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Monitoring of biodiversity with citizen scientists is increasing worldwide, including 

Taiwan. We present a simple and non-intrusive method for monitoring urban swallows 

that is ideal for nationwide student or citizen science monitoring projects. In 2019, 

we continuously monitored the breeding phenology and success of 57 barn swallow 

(Hirundo rustica) nests in an urban district in Kaohsiung City, southern Taiwan. We 

46 active nests, 21 and 25 nests were associated with one or two breeding attempts, 
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respectively. The two peaks of egg-laying occurred in April and from early to mid-

May until early June. The mean clutch size for the first and second breeding attempt 

2 = 0.46). The main result 

of this pilot study is that it is possible to conduct long-term monitoring of urban swallow 

populations with little training and minimal equipment and only a moderate investment 

of a nationwide monitoring network of urban swallows would have several benefits, 

such as useful data on breeding phenology and breeding success, but also to entice more 

people to become citizen scientists and to educate people about the ecosystem services 

of birds.
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40.8% r2 = 0.46
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The phenology of breeding seasons 

is an important aspect of the study of 

bird behavior and reproduction (Lovette 

and Fitzpatrick 2016). Due to rapid man-

made changes to the biosphere, changes 

in breeding distribution and phenology 

as well as changes in population numbers 

can now be used as indicators of the 

biological effects of climate change, 

land-use change, chemical or light 

pollution, and other important changes 

due to human activity (e.g., Both et al.  

2009; Barbet-Massin et al.  2012; Cooper 

et al.  2014; García-Pérez et al.  2014; 

Walther 2016; Dominoni et al. 2020; 

Wang et al.  2021).

To be able to monitor important 

avian population changes in Taiwan, the 

Taiwan Breeding Bird Survey (BBS) was 

initiated in 2009 and has already revealed 

important distribution and population 

changes (Ko  et al. 2016; Ko et al.  2017; 

TESRI 2021; Lin et al.  2023). The BBS 

is a perfect example of the emergence of 

citizen science in Taiwan, which ideally 

engages interested citizens in the entire 

scientific process, such as the rationale 

for the study, generating questions or 

hypotheses, developing the methods, 

collecting and analyzing the data, 

and publishing and disseminating the 

results (ECSA 2015; Heigl et al.  2019). 

However, many citizen science projects 

are more limited in scope, and often 

the citizen scientists mostly collect data 

Besides the BBS, other typical examples 
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from Taiwan are recording migratory 

bird populations (TESRI 2019), bird 

poisoning events (Hong et al.  2018), 

et al.  2023), 

or roadkills (Hsu et al. 2018; Chyn et al.  

2019).

After living in Taipei City for three 

years, the first author (BAW) realized 

that urban swallows (Hirundinidae) are 

very easy to monitor because (1) they 

are not scared by the presence of people 

(with some nests less than a meter away 

from where people are), (2) most of their 

nests are very accessible, and (3) they 

are found almost across the entire island 

of Taiwan except the high mountains. 

Since urban swallows are so easy to 

monitor and so ubiquitous, they should 

be an ideal study species for student 

or citizen science monitoring projects. 

Before embarking on a citizen science 

whether monitoring urban swallows 

is indeed feasible with a reasonable 

amount of time and manpower and 

without disturbing or harming the birds. 

Therefore, we here present a simple and 

non-intrusive monitoring method which 

(1) we field tested to demonstrate its 

feasibility and (2) could be the starting 

point for many citizen science projects 

to monitor the breeding phenology of 

swallow species, which are widespread 

and common in Taiwan but also in other 

countries (for citizen science projects 

that monitored British, Chinese and 

Malaysian swallows, see Kettel et al.  

2021, Jiang et al.  2019, and Mansor et 

al.  2021).

On the main island of Taiwan (from 

swallows (Gray-throated Martin Riparia 

chinensis, Barn Swallow Hirundo rustica, 

Pacific Swallow  Hirundo tahitica , 

Striated Swallow Cecropis striolata, and 

Asian House-Martin Delichon dasypus) 

have been recorded as regular breeders 

(Ding et al. 2023). They usually breed 

in cities, villages, cliffs, sand banks, 

tunnels, and under bridges (Severinghaus       
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et al. 2017). 

I n  o u r  u r b a n  s t u d y  a r e a  i n 

Kaohsiung, we recorded only the barn 

swallow and the striated swallow as 

breeders. The barn swallow is found 

throughout Taiwan from 0-2300 m a.s.l., 

and its usual breeding season lasts from 

April to August (Severinghaus et al. 

2017). The striated swallow is found 

throughout Taiwan in the plains to the 

mid-elevation mountains, and its usual 

breeding season lasts from April to July 

(Severinghaus et al.  2017).

While Severinghaus et al.  (2017) 

notes that the barn swallow’s open bowl-

shaped nests are built on a vertical wall 

under the eaves of buildings and on 

beams and light fixtures, the preferred 

location in Taiwanese cities is often 

inside the porches or colonnades of city 

houses (called verandahs by Wang and 

Hung 2019 and Wang et al.  2021). Many 

Taiwanese city houses (especially older 

ones built in the decades after World War 

II) have a space in front of the entrance 

door which is open to the street and also 

usually open to the neighboring houses, 

but is covered either by a roof or by a 

ceiling from the story above it (Fig. 1). 

