but decreased

steeply towards the summer solstice. However, body condi-

tion of the Blackbirds did not correlate with the exposure to

LAN, indicating that urban birds extending their activity

under LAN might not benefit from the prolonged foraging

times. Our findings further indicate that male Blackbirds are

more sensitive to LAN than females. This study reveals that

LAN plays a considerable role in the activity times of urban

Blackbirds but, regarding their body condition, other urban

factors may be more important than the influence of LAN.

Keywords Urbanization � Light at night � Circadian

rhythm � Temporal niche � Night light niche

Zusammenfassung

Nutze die Nacht: Amseln (Turdus merula) verlängern

ihre Nahrungssuche unter künstlichem Nachlicht

Der tägliche Wechsel zwischen Hell und Dunkel hat in der

urbanisierten Welt durch das künstliche Nachtlicht seine

Präzision verloren. Da Licht einer der wichtigsten Zeitge-

ber der inneren Uhr ist, hat dieser Verlust der Nacht

weitreichende Auswirkungen auf Gesundheit und Ak-

tivitätsmuster. Der unter künstlichem Licht früher ein-

setzende Morgengesang von Singvögeln ist ein gut

untersuchtes Phänomen, jedoch ist nur wenig darüber

bekannt, ob Vögel ihre Aktivität auch in die Abendstunden

ausweiten und so von der Nachlicht-Nische profitieren

können. Wir beobachteten frei lebende Amseln unter ver-

schiedenen Lichtintensitäten und fanden, dass sie bei hohen

nächtlichen Lichtintensitäten ihre Nahrungssuche stärker in

die Abendstunden ausweiteten als Artgenossen im dunkl-

eren Gebieten. Dieser Unterschied war während der kurzen

Tage im März besonders ausgeprägt, nahm aber zum

Sommer hin stark ab. Einen Zusammenhang zwischen der

Körperkondition der Vögel und der nächtlichen Lich-

tintensität konnten wir nicht finden, was darauf hinweist,

dass Vögel mit lichtbedingt längeren Aktivitätszeiten nicht

von der verlängerten Nahrungssuche profitieren. Darüber

hinaus scheinen Amselhähne sensibler als Amselhennen

auf künstliches Nachtlicht zu reagieren. Diese Studie deutet
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darauf hin, dass künstliches Nachtlicht einen bedeutenden

Einfluss auf die Aktivitätszeiten von städtischen Amseln

hat, aber hinsichtlich der Körperkondition andere urbane

Faktoren eine wichtigere Rolle als künstliches Nachtlicht

haben.

Introduction

Life on earth evolved with daily alternation of sunlight and

darkness and its fluctuations between the seasons (Brad-

shaw and Holzapfel 2007). The circadian rhythmic of

endogenous biological clocks and their adjustment to the

external environment allow organisms to optimally time

their activity and biological processes (Navara and Nelson

2007; Dawson et al. 2001). Entrainment of the circadian

clock is ensured by synchronizing with environmental

cues, so-called zeitgebers, of which light acts as the most

important (Aschoff 1954). However, with the rapid pro-

liferation of electric light, the natural light signal has lost

its accuracy. Since the world is becoming increasingly

urban, we continuously spoil the natural night with artifi-

cial illumination far beyond the daytime. Artificial light at

night (LAN) scatters through the atmosphere and, in some

areas, causes sky brightness to exceed that of full moon

nights (Cinzano et al. 2001; Kyba et al. 2011). Conse-

quently, the darkness of night is decreased to a persistent

twilight. This loss of the night has serious consequences for

almost all groups of animals, including humans (Navara

and Nelson 2007). Possible consequences range from

misalignment of biological processes such as physiology

and behavior, disorientation of organisms, and habitat loss

due to avoidance of LAN (Longcore and Rich 2004). On

the other hand, only a few species seem to benefit from

LAN either by preying upon aggregations of insects at

artificial lights (Frank 1988; Garber 1978) or by extending

their foraging activity into the night to meet their energy

requirements (Byrkjedal et al. 2012; Dwyer et al. 2012;

Hötker 1999). However, this temporal or spatial shift in

predator activity to exploit the night light niche may lead to

changes of competitive communities and disruption of

predator–prey interactions (Longcore and Rich 2004;

Schwartz and Henderson 1991).

