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Simple Summary: Survival for birds can be challenging during the cold winter months in Northern
Europe. Humans often provide food to wintering birds, thus, improving their winter survival. This
study shows that excess underskin fat reserves of Great Tits wintering near permanent feeders can
make them slow at take-off, which increases their exposure to predators. We suggest that caution
should be taken when choosing a proper place to position bird feeders to prevent making birds at
feeders easy prey for predators.

Abstract: The optimal body mass hypothesis posits that the body reserves of wintering birds are
balanced between the risk of starvation and predation. In this study, we tested whether the body mass
of wintering Great Tits (Parus major) was higher under conditions of less predictable food resources.
We compared body mass, body mass index, the speed at take-off, and apparent survival of Great Tit
adult males wintering in small urban areas either near feeders providing permanent access to food
for months or near feeders providing irregular access to food. Body mass and body mass index were
greater, while take-off speed and apparent survival were lower, in birds wintering near permanent
feeders than birds wintering near irregular feeders. Thus, urban birds, with their predictable access
to high energy food, did not follow the fattening strategy predicted by the optimal body mass
hypothesis. This study shows that regular excess amounts of high-energy food may affect urban birds’
physiological and behavioral strategies in a non-adaptive way. We recommend irregular feeding of
wintering birds and the placing of feeders in places that are safe against attacking predators.

Keywords: bird feeders; take-off speed; winter fattening; passerines; survival

1. Introduction

Photoperiod and low ambient temperatures directly affect body mass and energy
reserves in wintering birds [1]. Resident birds often respond to winter conditions in tem-
perate climates by increasing their subcutaneous fat reserves [2]. Small passerine birds
typically gain up to c. 10% extra body mass before a winter night [3,4]. However, during
the coldest and longest winter nights in northern Europe, Great Tits (Parus major) lose up
to a quarter of their evening body mass, which needs to be replenished the next day [5,6].
While energy reserves are essential to avoid starvation, wintering birds usually maintain
their body reserves below their physiological capacity, suggesting costs associated with
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excessive body energy reserves [7,8]. It has been suggested that predation risk represents
a cost of being fat because higher body mass may make birds escaping prey slower to
take flight and to escape [9]. Birds were found to reduce their subcutaneous fat reserves
and body mass with high levels of perceived predator risk [10–12]. However, only a few
studies have shown a negative impact of body reserves on take-off speed and maneuver-
ability [13–17]. However, most studies showed no extra body mass effect on the prey’s
escape ability [18–21]. This discrepancy might arise because gaining excess body reserves
is a time-consuming activity, increasing exposure to predators.

Bird feeding is the activity of humans supplying food to wild birds in both urban and
rural areas, often using specifically designed bird feeders [22–25]. This activity has a long
history and originated centuries ago [26]. It has become the second most popular hobby
and a serious part of the economy of some countries where people buy bird food, bird
feeders, bird houses, and other equipment for feeding and observing birds [27]. Although
wintering birds at feeders that are almost always stocked have unlimited access to food
to build up their energy reserves and enhance overwinter survival [28–30] and breeding
success [31], evidence suggests multiple adverse ecological and physiological effects of
unrestricted feeding [32]. The costs of birds feeding are mainly linked to an increased risk
of predation, as bird feeders attract many prey individuals and their predators, such as
hawks and domestic cats. Bird feeding may foster bird dependency, increase competition,
cause malnutrition, and facilitate the spread of infectious diseases [33–35]. These costs
are less significant for bird species that attend feeders irregularly, as they require a more
diverse diet than the feeders can provide. However, bird species that critically depend on
supplementary food, especially under harsh climate conditions, may take the opportunity
to consume extra amounts of potentially unlimited food supplied by humans at bird feeders.

The regularity with which food is present in feeders should also influence birds’ energy
regulation and fat reserves. Dynamic optimization models of winter food-related behavior
in both caching and non-caching songbird species predicted that greater variability in
access to food should lead to greater body fat reserves than when there is consistent access
to food [36]. Experimental tests in captive settings revealed that for both subordinate
and dominant Carolina chickadees (Poecile carolinensis) individuals increased fat storage
under conditions of irregular feeding during the winter months [37]. Thus, we might
expect greater fat reserves in individuals facing unpredictable/irregular food supplies in
comparison to individuals facing consistent ad-lib food supplies.

