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LETTER TO THE EDITOR

Which species discovers novel food 
sources first? A camera trap study in a natural 
environment
Christoph Randler*  

Abstract 

Birds underlie a predation-starvation risk, and foraging should show a diurnal/circadian pattern. Camera traps were 
used to study visitation patterns and discovery of a novel food source in woodland birds in SW Germany. A total of 
18 species occurred at feeders with nine of them being exploratory species. Great Tits (Parus major) discovered novel 
food sources first in most instances, and first discoveries occurred on average at 10:38, while it took 97 h for the first 
detection of the food source. Population size was correlated with discovery. The study supports the predation-starva-
tion risk hypothesis with discovery of food sources in the morning.
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Correspondence
Occurrence and abundance of birds at typical feeders in 
gardens has been studied in detail for many decades. In 
this study, motion triggered infrared camera traps have 
been used to analyze discovery of a novel food source and 
circadian patterns of feeding. Camera traps are just at the 
rise of being used for bird studies (e.g., Randler and Kalb 
2018; Hillemann et al. 2019). Two main lines of research 
have been addressed in this study. First, I analyzed at 
what time discovery of a novel food source occurs. Sec-
ond, the more general questions are addressed, which 
species discover novel food sources first, and which spe-
cies visit those food sources. Also, the duration until 
detection is analyzed.

Turning to the first aspect, predation influences activi-
ties, such as feeding or maintenance behaviour (Randler 
2006). Small songbirds, therefore, have to trade off star-
vation risk against predation. Depending on predation 

risk, individuals may reduce their fat storage against 
their escape or flight ability and hence, the trade-off is 
shifted away from foraging (Gosler et  al. 1995; Gentle 
and Gosler 2001). Farine and Lang (2013) proposed the 
hypothesis that individuals should prioritize discovery 
and assessment of potential resources early in the day, 
before switching to exploitation as the day progresses. 
Bonter et al. (2013) found that birds generally started to 
feed before sunrise and continued to forage at an increas-
ing rate throughout the day. Therefore, I hypothesize that 
discovery of novel food resources should occur during 
the morning hours.

Food availability is an important environmental cue 
and adaptations that allow discovery and use of ephem-
eral food should be favored by natural selection (Ducatez 
et  al. 2015; Tryjanowski et  al. 2015a). As discovery of 
novel food is important for survival in urban and rural 
habitats (Tryjanowski et  al. 2015a), it should also be 
important in natural environments. If food sources are 
clumped, the first individual arriving may be often the 
winner in terms of food quality and quantity (Tryjanow-
ski et al. 2015a, 2017).

Open Access

Avian Research

*Correspondence:  Christoph.randler@uni-tuebingen.de
Department of Biology, Eberhard Karls University Tuebingen, Auf der 
Morgenstelle 24, 72070 Tuebingen, Germany

http://orcid.org/0000-0002-7357-2793
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40657-021-00269-2&domain=pdf


Page 2 of 4Randler  Avian Res           (2021) 12:31 

This study differs in some respect from previous work, 
making a new contribution to the field. First, previous 
studies have been carried out during the winter months 
(Bonter et  al. 2013; Farine and Land 2013; Tryjanowski 
et  al. 2015a, b, 2016, 2017; Moiron et  al. 2018). During 
the winter, birds are more time constrained than during 
summer, and colder temperatures lead to a higher energy 
demand. Second, the study was carried out in a natu-
ral environment outside from cities and villages where 
no artificial bird feeding has happened before (see e.g., 
Farine and Land 2013). To the best of my knowledge, 
there are no tests of how fast birds recognize novel food 
sources in a natural environment.

The study was conducted on a small mountain range, 
the Spitzberg, in SW Germany (Baden-Württemberg). 
The Spitzberg (48°30  N, 9°00  E) is located between the 
city of Tübingen in the east and Rottenburg-Wurm-
lingen in the west, extending in length about 6  km and 
with the widest N-S extension of about 2 km (Gottschalk 
and Randler 2019). The highest point is the Kapellenberg 
near Wurmlingen with a height of 475 m. On the south-
ern slopes, the forest is almost completely cleared and 
terraces with dry stone walls were cultivated for wine-
growing. The largest part, however, is covered by woods, 
including the heights and the northerly slopes. The forest 
is characterized mainly by the Scots Pine (Pinea sylves-
tris), different oak species (Quercus sp.) and Beech (Fagus 
sylvatica). The study was carried out in the wooden areas.