In cities, the areas most affected by LAN, organisms

encounter further challenges. Compared to less disturbed

habitats, the urban environment challenges urbanites by a

modified habitat structure, a different microclimate, and

novel food resources. Furthermore, vehicles, guy wires, and

glass panes pose collision risks, and urban noise masks

acoustic communication (reviewed in Marzluff 2001). To

cope with the new environment, urban organisms show traits

both in behavior, physiology, and life history which diverge

from those of their rural conspecifics. A well-studied

example is the European Blackbird (Turdus merula), which

has developed in Europe from a previous forest species to a

common city dweller in just two centuries (Luniak et al.

1990). Urban Blackbirds are tamer, breed in higher densities,

increase their sedentariness, and advance their reproductive

period by up to 3 weeks. These adaptations have been

developed because of the more favorable conditions in the

city, such as the permanent food availability and milder

climate (Dominoni et al. 2013a; Luniak and Mulsow 1988;

Partecke and Gwinner 2007; Partecke et al. 2005).

Another striking adaptation to city life is the advanced

dawn song of urban passerines, which has been attributed

to both LAN and anthropogenic noise (Fuller et al. 2007;

Miller 2006; Nordt and Klenke 2013; Kempenaers et al.

2010; Arroyo-Solı́s et al. 2013; Bergen and Abs 1997).

Urban Blackbirds start their morning song up to 5 hours

before their conspecifics in the forest (Nordt and Klenke

2013). Surprisingly, in another study, Blackbirds cease

their activity more or less at the same time in the evening,

irrespective of their origin (Dominoni et al. 2013b). If

urban conditions drive Blackbirds to extend their morning

activity into the night, why is there no effect in the evening,

despite, presumably, similar conditions?

Here, we investigate whether urban Blackbirds can

extend their foraging activity under LAN in the evening

and whether this correlates with differences in the body

condition of urban and rural birds.

Methods

Study area and artificial night light

The study was carried out in the city of Leipzig, Germany

(51�200N, 12�250E). The city is characterized by a densely

built-up center and a riparian forest which crosses the

center in a north–south direction (Strohbach et al. 2009).

The riparian forest and several parks cause natural, semi-

natural, and urbanized habitats to occur in close vicinity.

The study was conducted along the whole gradient of

habitats: Blackbirds were caught in the forest, the parks,

and the center, while activity observations took place at

four different observation sites in the forest and the center

(Fig. 1). Two close-by observation sites were situated at

the edge of an urban forest and two further sites in a rec-

reation area in the city center. The sites were chosen so as

to maximize the difference in artificial night light but also

to resemble each other in habitat characteristics, size, and

the amount of human disturbance. All observation sites

were between 0.2 and 0.3 ha in size and comprised of an

open lawn with few deciduous bushes and trees.
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To quantify the artificial night light, we used data of

municipal illumination (e.g., street lamps and spotlights of

historical buildings) as a proxy, because street lighting is

the largest single contributor to urban artificial night light

(Kuechly et al. 2012). Light point data were kindly pro-

vided by the traffic and works service of Leipzig. We used

a kernel density estimation to calculate an index of street

lamp density from light point data with a search radius of

50 m and a resolution of 10 m (ArcGIS 10, ESRI). In an

earlier study (Nordt and Klenke 2013), the accuracy of this

method was validated by measuring the illuminance at 100

randomly chosen points with a luxmeter (resolution

0.01 lx; LM 37, TFA Dostmann). Measured illumination

and the calculated indices of the same points correlated

significantly (Pearson’s r = 0.629, df = 98, P \ 0.001).

The index of street lamp density was, thus, regarded as an

accurate indicator of artificial night light and is further

referred to as lamp density. For every capture site, the

value of the lamp density index was extracted and related

to the individual bird caught at this site. For every obser-

vation site, we obtained a mean value of the lamp density.