This space protects the house entrance 

from heat, offers an open but shaded 

place for people to sit or walk, and also 

protects people and belongings from rain. 

The distance from the entrance door to 

the front of the roof or ceiling is usually 

several meters, and the roof or ceiling 

covers the entire width of the building. 

If many of these porches are seamlessly 

connected, people can use them to walk 

along the street protected from sunshine 

and rain; in that case, these spaces could 

also be called colonnades.

These spaces offer the swallows 

a very well-protected site for breeding 

because they combine vertical walls for 

the nest’s attachment (usually at 2-4 m 

height), protection from heat and rain, 

and an open pathway for flying from 

the nest into the street (Fig. 1). Given 

their location, there are also almost no 
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predators (but see Wang and Hung (2019) 

for a recent and novel predator as well as 

our Discussion below).

F o r  t h e  s t r i a t e d  s w a l l o w , 

Severinghaus et al.  (2017) notes that 

nests are usually built in hallways, 

colonnades, porches, and under the 

beams of houses, schools, or other man-

made structures. However, the nest is not 

open, but a closed tunnel in the shape 

of a long-necked jug (Fig. 2). Because 

it is impossible to see the inside without 

special equipment, we did not monitor 

the breeding season of the striated 

swallow.

In contrast, the open nests of urban 

barn swallows (Figures 1 and 2) are 

extremely easy to observe even without 

any equipment or with just binoculars. 

Barn swallow nests can be extremely 

close together in suitable locations and 

include nests constructed by the birds 

themselves or nesting opportunities 

provided by people (Fig. 2). Residents 

provide such nesting opportunities 

b e c a u s e  “ b a r n  s w a l l o w s  h a v e 

traditionally been well-loved by local 

residents” (Severinghaus et al.  2017, see 

also Pagani-Núñez et al.  2016; Jiang et 

al.  2019; Wang and Hung 2019).

The main purpose of this study is to 

conduct a pilot study which demonstrates 

that the documentation of the breeding 

phenology and breeding success of 

the barn swallow in Taiwanese cities, 

towns, and villages is possible with little 

training and minimal equipment and 

only a moderate investment of time and 

effort. This study may then serve as a 

blueprint for a nationwide citizen science 

The study was conducted within a 

fully urbanized district of Kaohsiung, 

which is located in southern Taiwan as 

the second largest city that features the 

busiest harbor in Taiwan (Republic of 

China). The climate is categorized as 
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tropical savanna climate with monthly 

mean temperatures ranging from 20 to 

29°C and high relative humidity ranging 

from 71 to 81%. The warmer season lasts 

from April to November and the cooler 

season from December to March. Annual 

rainfall is around 1885 mm and falls 

mainly from June to August. For Gushan 

District, the Annual Climatological Data 

Report for 2018 by Taiwan’s Central 

Weather Bureau gives the annual mean 

temperature as 25.4°C and the annual 

precipitation as 2576 mm. The highest 

temperature is in July (29.3°C) and the 

lowest temperature in February (19.2°C). 

The highest precipitation is in August 

(1299 mm) which accounts for almost 

half of the entire annual precipitation.

We carried out our 18 surveys 

from 7 April to 17 August 2019 in the 

local area called Hamasing which is at 

the southern end of Gushan District of 

Kaohsiung. This district is adjacent to 

the harbor and National Sun Yat-sen 

University (Table 1, Fig. 3). Hamasing 

was created when land was reclaimed by 

the Japanese colonial government in the 

19th century when it was the site of the 

local government. 

For each of the 18 surveys, we 

walked along all the streets within this 

district from 7:00-9:00 hours. This 

district has many houses with roofed 

colonnades where swallows chose 

to build their nests. Once a nest was 

spotted, its location was noted on a map. 

In order to look inside the nests with 

minimal disturbance to the breeding 

parents, we attached a mirror to a 1.8 

m long metal stick which enabled us 

to count the eggs and nestlings in each 

nest (Fig. 4). Even without this mirror, 

citizen scientists could observe the later 

stages of the breeding cycle when the 

nestlings are so large that they are clearly 

visible inside the nest using binoculars 

(and often without binoculars). With the 

mirror, we looked inside each nest to 

record the number of eggs, nestlings, and 
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the nest. Wang and Hung (2019) and 

Wang et al.  (2021) used a similar 

method, but replaced the mirror with a 

smartphone camera.

For the purpose of this study, 

nestlings were defined as any live 

juvenile birds present in the nest, no 

matter what their developmental status 

was such as hatchling or nestling, as long 

and 5, left panel; see Brown and Brown 

(1999), Turner (2006), and Fernaz et 

al.  (2012) for detailed descriptions). 

having reached the developmental stage 

“when the feathers and wing muscles 

are sufficiently developed for flight” 

(Wikipedia 2023). Thus, a nestling 

became a fledgling when it became 

(Fig. 5, right panel). These fledglings 

the nest, especially at night to rest.

