
Vol.:(0123456789)1 3

Journal of Ornithology (2022) 163:827–841 
https://doi.org/10.1007/s10336-022-01985-2

ORIGINAL ARTICLE

Birds and the ‘Post Tower’ in Bonn: a case study of light pollution

Pius Korner1   · Irina von Maravic2 · Heiko Haupt3

Received: 15 December 2021 / Revised: 8 April 2022 / Accepted: 12 April 2022 / Published online: 13 May 2022 
© The Author(s) 2022

Abstract
During six consecutive autumn seasons we registered birds that were attracted to an illuminated 41-storey building in Bonn, 
Germany, the so-called ‘Post Tower’. Casualties on the ground were disoriented by the light and in most cases collided with 
the building. All-night observations with numbers of casualties, effective light sources, moon, and weather parameters regis-
tered hourly allowed for analyses of the role of these factors for the attraction and disorientation of numerous migratory birds. 
As expected, the conspicuous façade illumination was responsible for many casualties (fatal or non-fatal). Additionally, the 
illuminated roof logos and even faint light sources like the emergency lights were attractive and led to casualties. Moon and 
rain were negatively correlated with casualties, but there was no clear correlation with other weather parameters. Turning 
off lights was key, but effects of other ex post mitigation measures were limited: shutters were not originally intended for 
the attenuation of light emissions, control technology was insufficient, and there was a lack of willingness of the building 
owner to reduce light emissions consistently, even during core bird migration periods. Conservation recommendations are 
derived from this case study.

Keywords  Light pollution · Artificial light at night (ALAN) · Illuminated skyscraper · Bird-building collisions with glass · 
Migration · Disorientation

Zusammenfassung
Vögel und der „Postturm“ in Bonn: Eine Fallstudie zur Lichtverschmutzung
In sechs aufeinanderfolgenden Herbstsaisons erfassten wir die Vögel, die an ein beleuchtetes, 41stöckiges Hochhaus in Bonn 
(Deutschland), den sog. „Postturm “ angelockt wurden. Die Opfer am Boden waren aufgrund der Beleuchtung desorientiert 
und in den meisten Fällen mit dem Gebäude kollidiert. Basierend auf Beobachtungen während des gesamten Nachtverlaufes 
wurden die registrierten Opfer, die in Betrieb befindlichen Lichtquellen, Mond und Wettervariablen stundenweise dargestellt, 
um die Bedeutung dieser Faktoren für die Anlockung und Desorientierung zahlreicher Zugvögel zu analysieren. Die auffällige 
Fassadenbeleuchtung war erwartungsgemäß für die meisten der Todesfälle und Verletzungen verantwortlich. Zusätzlich 
führten die beleuchteten Firmenlogos auf dem Dach und sogar schwache Lichtquellen wie die Notbeleuchtung zu Opfern 
durch Anlockung, auch bei ausgeschalteter Fassadenbeleuchtung. Mond und Regen korrelierten negativ mit den Opferzahlen, 
aber mit anderen Wettervariablen fehlten klare Korrelationen. Das Abschalten der Beleuchtung war ausschlaggebend, 
während andere nachträgliche Abhilfemaßnahmen wenig wirksam waren: Sonnenschutzlamellen waren ursprünglich beim 
Einbau nicht dafür konzipiert, Lichtabstrahlung zu reduzieren, die Steuerungstechnik war fehleranfällig und die Bereitschaft 
der Gebäudeeigentümerin, Lichtemissionen selbst während der Kernzeiten des Vogelzugs konsequent zu reduzieren, war 
begrenzt. Aus dieser Fallstudie werden Empfehlungen für Schutzmaßnahmen abgeleitet.
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Introduction

Light-induced bird-building collisions are known to science 
for more than 150 years (e.g. Fox 1862; Cordeaux 1870). 
The attraction of lights had been used much longer to make 
use of migratory birds as food for humans (Hennicke 1910; 
Weigold 1925; Booth and Griffith 1927; Alcasid 1968) or 
to use attractive light to capture birds as a means of pest 
control (Meanley 1971). Even though the detrimental effects 
of artificial light at night on different organisms including 
humans has been subject to research and communication 
more intensively during the last decades (Longcore and Rich 
2004; Hölker et al. 2010; American Medical Association 
2012; Gaston et al. 2015), numerous detrimental and avoid-
able light emissions have been and are still being tolerated or 
even adopted by the relevant authorities. The "Post Tower" 
building in Bonn (Germany) has been recognized as a case 
study in this regard. The 41-storey skyscraper with its lights 
disorients and kills numerous migratory birds every year.

The temporal distribution of bird collisions with modern 
buildings with glass and light is often unknown but may 
allow to make better inference regarding potential driving 
factors. To quantify the bird collisions at the Post Tower and 
to try to identify responsible light sources and critical condi-
tions, the occurrence of bird casualties, alive or dead, on the 
ground next to the Post Tower was investigated voluntarily 
in the context of different light regimes.

Bird collisions with glass windows and façades during 
daytime occur year-round when glass is not recognizable 
for birds due to see-through situations or specular reflec-
tions (Klem 1989). The number of collisions can be dramati-
cally higher when building light sources attract and disorient 
migratory birds during darkness. The dimensions of bird 
collisions with glass have been estimated without discrimi-
nating daytime collisions and light-induced collisions by 
night (see Machtans et al. 2013; Loss et al. 2014). Observa-
tions at lighthouses and lightships (Allen 1880; Gätke 1895; 
Barrington 1900) or at television towers with air safety lights 
(e.g. Kemper 1958; Able 1963; Feehan 1963; Kemper et al. 
1964; Stoddard and Norris 1967; Laskey 1969; Avery et al. 
1973) have shown long ago that collisions can take place 
during all hours of the night. In 2020, bird-glass collision 
censuses in Hamburg and Berlin showed that night-time col-
lisions can play a considerable role (Jödicke and Mitschke 
2021; Steiof pers. comm.). Sometimes it is assumed that 
collisions, especially with high-rise buildings, mainly occur 
in the early morning hours of birds attracted to the vicinity 
of the building during the night (Sloan 2007; Parkins et al. 
2015; Aymi et al. 2017). Such a conclusion may seem rea-
sonable when bird victims are collected only during early 
morning hours and when, at these hours, collisions are wit-
nessed live. Other observers report contradictory results 

with collisions during the entire night (Fink and French 
1971; Evans Ogden 1996), with victims being collected long 
before dawn (McAdams 2003; City Wildlife 2020). How-
ever, this has rarely been documented by systematic nightly 
observations so far.

At the Post Tower, various lighting installations were 
operating in different manners during the nights and over 
the years. Disoriented, injured and dead birds were observed 
in considerable numbers at the base of the façades and led 
to nightly searches by HH since 2006 (for first results see 
Haupt 2009) and more systematically afterwards, in 2008 
mainly by IvM (von Maravic 2009). Here, we present results 
from identical time windows per year of these searches and 
examine connections between the number of casualties, light 
sources, and weather and moon data.

Methods

The building

The Post Tower is a 163 m tall office building in Bonn, Ger-
many (50° 42′ 56ʺ N, 7° 07′ 48ʺ E; Fig. 1 and pictures 
in the electronic supplement (S1–S4) and in Haupt 2009). 
The construction was finished in 2002. The ground plan of 
the tower corresponds roughly to a simple leaf (82 m long 
and, in the middle, 41 m wide; see Fig. 3), hence there are 
two main façades, one orientated towards north-northwest, 
one towards south-southeast, on both sides connected by 
two slender façade areas. All façades are glass-covered, and 
the glass extends about 3.5 m beyond both edges as well 
as about 12 m beyond the roof top. On the north side of 
the tower, the "Conference centre building" (25 m high) is 
separated from the tower by only a narrow gap.

Light systems and regime

Both façades of the tower are illuminated in the evening 
using different light colours and patterns (Fig. 1, left). The 
façade illumination is the first of three sources of light we 
consider in our analyses. The second source of light are the 
emergency lights in the corridors inside the building, which 
are permanently on. Façade and emergency lights can be 
attenuated by shutters lowered behind the main façades. 
However, these shutters are sunshades and not designed to 
maximally reduce light emission from the building: they are 
translucent, there is a gap between adjacent shutters, and 
shutters are lacking at the slender façade areas (Fig. 1, right, 
and especially S3 and S4 in the electronic supplement). The 
third source of light are strong spotlights installed on the 
roof and directed vertically into the sky (similar to search-
lights), backlighting two large, mainly yellow logos on the 
top edge of the building (logo lights; Fig. 1, left; size of logo 
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on the south side is about 100 m2 and on the north side about 
250 m2). We analysed the effects of these three light sources 
(façade lights, emergency lights, logo lights), but there are 
additional lights in the lower parts, e.g. in the entrance area 
and the ground floor.