To facilitate comparability to other studies, we provide the

corresponding illuminance values (in lux) calculated from

the correlation between the lamp density index and the

illuminance measurements.

End of foraging activity

The end of the foraging activity of Blackbirds was inves-

tigated on 35 survey days between March and July.

Observations started approximately 30 min before sunset.

All Blackbirds foraging at the site were counted by sex. If

upon arrival at the observation site no Blackbird appeared

for 5 min, the close-by alternative site was used. On all

occasions, birds were found on at least one of the alter-

native sites. Following Stephan (1999), handling food

items and different modes of behavior were regarded as

foraging activities: (1) digging or pecking for food items on

the ground, (2) hurling aside foliage, and (3) observing the

surface with the head cocked. To account for different bird

densities per observation day and site, we counted the

maximum number of Blackbirds foraging at the

Fig. 1 The study area is

divided into three categories

(center, park, forest) according

to the predominant land use

type. Blackbird (Turdus merula)

capture sites are indicated by an

open triangle, observation sites

by a filled circle. Inset the

density of street lights per

hectare
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observation site per observation day (bird count). When the

last bird stopped foraging and left the site, its sex and the

time were noted. The cloud cover in oktas was estimated

every 10 min during the observation. As it did not change

by more than one okta during the observation, we used the

final estimate for further analyses. Foraging activity was

considered to have ceased if no Blackbird returned for at

least 10 min and observations subsequently ended. The

time of the end of the foraging activity (end time) was

stated in minutes after sunset with positive values, or

negative values if foraging activity ended before sunset,

respectively. This relative end time still showed a consid-

erable non-linear relationship with the day of the obser-

vation (Julian date). To handle this nonlinearity, we applied

a general additive mixed model (GAMM) in the mgcv

package (Wood 2004) of the R software system (R

Development Core Team 2013). The initial model included

the end time as response variable, the habitat (center vs.

forest) and the cloud cover as fixed factors, the maximum

bird count as linear covariate, and the Julian date as a thin

plate regression spline smoother, one for each level of

habitat. Furthermore, the full model included the two-way

interaction between cloud cover and habitat. To account for

the dependency of repeated observations at the same

observation sites, we included the site as a random effect.

To determine whether there is a tendency for males or

females to forage under lower light conditions, we tested if

the probability of males to be the last bird leaving the

observation site is different from the sex ratio of Blackbirds

foraging at the sites using an exact binomial test of good-

ness-of-fit.

Body condition

In total, 217 free-living adult Blackbirds were captured

with mistnets (Ecotone 719/6) in the different habitats of

the city (center, park, forest; Fig. 1). To account for the

dependency of recaptures, we included only data of

recaptures when capture dates differed by at least

3 months. This reduced the sample size to 240 captures

(217 first captures, 20 recaptures). The birds were marked

with an individual metal ring on the right leg and an

alphanumeric coded color ring (Interrex) on the left leg.

Birds were weighed in a weighing cone to the nearest 0.1 g

using a digital balance (Kern TCB 200-1), and the tarsus

length was measured to the nearest 0.1 mm with a digital

measuring slide (Wiha 29422 DigiMax). All measurements

were taken by the same individual who carried out the

ringing. The birds were released at the site of capture

immediately after handling. A body condition index was

calculated as residuals from an ordinary least-squares lin-

ear regression between body mass and tarsus length for

males and females separately (Schulte-Hostedde et al.

2005). We analyzed whether the body condition of

Blackbirds varied between capture sites by fitting a General

Linear Model (GLM). The initial model included the

explanatory variables of year, habitat, sex, and season

(capture date) as factors and the time of capture and lamp

density as linear covariates. The season was included as a

three-level factor to differentiate between pre-breeding (1

February–14 April), breeding (15 April–31 July), and

winter (1 October–31 January) because the body weight

and consequently the body condition changes non-linearly

over the year (Stephan 1999). No birds were captured in

August and September in general, or during winter in the

urban forest. To separate the influence of capture time from

the season, the capture time was divided by the length of

day. The length of day was defined to start with morning

civil twilight (when the sun is 6� below the horizon) and to

end with evening civil twilight when the sun is, again, 6�
below the horizon. The full model included the two-way

interactions between habitat, lamp density, season, sex, and

time of capture, respectively.