In this study, we compared evening body mass, the speed at takeoff, and overwinter
survival of resident adult male Great Tits supplied with permanent feeders and feeders
with non-permanent and irregular food resources. The first group of birds was provided
with unlimited amounts of sunflower seeds for the whole duration of the non-reproductive
season, while under the conditions of non-permanent feeding, birds were provided the
food 2–3 times each week for periods shorter than 2 h a day. We predicted higher body
mass and lower speed at take-off in Great Tits wintering near permanent feeders, which
may affect their winter survival.

2. Materials and Methods
2.1. Study Sites and Procedures

This study was conducted near the town of Krāslava (55◦53′ N 27◦11′ E) in south-
eastern Latvia (55◦53′ N 27◦11′ E) during five winters (2011/2012, 2012/2013, 2015/2016,
2018/2019, and 2020/2021) [38]. The experimental part of the study was carried out in
December, which was a relatively warm month. The average air temperature in December in
the study area ranged from 0 to −5 ◦C. The field study was carried out in two independent
areas of holiday cottages separated by 5 km. Both areas of summer cottages are enclosed
by a rich mature forest of Norway spruce (Picea abies), Scotch pine (Pinus sylvestris), with
an under-story of rowan-tree (Sorbus aucuparia), common juniper (Juniperus communis),
common buckthorn (Rhamnus catharticus), and young pines and spruces growing on mesic
soil. The proportion of spruce by basal area at the study sites ranged from 3.3% to 91.7%
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(mean 32.8%). The mean tree height of pine and spruce has been reported to be 26.6 m
(range 9.9–38.1 m) and 21.1 m (range 11.2–35.3), respectively [39]. A significant increase
in clear-cut areas has occurred in our study site since 2006. Old monoculture spruce
stands have been lacking at the studied sites since 2012, substantially affecting old forest
patch connectivity [40]. Silver birch (Betula pendula) was the third most common tree
species in both study areas [38]. Although other deciduous tree species also occurred, only
aspen (Populus tremula) and alders (Alnus incana and A. glutinosa) were common. Other
trees, such as common oak (Quercus robur), mountain ash (Fraxinus excelsior), bird cherry
(Prunus padus), and European hazel (Corylus avellana), occurred marginally in both study
areas. These forests are highly fragmented because of the many clear-cut areas, small
semi-open bogs, and areas of pine and spruce saplings [41].

In winter, cottage owners did not feed wintering birds since none of them lived
permanently in the cottage areas.

2.2. Feeders and Feeding Regimes

We installed 3–4 bird feeders in each area each winter. The feeders mainly attracted
Great Tits, Blue Tits (Cyanistes caeruleus), Nuthatches (Sitta europaea), and Greenfinches
(Carduelis chloris). In one cottage area, we provided food from mid-July until the following
April. We baited the feeders with black oil sunflower seeds with shells, and the food
was available throughout the day and the study season under constant feeding regime
(permanent feeding). In another cottage area, we supplied the feeders twice a week with
limited food amounts available for c. 2 h (irregular feeding regime).

2.3. Study Species

Several male Great Tits that bred in the area in a previous season preferred to over-
winter near their breeding territories without leaving the area. All the males were caught
during the breeding season and at time of capture we weighed them and measured their
wing lengths. We also caught each of them during the following winter season. The birds
were caught between three and five times between the end of November and December
(median = 5, Q1–Q3: 4–5). At each capture, we measured the birds’ wing length and weight
using Pesola spring scales (PESOLA Präzisionswaagen AG, Schindellegi, Switzerland;
precision of 0.1 g). Each bird was banded with metal bands and individually recognizable
plastic bands in the preceding summer or previous winter. Birds did not lose any of these
bands during the study. Wing (maximum chord) was measured to within 0.5 mm error. We
studied 28 adult male Great Tits in the area of permanent feeding and 25 males in the area
of irregular feeding. In this study, we considered only adult males because they dominate
over females and juvenile males in their social flocks, and their physiological quality and
survival do not depend on the social structure of their groups [5,6,42,43].

2.4. Data Collection

To test whether Great Tit body mass impaired their escape speed, we caught the birds
during the final 30 min of their daily activities, and after the weighing procedure, each
Great Tit was placed in a holding bag (10 × 10 × 10 cm) for 30 s. After this alarming
procedure, we opened the holding box and released the bird. The escape flights were
video-recorded using JVC Everio GZ-MS215SE, JVCKENWOOD USA Corporation, Long
Beach CA, USA. The birds could escape by flying the first meter horizontally because they
had to pass through a cardboard box. We measured the time taken for each bird to fly
horizontally up to a line marked 40 cm from the head of the bird at the moment of escape.
Time taken to complete this distance was then converted into velocity [17]. Only one trial
was done for each Great Tit in a week, and each bird was tested three to five times. Birds at
both study sites were always caught, and their take-off speed was measured on consecutive
days to avoid the possible effects of season and date.