Great Tits (Parus major) are among the most com-
mon species in the study area with about 370‒390 
breeding pairs (Gottschalk and Randler 2019; see 
Table  1). Also, in urban and suburban areas, Great 
Tits usually frequent feeders regularly (Tryjanowski 

et  al. 2015a, b). Predators in the area are diurnal and 
nocturnal mammalian and avian species. For example, 
1‒2 breeding pairs of Sparrowhawk (Accipiter nisus) 
nest in the area, as well as Common Buzzards (Buteo 
buteo; 7‒10 pairs), Red Kite (Milvus milvus; 2‒4 pairs), 
and Tawny Owls (Strix aluco; Gottschalk and Randler 
2019).

The study took place between 29 June and 5 October, 
2018. For this study, camera traps with a special macro 
lens have been deployed, allowing close-up photo-
graphs. We used six different Bushnell Natureview cam-
eras simultaneously at different places, all with the same 
macro lens and of the same model (model 119740). The 
cameras were placed at a distance of 0.6 m near a feeding 
station and the field of view covered about 50 cm × 35 cm 
(0.175   m2) of the study location. Previous work has 
assessed this as a reliable distance between small birds 
and different camera traps including the model used here 
(see Randler and Kalb 2018).

I set the trigger sensor level on the highest level, the 
number of images released to three in a row. I set up the 
cameras and immediately afterwards released the trigger 
to test functionality. Also, when returning back to check 
the SD cards and batteries, I approached the camera in 
a manner that should trigger photos. This was used as 
some kind of test to check if the cameras are still working.

I applied a variety of food to attract birds: apples, apple 
juice, honey, peanut mousse, raisins, prunes, bird food, 
and sunflower seeds. All feeding places were baited with 
the same variety of food to avoid any influence of differ-
ent foods on the results. Thus, a standardized food mix 
was applied. The food was replenished every second or 
third day to provide a continuous food supply. Food was 

Table 1 a Average time taken for a species to discover a novel food source (expressed in hours), b Average clock time taken when a 
species discovered a novel food source (expressed in clock times), c Population size of the species in the study area

Parus major Sitta 
europaea

Poecile 
palustris

Erithacus 
rubecula

Cyanistes 
caeruleus

Turdus 
merula

Turdus 
philomelos

Troglodytes 
troglodytes

Garrulus 
glandarius

a

 Mean 97.7 161.8 196.8 130.3 139.5 144.0 274.5 122.0 109.8

 N 28 11 6 17 11 15 5 4 5

 SD 85.6 120.1 128.1 136.5 99.4 79.1 115.7 148.4 54.6

 Median 80.8 170.2 179.2 76.5 116.4 140.2 304.0 61.8 121.4

b

 Mean 10:38 11:10 11:53 11:20 10:12 10:26 11:24 12:44 12:49

 N 28 11 6 17 11 15 5 4 5

 SD 2:58 3:20 2:49 4:42 3:00 5:13 7:16 6:54 2:50

 Median 10:55 10:48 11:52 10:25 9:11 7:58 6:23 12:53 11:23

c

 Population 
size

370‒390 75‒85 52‒60 240‒260 270‒290 330‒370 150‒170 180‒200 35‒45
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presented in open, unsheltered feeding places allowing 
approaches from above, below and from all sides.

There were 41 active camera locations with bait sta-
tions. Following Meek et al. (2012) an active camera set 
was defined as a bait station with non-toxic bait used to 
attract animals to within the detection zone of a camera 
trap. On six out of the camera trap places, no bird spe-
cies occurred leaving 35 locations for analysis. Data were 
screened and date, time, taxon/species and number of 
individuals were transferred into an Excel sheet. A tem-
poral buffer of 5  min was used to distinguish between 
consecutive events within species at a camera trapping 
station (Meek et al. 2012). This was based on Meek et al. 
(2012) who suggested using 1–5 min for small mammals. 
Total trap days in the current study were 457 days (mean 
13.1 ± 5.4 nights per camera location), corresponding to 
a total observation time of 10,968 h with 1951 total bird 
events.