The façade illumination has been operating since completion 
of the tower in 2002. In the years before our investigation period 
the façade was illuminated for 3 h in the evening (21:00–00:00 
CEST) in changing colours blue, yellow, and red, using 2000 
lights with neon tubes (1000 at each main façade, used at about 
60% of their maximal power of 28 W each) and 114 spotlights 
(used at about 60% of their maximal power of 575 W each). In 
addition, all spotlights on the roof (28 lights, 150 W each) were 
on all night. From 2008 on, the light regime was adjusted dur-
ing core bird migration time. The 114 façade spotlights were 
switched off. Since 2009, façade illumination was on for 2 h 
only (beginning 22:00 CEST, but 21:00 CEST in 2012; Fig. 2, 
column "Façade" and y-axis labels "on1" to "on3"; for details, 
see Table 2) and the shutters were often lowered to reduce façade 
and emergency light emissions (Fig. 2, column "Emergency"). 
Since 2010, façade light has been reduced by creating blue bird 
shapes moving over the façade, illuminating no more than about 
10% of the tubes at any given time (Fig. 2, grey part of the rec-
tangles for "Façade"). From the roof lights, only the logo lights 
have been operating since 2008: continuously during all nights 
in 2008, and with several hours off between 00:00 or 01:00 to 
05:00 or 06:00 CEST in most or all nights from 2009 to 2013 
(Fig. 2, column "Logo").

Correlations between light regime, time, and year

A major challenge for the inferential analyses was the strong cor-
relation among the light situations at the tower, the hour of the 
night, and the year, as described above. Since façade illumina-
tion was on only in the first part of the night, it was not possible 
to separate this effect from a general pattern of casualty numbers 
across the night (reflecting changing migration activity across 

the night). Therefore, we categorized each night into one 
of two levels: "full" vs. "reduced" façade illumination, and 
describe the course of casualties across the night separately 
for each (using an interaction between façade illumination 
and the night hour relative to switching off this illumination, 
i.e. the hours "on1" to "off6" as shown in Fig. 2).

The shutters attenuated the emission of emergency light 
and of the façade illumination. However, façade light was 
still well visible even with shutters lowered. Due to limited 
sample size (especially of nights with reduced façade illu-
mination and with shutters not lowered), it was not possible 
to include the interaction between façade illumination and 
shutters in the model described below. Hence, nights with 
full façade illumination may have had shutters applied or not 
(during on1–on3).

Searches of bird casualties

In our analysis, we focus on the autumn period including 
the nights 12–13 September to 31 October-1 November of 
the years 2008–2013 when searches for bird casualties at 
the Post Tower were most systematic, including 2220 search 
hours from 283 nights (301–475 search hours from 44–50 
nights per year). For the analyses, we only used the hours 
between 22:00 and 06:00 CEST (= 21:00 and 05:00 CET) 
per night and excluded hours with unknown light status 
(hours later in the night also had to be excluded if the type 
of façade illumination at the beginning of that night was 
unknown; Fig. 2 is based on these data selection including 
241 nights). In addition, we excluded nights with less than 
6 h with data (dropping 32 nights), nights with only 1 h 
of façade illumination (3 nights), and nights without any 
façade illumination due to the small number of such nights 
(16 nights). This yielded 1444 search hours from 190 nights 
for the model, including 981 bird casualties (dead or alive 
and using only fresh casualties). Sunset was between 18:28 
and 16:37 CET, hence, the data used for the analyses were 
collected during astronomical twilight or full night.

Fig. 1   The Post Tower with 
full façade illumination (in blue 
[see digital article]) and logo 
lights and emergency lights on 
(left), and with façade illumina-
tion and logo lights off, and 
emergency lights maximally 
attenuated (right; maximal 
attenuation of emergency lights 
only incompletely shields off 
light emissions)



830	 Journal of Ornithology (2022) 163:827–841

1 3

The entire surroundings of the building were searched 
slowly by foot at least once per hour during all night. Dur-
ing the first hours and when birds were found, the sur-
roundings were inspected continuously. Live birds were 
marked with quick-drying nail polish (individual combi-
nations of claws were marked to prevent double counting) 
and released in 200–300 m distance from the building. 
Dead birds were transferred to the Zoological Research 
Museum Alexander Koenig in Bonn. The light regime at 
the tower (façade lights, shutter position, logo lights), and 
several weather parameters were noted on-site continu-
ously and aggregated per hour on rough scales: cloudi-
ness (0/8 to 8/8), fog (0 to 3, corresponding to: no fog, 
hazy, visibility > 100 m, and visibility < 100 m), and rain 
(0 to 3, corresponding to no rain, drizzle, light rain, and 
heavy rain). Wind speed and direction were taken from the 
nearest available weather station (Bonn-Roleber, 5.1 km 
to the ENE of the tower), because on-site measurements 
would be strongly influenced by very specific wind sys-
tems around the building. The percentage of the full moon 
visible was taken from http://​malor​ny.​net/​moon (zero if 
the moon was below horizon, but not taking cloud cover 
into account).

Statistical analyses

We modelled the number of bird casualties found per hour 
using a negative binomial model, which allows to model count 
data analogously to a Poisson model but including a disper-
sion parameter (to model overdispersion, which was present 
in our data). As explained above, due to strong correlation 
between the light situation and the hour of the night (Fig. 2), 
we classified each night according to the façade illumination 
type (full vs. reduced; nights with no façade illumination were 
excluded from the model due to the small number of such 
nights, but these are discussed separately), and the hour of 
the night was characterized relative to the façade illumination 
("relative hour"; y-axis in Fig. 2). By including the interaction 
between the façade illumination type and relative hour, we 
model the course of bird casualties over the night, separately 
for the two façade illumination types.

The effects of the logo lights and the shutters were added 
to the model as additional predictors. The former was coded 
as on vs. off (values 1 vs. 0, i.e. larger value = more light emis-
sion), the latter as none, partial or maximal (attenuation of the 
light; values 2, 1 and 0). The values were used as continuous 
predictors, so that they could be averaged across the current 
and the previous relative hour, since the birds collected at a 
certain time were considered a mix of the casualties of these 
2 h. If 1 of the 2 h was missing (e.g. for the first hour of each 

Fig. 2   Overview over the light sources for the years 2008 to 2013 and 
the 8–9 night hours (from bottom to top: 2–3 h "on", before façade 
illumination was switched off, then 6  h "off"). The three columns 
per year are the three light sources "façade illumination", "emer-
gency lights" (which were always on but sometimes attenuated by 
shutters) and "logo light" on the roof of the tower. White portion 

of rectangles = full light (or, for emergency lights, no attenuation), 
grey = reduced façade illumination or partial attenuation of emer-
gency lights, dark grey = lights switched off (or maximal attenuation 
of emergency lights by shutters). Depending on the year, the hour 
"on1" started at 21:00 or 22:00 CEST, "off1" at 23:00, 00:00 or 01:00 
(see Table 2 for details). N = nights with known illumination situation

http://malorny.net/moon
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night), the single non-missing value was used. Similarly, 
the weather and moon parameters were averaged over the 
same two relative hours. The day of year was included as 
a linear and quadratic effect to account for the non-linear 
relationship with the number of bird casualties. The indi-
vidual night was added as a random factor to account for 
non-independence among the hours of the same night. No 
model selection was conducted except that we also fitted a 
model including the interaction between the logo lights and 
the relative hour, a model including a cubic term for the date, 
and a model including year as random factor, but all did not 
improve the model, hence they were not retained.

The model was fit in a Bayesian framework using Hamil-
tonian Monte Carlo in Stan (Stan Development Core Team 
2019) accessed by the R interface rstanarm (function stan_
glmer.nb; Goodrich et al. 2018; R Core Team 2019). In a 
Bayesian analyses, we receive a large number of draws from 
the posterior distribution of the parameters estimated in the 
model; the distributions of the drawn parameter values repre-
sent the estimate and its uncertainty for each parameter. We 
used the default settings of the R function, i.e. using weakly 
informative priors (with minimal influence of priors on the 
result) and 4 chains each with 1000 retained samples after 
a warm-up phase of 1000. Continuous predictors (includ-
ing, e.g. the mean roof light value for the current and previ-
ous relative hour) were centred and scaled to 1 SD which is 
favourable for the model fitting algorithm but has no effect 
on the conclusions. Model fit was checked graphically and 
using posterior predictive model checking. The model some-
what overestimated the number of zeros but overall distribu-
tion of the number of bird casualties matched well (Figure 
S5 left in the electronic supplement). Residual vs. predictor 
plots were used to check whether a non-linear relationship 
was suggested. Some temporal autocorrelation was present 
but judged acceptable (Figure S5 right in the electronic sup-
plement); including a cubic effect of the day of year did 
not reduce this slight violation of the model assumptions. 
Parameter uncertainty is given as the 95%-interquantile 
range of the marginal posterior distribution of the model 
parameters (95% credible interval). For effect plots, the 
covariates not shown in the plot are set to their average 
value, wind direction to the level "South", relative hour to 
"on2" and illumination to "full façade illumination".

Results

In the periods analysed, 1478 bird casualties were found at 
the Post Tower, 107 of these were already dead when found. 
At least 25 species were affected (Table 1), with kinglets 
accounting for 63.6% of all casualties. Other common casu-
alties were European Robin and the thrushes, while war-
blers, flycatchers, tits and others were less commonly found. 

The temporal appearance of each species across the study 
season is depicted in Fig. S6 in the electronic supplement.

