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			ABSTRACT

		

		
			This study was conducted to clarify the short-term effects of a providing winter food on the breeding performance of the great tits (Parus major) in temperate mixed forest in South Korea. In each of two study sites, 45 artificial nest boxes were installed, and food items including peanuts, kidney beans, and brown soybeans were supplied at feeders from November to February of 2017–2019. From March to June of 2018–2021, we examined the breeding ecology of the great tits in the artificial nest boxes. Egg weight, egg volume, hatching success, and fledgling success were significantly higher in food supply than in food non-supply years. Moreover, the weight of chicks and tarsus length of chicks were significantly higher in food supply years. Our results suggest that an artificial winter food supply can have positive effects on the breeding performance of great tits. Wintering food supplied to avian species can be an effective way to increase the quality of habitats impacted by human activities and, therefore, winter food supply could be a useful method for the conservation of wild birds.
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			Access to sufficient food resources varies seasonally in temperate climates (Plummer et al., 2013), and the wintering season is a crucial period for the survival of many organisms (Johansen et al., 2014). Decrease in the quality and quantity of food resources and the increase in metabolic energy use due to the low temperatures during the wintering period threaten the survival of passeriform birds (Sherry and Hoshooley, 2010; Verena et al., 2021). Providing supplemental food during wintering periods for the bird is often advocated as a method for conserving a declining population.

			Supplying food during winter enhanced avian antioxidant levels and increased overwinter survival rates (Isaksson et al., 2017). For birds, maintaining a healthy body condition during winter requires increased energy for homeostasis, which is closely related to food intake. Additionally, increased winter food intake may affect early-breeding decisions in some species due to increased fat reserves and antioxidants (Robb et al., 2008a; Plummer et al., 2013; Montreuil-Spencer et al., 2019; Pearson and Husby, 2021). Survival rate and physiological condition during winter have been tired to subsequent breeding performance (Wilcoxen et al., 2015; Plummer et al., 2018). Thus, an artificial food supply during the winter season may facilitate future breeding performance at the population level by improving the body condition of birds during winter and the early breeding season.

			Great tits (Parus major) are a well-known and abundant avian species distributed across Europe and Asia (Lee et al., 2020). They are forest-dwelling and cavity-nesters (Stagoll et al., 2012). Since artificial nest boxes can be easily used by tits, they have been commonly employed to study the breeding ecology of great tits (Matthew et al., 2002; Lambrechts et al., 2010; Lee et al., 2023). There is little information on the impact of food supply on great tit populations, including on how supplementary feeding influences their body condition or may change their breeding performance (Wilcoxen et al., 2015).

			Parental body condition during the breeding season can affect the body condition of offspring. Furthermore, egg quality can be influenced by the fitness of the mother (Blount et al., 2001). Recent research has begun investigating whether an artificial winter food supply influences subsequent breeding performance positively or negatively. We carried out an experiment to identify the short-term effects of a winter food supply on the breeding performance of great tits.

			Materials and methods

			This study was carried out from November 2017 to June 2021 in a mixed forest (37° 00’ 04” N, 127° 13’ 96” E) at Chung-Ang University in Ansung, South Korea. This area is dominated by Japanese red pine (Pinus densiflora), Mongolian oak (Quercus mongolica), and Japanese emperor oak (Q. dentate). We selected two 120 m × 240 m study sites and divided them into 30 × 30 m grids marked with flags, facilitating accurate identification of nest box locations. A total 45 artificial nest boxes were positioned 1–2 m above the forest floor on standing trees in each site.

			To clarify the effect of a winter food supply on the breeding performance of great tits, we supplied food resources during the winter seasons (from November to February) of 2017–2019. In these periods, we selected six feeding plots in our study sites such that each plot was separated by a least 700 m. Wintering birds could freely feed on peanuts, kidney beans, and brown soybeans at three feeders per plot. The feeders were located above 1.5 m above the ground and 1 m apart from each other feeder in the plot. They were flat 30 × 30 cm trays with 2 cm walls. We supplied food resources for wintering birds three times per day: between 07:00 and 09:00, 12:00 and 14:00, and 16:00 and 18:00. For 30 days before starting the experiment, we supplied food items on the feeders to make birds aware of the food supply.