If adults were present in the nest, 

we waited until they left the nest before 

checking the nest. We often observed 

that adults would return quickly to the 

nest after our observations, and we never 

observed that a nest was abandoned due 

to our very short disturbance (usually 

less than ten seconds, rarely longer 

than one minute). Likewise, no nest 

abandonments were observed during a 

similar multi-year study conducted in 

Taipei (2013-2018 breeding seasons, 

The Mann-Whitney U test was 

used when we investigated differences 

attempt (which was the binary variable 

in this case). For linear relationships, we 

used both the non-parametric Spearman 

rank test and the parametric simple linear 

regression. Any P-value < 0.05 was 

Breeding phenology
During the 2019 breeding season, 
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we monitored 57 barn swallow nests, of 

which 46 nests (80.7%) were actively 

used. The date of 21 April was when at 

Overall, we clearly observed two peaks 

of egg-laying: most eggs were laid for 

the first clutch in April, and fewer eggs 

were laid for the second clutch from 

early to mid-May until early June (Fig. 6). 

attempt” and “second breeding attempt.”

While most breeding pairs closely 

followed this phenology, there were of 

course a few pairs which began laying 

eggs earlier or later than these two 

periods. Although the incubation is 

given at 14-15 days in Severinghaus et 

al.  (2017), we observed the peaks for 

nestling numbers at 30 days after the 

peak for egg numbers (namely, 7 April 

and 31 May for eggs and 7 May and 30 

June for nestlings).

Among the 46 active nests, 21 

nests (45.7%) were associated with two 

breeding attempts and the remaining 25 

nests with only one breeding attempt. 

Among these 25 nests, ten and 15 nests 

were associated with only the first 

and only the second breeding attempt, 

respectively. Thus, there were only 31 

active nests during the first breeding 

attempt but 36 active nests during the 

second breeding attempt. 

Not all  nests actively used by 

barn swallows produced eggs (or they 

produced eggs, but the eggs disappeared 

before we could record them; see 

Discussion). During the first breeding 

attempt, 31 out of the 46 nests contained 

freshly laid eggs (67.4%). The mean 

clutch size was 4.1 ± 0.9 (± 1 std. dev., 

range 2-5; Fig. 7). Of the total of 126 

eggs laid, 57 produced fledglings that 

successfully left the nest (45.2%). Out of 

the 31 nests with eggs, 13 nests produced 

no fledglings at all (41.9%). The mean 

1.8 ± 1.6 (range 0-4).
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During the second breeding attempt, 

32 out of the 46 nests had new eggs in 

them (69.6%). The mean clutch size was 

3.8 ± 1.0 (range 1-5; Fig. 8). Of the total 

that successfully left the nest (36.6%). 

Out of the 36 nests with eggs, 20 nests 

produced no fledglings at all (55.6%). 

nests was 1.3 ± 1.4 (range 0-4).

The differences between the clutch 

sizes and the fledgling number per nest 

(Mann-Whitney U test, P > 0.05).

In total ,  260 eggs resulted in 106 

clutch size across both breeding attempts 

was 3.9 ± 1.0 (range 1-5). Of the 67 

nests, 33 produced no fledglings at all 

(49.3%). The mean nestling number 

across the 67 nests was 2.5 ± 1.6 (range 

1.5 ± 1.5 (range 0-4).

Across both breeding attempts, the 

number of eggs (or clutch size), nestlings 

and fledglings were all positively and 

significantly correlated with each other, 

whether tested with the non-parametric 

Spearman rank test (all P < 0.03) or 

the parametric simple linear regression 

(clutch size vs. nestlings, std. coeff. = 

0.43, F = 14.3, r2 = 0.18, P = 0.0003; 

clutch size vs. fledglings, std. coeff. 

= 0.30, F = 6.1, r2 = 0.09, P = 0.02; 

F = 54.7, r2 = 0.46, P < 0.0001).

The results of our pilot study clearly 

demonstrate that the documentation of 

the breeding phenology and breeding 

s u c c e s s  o f  t h e  b a r n  s w a l l o w  i n 

Taiwanese cities, towns, and villages 

is possible with little training and 

minimal equipment and only a moderate 

investment of time and effort. Our 

study thus generated some basic natural 

history data about an urban swallow 

population in southern Taiwan. To our 



63

TW J. of Biodivers.26(2):53-84, 2024

knowledge, this is the first study of the 

breeding phenology of the barn swallow 

in Kaohsiung which is at the southern 

tip of Taiwan. Over the breeding season, 

we observed a decreasing number of 

eggs and nestlings (Fig. 6), a decrease in 

clutch size (especially fewer clutches of 

five eggs, Figures 7 and 8), a decrease 

to 36.6%) and the number of successful 

fledglings per nest (1.8 to 1.3), and an 

increase in the proportion of completely 

failed nests (from 41.9% to 55.6%). 