717 of the 1371 bird casualties alive were so disoriented 
that they could be caught by hand. They were then released 
away from the building. The others were able to escape from 
the searching person or were sitting on a rim or fluttering 
against the building and, thereby, could not always be identi-
fied to species level. Many kinglets were entangled to some 
degree with spider web during fluttering (394 individu-
als = 42% of the kinglets, and 7 other individuals of small 
species), in many cases hampering or preventing flight.

Birds were found around the entire tower and the attached 
Conference centre building (Fig. 3; buildings to the NW hide 
the NW façade for migrating birds, hence few casualties 
were found). Generally, more birds were found on the north-
ern side of the tower, with a strong concentration inside the 

Table 1   Number of casualties found per species during the nights 
12–13 September to 31 October—1 November of the years 2008—
2013 at the Post Tower in Bonn (dead or alive). Dead casualties are 
given separately, too

Species Total Dead

Common Firecrest Regulus ignicapilla 661 30
European Robin Erithacus rubecula 229 31
Goldcrest Regulus regulus 154 6
unidentified kinglet Regulus sp. 125 0
unidentified small bird 118 0
Eurasian Wren Troglodytes troglodytes 63 3
Song Thrush Turdus philomelos 39 12
Common Blackbird Turdus merula 13 1
Feathers left from scavenger 8 8
Eurasian Nuthatch Sitta europaea 8 6
unidentified thrush Turdus sp. 7 1
European Pied Flycatcher Ficedula hypoleuca 6 2
Eurasian Blackcap Sylvia atricapilla 6 1
Common Redstart Phoenicurus phoenicurus 5 2
Common Wood Pigeon Columba palumbus 4 1
Redwing Turdus iliacus 4 1
Eurasian Reed-warbler Acrocephalus scirpaceus 4 1
unidentified treecreeper Certhia sp. 4 0
Common Chiffchaff Phylloscopus collybita 3 0
Coal Tit Periparus ater 2 1
Eurasian Skylark Alauda arvensis, Black Red-

start Phoenicurus ochruros, Northern Wheatear 
Oenanthe oenanthe, Common Grasshopper War-
bler Locustella naevia

2 0

Water Rail Rallus aquaticus, Feral Pigeon Columba 
livia f. domestica, Marsh Warbler Acrocephalus 
palustris, unidentified warbler Phylloscopus sp., 
Willow Warbler Phylloscopus trochilus, Short-
toed Treecreeper Certhia brachydactyla, Yellow-
hammer Emberiza citrinella

1 0

Total 1478 107
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wing wall, which "collects" the birds coming from the north. 
The southern façade also showed a concentration inside the 
wing wall.

The number of casualties was clearly lower in the years 
with a reduced light regime (Table 2). A comparison with 
the numbers found during the same autumn period in 2007 
is somewhat hampered by the different search protocol in 
2007, when searches were less systematic and only in some 
cases covered most night. Nevertheless, our numbers suggest 
that switching from full façade illumination with changing 
colours (in 2007: blue—yellow—red) to full façade illumi-
nation with only blue light (2008 and often 2009) did not 
reduce the number of casualties. The numbers are some-
what lower in 2008 and 2009, but the roof lights were also 
switched off more often compared to 2007, and, if on, only 
the logo lights were on compared to all spotlights on the roof 
during 2007. Also, façade beamers (in addition to the façade 
illumination) were switched off after 2007.

The number of bird casualties increased over the first rela-
tive hours of the night ("on1" to "off2") during full façade 
illumination, while the increase was much weaker during 
reduced illumination. The largest difference between the 
two light regimes was found during the first hour after turn-
ing off the façade illumination (reflecting also or mainly 
bird casualties during the last hour with illumination; esti-
mate for full façade illumination: 0.53 [credible interval: 
0.31–0.94] casualties/hour, for reduced façade illumination: 
0.16 [0.08–0.31]; Fig. 4, Table S1). Some effect may still 
be visible during the second hour after switching off the 
illumination ("off2" in Fig. 4), but generally less thereafter.

The effect of the Post Tower shutters was in the expected 
direction (less casualties when shutters were used) but it was 
weak and very uncertain (Fig. 5 left). The estimated reduc-
tion with maximal use of the shutters (i.e. shutters lowered 
for the current and the previous hour) was only by a factor 
of 1.27 [0.8–2.1]. Logo lights showed a decrease by a factor 
of 2.0 [1.3–3.1] resulting from 0.33 [0.18–0.60] casualties/h 
on average when logo lights were on during the current and 
previous hour, and 0.17 [0.08–0.34] casualties/h when they 
were off (Fig. 5 right). With reduced façade illumination 
in the hour "off1", just after 2–3 h of operation, there were 
about 3.3 [1.7–6.5] times less casualties compared to full 
façade illumination (Fig. 4).

We observed somewhat more bird casualties during the 
first week of October compared to the time before and after 
(effect plots for date and the weather parameters in the elec-
tronic supplement, Figure S7; for parameter estimates see 
Table S1). Overall, somewhat more casualties were found 
with more cloud cover (Table S1, Figure S8). However, most 
of the nights with especially high numbers of casualties, pre-
dominantly kinglets, were cloudless and clear. Fog showed 

only an unclear signal (fewer casualties correlated with more 
fog, but uncertainty of this relationship was large). Rain, on 
the other hand, was strongly and negatively correlated with 
the number of birds found (Fig. 6 left). Stronger wind and 
wind from the south or south-west also led to fewer casual-
ties. Finally, more moonlight reduced the estimated number 
of birds found (Fig. 6 right).

The night with the most casualties was just outside our 
focus period analysed here, namely from 1 to 2 November 
2008, with 95 casualties. The next "worst nights" were nights 
with 64 casualties (4–5 October 2010), 53 (8–9 October 
2010 and 21–22 October 2012), 44 (7–8 October 2008) and 
43 (6–7 October 2008). We compared the 5% worst nights 
(15 nights with 64 to 21 casualties) with all nights (285 
nights during our study period) regarding the distribution 
of the light and weather parameters and the date. The 5% 
worst nights almost all were during full façade illumination 
and mostly when there was no attenuation of light emissions 
by shutters and when the logo lights were on (Table 3). On 
the other hand, we found no strong indication that worst 
nights happened during very specific weather situations 
or only during a specific period in autumn (similar trends 

Fig. 3   Ground plan of the Post Tower and the Conference centre 
building (without projecting roofs of the conference centre), and the 
density of bird casualties found per location during the study period 
12 September—1 November and 2008–2013. The strongest con-
centrations were observed inside the "wing wall" areas (glass walls 
extending 3.5 m beyond both edges of the tower; arrows). N = 1478 
casualties in total
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Table 2   Characterization of the general light regime and the number of bird casualties per year

The number of nights with observations is given in parentheses, the number of casualties is scaled to 50 nights (12–13 September to 31 Octo-
ber—1 November) to make numbers comparable between years (based on N = 1478 casualties). In 2007, the search protocol was somewhat dif-
ferent; hence comparisons with other years must be done with care. "Special" full façade illumination was mainly illumination with different col-
ours and duration; unknown: observations started after the illumination was switched off. See Fig. 2 for more details regarding the light regime. 
All times are CEST
1) 10 of the “reduced” were 21:00–23:00
2) Off-times varied somewhat, we provide the typical situation

Year General light regime Casualties

Façade (% per nights with known 
illumination)

Attenuation by shutters 
(% per observation 
hours)

Roof lights2)(% per night) (thereof found dead)

2007
(50 nights)

3 h (21:00–00:00)
full (blue–yellow–red)
142 façade beamers

100% none All night on
all spotlights

533
(76)

2008
(49 nights)

3 h (22:00–01:00)
98% full (blue)
2% off

100% none 100% all night on
Logo lights only

461
(42)

2009
(50 nights)

2 h (22:00–00:00)
96% full (29 blue, 19 special)
4% off

58% maximal
5% partial
37% none

62% off 01:00–05:00
38% all night on
Logo lights only

368
(22)

2010
(48 nights)

2 h (22:00–00:00)
75% reduced
15% full (3 blue–yellow–red, 4 

special)
10% off

84% maximal
14% partial
2% none

100% off 01:00–05:00
Logo lights only

322
(19)

2011
(41 nights + 3 with unknown 

illumination)

2 h (22:00–00:001))
66% reduced
17% full (special)
17% off

61% maximal
12% partial
28% none

100% off 00:00–05:00
Logo lights only

99
(10)

2012
(23 nights + 23 with unknown 

illumination)

2 h (21:00–23:00)
83% reduced
17% full (special)

86% maximal
14% partial

100% off 00:00–06:00
Logo lights only

173
(9)

2013
(30 nights + 16 with unknown 

illumination)

2 h (22:00–00:00)
73% reduced
13% full (2 blue–yellow–red, 2 

special)
13% off

63% maximal
30% partial
7% none

100% off 00:00–05:00
Logo lights only

105
(10)

Fig. 4   Estimated average number of bird casualties (with 95% cred-
ible intervals) in the course of the night, i.e. during the first 2 or 3 h 
with façade illumination ("on1" to "on3") and the following hours 
without façade illumination ("off1" to "off6"), separately for nights 
with full vs. reduced façade illumination during "on1" to "on3" (no 
nights with 3 h reduced illumination). N = total number of nights with 
data for the corresponding hour

Fig. 5   Effects (with 95% credible interval) of the Post Tower shutters 
(that reduce but not eliminate light emission from the façade illumi-
nation and the emergency lights) and the logo lights (on the roof) on 
the number of bird casualties found
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as seen from the model above; Figure S8 in the electronic 
supplement).