Further statistics and model validation

Model selection for both GLMs and GAMMs were based

on an Akaike’s Information Criterion corrected for small

sample sizes (AICc), an information-theoretical approach

(Burnham and Anderson 2002). Furthermore, we assessed

standard model validation graphs to verify homogeneity,

normality, and independence of residuals (Zuur et al.

2009). All models with DAICc \ 4 of the respective best

model were assumed to have considerably support and

Akaike weights (x) were assigned accordingly (Burnham

and Anderson 2002). Detailed results are reported for the

best model only. Homogeneity of variances was verified by

Levene’s tests (all P [ 0.05). Levels of significant factors

of the body condition analysis were compared in post hoc

tests with Tukey’s comparisons and Bonferroni corrections

using the multcomp package (Hothorn et al. 2008). Means

are given with standard deviation.

Results

The three parts of the study area differed significantly in

their amount of artificial night light (ANOVA,

F2,21670 = 9979.3, P \ 0.001). On average, the center,

parks, and forest were illuminated by 12.8 ± 11.5,

5.4 ± 3.9, and 0.1 ± 0.8 street lights per ha, respectively.

These lamp densities correspond to 0.44 ± 0.36,

0.15 ± 0.12, and 0.07 ± 0.07 lux for the center, park, and

forest, respectively. Accordingly, the observation sites

differed significantly in their amount of artificial night light

(ANOVA, F1,2 = 377.6, P \ 0.001; Fig. 2). The
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observation sites in the center were illuminated by 5.6

street lights/ha, whereas the sites at the forest were lit by

0.2 street lights/ha, on average, which corresponds to 0.15

and 0.07 lux, respectively.

End of activity

Blackbirds ceased their foraging activity on average

18.7 ± 16.7 min after sunset. Depending on the habitat,

the cloud cover, the number of birds, and the season, there

were significant differences in the end time (Online

Resource; Table 1). Especially, the habitat was correlated

with an extension of the foraging activity of Blackbirds

into the night. At the center sites, the Blackbirds foraged

significantly longer than at the forest sites. This observation

can be dedicated to the high amount of artificial night light

at the center (Fig. 2), because the observation sites where

as similar as possible in other respects. Furthermore, the

cloud cover had a significant negative effect on the end

time, reducing the time used for foraging by almost 3 min

per okta cloud cover. However, forest birds ceased their

activity on average 4 min later at a given cloud cover.

Apart from the environmental effects, the intraspecific

aspect of the quantity of birds further influenced the end

time. With every additional bird, the end time was delayed

by 3 min. After controlling for other effects, the end of the

foraging activity showed significantly different patterns

over the study period for Blackbirds at the two habitats

(Fig. 3). At the beginning of the observation period, forest

birds ended foraging almost 50 min earlier than birds in the

center. In the time span of 1 month, this difference shrank

to a few minutes. Afterwards, forest birds continued to

leave the foraging sites earlier than center birds in general,

but the variability was high and differences were marginal.

Towards the end of the observation period, birds in both

habitats ceased their foraging activity considerably earlier

than in May and the beginning of June.

In total, approximately 10 % more males than females

foraged at the observation sites. Although the last bird to

leave was twice as often a male than a female, this distri-

bution did not significantly deviate from the observed sex

ratio of 1:0.81 (males: females, v2 = 2.80, P = 0.094).

However, in the center, the sex ratio was slightly shifted

towards more females (1:1.10), but the last bird leaving the

foraging site was significantly more often a male than a

Fig. 2 End of foraging activity of Blackbirds in relation to the mean

lamp density at the observation sites in the center (filled circles) and

the forest (open circles)

Table 1 Parameter estimates of the final model for the influences of

the explanatory variables on the end of foraging activity of European

Blackbirds (Turdus merula)