However, these trends are not very strong 

and not statistically significant. Such 

declining rates of breeding success for 

successive breeding attempts are known 

in many bird populations (e.g., Wang et 

al.  2021).

However, high ambient temperature 

may also play a role. Because of the 

southern location and the additional 

urban heat effect, the swallows in 

Kaohsiung should experience some of 

the highest temperature levels of any 

urban swallows in Taiwan. It has been 

well established that high ambient 

temperatures can cause physiological 

stress and hyperthermia in nestlings, 

including death (Mertens 1977a; Mertens 

1977b; Murphy 1985; Salaberria et 

al.  2014; Catry et al.  2015; Rodríguez 

and Barba 2016; Imlay et al. 2019). For 

example, in experimentally heated nests, 

heated nestlings were lighter on their 15th 

day after hatching than control nestlings, 

but only when outside temperatures 

were also relatively high (Rodríguez and 

Barba 2016). Consequently, Rodríguez 

and Barba (2016) argued that ambient 

temperatures > 34°C begin to cause 

negative effects on nestling physiology. 

This upper-temperature threshold was 

supported by other studies; e.g., nestling 

survival declined when internal nestbox 

temperatures exceeded 35°C (Ardia 

2013), and various indicators of nestling 

growth and survival were reduced by 

temperatures > 32°C (Geraert et al. 
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1996; Quinteiro-Filho et al.  2010; 

Cunningham et al.  2013). Even adult 

wild birds lost  body weight when 

maximum air temperatures exceeded 

35.5 °C (Du Plessis et al.   2012). 

Interestingly, a study of two Chinese 

populat ions  showed that  nest l ing 

survival decreased with increasing 

temperatures at the tropical site, but not 

at the temperate site (Tian et al.  2022), 

very high temperatures on barn swallow 

nestlings. The possibly detrimental role 

of high temperatures on nestling growth 

and survival should also be investigated 

in Taiwan, possibly even by citizen 

scientists (see our four suggestions 

below).

The normal clutch size for barn 

swallows in our study was 3-5 eggs 

with a mean of 3.9 ± 1.0, which is very 

similar to the mean of 4.4 ± 1.1 and 4.1 

± 1.1 reported by Wang et al.  (2021) for 

the first and second breeding attempt, 

although their clutch size decreased 

to 2.8 ± 1.7 during the third breeding 

attempt. The clutch sizes for a southern 

and a northern Chinese population 

were 4.33 ± 0.87 eggs and 4.62 ± 0.80 

eggs, respectively (Tian et al.  2022). 

breeding attempt were 4.8 ± 0.9 eggs and 

4.3 ± 0.5 eggs in a South Korean study, 

respectively (Choi and Kwak 2019).

The few clutches smaller than three 

eggs in our study seem to be anomalies. 

The two clutches of two eggs each during 

the first breeding attempt (Fig. 7) were 

likely abandoned or predated because 

the eggs had disappeared after only 

1-2 weeks. During the second breeding 

attempt (Fig. 8), one nest contained one 

egg from 17 July until the end of the 

surveys; we assume that this egg was 

abandoned. Furthermore, there were 

two clutches of two eggs each which 

disappeared after only one week, but one 

clutch of two eggs actually produced two 

Clutch size predicted the number of 
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nestlings and fledglings, although with 

much unexplained variation (82% and 

91%, respectively). Thus, clutch size 

was not a good predictor of the number 

of nestlings or fledglings. However, the 

linear relationship between the number of 

nestlings and fledglings explained 46% 

of the variation, so clearly the number of 

hatched young was a somewhat decent 

predictor of the number of successfully 

The mean number of nestlings 

and fledglings in our study was 2.5 ± 

1.6 and 1.5 ± 1.5, respectively. These 

numbers are substantially lower than the 

respective means of 3.0 ± 1.8 and 3.0 ± 

1.9 for nestlings and 2.7 ± 1.7 and 2.2 

± 1.8 for fledglings reported by Wang 

et al. (2021) for their first and second 

breeding attempts (their numbers further 

decreased for the third breeding attempt). 

higher temperatures at our study site.

Severinghaus et al.  (2017) provides 

some natural history information on 

Taiwanese barn swallows. First, they 

state that the barn swallow commonly 

has two clutches per year, one in April 

and a second one in July. While our 

clutch was from early to mid-May until 

early June, much earlier than stated in 

Severinghaus et al.  (2017). Again, this 

difference might be due to the higher 

temperatures in southern Taiwan. Wang 

et al.  (2021) even reported up to three 

clutches in Taipei in northern Taiwan 

where temperatures are lower than 

in Kaohsiung. In southern China, the 

breeding season of barn swallows lasted 

from February to July in one study (Tian 

et al.  2022) and from April to July in 

another study, with up to three breeding 

attempts per season (Pagani-Núñez et 

al.  2016). In northern China, it lasted 

from May to August (Tian et al. 2022). 