It would have been desirable to also include a level "no 
façade illumination" in the model, but with only 16 such 
"off-nights", this was not feasible. Looking at the raw data, 
we find that these nights did not produce any of the 5% worst 
nights discussed above; 9 off-nights had maximally 3 casu-
alties, one had 5, two 7, and one each had 8, 9, 11, and 18 
casualties.

Discussion

The numbers of casualties found at the Post Tower illustrate 
the significant negative effect on birds that such buildings 
can have. Our search time was restricted to the core autumn 
migration period, hence not including bird casualties during 
the rest of the year including daytime collisions at the many 
glass structures. While many of the casualties found were 
not dead, many of them, if not being collected, would have 
died unnoticed, e.g. due to internal injuries, disorientation, 
subsequent collisions, predators or strong entanglement with 
spider web. Many of these victims would have been missed 
had we searched only in the morning, leading to a substan-
tial underestimation of the adverse effect of the building. 
Surviving casualties lost energy and time on their migration 
towards the south. Along this route, many artificial light 
sources contribute to the cumulative and growing effect of 
light pollution, and the Post Tower is a particularly obvious 
example of what must be avoided.

Using our data, the temporal distribution of collisions 
allows for some inferences regarding factors that appear to 
be responsible, among others, for the bird casualties at the 
Post Tower. Before discussing these factors, we first focus 
on the search efficiency during our field work. During search 
nights, we judge that search efficiency was comparable over 
the years. We have no indication that carcass removal by 
predators around the buildings changed, rather such removal 
was obviously low in all years. Scavengers were noted only 
rarely close to the building (stone marten Martes foina, feral 
cat not in all years, red fox Vulpes vulpes only accidentally 
and only in greater distances; rats Rattus norvegicus were 

Fig. 6   Effect (with 95% credible interval) of rain and moon on the estimated number of casualties. Moon: percentage of visible moon disk; 0% 
includes hours with moon below horizon irrespective of moon phase

Table 3   Distribution of the observation hours for different light 
regimes (separately for façade illumination, attenuation of light emis-
sions by shutters, and logo lights on the roof) for all nights (contain-
ing 2219 observation hours from 285 nights) and for the 5% nights 
with most bird casualties (“worst nights”, 138 observation hours from 
15 nights)

Light regime Light all night worst nights
Façade illumina�on
off ● 6.0% 0.0%
reduced ◐ 42.8% 5.8%
full ○ 51.3% 94.2%
A�enua�on by shu�ers
maximal ● 49.3% 21.9%
par�al ◐ 18.1% 8.0%
none ○ 32.7% 70.1%
Logo lights
off ● 38.1% 12.3%
on ○ 61.9% 87.7%
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never observed). Carcasses left untouched when found were 
never removed by scavengers during the night. Some casual-
ties from non-lethal collisions and those disoriented by the 
beams of the roof lights, however, are not expected to be 
found in the vicinity of the buildings, therefore, leading to 
an underestimation of total numbers.

We have no indication that the number of birds passing 
the Post Tower or their altitudinal distribution would have 
changed significantly over the study years. The only reason-
able main driver for the changing number of casualties is the 
light situation at the tower, modulated to some degree, e.g. 
by date, weather and moon parameters. Regarding causal 
effects especially of weather parameters, however, we need 
to be aware that we could not correct for the migration traf-
fic rate, since it was not possible to collect data about this 
important covariate.

Façade illumination particularly detrimental

Our data suggest that the façade illumination is the build-
ing’s light source with the most pronounced attraction effect. 
Reducing the façade illumination led to a significant reduc-
tion of casualties. The reduction of casualty numbers from 
2008 to 2009 can be considered a result of limiting illu-
mination time from 3–2 h. In 2010, the first year with the 
reduced façade illumination ("flying birds"), the number of 
casualties was still quite high. However, in 2010 there were 
still several nights with full façade illumination, and these 
had particularly high numbers of casualties: Six such nights 
showed 160 casualties (52% of all casualties of 2010; two 
nights alone produced 38% of the casualties). In the course 
of the night, a lingering effect of casualties after switching 
off the illumination (see Fig. 4) can be ascribed to birds fall-
ing down after clinging to the facade for any length of time 
(as frequently observed in the lower parts of the building) 
and to the attraction of the remaining light sources. Hence, 
in our view, the strong difference between full and reduced 
façade illumination during “off1” and “off2” (Fig. 4) are 
effects of the façade illumination that would have persisted 
across the night if façade illumination would not have been 
switched off.

Full facade illumination at selected nights during migra-
tion seasons has been continued to date although killing 
and injuring protected wild birds is prohibited in Germany 
according to § 44 of the Federal Nature Conservation Act, 
implementing the respective provision of the Wild Birds 
Directive of the European Union (Directive 2009/147/EG). 
Enforcement deficits in nature conservation have long been 
stated (Erz 1978, 1980), also for Bonn (Haupt et al. 2010).

Disorientation irrespective of light colour

In 2008, façade light emissions were restricted to blue col-
our, compared to alternating blue, yellow, and red light 
before. However, this did not markedly reduce casualties; 
the reduction from 533 to 461 casualties, in our opinion, 
was mainly due to the reduction of the spotlights on the 
roof. While we were not able to disentangle the effect of the 
blue vs. alternating-colour full façade illumination (due to 
correlations with changes of other light sources), our data 
strongly indicate that the often recommended short-wave 
light is not suitable as remediation measure. Recommenda-
tions for blue or green light (e.g. CityWildlife 2020) often 
refer to Poot et al. (2008), although their results had soon 
been relativized by Evans (2010). Rather contrary results 
were presented by Leuzinger (1965), Evans et al. (2007), 
and Goller et al. (2018). Consequently, Minatchy (2004) is 
sceptical about green and blue light and Dominoni and Nel-
son (2018) about short-waved light as remediation measure. 
In addition, an assessment of a potential alleviating effect of 
blue light would have to include effects on other organisms 
such as insects and bat species which often—not always—
show strongest responses to short-waved light emissions 
(Spoelstra et al. 2017; Dominoni and Nelson 2018; Donners 
et al. 2018; Longcore et al. 2018; Voigt et al. 2018). Overall, 
there is no indication that particular spectra of artificial light 
were less critical for birds (Longcore 2018; see also Long-
core et al. 2018; Mattfeld et al. 2012) and changes in light 
spectra may be less effective than expected also for other 
organisms (van Geffen et al. 2015a,b; van Langevelde et al. 
2017) or may reveal heterogeneous effects (Dominoni and 
Nelson 2018; Longcore 2018).

Turning off lights is key

Instead of changing light colour, only reducing light emis-
sions can significantly reduce negative effects, either by 
turning off lights (Van Doren et al. 2021) or, if not feasible, 
by effective attenuation. We need to be aware that com-
pletely preventing light emissions e.g. by shutters is often 
not possible and even strongly reduced light emissions may 
still cause too many casualties (Manville 2001a,b, 2009).

Full-façade illumination at the Post Tower generally 
began at 22:00 CEST and the first birds fell to the ground 
20 min later. Hence, the Post Tower case study illustrates 
the urgency for turning off lights at buildings at 22:00 local 
time. However, our data do not provide judgement about the 
situation before this time with already many migrating birds 
aloft. Numerous observations at lighthouses and lightships 
(e.g. Harvie Brown et al. 1881, 1882; Clarke 1902; Tomison 
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1907; Baxter and Rintoul 1916; Rintoul and Baxter 1917) 
or buildings (Taylor and Kershner 1986) have shown that 
collisions also take place significantly earlier.

Reduced façade illumination with "flying bird" silhou-
ettes—designed as a symbol for this bird conservation meas-
ure—seems to cause less problems. In this reduced mode the 
blue "flying birds" appear for some seconds, alternating with 
some seconds pause. During operation, every single light is 
activated for just about one second. Flashing and blinking 
lights have proven to be less problematic than steady-burn-
ing lights (Manville 2001a,b; USFWS 2021; Gehring 2007, 
Gehring et al. 2009), however, even flashing light cannot be 
regarded as unproblematic in all situations (Gauthreaux and 
Belser 2002).

Even faint lights attract birds

Even faint lights like the emergency lighting on the floors 
of the Post Tower attract migratory birds. In our data, this 
is suggested by still increasing numbers of casualties after 
turning off the façade illumination and by direct observa-
tions of birds fluttering against the façade with emergency 
lights only. For security reasons, these lights cannot be 
turned off but only attenuated by the shutters. Their allevi-
ating effect is weak as their shielding effect is incomplete; 
they were not designed for this purpose (they actually are 
sunshades). Hence, the remaining numbers of casualties 
can be explained, also taking into account the slender sides 
of the building where shutters are lacking entirely (see the 
concentration of birds at both wing walls). The attracting 
and disorienting effect of weaker or even very faint light 
sources has been recognized early (Mullens 1908) and con-
sistently confirmed (e.g. Griffin et al. 1974; Kaplan 1998; 
Evans Ogden 2002; Jones and Francis 2003).