To control the role of body mass for the size of each bird, we calculated a body mass
index (BMI) by dividing body mass by the third power of wing length (body mass/(wing
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length × 103)) [41,42,44]. Extra body mass increases wing load, which negatively affects
maneuverability and the speed of escape behavior [17]. Therefore, wing length is of bio-
logical significance for energy reserves and, ultimately, predation risk [13,45–47]. Ambient
temperatures were between 0 and 3 ◦C during take-off speed measurements.

2.5. Survival

Each year, take-off speed, body mass, and other procedures were completed at the
end of December. Bird overwinter survival was checked again at the beginning of the next
breeding season, as we used local adult male Great Tits. Thus, we used two time points to
estimate survival: the date of the final take-off measurement (December) and the presence
of each experimental male in its breeding territory next spring (April–May). Since we
could not fully control for reasons for male disappearance from their winter territories, we
defined the survival observed in this study as apparent survival.

We visited study sites several times every week to check the feeders and observe
bird behavior and their predators. We spent between one to two hours at each feeder
each time. In the study areas, Great Tits were often attacked by Eurasian Sparrowhawks
(Accipiter nisus) and Pygmy Owls (Glaucidium passerinum). Sparrowhawk attacks were
observed 2–3 times a week, and some banded Great Tits were found in Pygmy Owl caches
in mid-winter [48].

2.6. Statistical Analyses

We used simple logistic regression to predict the effects of feeding on the overwinter
survival of the adult Great Tits. All relevant assumptions (binary dependent variable,
independence of the observations and sufficient sample size) for the model were satisfied.
t-tests were used to compare average evening body mass, BMI, and average speed at the
take-off in two locations with different feeding. We calculated Pearson correlations between
body mass and BMI to the average speed at the take-off. We also compared average evening
body mass during the summer and winter in two feeding locations using paired t-tests. All
tests were two-tailed, where p < 0.05 was considered statistically significant, and results are
shown as mean ± SE. Any possible metal or plastic band losses were not included in the
analysis because we did not observe either metal or plastic band losses during the study.
We also did not estimate any possible emigration of male Great Tits from the study area
because: (i) males that owned a breeding territory in a previous breeding season and spent
half of the following winter season in or near their breeding territories are not expected to
emigrate only a couple of months ahead of the next breeding season; (ii) we have no reason
to consider males from the two study groups to be different in their emigration propensity.
Therefore, late winter emigration was not considered in the analysis. All statistical analyses
were performed using IBM SPSS Statistics 19 (IBM Corporation, Armonk, NY, USA).

3. Results
3.1. Body Mass, Body Mass Index, and Survival

The simple regression model was statistically significant (χ2 = 6.263, df = 1, p < 0.012),
explaining 17.0% of the adult male apparent survival (Nagelkerke R2), with the feeding
regime being a significant predictor (Wald χ2 = 4.92, df = 1, p = 0.027). Adult male Great
Tits survived better in the irregular feeding group (92%, 23 from 25) than in the regular
feeding group (64%, 18 from 28). Thus, the relative risk of not surviving the winter was
4.46 (odds ratio = 6.39).

In winter, adult male Great Tits from the location with constant feeding were signifi-
cantly heavier (20.4± 0.06 g, mean± SE) than the birds with irregular feeding (18.8 ± 0.04 g:
t-test, t = 20.98, df = 45.9, p < 0.0001) and had significantly higher body mass index
(42.64 ± 0.2 g compared to 39.54 ± 0.18 g, mean ± SE, respectively, t-test, t = 11.52, df = 51,
p < 0.0001). The average speed at take-off was greater in the irregular feeding group,
3.81 ± 0.02 m/s (mean ± SE), than in the constantly feeding group, 3.48 ± 0.023 m/s
(mean ± SE), (t-test, t = 10.64, df = 51, p < 0.0001).
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There was a significant difference in the average body mass measured in the summer
and in the winter in the constant feeding group (paired t-test, t = −22.74, p < 0.0001), and
there was a significant difference in this measure between the seasons in the irregular
feeding group (paired t-test, t = −17.36, p < 0.0001). In both feeding groups, the birds were
heavier in winter (Figure 1A). Additionally, there were significant differences in BMI mea-
sured in the summer and in the winter in both constant feeding and irregular feeding groups
(paired t-tests, t = −29.76, p < 0.0001 and t = −6.3, p < 0.0001, respectively) (Figure 1B).
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Figure 1. (A) Average (±2SE) body mass and (B) body mass index (BMI) of male Great Tits from
constant (black symbols) and irregular (open symbols) feeding locations in summer and winter.