Severinghaus et al.  (2017) further wrote 

that “incubation takes 14-15 days” and 

“nestlings fledge at about 20 days, but 

remain near the parents post-fledging.” 
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We also observed such lengths of time in 

most cases.

This study should mainly be seen as 

a pilot study or a proof-of-concept study. 

Therefore, the main result is that it is 

possible to conduct long-term monitoring 

of urban swallow populations with little 

training and minimal equipment (mirror 

on stick, flashlight, pen, and paper) and 

only a moderate investment of time and 

as was in our case. Indeed, the second 

author (HY) had no prior experience in 

by the first author within a short period 

work completely independently from 

the first author. In essence, the second 

author was a “citizen scientist” in the 

true sense of the word; a regular citizen 

who became interested enough to spend 

record something interesting about the 

natural world.

With this pilot study as well as the 

experiences gained by the first author 

during his multi-year study conducted in 

Taipei (unpublished data), we were able 

to demonstrate that the documentation 

of the breeding phenology and breeding 

success of barn swallows and possibly 

other swallow species is easily possible 

by citizen scientists. Therefore, we 

suggest that the implementation of a 

nationwide monitoring network of urban 

swallows would have the following 

1 .  The  Taiwan BBS moni tors 

population changes, but it generates no 

data on breeding phenology and breeding 

success. Monitoring bird populations 

such as swallows would augment the 

BBS with data on breeding phenology 

and breeding success, which can then be 

linked to variables related to weather, 

climate change, urban environment, and 

so on. Thus, inferring causal changes for 

bird population changes may become 

light (Dominoni et al.  2020; Wang et al.  
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2021), breeding date (Pagani-Núñez et 

al.  2016), climate change (Cooper et al. 

2014; García-Pérez et al.  2014) or nest-

site selection (Safran 2006) on breeding 

phenology and breeding success.

2. Since swallows are extremely 

easy to monitor, they should be an ideal 

study species for student or citizen 

science monitoring projects,  even 

including children and high school 

students. To be able to monitor a bird 

species without much prior knowledge 

and with little equipment can entice 

more people to become enthusiastic 

citizen scientists, which then often leads 

to these people to become interested 

in birdwatching, conservation work, 

and environmental advocacy. Children 

and teenagers are especially interested 

in observing natural phenomena, and 

interactions with nature are important for 

their mental and physical development 

and well-being (Taylor et al.  2001; Louv 

2009; Moss 2012; Zhang et al.  2014). 

Still, school children in Taiwan spend 

way too much time in the classroom and 

too little outside experiencing the real 

world as it is (CNA 2020).

3. Swallows are insectivores which 

consume large amounts of insects, 

including noxious ones, such as flies, 

mosquitoes, and plant pests. Therefore, 

they could be used for educational 

purposes,  such as i l lustrat ing the 

ecosystem services of birds (Whelan 

et al.  2015; Sekercioglu et al.  2016; 

Michel et al.  2020) and a healthy urban 

environment (Dearborn and Kark 2009; 

Goddard et al.  2009; Ahern et al.  2014). 

Many Taiwanese people have a positive 

attitude towards nesting swallows (see 

Introduction), and therefore swallows 

would  make  a  grea t  “mascot”  or 

“messenger” for attracting people to 

learn about birds and perhaps also 

become citizen scientists who collect 

data about breeding behavior.

4. Of course, the purely obser-

vational approach used in this study is 

not useful if more detailed data need to 
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be gathered, e.g., blood samples or the 

changing weight of the nestlings, but 

the advantages are that it is very easy to 

learn and quick to conduct with minimal 

disturbance to the breeding birds, which 

is essential for citizen scientist studies. 

Nevertheless, one could imagine that 

the monitoring could be expanded to 

we suggested several times above in 

the Discussion that temperature is an 

important factor influencing breeding 

phenology and success. However, we 

did not collect any data to support this 

supposition. Citizen scientists could 

perhaps quickly measure the ambient 

temperature every t ime they visi t 

the nest, or, even better, continuous 

temperature monitors could be installed 

and maintained by the citizen scientists 

(Croston et al.  2018). Another factor 

which influences breeding success 

and even adult survival is parental 

visitation rates (Öberg et al.  2015) 

and nest predation (Wang and Hung 

2019). Again, citizen scientists could 

record visitation rates for a period of 

time (e.g., 30 minutes) or could install 

and maintain data-loggers (Pierce and 

Pobprasert 2013; Öberg et al.  2015). In 

short, monitoring by citizen scientists of 

swallow nests allows many possibilities 

to collect interesting and valuable 

many other countries which have easily 

observable urban swallow populations, 

e.g., China, Malaysia, and South Korea 

(Pagani-Núñez et al.  2016; Choi and 

Kwak 2019; Jiang et al.  2019; Mansor 

et al.  2021; Tian et al.  2022; Zhao et 

al.  2022; Kim et al.  2023). Notably, 

China has barn swallow populations in 

most cities (Zhao et al.  2021) as well as 

a burgeoning community of dedicated 

birdwatchers (Walther and White 2018), 

and successful citizen science projects 

have already been conducted, e.g., for 
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the scaly-sided merganser (Mergus 

squamatus) (Zeng et al.  2018). Citizen 

science is now used worldwide to 

monitor biodiversity at various spatial 

and temporal scales (e.g., Dickinson 

et al.  2010; Hochachka et al.  2012; 

Sullivan et al. 2014; Chandler et al. 