The distance from which birds are lured to the Post Tower 
remains unclear. The number of casualties contradicts the 
assumption that only birds were affected that would anyway 
have passed the building (see Larkin 1988; Larkin and Frase 
1988). A certain pull effect of exposed light sources over 
several kilometres can be assumed in accordance with Drost 
(1925), Bruinzeel and van Belle (2010), and Van Doren et al. 
(2017).

Logo light effect visible even on the ground

Roof logo lighting affected the number of casualties on the 
ground. Evidence of birds being attracted by and colliding 
with exposed but indirectly lit signs or billboards as observed 
by Müller (1981) is scarce. Bird casualties at tall advertis-
ing pylons, tower cranes etc. with darker areas below the 
lighted surface (e.g. advertising logos mounted on a tall mast) 
are mostly more difficult to be documented than at the Post 
Tower. The lighted tower retains the birds fluttering down 

phototactically in this area, whereas the darker areas below 
lighted pylons cause birds to drop or fly away in all directions.

Other birds flying over the roof of the building showed 
irregular flight behaviour like return or sideward flight, 
speed reduction, or non-directional back and forth flight 
(Haupt and Schillemeit 2011). Such birds may continue their 
disoriented flight and may collide with obstacles elsewhere 
as directional orientation does not resume immediately after 
leaving the light beam (Bruderer et al. 1999; Haupt and 
Schillemeit 2011). The duration of this disorientation effect 
is currently unclear as well as the energetic costs and result-
ing negative effects. Collisions with obstacles in greater 
distances are also possible, however, providing evidence is 
difficult and documentation is scarce: in immediate vicinity 
(Fink and French 1971; Van Doren et al. 2017), one kilo-
metre apart (Haupt 2011) and possibly in greater distance 
(McArthur 1887).

Our results urge to abstain from exposed light sources 
for advertising purposes at least during migration periods. 
From the results presented here, a reduction of luminous 
density of such exposed light sources is not sufficient for 
bird conservation.

Moon effect

We observed a reduction of casualties with increasingly 
visible moon disk. The effect of moon on the attraction of 
migratory birds has so far primarily been considered with 
regard to the visible moon disc and to new moon and full 
moon, respectively, and even long-term observation data 
reveal ambiguous results. Although collision risk is gen-
erally rated lower in moonlit nights (e.g. Headley 1920; 
Lewis 1927; Drury and Nisbet 1964; Lindenthaler 1969; 
Mercer 1905; Verheijen 1981a,b; Pearson 1981; Pearson and 
Backhurst 1978; Telfer et al. 1987; Tomison 1907; Weigold 
1925), other conclusions have been drawn (Stoddard 1962; 
Stoddard and Norris 1967; Crawford 1981) and even mass 
collisions in clear moonlit nights have been noticed (Cul-
ver 1915). Early observers have noticed nightly collisions 
just after moonset (e.g. Howell and Tanner 1951; Kaplan 
1998; Nikolaus 1980; Overing 1936, 1938), before moon-
rise (Liebe 1885), or collisions were influenced by the vis-
ible moon (Stone 1885; Sloan 2007). At the Post Tower, 
too, mass collisions point at such a relationship (pers. obs.): 
Nights with more than 20 casualties are mainly character-
ized by early moonsets, late moonrises, or lacking visible 
moon at all.

Visible effect of date and rain, but less so of other 
weather parameters

The number of casualties was highest during early October, 
although this pattern showed rather large uncertainty. The 
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decline of casualties towards November obviously is due to 
the general reduction of the migration activity. The peak in 
early October correlates with the peak migration period of 
the species mainly found at the tower (kinglets, European 
Robin, thrushes, i.e. short-distance and partial migrants). 
Our extended search periods in 2007 (Haupt 2009), 2008 
(from early August), 2010 and 2011 (from late August) sug-
gest that long-distance migrants are less prone to collisions 
with the Post Tower. Notwithstanding that collision risk 
must be considered independent from population numbers 
(Longcore et al. 2013), this may be due to lower numbers 
crossing this area, but also to higher flight altitudes. Species-
specific information on flight altitudes of nocturnally migrat-
ing birds is scarce but may be relevant as other short-dis-
tance migrants crossing the area during night-time are also 
rare or lacking at the tower during the observation periods, 
e.g. Eurasian Blackcap, Black Redstart, and Starling. Also 
other, still unknown reasons for species- or site-specific col-
lision rates are likely. For example, Redwings and Eurasian 
Skylarks were reported to be common collision casualties 
elsewhere (for skylarks e.g. Booth 1878; Cordeaux 1870, 
1879; Liebe 1885; Owen 1953; Riviere 1933; van Dobben 
and Mörzer Bruyns 1939), but seem less prone to collisions 
at the Post Tower, even though they are often seen flying 
above or even around the tower (for Redwings, and for the 
well-known fact that attraction does not necessarily corre-
spond with immediate collision see Haupt 2009). On the 
other hand, kinglets and European Robins may preferably 
migrate at lower altitudes, explaining the peak of casualties 
in accordance with their local migration activity.

Rain strongly reduced the number of casualties in our 
data, but this seems trivial as rain strongly reduces migra-
tion. However, rainy nights have regularly been noticed 
as nights with higher numbers of light-induced casualties 
(Clarke 1902; Weigold 1924; Ballasus 2007; Blasius 1896; 
Evans Ogden 2002; Remy 1974) or even with mass colli-
sion events (Bjorge 1987; Blasius 1895; Goodpasture 1976; 
Kibbe and Boise 1985). Among others, Gauthreaux and 
LeGrand (1975) and Owen (1953) report cases with signifi-
cant collisions in nights with continuous rainfall, suggest-
ing that collisions during rain are not restricted to situations 
where migrating birds are confronted with incipient rain. 
Hence, the correlations between precipitation, migration and 
collision rates are complex, including effects of precipitation 
along the entire track the birds travel during a specific night.

Other weather parameters showed rather weak if any 
effects. Contrary to other observations, where casualties 
strongly increased in situations with fog combined with 
lights (Blasius 1896; Weigold 1924; Creutz 1956; Peterson 
1963; Lindenthaler 1969; Baxter 1971; Hall 1974; Knight 

1993, 1997; Ballasus 2007), we found no such association. 
The fog situation in Bonn is somewhat particular, with fogs 
around the tower often ascending from and being concen-
trated around the river Rhine, 300 m away from the building. 
Birds that get into these local fogs may simply land or may 
easily avoid flying through the fog.

Conservation recommendations

(1)	 Short-time surveys are not sufficient for investigations 
on the attraction of migratory birds by artificial light. 
Few nights with high migration activity, connected 
with numerous casualties, are accompanied by many 
nights with low activity. Consequently, at least one 
year’s full migration seasons must be monitored for a 
first impression.

(2)	 Bird conservation, aiming at preventing collisions by 
day and disorientation from artificial light at night, 
must be taken into account by building owners, archi-
tects, and responsible authorities from the beginning 
of the planning stage. Otherwise, preparedness for 
solutions is scarce and effective bird conservation by 
retrofitting, if at all, can only be realized at high costs. 
Equipment not designed for bird conservation is often 
insufficient and fault prone.

(3)	 Exposed light sources, particularly for decorative or 
advertising purposes and not relevant for security, 
should generally be waived to prevent light pollution, 
but as a priority during migration seasons and the veg-
etation period (for the reason of insect conservation).

(4)	 Even faint but exposed light sources attract and disori-
ent migratory birds. In our opinion, an intensity level 
low enough not to cause disorientation in the field can-
not be defined at present.

(5)	 Even long-lasting interventions did not prevent unnec-
essary light emissions, despite the building owner’s 
promise to reduce tower lights during migration peri-
ods, resulting in high numbers of casualties. Therefore, 
voluntariness does not seem to be sufficient. Mandatory 
provisions and arrangements and effective enforcing 
measures are needed to prevent avoidable casualties.

Data repository

The data are available at: https://​doi.​org/​10.​5281/​zenodo.​
64446​20 “Korner et al. 2022 – Data for Birds and the Post 
Tower in Bonn”.

https://doi.org/10.5281/zenodo.6444620
https://doi.org/10.5281/zenodo.6444620


838	 Journal of Ornithology (2022) 163:827–841

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10336-​022-​01985-2.

Acknowledgements  We thank Felix Liechti, Fränzi Korner, Roman 
Furrer, Klemens Steiof, Barbara Helm and two anonymous reviewers 
for comments on earlier versions of the manuscript.