			From March–June of 2018–2021, we examined the status of artificial nest box usage three days per week. Nest boxes were checked daily around the expected hatching day to establish the exact hatching date. The date of the first laid egg and clutch size in the nest boxes were recorded. The first egg date was determined by counting back from the observed day and assuming that one egg was laid each day (Hwang et al., 2015). We then surveyed the nest boxes daily and recorded the egg weights, the lengths of the major and minor axes of the eggs, breeding success, and the body mass and tarsus length of the chicks. To calculate the egg volume, we used the formula of Lasters et al. (2019):

			Egg volume = 0.467 × length × breadth2 + 0.042

			Breeding success (%) was calculated as the number of nestlings that left the artificial nest boxes/ number of eggs laid × 100.

			To statistically analyze the effects of artificial supplementing food resources during wintering on breeding performance using the metrics of clutch size, brood size, egg weight, egg volume, hatching success, fledgling success, and breeding success, we used Mann-Whitney U tests. Additionally, we ran the Jonckheere-Terpstra trend analyses with package ‘PMCMR plus’ in R to compare the growth of chick weight and tarsus length between food-supply and non-supply years.

			Results and discussion

			Providing supplementary food resources during winter lead to a change in some breeding performance metrics. Egg weight (Mann-Whitney U test, Z=–2.02, P=0.04), egg volume (Z=–3.50, P < 0.01), hatching success (Z=–2.15, P=0.01), and fledgling success (Z=–2.66, P = 0.01) were significantly higher in food-supply years than in non-supply years. However, clutch size (Z=–0.37, P=0.71), brood size (Z=–1.85, P = 0.06), and breeding success (Z=–0.09, P=0.93) were not different between the two periods (Table Ⅰ).

			Table I. Differerences in the breeding performance of Parus major between winter food-supply and non-supply years with results from Mann-Whitney U tests.
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			The weight of chicks was significantly different between food-supply and non-supply years (Jonckheere-Terpstra trend analysis, Z = 44.74, P < 0.01; Fig. 1A), with heavier chicks in food-supply years. Moreover, the tarsus length of chicks was significantly higher in food-supply than in non-food supply years (Z = 35.16, P < 0.01; Fig. 1B). 

			Parents of avian species need to invest in each breeding events, by considering their habitat conditions, which optimally will lead to successful breeding (Sockman et al., 2006; Broggi et al., 2022). Body condition at the beginning of the breeding season is a critical factor for the onset of breeding events (Williams, 2012). Larger eggs generally contain greater quantities of nutrients (Harrison et al., 2010). Moreover, larger eggs cool more slowly when parents are away from the nest and are more likely to hatch (Mackintosh and Briskie, 2005).

			The supply of anthropogenic food to wild birds has been widely used in many studies, and its effects depend on the ecology of the birds. Food availability influences in all stages of avian breeding (Pearson and Husby, 2021), and winter food availability, in particular, is a major determinant of population regulation and mortality in wild birds (Crates et al., 2016). Winter food supplementation may bring positive benefits, such as enhanced survival, improved egg quality, increased fledgling success, and increases in adult populations (Reynolds et al., 2003; Robb et al., 2008a, b; Rooney et al., 2015). However, information is still too scant to understand the effect of food supplementation across the entire breeding cycle (Harrison et al., 2010).
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			Fig. 1. Body weight (A) and tarsus length (B) of great tit (Parus major) chicks between winter food-supply and non-supply years.

			Overwintering is challenging for small passerines because they cannot store enough energy in their body. Thus, they need to fulfill a daily energy requirement by feeding (Broggi et al., 2019). In this study, we show that great tits produced heavier and larger eggs and experienced greater hatching and fledgling success when food was supplied during the preceding winter. Thus, our results suggest that a winter food supply can have positive effects on the breeding performance. Generally, food provided during winter may confer on birds an advantage in winter survival, and better winter feeding leads to increased antioxidant levels and reduced stress. Therefore, an artificial feed supply during winter leads to lead increases in the health of wintering birds (Plummer et al., 2013, 2018; Montreuil-Spencer et al., 2019). A healthier bird can better survive during winter and the breeding season, increasing breeding output (Robb et al., 2008b).

			Artificial winter food supplies may create an ecological trap scenario in disturbed habitats (Kokko and Sutherland, 2001; Reid et al., 2010), where artificial food resources have generally been used as a tools for restoring populations. When supplied with artificial food in the disturbed habitat, birds became grouped for feeding. Especially the non-migratory birds survived winter, ready for the breeding season between late winter and early spring (Montreuil-Spencer et al., 2019). However, during breeding seasons, food preferences of passerines shift from vegetable-based toward animal-based foods to improve the growth of chicks, and damaged habitat can have poor food resources for breeding, including both plant- and invertebrate-based options (Robb et al., 2008b; Reynolds et al., 2017). Therefore, an artificial food supply that disappears in late winter may decrease breeding performance in low-quality habitats when birds are left with low food resources during the breeding season.