2017; Hong et al. 2018). We here add a 

simple and non-intrusive citizen science 

method for monitoring the breeding 

phenology and breeding success of 

widespread adaptation in many places 

and situations.

We thank Bernhard Söffner for 

building the mirror, Rung-Shiuan Tsai 
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Lin for sending publications, and Yu-

Wen Emily Dai for translation. 

 

Ahern, J., S. Cilliers, and J. Niemelä. 

2014. The concept of ecosystem 

services in adaptive urban planning 

and des ign:  A f ramework for 

supporting innovation. Landscape 

and Urban Planning 125: 254-259.

Ardia, D. 2013. The effects of nestbox 

thermal environment on fledging 

success and haematocrit in tree 

swallows. Avian Biology Research 

6: 1-6.

Barbet-Massin, M., W. Thuiller, and F. 

Jiguet. 2012. The fate of European 

breeding birds under climate, land-

use and dispersal scenarios. Global 

Change Biology 18: 881-890.

Both, C., M. van Asch, R. G. Bijlsma, A. 

B. van den Burg, and M. E. Visser. 

2009. Climate change and unequal 

phenological changes across four 

t rophic levels:  Constraints  or 

adaptations? Journal of Animal 

Ecology 78: 73-83.

Brown, C. R. and M. B. Brown. 1999. 

Barn swallow (Hirundo rustica). 

In Poole, A. and F. Gill (editors). 

The birds of North America. The 



7070

American Ornithologists’ Union, 

Philadelphia Academy of Natural 

Sciences Washington, D.C., USA.

Catry, I., T. Catry, P. Patto, A. Franco, 

and F. Moreira. 2015. Differential 

heat tolerance in nestlings suggest 

cl imate change risks.  Climate 

Research 66: 13-24.

Chandler, M., L. See, K. Copas, A. M. 

Bonde, B. C. López, F. Danielsen, J. 

K. Legind, S. Masinde, A. J. Miller-

Rushing, and G. Newman. 2017. 

Contribution of citizen science 

towards international biodiversity 

monitoring. Biological Conservation 

213: 280-294.

Choi, J.-W. and J.-I.  Kwak. 2019. 

Monitoring nesting habits and 

breeding biology of barn swallows 

(Hirundo rustica) in suburban areas 

of Seoul, Korea: A case study of 

Daejang-dong Village in Bucheon 

City. Journal of Environmental 

Science International 28: 645-654.

Chyn, K., T.-E. Lin, Y.-K. Chen, C.-

Y. Chen, and L. A. Fitzgerald. 

2019. The magnitude of roadkill in 

Taiwan: Patterns and consequences 

r e v e a l e d  b y  c i t i z e n  s c i e n c e . 

Biological Conservation 237: 317-

326.

CNA. 2020. Children in Taiwan lacking 

daily play time, survey finds. 7 

April, Taipei Times. https://www.

taipeit imes.com/News/taiwan/

archives/2020/04/07/2003734144

C o o p e r,  C .  B . ,  J .  S h i r k ,  a n d  B . 

Zuckerberg. 2014. The invisible 

prevalence of citizen science in 

global research: migratory birds 

and climate change. PLoS ONE 9: 

e106508.

Croston, R., C. A. Hartman, M. P. 

Herzog, M. L. Casazza, and J. T. 

Ackerman. 2018. A new approach 

to automated incubation recess 

detection using temperature loggers. 

Condor 120: 739-750.

Cunningham, S., R. Martin, C. Hojem, 



71

TW J. of Biodivers.26(2):53-84, 2024

and P. Hockey. 2013. Temperatures 

in excess of critical thresholds 

th rea ten  nes t l ing  growth  and 

survival in a rapidly-warming arid 

PLoS ONE 8: e74613.

Dearborn, D. C. and S. Kark. 2009. 

Motivations for conserving urban 

biodiversity. Conservation Biology 

24: 432-440.

Dickinson, J. L., B. Zuckerberg, and D. 

N. Bonter. 2010. Citizen science 

as an ecological research tool: 

challenges and benefits. Annual 

Review of Ecology, Evolution, and 

Systematics 41: 149-172.

Ding, T.-s., C.-S. Juan, R.-S. Lin, Y.-

J. Tsai, J.-L. Wu, J. Wu, and Y.-

H. Yang. 2023. The 2023 TWBF 

Checklist of the Birds of Taiwan. 

Taiwan Wild Bird Federation, 

Taipei, Taiwan. https://www.bird.

org.tw/sites/default/files/field/

file/download/The%202023%20

TWBF%20Checklist%20of%20

the%20Birds%20of%20Taiwan.pdf

Dominoni, D. M., J. Kjellberg Jensen, 

M. de Jong, M. E. Visser, and K. 

Spoelstra. 2020. Artificial light at 

night, in interaction with spring 

temperature, modulates timing of 

reproduction in a passerine bird. 