There was a strong negative correlation between average body mass (winter) and
speed at take-off (r = −0.91, p < 0.0001) (Figure 2A) and a strong negative correlation
between BMI and speed at take-off (r = −0.80, p < 0.0001) (Figure 2B). Simple linear
regression models indicated that increasing the body mass (g) and BMI by a value of
one decreased the average speed of male Great Tits at take-off in winter by 0.22 m/s and
0.09 m/s (mean ± SE), respectively (both, p < 0.0001) (Figure 2B).
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3.2. Prey Behavior

We observed 17 attacks of Sparrowhawks on Great Tits near feeders. One successful
and ten unsuccessful attacks were observed near feeders with irregular food access, and
six successful and seven unsuccessful attacks were recorded near permanent feeders. The
number of successful attacks was higher at permanent feeders than at irregular feeders
(χ2 = 3.96, p = 0.047). Two out of four of the killed Great Tits did not attempt to escape in
the vicinity of permanent feeders, and they were caught by Sparrowhawks while pecking
seeds. These birds did not utter any alarm call either. All the attacked Great Tits near non-
permanent feeders gave alarm and distress calls while escaping the predators. Only two of
the four Great Tits gave alarm calls while escaping predators near permanent feeders.

4. Discussion

The results of this study show that body mass and body mass index of adult males
was greater in individuals wintering near permanent feeders than near irregular feeders.
In contrast, take-off speed and apparent survival were higher in male Great Tits wintering
near irregular feeders. This shows that wintering birds do not always follow the fattening
strategies predicted by the optimal body mass hypothesis and that there is a link between
body mass, take-off speed, and survival [5].

Most experimental studies have not found a significant effect of daily body mass gain
of small birds on their escape speed and maneuverability [49,50]. Passerine birds usually
gain up to 10% extra body mass, consisting of energy reserves, before a winter night [3,4,51].
It is believed that an increase in body mass of this scale insufficiently affects the speed at
take-off and survival. However, the results of this study show a substantial rise in body
mass and body mass index, a decrease in take-off speed, and lower apparent survival in
Great Tits wintering in areas with food provided ad libitum.

It has generally been assumed that reduced winter fat reserves in small birds are
symptomatic of environmental constraints on their ability to fatten further [52]. This study
was done during stable winter temperatures across all study winters. Therefore, we cannot
attribute the results obtained to the level of winter harshness. We also cannot add anything
to the role of social dominance because all individuals in this study were adult males,
owners of territories, and dominants within their home ranges [41,53]. The results of
this study are relevant only to consider the importance of energy reserves as insurance
against the starvation risk. Birds facing a greater starvation risk often carry more body
reserves than individuals who enjoy greater predictability of food resources [5,6,44,54,55].
Surprisingly, adult Great Tits were heavier under conditions of more predictable access to
food than under irregular feeding, despite similar ambient temperatures and seemingly
the same risk of being predated by Eurasian Sparrowhawks and Pygmy Owls.

The likely reason for the greater body mass of male Great Tits wintering in the area of
permanently supplied feeders is competition between members of basic flocks. Great Tits do
not hoard their food; they do not remove sunflower seeds from feeders to cache them to eat
later [56]. Instead, Great Tits tend to consume all food items as soon as possible. Otherwise,
the food will be consumed by other members of the basic flock [57]. Although this kind of
overeating due to competition can be explained within the time scale of hours and days,
building excessive levels of daily body reserves under the conditions of highly predictable
food availability and accessibility for months cannot be explained by the optimal body
mass hypothesis [8]. This hypothesis suggests that the optimal solution between starvation
and predation is the mass that minimizes joint risk [6,45,54]. Importantly, excessive body
reserves were gained and carried at the expense of lower overwinter survival, which
suggests that more predictable food and its availability ad libitum negatively influenced
birds’ fitness, as survival until the next reproductive season is a significant part of an
individual’s fitness.