			Artificially supplying winter food resources, when conducted with habitat restoration for bird populations, can be maintained stably if practiced prudently for the specific habitat conditions and characteristics of the population. In the breeding season, most avian species need enough energy for defending territory, finding mates, and raising chicks (Wilcoxen et al., 2015). Despite this heavy energy burden, an artificial food supply during the preceding winter can be a positive influence on bird populations.

			Habitat loss, fragmentation, and degradation undoubtedly impose their anthropogenic influences on wild birds, and many avian species are in decline worldwide (Wilcoxen et al., 2015). Anthropogenic winter food supplies for avian species may be influential as a counterbalance, increasing the quality of habitats associated with human activity (Gil and Brumm, 2013). Therefore, providing supplemental foods in winter could be a useful methods for the conservation of wild birds.
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ABSTRACT

This study was conducted to clarify the short-term effects of a providing winter food on the breeding
performance of the great tits (Parus major) in temperate mixed forest in South Korea. In each of two

study sites, 45 artificial nest boxes were installed, and food items including peanuts, kidney beans, and

brown soybeans were supplied at feeders from November to February of 2017-2019. From March to June
0f2018-2021, we examined the breeding ecology of the great tits in the artificial nest boxes. Egg weight,
egg volume, hatching success, and fledgling success were significantly higher in food supply than in food
non-supply years. Moreover, the weight of chicks and tarsus length of chicks were significantly higher in
food supply years. Our results suggest that an artificial winter food supply can have positive effects on the
breeding performance of great tits. Wintering food supplied to avian species can be an effective way to
increase the quality of habitats impacted by human activities and, therefore, winter food supply could be

a useful method for the conservation of wild birds.
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Access to sufficient food resources varies seasonally
in temperate climates (Plummer ef a/., 2013), and
the wintering season is a crucial period for the survival of
many organisms (Johansen et a/., 2014). Decrease in the
quality and quantity of food resources and the increase in
metabolic energy use due to the low temperatures during
the wintering period threaten the survival of passeriform
birds (Sherry and Hoshooley, 2010; Verena ef al., 2021).
Providing supplemental food during wintering periods for
the bird is often advocated as a method for conserving a
declining population.

Supplying food during winter enhanced avian
antioxidant levels and increased overwinter survival rates
(Isaksson ef al., 2017). For birds, maintaining a healthy
body condition during winter requires increased energy
for homeostasis, which is closely related to food intake.
Additionally, increased winter food intake may affect
early-breeding decisions in some species due to increased
fat reserves and antioxidants (Robb ef a/., 2008a; Plummer
et al., 2013; Montreuil-Spencer et al., 2019; Pearson and
Husby, 2021). Survival rate and physiological condition
during winter have been tired to subsequent breeding
performance (Wilcoxen ef al., 2015; Plummer ef al.,
2018). Thus, an artificial food supply during the winter
season may facilitate future breeding performance at
the population level by improving the body condition
of birds during winter and the early breeding season.

Great tits (Parus major) are a well-known and
abundant avian species distributed across Europe and Asia
(Lee et al., 2020). They are forest-dwelling and cavity-
nesters (Stagoll ef al., 2012). Since artificial nest boxes can
be easily used by tits, they have been commonly employed
to study the breeding ecology of great tits (Matthew ef al.,
2002; Lambrechts ef al., 2010; Lee ef al., 2023). There is
little information on the impact of food supply on great
tit populations, including on how supplementary feeding
influences their body condition or may change their
breeding performance (Wilcoxen et al., 2015).

Parental body condition during the breeding season
can affect the body condition of offspring. Furthermore,
egg quality can be influenced by the fitness of the
mother (Blount er al., 2001). Recent research has begun
investigating whether an artificial winter food supply
influences subsequent breeding performance positively or
negatively. We carried out an experiment to identify the
short-term effects of a winter food supply on the breeding
performance of great tits.

Materials and methods

This study was carried out from November 2017 to
June 2021 in a mixed forest (37° 00° 04” N, 127° 13” 96>
E) at Chung-Ang University in Ansung, South Korea. This
area is dominated by Japanese red pine (Pinus densiflora),
Mongolian oak (Quercus mongolica), and Japanese
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