Ecological Applications 30: e02062.

Du Plessis, K., R. Martin, P. Hockey, 

S. Cunningham, and A. Ridley. 

2012. The costs of keeping cool 

in a warming world: implications 

of high temperatures for foraging, 

t h e r m o r e g u l a t i o n  a n d  b o d y 

condition of an arid-zone bird. 

Global Change Biology 18: 3063-

3070.

ECSA. 2015. Ten principles of citizen 

science. European Citizen Science 

Association, Berlin, Germany. 

https://zenodo.org/record/5127534#.

Y3zlOHbMJGN

Fernaz, J. M., L. Schifferli, and M. U. 

Grüebler. 2012. Ageing nestling 

barn swallows Hirundo rustica: 



7272

an illustrated guide and cautionary 

comments. Ringing & Migration 27: 

65-75.

García-Pérez, B., K. A. Hobson, G. 

Albrechts, M. D. Cadman, and 

A. Salvadoris. 2014. Influence 

of climate on annual survival of 

Barn Swallows (Hirundo rustica) 

breeding in North America. Auk 

131: 351-362.

Geraert, P., J. Padilha, and S. Guillaumin. 

1996. Metabolic and endocrine 

changes induced by chronic heat 

exposure in broiler chickens: growth 

performance, body composition and 

energy retention. British Journal of 

Nutrition 75: 195-204.

Goddard, M. A., A. J. Dougill, and T. 

G. Benton. 2009. Scaling up from 

gardens: biodiversity conservation 

in urban environments. Trends in 

Ecology and Evolution 25: 90-98.

Heigl, F., B. Kieslinger, K. T. Paul, J. 

Uhlik, and D. Dörler. 2019. Toward 

science. Proceedings of the National 

Academy of Science USA 116: 

8089-8092.

Hochachka, W. M., D. Fink, R. A. 

Hutchinson, D. Sheldon, W.-K. 

Wong, and S. Kelling. 2012. Data-

intensive science applied to broad-

scale citizen science. Trends in 

Ecology and Evolution 27: 130-137.

Hong, S.-Y., H.-S. Lin, B. A. Walther, 

J.-E. Shie, and Y.-H. Sun. 2018. 

Recent avian poisonings suggest a 

secondary poisoning crisis of black 

kites during the 1980s in Taiwan. 

Journal of Raptor Research 52: 326-

337.

Hsu, C.-H., T.-E. Lin, W.-T. Fang, 

and  C. -C.  L iu .  2018 .  Ta iwan 

Roadkill Observation Network: 

An example of a community of 

practice contributing to Taiwanese 

e n v i r o n m e n t a l  l i t e r a c y  f o r 

sustainability. Sustainability 10: 

3610.

Imlay, T. L., D. Nickerson, and A. G. 



73

TW J. of Biodivers.26(2):53-84, 2024

Horn.  2019.  Temperature  and 

breeding success for cliff swallows 

Petrochelidon pyrrhonota nesting 

on man-made structures: ecological 

traps? Canadian Journal of Zoology 

97: 429-435.

Jiang, N., L. Zhang, and C. Jing. 2019. 

Effect evaluation of the integration 

of citizen science activities into 

environmental education project 

design: A case study of the Spring 

Swallow Survey project. Cultures of 

Science 2: 161-178.

Kettel, E. F., I. D. Woodward, D. E. 

Balmer, and D. G. Noble. 2021. 

Using citizen science to assess 

drivers of Common House Martin 

D e l i c h o n  u r b i c u m  b r e e d i n g 

performance. Ibis 153: 366-379.

Kim, H.-W., J.-K. Park, W.-B. Park, and 

Y. Do. 2023. Urbanization reduces 

the nest  s ize of  barn swallow 

(Hirundo rustica) in South Korea. 

Sustainability 15: 12802.

Ko, J. C.-J., M.-W. Fan, Y.-X. Jiang, W.-

J. Yu, L.-f. Yen, R. Yang, Y.-Y. Lo, 

R.-S. Lin, S.-P. Tsai, and P.-F. Lee. 

2016. 2014 Taiwan Breeding Bird 

Survey. Annual Report (in Chinese). 

Endemic Species Research Center, 

Council of Agriculture, Nantou, 

Taiwan. https://www.researchgate.

net/publication/301792913_2014_

Taiwan_Breeding_Bird_Survey_

Annual_Report_taiwanfanzhiniaolei

dadiaocha2014nianbao_Traditional_

Chinese_version

Ko, J. C.-J., M.-W. Fan, R.-S. Lin, P.-

F. Lee, and S.-P. Tsai. 2017. Point 

count  sampling data from the 

Taiwan Breeding Bird Survey. 

Taiwan Journal of Biodiversity 19: 

243-254.

Lin, D.-L., J. C.-J. Ko, T. Amano, C.-T. 