Some studies have shown that birds from urban (with extra food provided by humans)
populations may be heavier than individuals from non-urban (no extra food available)
habitats [58,59], probably because of the higher energy content in their food in human-
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populated areas. Sunflower seeds are one of the most popular foods to supply bird
feeders. The seeds contain at least 40–50% fat, and this food is termed a high-energy
diet for birds [60]. Birds have a fast metabolism, meaning that they can burn calories
quickly. Wintering Great Tits typically cover much larger distances while traveling with
other members of their compound groups (aggregation of several basic flocks) to find
food [61,62]. We often waited for 0.5–1.5 h until the first bird arrived at the feeders with
non-permanent access to food, while almost all local male Great Tits stayed 50–150 m away
from their permanent feeders. This suggests that Great Tits wintering near permanent
feeders might be physically less active while consuming a high-energy diet compared to
birds wintering near feeders supplied with sunflower seeds irregularly.

High body fat levels or obesity is well-defined in humans and some domestic mam-
mals [63,64]. However, it is still unclear how to define obesity in birds [65,66]. One
definition is that a bird can be obese when its body mass is c. 20% higher than usual [67].
In this study, the evening body mass of birds wintering in the vicinity of permanent feeders
was c. 7.7% and BMI was 7.2% higher than birds wintering near the irregular feeders. Our
results suggest that most birds around permanent feeders can be considered overweight
rather than obese.

Despite the difficulties with the definitions, overweight and obese individuals across
different animal taxa can be characterized as those consuming energy-dense foods and
following a largely sedentary lifestyle [68]. In humans and domestic birds, obesity is
defined as a medical condition in which excess fat has accumulated to such an extent that
it may negatively affect health [60,69]. While excess body mass is a major cause of type
2 diabetes, cardiovascular disease, certain types of cancer, and osteoarthritis in humans,
in birds, high-calorie diets (all seeds and nuts) and a lack of exercise often cause severe
problems like cardiomyopathy, sudden cardiac failure, circulatory collapse, atherosclerosis,
and fatty liver syndrome. These and other diseases make birds weak and slow and induce
illness responses known as sickness behavior [67], a set of primarily adaptive behavioral
changes that develop in response to reorganizing the organism’s priorities to cope with
the disease [70]. Sickness behavior is often caused by inflammation in the central nervous
system (CNS) [71]. It includes responses such as lethargy, depression, sleepiness, reduction
in grooming, and failure to attend to salient stimuli in the environment [72]. In this study,
we did not test the birds for possible diseases in the area with permanent feeders. However,
the observations of attacks by Eurasian Sparrowhawks suggest that birds were slower to
escape and less prone to give alarm calls to warn other group members in the group of birds
wintering in the vicinity of permanent feeders. Some previous work shows that high levels
of fat reserves may bring costs to migrating birds. For example, the constitutive immune
function of Red Knots (Calidris canutus) was stronger in individuals storing fat than in Red
Knots recovering proteins at stopover sites [73]. It was shown that migratory endurance
flight may weaken the immune function of birds [74,75]. However, it is still unclear whether
migratory flight or fat stores are responsible for the deterioration of constitutive immune
function in migratory birds [76]. To sum up, this study and studies done on migratory
birds suggest that carrying high levels of underskin fat reserves may bring physiological
costs to migratory birds and individuals wintering at high latitudes. This topic deserves
more research in the future.

Because of the passivity of Great Tits near the permanent feeders avoiding attacking
predators, we cannot exclude metabolic diseases due to overeating and being overweight in
wild birds. Therefore, birds at permanent feeders need to be further investigated and tested
for overweight- and obesity-associated diseases, oxidative stress, and inflammation of their
CNS. Overall, this study shows that body reserves of wintering birds are not limited only by
an interplay between the perceived predator risk and starvation risk. In urban/suburban
areas, birds with unlimited and predictable access to food sources provided by humans can
consume much more food than predicted by the optimal body mass hypothesis [5,8,77].
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5. Conclusions

The results of this study suggest that competition for food, the energy content of
food, and possible overweight- and obesity-associated health issues as drivers of foraging
behavior need to be considered and studied in more detail to better understand winter
fattening and energy management in birds. The results also show the role of safety against
predators when choosing a proper place to position bird feeders to prevent making feeders
the sites of ecological traps [78].
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