Explanatory variable Level Estimate SE t P

Intercept 28.6 8.5 3.371 0.003

Habitat Center 0

Forest -31.3 7.5 -4.154 \0.001

Bird count 2.7 1.2 2.281 0.032

Cloud cover -2.8 1.1 -2.634 0.014

Cloud cover 9 habitat Center 0

Forest 4.0 1.4 2.922 0.007

Smooth terms Level edf F P

Julian date Center 3.1 4.231 0.015

Forest 2.8 7.840 \0.001

The reference level was set to habitat ‘center’ and estimates for the

two-level factor habitat are differences between the intercept and the

estimated effect

Fig. 3 End of foraging activity of Blackbirds at the forest and center

sites between March and July. The dashed (center) and solid line

(forest) indicate the Loess smoothers through the predicted values of

the foraging end; gray bands represent the corresponding 0.95

confidence interval
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female (v2 = 4.78, P = 0.029, Fig. 4). In the forest, the

probability of the sex of the last bird was equal to the

distribution of the sexes among the foraging birds of 1:0.54

(v2 = 0.003, P = 0.987).

Body condition analysis

The body condition index of Blackbirds varied signifi-

cantly over the seasons from -12.8 to 22.7 (0.06 ± 5.75)

(F2,235 = 4.32, P = 0.014) and between the three habitats

(F2,235 = 4.96, P = 0.008; Fig. 5). The best model con-

sisted only of these two explanatory variables to describe

the variation in the body condition (Online Resource), but a

model further adding the lamp density also received sup-

port. However, the body condition did not differ signifi-

cantly with the lamp density. In general, birds in the city

center had a higher body condition score than their con-

specifics in the forest (bCenter–Forest = 2.8 ± 0.9, t =

-3.04, P = 0.007). Body condition scores of birds in the

park were intermediate and did not differ significantly from

those in the forest (bPark–Forest = 0.8 ± 0.9, t = -0.88,

P = 0.653), and only marginally non-significant from

those in the center (bPark–Center = -2.0 ± 0.9, t = -2.28,

P = 0.060). The comparisons between seasons revealed

that, during winter, birds had the highest body condition

scores which differed significantly from the pre-breeding

and breeding period. The difference in body condition

between winter and pre-breeding was -4.56 (t = -2.42,

P = 0.040) and -4.51 (t = -2.55, P = 0.028) between

winter and breeding, respectively. Body conditions

between pre-breeding and breeding periods did not differ

significantly (t = 0.05, P = 0.998).

Considering the season and habitat together, only the

body condition scores of breeding center and forest birds

differed significantly (z = 2.71, P = 0.042). Center birds

had, on average, a 2.68 ± 0.99 higher body condition score

during breeding (Fig. 4). Despite tendencies that body

condition of birds varied between habitats during the sea-

sons, no other tested comparison reached statistical sig-

nificance (pre-breeding: Forest vs. Center: -4.23 ± 2.85,

z = 1.48, P = 0.570; Center vs. Park: 2.23 ± 1.73,

z = 1.29, P = 0.707; Forest vs. Park: -2.00 ± 2.86,

z = 0.70, P = 0.970; breeding: Center vs. Park:

2.10 ± 1.05, z = 2.01, P = 0.241; Forest vs. Park:

-0.58 ± 0.96, z = -0.60, P = 0.985; winter: Centre vs.

Park: -2.44 ± 3.23, z = -0.75, P = 0.959). As the

interaction between season and habitat did not reach sta-

tistical significance, it was excluded from the final model.

Discussion

Our study reveals that European Blackbirds, a successful

urban species, extend their foraging activity into the night

under urban conditions, which is most probably due to the

different amount of artificial night light. The difference in

the end time of foraging activity between Blackbirds at the

center (illuminated) and the forest (dark) is highest in

March and decreases considerably by the middle of April.