Funding  Open access funding provided by Swiss Ornithological 
Institute.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Able KP (1963) Television tower mortality in the Niagara frontier dur-
ing fall, 1962. The Kingbird 13:192–195

Alcasid GL (1968) Catching birds with light. In: Talbot LM, Talbot 
MH (eds) Conservation in Tropical South East Asia. Proceed-
ings of the Conference on Conservation of Nature and Natural 
Resources in Tropical South East Asia, IUCN Publications new 
series No. 10, Bangkok, pp 315–320

Allen JA (1880) Destruction of birds by light-houses. Bull of the Nut-
tall Ornithol Club 5:131–138

AMA American Medical Association (2012) Light pollution: Adverse 
health effects of nighttime lighting. Report 4 of the Council on 
Science and Public Health (A-12). http://​circa​dianl​ight.​com/​
images/​pdfs/​newsc​ience/​Ameri​can-​Medic​al-​Assoc​iation-​2012-​
Adver​se-​Health-​Effec​ts-​of-​Light-​at-​Night.​pdf. Accessed 23 
October 2021

Avery ML, Springer PF, Cassel JF (1973, issue 2 erroneously labelled 
1975) Progress report on bird losses at the Omega Tower, South-
eastern North Dakota. Proc North Dakota Acad Sci 27:40–49

Aymi R, González Y, López T, Gordo O (2017) Bird-window colli-
sions in a city on the Iberian Mediterranean coast during autumn 
migration. Revista Catalana D’ornitologia 33:17–28

Ballasus H (2007) Vogeltod an Leuchttürmen: Welche Relevanz haben 
100 Jahre alte Daten für die aktuelle Offshore-Forschung? Vogel-
warte 45:307–308

Barrington RM (1900) The migration of birds as observed at Irish 
lighthouses and lightships. Porter & Ponsonby, London

Baxter RC (1971) A bird kill at Rockfish Gap. The Raven 42:59
Baxter EV, Rintoul LJ (1916) Report on Scottish Ornithology in 1915 

including migration. Scott Nat 55–56:147–218
Bjorge RR (1987) Bird kill at an oil industry flare stack in northwest 

Alberta. Can Field-Naturalist 101:346–350
Blasius R (1895) Ornithologische Leuchthurm-Beobachtungen aus der 

Strasse von Gibraltar. Ornis 8:339–342
Blasius R (1896) Schlussfolgerungen aus den ornithologischen Beo-

bachtungen an deutschen Leuchtthürmen in dem zehnjährigen 
Zeitraume von 1885–1894. Ornis 8:593–620

Booth ET (1878) The migration of birds in autumn. Zool 2(15):100–102
Booth ET, Griffith AF (1927) Catalogue of cases of birds in the Dyke 

Road Museum, Brighton, giving a few descriptive notes, and 
the localities in which the specimens were found, 5th edn. King, 
Thorne & Stage, Brighton

Bruderer B, Peter D, Steuri T (1999) Behaviour of migrating birds 
exposed to X-band radar and a bright light beam. J Exp Biol 
202:1015–1022

Bruinzeel LW, van Belle J (2010) Additional research on the impact of 
conventional illumination of offshore platforms in the North Sea 
on migratory bird populations. Final Report. A&W-rapport 1439. 
Altenburg & Wymenga Ecologisch Onderzoek, Feanwâlden

City Wildlife (2020) Lights out DC. Bird/glass collision monitoring 
project. Ten year report (2010–2019), http://​cityw​ildli​fe.​org/​wp-​
conte​nt/​uploa​ds/​Lights-​Out-​DC-​Ten-​Year-​Report.​pdf. Accessed 
23 October 2021

Clarke WE (1902) A month on the Eddystone: a study in bird-migra-
tion. Ibis 44:246–269

Cordeaux J (1870) Ornithological notes from North Lincolnshire. 
October and November, 1869. Zool Ser 5:1976–1979

Cordeaux J (1879) On the autumn migration of birds in 1878. Zool 
Ser 3(26):41–49

Crawford RL (1981) Bird kills at a lighted man-made structure: often 
on nights close to a full moon. “tower-kill data from WCTV 
do not support Verheijen’s hypothesis...”. Am Birds 35:913–914

Creutz G (1956) Vogelbeobachtungen im Ortlergebiet (Südtirol). Orni-
thol Mitteilungen 8:166–167

Culver DE (1915) Mortality among birds at Philadelphia, May 21–22, 
1915. Cassinia 19:33–37

Dominoni DM, Nelson RJ (2018) Artificial light at night as an envi-
ronmental pollutant: An integrative approach across taxa, bio-
logical functions, and scientific disciplines. J Exp Zool Part 
A Ecol Integr Physiol 329:387–393. https://​doi.​org/​10.​1002/​
jez.​2241

Donners M, van Grunsven RHA, Groenendijk D, van Langevelde F, 
Bikker JW, Longcore T, Veenendaal E (2018) Colors of attrac-
tion: modeling insect flight to light behavior. J Exp Zool 2018:1–
7. https://​doi.​org/​10.​1002/​jez.​2188

Drost R (1925) Der nächtliche Vogelzug und seine Wahrnehmbarkeit. 
Der Naturforscher 1:461–463

Drury WH, Nisbet ICT (1964) Radar studies of orientation of songbird 
migrants in Southeastern New England. Bird-Banding 35:69–119

Erz W (1978) Naturschutz aktuell. Vollzugsdefizit—das macht den 
Naturschutz kaputt. Die Welt der Tiere 5:32

Erz W (1980) Artenschutz im Spannungsfeld der Interessen. Ökologie-
Forum 1979, Beh. f. Bezirksangel., Natursch. u. Umweltgestal-
tung, Hamburg, pp 11–21

Evans Ogden LJ (1996) Collision Ccurse: The hazards of lighted 
structures and windows to migrating birds. World Wildlife Fund 
Canada & Fatal Light Awareness Program, Toronto

Evans Ogden LJ (2002) Summary report on the bird friendly building 
program: Effect of light reduction on collision of migratory birds. 
Special report for the Fatal Light Awareness Program (FLAP), 
Paper 5. http://​digit​alcom​mons.​unl.​edu/​cgi/​viewc​ontent.​cgi?​artic​
le=​1004&​conte​xt=​flap. Accessed 30 August 2021

Evans WR, Akashi Y, Altman NS, Manville AM II (2007) Response of 
night-migrating songbirds in cloud to colored and flashing light. 
North Am Birds 60:476–488

Evans WR (2010) Response to: Green light for nocturnally migrating 
birds. Ecol and Soc 15:r1. http://​www.​ecolo​gyand​socie​ty.​org/​
vol15/​iss3/​resp1. Accessed 1 November 2021

Feehan J (1963) Destruction of birdlife in Minnesota – Sept. 1963. II. 
Birds killed at the Ostrander television tower. Flicker 35:111–112

Fink LC, French TW (1971) Birds in downtown Atlanta—Fall, 1970. 
Oriole 36(2):13–20

https://doi.org/10.1007/s10336-022-01985-2
http://creativecommons.org/licenses/by/4.0/
http://circadianlight.com/images/pdfs/newscience/American-Medical-Association-2012-Adverse-Health-Effects-of-Light-at-Night.pdf
http://circadianlight.com/images/pdfs/newscience/American-Medical-Association-2012-Adverse-Health-Effects-of-Light-at-Night.pdf
http://circadianlight.com/images/pdfs/newscience/American-Medical-Association-2012-Adverse-Health-Effects-of-Light-at-Night.pdf
http://citywildlife.org/wp-content/uploads/Lights-Out-DC-Ten-Year-Report.pdf
http://citywildlife.org/wp-content/uploads/Lights-Out-DC-Ten-Year-Report.pdf
https://doi.org/10.1002/jez.2241
https://doi.org/10.1002/jez.2241
https://doi.org/10.1002/jez.2188
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1004&context=flap
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1004&context=flap
http://www.ecologyandsociety.org/vol15/iss3/resp1
http://www.ecologyandsociety.org/vol15/iss3/resp1


839Journal of Ornithology (2022) 163:827–841	

1 3

Fox JJ (1862) Birds killed by flying against a Clock. The Zoologist 
20:8028

Gaston KJ, Duffy JP, Bennie J (2015) Quantifying the erosion of natu-
ral darkness in the global protected area system. Conserv Biol 
29:1132–1141. https://​doi.​org/​10.​1111/​cobi.​12462

Gätke H (1895) Heligoland as an ornithological observatory. The result 
of fifty years’ experience. David Douglas, Edinburgh

Gauthreaux SA Jr, Belser CG (2002) The behavioural responses of 
migrating birds to different lighting systems on tall towers. In: 
The Urban Wildlands Group, Ecological consequences of artifi-
cial night lighting, Conference abstracts. http://​www.​urban​wildl​
ands.​org/​abstr​acts.​html. Accessed 23 Oct 2021

Gauthreaux SA Jr, LeGrand HE Jr (1975) The changing seasons. Am 
Birds 29:820–826

Gehring J, Kerlinger P, Manville AM II (2009) Communication towers, 
lights, and birds: successful methods of reducing the frequency 
of avian collisions. Ecol Appl 19:505–514

Gehring J (2007) Studies of avian collisions with communication tow-
ers: a quantification of fatalities at a self-supported Rescue 21 
tower and a test of different tall tower lighting systems. Report 
Number 2007–22, prepared for Rescue 21 Project Office, United 
States Coast Guard. https://​mnfi.​anr.​msu.​edu/​repor​ts/​2007-​22%​
20Avi​an%​20col​lisio​ns%​20stu​dy%​20pro​gress%​20rep​ort%​20tow​
er%​20lig​hting.​pdf. Accessed 23 October 2021

Goller B, Blackwell BF, DeVault TL, Baumhardt PE, Fernández-
Juricic E (2018) Assessing bird avoidance of high-contrast lights 
using a choice test approach: Implications for reducing human-
induced avian mortality. PeerJ 6:e5404. https://​doi.​org/​10.​7717/​
peerj.​5404