The species that first discovered a novel food source 
was labelled as explorer species, and species that did not 
discover the food source but used them after another spe-
cies has discovered it were assigned visitors. The number 
of feeders with the discovery by a species and the number 
of feeders visited by a species were correlated with their 
population size using Kendall’s tau. Sample sizes were 
number of species (N = 18) and basis for the assignment 
was number of feeders (N = 35). Therefore, a species can 
be an explorer in 35 cases and a visitor also in 35 cases.

Eighteen species occurred at the feeders (Fig.  1). 
A total of nine species were explorers and discovered 
the novel food source first: Great Tit, Robin (Erithacus 
rubecula), Nuthatch (Sitta europaea), and Blackbird 
(Turdus merula) discovered novel food sources most 
often as first arriving species. Similarly, these species 
visited most of the food sources. There was a moderate 
correlation in these 18 species between population size 

and first discovery (Kendall-tau: 0.508, p = 0.007) and 
between population size and visitation of the feeders 
(Kendall-tau: 0.500, p = 0.006). Great Tits were among 
the most common visitors and the ones that discovered 
most of the 35 novel food sources first (Fig.  1). Con-
sidering all visitations, Great Tits occurred at 80% of 
the feeders (Fig.  1). Concerning the first visit, Table  1 
shows mean, standard deviation and median of the first 
arrivals of a given bird species to a novel food source. 
The time to first discovery was rather long. Usually, 
it took some days until the feeders were discovered 
(about 3‒5  days in Great Tits). The shortest detec-
tion times were found in Great Tit, Robin, and Win-
ter Wren (Troglodytes troglodytes). The average clock 
time of a first discovery was before noon in most spe-
cies (Table 1). In Great Tits, first discoveries were more 
common before noon (18 before, 10 after noon; Fig. 2). 

Food was discovered more in the morning than in the 
afternoon, concerning all species as well as Great Tits 
separately (Farine and Lang 2013). This supports the 
hypothesis that time available in the morning should be 
spent on exploration and exploitation/visitation should 
occur later during the day. In most cases the first spe-
cies discovering the novel food was the Great Tit. This 
is similar to the results of Tryjanowski et  al. (2015a, 
b, 2017), who carried out their study in human settle-
ments. Thus, the present data expand this finding to 
Great Tits in a natural environment without any previ-
ous artificial bird feeding activities and allows charac-
terizing Great Tits as an explorative species in general. 
Turdus philomelos and Poecile palustris were species 
that discovered no novel food patch but used/visited 
them after its has been discovered by other species. 
Interestingly, population size was a predictor how many 
feeders were discovered and used by a species; thus it 
is difficult to assess whether these two species were 
no discoverers just because of their population size or 
because they are somewhat parasitic in exploiting food 
resources found by other species.

Fig. 1 Abundance and frequency of first bird visiting a novel food 
source according to species and total number of feeders visited. 
Maximum number of feeders was N = 35

Fig. 2 First discoveries (N = 28) of Parus major at the feeding sites 
according to clock times
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The mean latency time to discovery was about 3‒5 days 
for all species. This is strikingly different to the other 
studies. For example, in Tryjanowski et  al. (2017), the 
mean latency was 24.8 min for all species and 21.5 min 
for Great Tits. Hillemann et al. (2019) reported that their 
feeders were usually discovered during the first hours of 
the day. Similarly, novel food patches were discovered 
quickly (Farine and Lang 2013). However, those studies 
placed a novel feeder only a few hundred meters away 
from previous ones and birds were habituated to regu-
lar feeding. In my study plot, no regular feeding occurs 
because it is in a natural environment without any feed-
ers. Therefore, this study adds to the previous ones 
about the discovery of novel food in an unmanipulated 
environment.

There are some limitations in this study. First, preda-
tion events were not directly or indirectly assessed and 
there were no experiments to simulate predation or pre-
dation risk and its effects on feeding habits. Sample sizes 
in this study are small, which is owed to the design of the 
study, but results should not be overstated. As the feeders 
were placed far away from another and given the size of 
the breeding population of the different species, pseudo-
replication, i.e., discovery of different feeders by the same 
individual seems highly unlikely. Future studies should 
replicate the findings using a considerable higher amount 
of camera traps and feeders. This would allow more com-
plex and rigorous statistical analysis going beyond these 
more descriptive analyses. Additionally, environmental 
variables could be included in further studies.
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