This might be due to the short daytime in winter and early

spring which restricts the time available for foraging. This

hypothesis is also supported by a comparative study of the

time budgets of Great Tits (Parus major) at three different

latitudes during early breeding (Mace 1989). Arctic Great

Fig. 4 Frequency distribution of the sex leaving the observation sites

last. Males left the site predominantly more often later than females in

the center. Asterisk significant at the 0.05 level, broken lines the

expected distribution according to the observed sex ratio

Fig. 5 Variation of the body condition of Blackbirds over the seasons

in the three different habitats of the study area. Numbers below the

boxes indicate the sample size per group. No birds were caught in

winter in the forest. Asterisks differences at the 0.05 significance level

in the body condition between the connected groups of Blackbirds
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Tits had more time available for foraging and ceased their

activity at higher light densities. In contrast, Tits at low

latitudes spent less time foraging and roosted later with

respect to twilight, indicating that they used the full

capacity of the shorter day length, which was obviously a

limiting factor. Consequently, prolonging the activity time

due to artificial night light might be beneficial during

seasons of short day lengths. Actually, some passerines

overwintering at boreal latitudes were found to extend their

daily activity by 4–5 h under artificial night light (By-

rkjedal et al. 2012). However, the observed prolongation

was achieved by starting activity long before the morning

civil twilight, whereas activity ceased relatively homoge-

nously with the evening twilight in all investigated bird

species (Byrkjedal et al. 2012). Similarly, center Black-

birds in Leipzig were active during the early morning hours

long before daybreak which was dedicated to LAN and

anthropogenic noise (Nordt and Klenke 2013). During that

study, we frequently observed Blackbirds foraging on

lawns illuminated only by LAN after their first peak of

dawn song (personal observation) which indicates that the

light intensity of LAN is sufficient for Blackbirds to forage.

In contrast to the situation during the early breeding

season, in May and June there is only marginally longer

evening foraging activity of center Blackbirds which fur-

ther coincides with a steep decrease of the difference in

onset times of activity at dawn between forest and center

birds (Nordt and Klenke 2013). At our latitudes, the long

days around the summer solstice provide approximately

16 h of sunlight per day which do not restrict the time

available for foraging. This is in line with other studies on

Blackbirds comparing the activity times of rural and urban

birds in southern Germany (Dominoni et al. 2013b, 2014).

They found a slightly longer but non-significant evening

activity (6 min) of urban birds during the peak of breeding

in May and June. However, urban birds were active longer,

for 40 min per day, when compared to forest birds, again

due to an earlier onset of activity of urban birds. An in-

depth examination of the activity times revealed that light

intensities and weather conditions influence the onset of

dawn activity, but none of these significantly affect the end

of dusk activity (Dominoni et al. 2014). Nevertheless, site

characteristics other than light intensities were found to

explain some of the variation in the end of activity of urban

birds, and, later in the season, rural Blackbirds cease their

activity earlier with respect to twilight as was also observed

in our study.

In the present study, center birds had significantly higher

body condition scores than forest birds only during the

breeding season, but not during the time when the differ-

ence in activity times was most pronounced. Accordingly,

we discovered no effect of lamp density on the body

condition, only habitat differences and the seasonal

variation had a significant influence (Online Resource).

That body condition varies over the seasons is well known

(Stephan 1999). Macleod et al. (2005), for example, argued

that a bird’s body mass is optimized according to the theory

of starvation/predation risk trade-off. The theory predicts

body mass to be highest in winter to reduce the starvation

risk when food resources and environmental factors are less

predictable. The starvation risk becomes less severe during

breeding but predator avoidance increases, and therefore,

body mass declines to enhance maneuverability and allows

for a faster escape (Macleod et al. 2005). These predicted

variations in body condition coincide with the seasonal

variation in our data, but different reasons might trigger

this pattern in center and forest Blackbirds. If the predation

risk is not equal between the habitats but lower in urban

areas (Anderies et al. 2007), the pressure to reduce body

weight might be less severe and, hence, explain the higher

body condition scores of center birds during breeding. That

center birds, nevertheless, lose weight towards the breeding

season might either be the consequence of reproductive

costs (Stearns 1976) or an adaptation to reduce energetic

costs especially during chick provisioning (Freed 1981).

Furthermore, the starvation/predation risk trade-off

assumes that food availability varies over the season, but

this is rarely measured, including in our study. Neverthe-

less, several authors proposed that the urban environment

has a higher food availability and predictability (Batten

1978; Marzluff 2001; Shochat 2004). Therefore, urban

factors such as food availability and reduced predation risk

may be more important for the bird’s body weight than the

influence of LAN, as the Blackbirds seem to take no

advantage of the extra amount of time spent foraging.