Goodpasture KA (1976) Nashville television tower casualties, 1975. 
Migrant 47:8–10

Goodrich B, Gabry J, Ali I, Brilleman S (2018) rstanarm: Bayesian 
applied regression. Version 2.17.4. http://​mc-​stan.​org

Griffin DR, Larkin RP, Torre-Bueno JR (1974) Changes in flight-pat-
terns of birds induced by searchlight beams. In: Gauthreaux SA 
(ed) A conference on the biological aspects of the bird/aircraft 
collision problem. Clemson University, Clemson

Hall GA (1974) The fall migration August 1–November 30, 1973 
Appalachian Region. Am Birds 28:52–56

Harvie Brown JA, Cordeaux J, Kermode PMC (1881) Report on the 
migration of birds in the spring and autumn of 1880. Sonnen-
schein & Allen, London

Harvie Brown JA, Cordeaux J, Kermode PMC, Barrington RM, More 
AG (1882) Report on the migration of birds in the spring and 
autumn of 1881. West, Newman & Co., London

Haupt H (2009) Der Letzte macht das Licht an! – Zu den Auswirkun-
gen leuchtender Hochhäuser auf den nächtlichen Vogelzug am 
Beispiel des “Post-Towers” in Bonn. Charadrius 45:1–19

Haupt H (2011) Massen-Irritation ziehender Singvögel durch Straßen-
beleuchtung. Berichte zum Vogelschutz 47/48:161–165

Haupt H, Schillemeit U (2011) Skybeamer und Gebäudeanstrahlun-
gen bringen Zugvögel vom Kurs ab. Neue Untersuchungen und 
eine rechtliche Bewertung dieser Lichtanlagen. Naturschutz und 
Landschaftsplanung 43:165–170

Haupt H, Schneider HG, Poppe B (2010) Biodiversität ohne nenn-
enswerten Naturschutz? Vom Umgang einer deutschen Stadt-
verwaltung mit biologischer Vielfalt und Natur. Naturschutz und 
Landschaftsplanung 42:19–24

Headley FW (1920) Migration notes from Bardsey Island, October 
1919. Br Birds 13:284–291

Hennicke CR (1910) Der nächtliche Vogelfang auf Helgoland. Ornithol 
Monatsschrift 35:339–344

Hölker F, Moss T, Griefahn B, Kloas W, Voigt CC, Henckel D, Hänel 
A, Kappeler PM, Völker S, Schwope A, Franke S, Uhrlandt D, 

Fischer J, Klenke R, Wolter C, Tockner K (2010) The dark side 
of light: A transdisciplinary research agenda for light pollution 
policy. Ecol Soc 15(4):13

Howell JC, Tanner JT (1951) An accident to migrating birds at the 
Knoxville airport. Migrant 22:61–62

Jödicke K, Mitschke A (2021) Vogelschlagmonitoring an ausgewählten 
Hamburger Hochhäusern während der Vogelzugzeiten 2020. 
Behörde für Umwelt, Klima, Energie und Agrarwirtschaft, 
Hamburg

Jones J, Francis CM (2003) The effects of light characteristics on avian 
mortality at lighthouses. J Avian Biol 34:328–333

Kaplan J (1998) Like moths to a flame. Connecticut Warbler 18:36
Kemper CA (1958) A tower for TV. 30,000 dead birds. Audubon Mag 

66:86–90
Kemper CA, Robbins SD, Epple AC (1964) The ornithological flood of 

September 18–20, 1963. Passenger Pigeon 26:159–172
Kibbe DP, Boise CM (1985) The autumn migration August 1–Novem-

ber 30, 1984. Niagara-Champlain Region. Am Birds 39:50–52
Klem D (1989) Bird-window collisions. Wilson Bull 101:606–620
Knight RL (1993) Weather related bird mortality in Unicoi County, 

Tennessee. Migrant 64:82
Knight RL (1997) A second weather-influenced bird kill in Unicoi 

County, Tennessee. Migrant 68:8–9
Larkin RP (1988) Why are migrating birds killed at tall structures? 

Illinois Nat Hist Survey Rep 277:1–2
Larkin RP, Frase BA (1988) Circular paths of birds flying near a broad-

casting tower in cloud. J Comp Psychol 102:90–93
Laskey AR (1969) T.V. tower casualties at Nashville in autumn 1968. 

Migrant 40:25–27
Leuzinger H (1965) Wetterbedingte Ansammlung ziehender Kleinvögel 

auf dem Säntis. Orn Beob 62:119–120
Lewis HF (1927) Destruction of birds by lighthouses in the provinces 

of Ontario and Quebec. Can Field-Nat 41:55–77
Liebe KT (1885) Bitte. Monatsschr des Dtsch Ver zum Schutz der 

Vogelwelt 10:244–245
Lindenthaler A (1969) Stationsbericht vom Weißsee (2270m) Hohe 

Tauern. Vogelkundl Ber und Inf Ausgabe Salzburg 34:5–6
Longcore T (2018) Hazard or hope? LEDs and wildlife. LED Prof 

Rev 70:52–57
Longcore T, Rich C (2004) Ecological light pollution. Front Ecol Envi-

ron 2:191–198
Longcore T, Rich C, Mineau P, MacDonald B, Bert DG, Sullivan 

LM, Mutrie E, Gauthreaux SA, Avery ML, Crawford RL, Man-
ville AM II, Travis ER, Drake D (2013) Avian mortality at 
communication towers in the United States and Canada: which 
species, how many, and where? Biol Conserv 158:410–419

Longcore T, Rodríguez A, Witherington B, Penniman JF, Herf L, 
Herf M (2018) Rapid assessment of lamp spectrum to quan-
tify ecological effects of light at night. J Exp Zool 2018:1–11. 
https://​doi.​org/​10.​1002/​jez.​2184

Loss SR, Will T, Loss SS, Marra PP (2014) Bird-building collisions 
in the United States: estimates of annual mortality and species 
vulnerability. Condor 116:8–23

Machtans CS, Wedeles CHR, Bayne EM (2013) A first estimate for 
Canada of the number of birds killed by colliding with build-
ing windows. Avian Conserv Ecol 8:6. https://​doi.​org/​10.​5751/​
ACE-​00568-​080206

Manville II AM (2001a) Communications towers, wind generators, 
and research: Avian conservation concerns. Proceedings of the 
National Avian-Wind Power Planning Meeting IV, prepared for 
the Avian Subcommittee of the National Wind Coordinating 
Committee, by RESOLVE, Inc., Washington, D.C.: 152–159. 
https://​www.​osti.​gov/​scite​ch/​servl​ets/​purl/​822422#​page=​156. 
Accessed 21 October 2021

https://doi.org/10.1111/cobi.12462
http://www.urbanwildlands.org/abstracts.html
http://www.urbanwildlands.org/abstracts.html
https://mnfi.anr.msu.edu/reports/2007-22%20Avian%20collisions%20study%20progress%20report%20tower%20lighting.pdf
https://mnfi.anr.msu.edu/reports/2007-22%20Avian%20collisions%20study%20progress%20report%20tower%20lighting.pdf
https://mnfi.anr.msu.edu/reports/2007-22%20Avian%20collisions%20study%20progress%20report%20tower%20lighting.pdf
https://doi.org/10.7717/peerj.5404
https://doi.org/10.7717/peerj.5404
http://mc-stan.org
https://doi.org/10.1002/jez.2184
https://doi.org/10.5751/ACE-00568-080206
https://doi.org/10.5751/ACE-00568-080206
https://www.osti.gov/scitech/servlets/purl/822422#page=156


840	 Journal of Ornithology (2022) 163:827–841

1 3

Manville II AM (2001b) Avian mortality at communication tow-
ers: Steps to alleviate a growing problem. In: Levitt BB (ed) 
Cell towers. Wireless convenience? or environmental hazard? 
Proceedings of the "Cell Towers Forum", State of the Sci-
ence/State of the Law, New Century Publishing, Markham, 
pp 75–86

Manville II AM (2009) Towers, turbines, power lines, and build-
ings—steps being taken by the U.S. Fish and Wildlife Service 
to avoid or minimize take of migratory birds at these struc-
tures. In: Ralph CJ, Rich TD (eds) Proceedings of the Fourth 
International Partners in Flight Conference: Tundra to Tropics. 
McAllen, Texas, pp 262–272

Mattfeld H, Ehlers F, Reichenbach M (2012) Optimising the lighting 
equipment on the Mittelplate drilling and production island in the 
German Wadden Sea tidelands. OIL GAS Europ Mag 2:90–94

McAdams EJ (2003) Rebuilding Lower Manhattan: A bird’s-eye view. 
Presented by New York City Audubon to the Lower Manhattan 
Development Corporation. New York City Audubon, New York

McArthur A (1887) A bird scare. Auk 4:351–353
Meanley B (1971) Blackbirds and the southern rice crop. Resource 

Publication 100, U.S. Department of the Interior, Fish and Wild-
life Service, Bureau of Sport Fisheries and Wildlife, Washington