However, we need to admit that our observation is based on

a very low sample size in winter.

If the extra amount of time spent foraging under LAN is

not advantageous in terms of body condition, why do birds

chose to be active during this time? One possible reason

may be the role that light plays as physiological zeitgeber.

Under natural conditions, the light–dark-cycle gives the

signal to be active (light) or rest (dark). In urbanized areas,

light or rather LAN is ubiquitous, hence the signal is

always set to activity which could result in faster, free-

running circadian clocks (Kumar et al. 2000; Dominoni

et al. 2013b). The daily sunlight, which is approximately

1,000- to 40,000-fold brighter than LAN, usually re-phases

the endogenous clock day by day. Nevertheless, the con-

tinuous light in the city may coerce birds to be active

during the night. Physical constraints to rest from time to

time may explain why they are inactive for a certain

amount of time during the night despite the continuous

light (Hoffmann 1959). These constraints intensify with

decreasing night length, and consequently the time active

during the night shortens toward the summer solstice. Birds
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are more active in the early morning hours due to intra-

specific social reasons. Singing early is important for male

passerines to defend their territory and to demonstrate their

quality (Murphy et al. 2008; Poesel et al. 2006). Therefore,

the intensity of this display is high in the early spring but

decreases in the course of the breeding period (Cuthill and

Macdonald 1990; Glutz von Blotzheim and Bauer 1988).

This hypothesis is also supported by the model indi-

cating the habitat, which differs significantly by the amount

of LAN to be an important factor in predicting the end time

of Blackbird foraging activity. Furthermore, in 75 % of the

observations at the center, male Blackbirds were the last to

leave the foraging site despite an almost equal sex ratio.

Males are approximately 4 % larger in body size than

females (Glutz von Blotzheim and Bauer 1988) and have

slightly larger eyes. Because eye size is positively corre-

lated with visual capabilities (Ockendon et al. 2009; Tho-

mas et al. 2002), males should be more sensitive to light,

especially at low light intensities. Hence, the longer

activity of males may also be caused by the intensity of

artificial night light.

Surprisingly, forest birds ended their foraging activity in

March before sunset, which indicates that (1) foraging time

is not a limiting factor during the relatively short days and

can, thus, be used otherwise, in this case probably for

singing and indicating quality, or that (2) the length of

daytime is limited in the forest by the low incidence angle

of the sun during March and causes an even earlier

decrease in natural light conditions making foraging less

profitable, while in the center the sky brightness is still high

due to LAN and permits continued foraging. This is further

supported by Davies et al. (2013) who reported that the

brightening effect of LAN on the night sky is more pro-

nounced in winter than in summer.

However, there might be confounding effects due to our

study design. We observed Blackbirds only at the foraging

site, but did not follow them after they left. Information

about birds’ behavior after leaving the foraging site is

limited, although observations suggest that especially

males continued with extensive song before proceeding to

the night roost. Nevertheless, we cannot exclude the pos-

sibility that foraging was continued out of the observers’

sight in the shrubbery or understory of the forest. Although

Blackbirds use visual and acoustic cues to locate food

(Stephan 1999) and, thus, depend on a certain amount of

light to forage, it seems unlikely that birds continued for-

aging hidden in dense vegetation, where less light perme-

ates through a vegetation cover instead of using open areas

during the retreat of sun light.

In conclusion, our study revealed that artificial light at

night plays a considerable role in the activity times of

urban Blackbirds. It enables birds to extend their daily

activity but this effect diminishes with increasing day

lengths. In contrast to former expectations, urban Black-

birds seem not to rely on the extra amount of light and,

hence, time available for foraging to improve their body

condition. Other urban factors such as food availability and

reduced predation risk may be more important than the

influence of LAN.
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edn. Westarp Wissenschaften, Hohenswarsleben

Strohbach MW, Haase D, Kabisch N (2009) Birds and the city: urban

biodiversity, land use, and socioeconomics. Ecol Soc 14(2):31
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