Mercer B (1905) A municipal bird trap. Am Ornithol 5:53–55
Minatchy N (2004) Mortalité des Pétrels induite par les éclairages pub-

lics. SEOR, Société d’Etudes Ornithologiques de la Réunion. 
http://​www.​bet-​reunir.​fr/​pdf/​bht97​440/​Morta​lite%​20des%​20Pet​
rels.​pdf. Accessed 28 August 2021

Mullens WH (1908) Some early British ornithologists and their works. 
III. Christopher Merrett (1614–1695). Br Birds 2:109–163

Müller HH (1981) Vogelschlag in einer starken Zugnacht auf der 
Off-shore-Forschungsplattform “Nordsee” im Oktober 1979. 
Seevögel 2:33–37

Nikolaus G (1980) An experiment to attract migrating birds with car 
headlights in the Chyulu Hills, Kenya. Scopus 4:45–46

Overing R (1936) The 1935 fall migration at the Washington Monu-
ment. Wilson Bull 48:222–224

Overing R (1938) The 1937 fall migration at the Washington Monu-
ment. Wilson Bul 50:146

Owen DF (1953) Migration at the Kentish Knock Lightship. Br Birds 
46:353–364

Parkins KL, Elbin SB, Barnes E (2015) Light, glass, and bird-building 
collisions in an urban park. Northeast Nat 22:84–94

Pearson DJ (1981) Spring falls of Palaearctic Passerines at Mtito 
Andei, Kenya. Scopus 5:80–81

Pearson DJ, Backhurst GC (1978) Southward migration at Ngulia, 
Tsavo, Kenya 1977/78. Scopus 2(2):42–47

Peterson AW (1963) Destruction of birdlife in Minnesota—September 
1963. IV. Birds killed at Park Rapids. Flicker 35:113

Poot H, Ens BJ, de Vries H, Donners MAH, Wernand MR, Marquenie 
JM (2008) Green light for nocturnally migrating birds. Ecol and 
Soc 13:47, http://​www.​ecolo​gyand​socie​ty.​org/​vol13/​iss2/​art47

R Core Team (2019) R: A language and environment for statistical 
computing. Version 3.6.2. R Foundation for Statistical Comput-
ing, Vienna, https://​www.R-​proje​ct.​org

Remy RJ Jr (1974) Birmingham tower casualties. Fall, 1974. Alabama 
Birdlife 22(3/4):9–10

Rintoul LJ, Baxter EV (1917) Report on Scottish Ornithology in 1916 
including migration. Scott Nat 67–68:145–206

Riviere BB (1933) Ornithological report for Norfolk for 1932. Br Birds 
26:318–329

Sloan A (2007) Migratory bird mortality at the World Trade Center and 
World Financial Center, 1997–2001: a deadly mix of lights and 
glass. Trans Linnaean Soc NY 10:183–204

Spoelstra K, van Grunsven RHA, Ramakers JJC, Ferguson KB, Raap T, 
Donners M, Veenendaal EM, Visser ME (2017) Response of bats 
to light with different spectra: light-shy and agile bat presence is 
affected by white and green, but not red light. Proc Royal Soc B 
284:20170075. https://​doi.​org/​10.​1098/​rspb.​2017.​0075

Stan Development Core Team (2019) Stan modeling language users 
guide and reference manual, 2.28. https://​mc-​stan.​org

Stoddard HL, Norris RA (1967) Bird casualties at a Leon County, 
Florida TV Tower: An eleven-year study. Bulletin No. 8, Tall 
Timbers Research Station, Tallahassee

Stoddard HL (1962) Bird casualties at a Leon County, Florida TV 
tower, 1955–1961. Bulletin No. 1, Tall Timbers Research Sta-
tion, Tallahassee

Stone DD (1885) Bird visitors at a Florida light house. Ornithol Oölo-
gist 10:157–158

Taylor WK, Kershner MA (1986) Migrant birds killed at the Vehi-
cle Assembly Building (VAB), John F Kennedy Space Center. J 
Field Orn 57:142–154

Telfer TC, Sincock JL, Byrd GV, Reed JR (1987) Attraction of Hawai-
ian seabirds to lights: conservation efforts and effects of moon 
phase. Wildlife Soc Bull 15:406–413

Tomison J (1907) Bird-life as observed at Skerryvore Lighthouse. Ann 
Scott Nat Hist 16:20–31

USFWS United States Fish & Wildlife Service (2021) Reducing bird 
collisions with buildings and building glass, Update Febru-
ary 2021. United States Fish and Wildlife Service, Division of 
Migratory Bird Management, Falls Church. https://​www.​fws.​
gov/​migra​toryb​irds/​pdf/​manag​ement/​reduc​ingbi​rdcol​lisio​nswit​
hbuil​dings.​pdf. Accessed 23 October 2021

Van Dobben WH, Mörzer Bruyns MF (1939) Zug nach Alter und 
Geschlecht an niederländischen Leuchttürmen (13. Mitteilung 
der Stiftung “Vogeltrekstation Texel”). Ardea 28:61–79

Van Doren BM, Horton KG, Dokter AM, Klinck H, Elbin SB, Farns-
worth A (2017) High-intensity urban light installation dramati-
cally alters nocturnal bird migration. Proc Nat Acad Sci USA 
114:11175–11180. https://​doi.​org/​10.​1073/​pnas.​17085​74114

Van Doren BM, Willard DE, Hennen M, Horton KG, Stuber EF, Shel-
don D, Sivakumar AH, Wang J, Farnsworth A, Winger BM 
(2021) Drivers of fatal bird collisions in an urban center. Proc 
Nat Acad Sci USA 118:e2101666118. https://​doi.​org/​10.​1073/​
pnas.​21016​66118

Van Geffen KG, van Eck E, de Boer RA, van Grunsven RHA, Salis 
L, Berendse F, Veenendaal EM (2015a) Artificial light at night 
inhibits mating in a Geometrid moth. Insect Conserv Divers 
8:282–287. https://​doi.​org/​10.​1111/​icad.​12116

Van Geffen KG, Groot AT, van Grunsven RHA, Donners M, Berendse 
F, Veenendaal EM (2015b) Artificial night lighting disrupts sex 
pheromone in a noctuid moth. Ecol Entomol 40:401–408

Van Langevelde F, Van Grunsven RHA, Veenendaal EM, Fijen TPM 
(2017) Artificial night lighting inhibits feeding in moths. Biol 
Lett 13:20160874. https://​doi.​org/​10.​1098/​rsbl.​2016.​0874

von Maravic I (2009) Einfluss beleuchteter Hochhäuser auf den nächtli-
chen Vogelzug am Beispiel des Posttowers in Bonn. Diploma 
thesis, Univ. Bonn

Verheijen FJ (1981a) Bird kills at lighted man-made structures: not on 
nights close to a full moon. Am Birds 35:251–254

Verheijen FJ (1981b) Bird kills at tall lighted structures in the USA 
in the period 1935–1973 and kills at a Dutch lighthouse in 
the period 1924–1928 show similar lunar periodicity. Ardea 
69:199–203

Voigt CC, Azam C, Dekker J, Ferguson J, Fritze M, Gazaryan S, 
Hölker F, Jones G, Leader N, Lewanzik D, Limpens HJGA, 
Mathews F, Rydell J, Schofield H, Spoelstra K, Zagmajster M 

http://www.bet-reunir.fr/pdf/bht97440/Mortalite%20des%20Petrels.pdf
http://www.bet-reunir.fr/pdf/bht97440/Mortalite%20des%20Petrels.pdf
http://www.ecologyandsociety.org/vol13/iss2/art47
https://www.R-project.org
https://doi.org/10.1098/rspb.2017.0075
https://mc-stan.org
https://www.fws.gov/migratorybirds/pdf/management/reducingbirdcollisionswithbuildings.pdf
https://www.fws.gov/migratorybirds/pdf/management/reducingbirdcollisionswithbuildings.pdf
https://www.fws.gov/migratorybirds/pdf/management/reducingbirdcollisionswithbuildings.pdf
https://doi.org/10.1073/pnas.1708574114
https://doi.org/10.1073/pnas.2101666118
https://doi.org/10.1073/pnas.2101666118
https://doi.org/10.1111/icad.12116
https://doi.org/10.1098/rsbl.2016.0874


841Journal of Ornithology (2022) 163:827–841	

1 3

(2018) Guidelines for consideration of bats in lighting projects. 
EUROBATS Publication Series No. 8, UNEP/EUROBATS Sec-
retariat, Bonn

Weigold H (1924) Der blendende Tod. Naturschutz 5:73–77

Weigold H (1925) Kulturfortschritte als Ursachen der Massenvernich-
tung von Vögeln. Der Naturforscher 1:580–591

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Birds and the ‘Post Tower’ in Bonn: a case study of light pollution
	Abstract
	Zusammenfassung
	Introduction
	Methods
	The building
	Light systems and regime
	Correlations between light regime, time, and year
	Searches of bird casualties
	Statistical analyses

	Results
	Discussion
	Façade illumination particularly detrimental
	Disorientation irrespective of light colour
	Turning off lights is key
	Even faint lights attract birds
	Logo light effect visible even on the ground
	Moon effect
	Visible effect of date and rain, but less so of other weather parameters

	Conservation recommendations
	Data repository
	Acknowledgements 
	References