Hsu, R. A. Fuller, M. Maron, M.-W. 

Fan, S. Pursner, T.-Y. Wu, and S.-H. 

Wu. 2023. Taiwan's Breeding Bird 

Survey reveals very few declining 

species. Ecological Indicators 146: 

109839.



7474

Louv, R. 2009. Last child in the woods. 

Atlantic Books, London, UK.

Lovette, I. J., and Fitzpatrick, J. W. 2016. 

Handbook of bird biology. Third 

edition. John Wiley & Sons, Ltd., 

Chichester, West Sussex, UK.

Mansor, M., M. Halim, and R. Ramli. 

2021. An urban wildlife experience 

and potential citizen science project: 

Migratory Barn Swallow roosts 

in Peninsular Malaysia. Malayan 

Nature Journal 81st Anniversary 

Special Issue: 237-246.

Mertens,  J .  A. L.  1977a.  Thermal 

conditions for successful breeding 

in great tits (Parus major L.). I. 

Relation of growth and development 

of temperature regulation in nestling 

great tits. Oecologia 28: 1-29.

Mertens,  J .  A. L.  1977b. Thermal 

conditions for successful breeding 

in great tits (Parus major L.). II. 

Thermal properties of nests and 

nestboxes and their implications for 

the range of temperature tolerance 

of great tit broods. Oecologia 28: 

31-56.

Michel, N. L., C. J. Whelan, and G. M. 

Verutes. 2020. Ecosystem services 

provided by Neotropical birds. 

Condor 122: 1-21.

Moss, S. 2012. Natural childhood. 

T h e  N a t i o n a l  Tr u s t .  h t t p s : / /

bobbloomfield.files.wordpress.

com/2013/02/natural-childhood-

report.pdf

Murphy, M. T. 1985. Nestling eastern 

kingbird growth: effects of initial 

size and ambient temperature. 

Ecology 66: 162-170.

Öberg,  M.,  D. Arlt ,  T.  Pärt ,  A. T. 

Laugen, S. Eggers, and M. Low. 

2015. Rainfall during parental care 

reduces reproductive and survival 

bird. Ecology and Evolution 5: 345-

356.

Pagani-Núñez, E., C. He, B. Li, M. Li, R. 

He, A. Jiang, and E. Goodale. 2016. 

The breeding ecology of the barn 



75

TW J. of Biodivers.26(2):53-84, 2024

swallow Hirundo rustica gutturalis 

in South China. Journal of Tropical 

Ecology 32: 260-263.

Pierce, A. J. and K. Pobprasert. 2013. 

Nest predators of southeast Asian 

evergreen forest birds identified 

through continuous video recording. 

Ibis 155: 419-423.

Quinteiro-Filho, W., A. Ribeiro, V. 

Ferraz-de-Paula, M. Pinheiro, M. 

Sakai, L. Sá, A. Ferreira, and J. 

Palermo-Neto. 2010. Heat stress 

impairs performance parameters, 

induces intest inal  injury,  and 

decreases macrophage activity in 

broiler chickens. Poultry Science 

89: 1905-1914.

Rodríguez, S. and E. Barba. 2016. 

Nestling growth is impaired by heat 

stress: an experimental study in a 

Mediterranean great tit population. 

Zoological Studies 55: 40.

Safran, R. J. 2006. Nest-site selection in 

the barn swallow, Hirundo rustica: 

What predicts seasonal reproductive 

success? Canadian Journal  of 

Zoology 84: 1533-1539.

Salaberria,  C.,  P.  Celis,  I .  López-

Rull, and D. Gil. 2014. Effects of 

temperature and nest heat exposure 

on nestling growth, dehydration and 

survival in a Mediterranean hole-

nesting passerine. Ibis 156: 265-275.

Sekercioglu, C. H., Wenny, D. G., and 

Whelan, C. J. (editors). 2016. Why 

birds matter:  avian ecological 

function and ecosystem services. 

Univers i ty  of  Chicago Press , 

Chicago, Illinois, USA.

Severinghaus, L. L., T.-S. Ding, W.-

H. Fang, W.-H. Lin, M.-C. Tsai, 

and C.-W. Yen. 2017. The avifauna 

of Taiwan (in English). Forestry 

Bureau, Council of Agriculture, 

Taipei, Taiwan.

Sullivan, B. L., J. L. Aycrigg, J. H. 

Barry, R. E. Bonney, N. Bruns, C. B. 

Cooper, T. Damoulas, A. A. Dhondt, 

T. Dietterich, A. Farnsworth, D. 

Fink, J. W. Fitzpatrick, T. Fredericks, 



7676

J. Gerbracht, C. Gomes, W. M. 

Hochachka, M. J. Iliff, C. Lagoze, 

F. A. La Sorte, M. Merrifield, W. 

Morris, T. B. Phillips, M. Reynolds, 

A. D. Rodewald, K. V. Rosenberg, 

N. M. Trautmann, A. Wiggins, D. W. 

Winkler, W.-K. Wong, C. L. Wood, J. 

Yu, and S. Kelling. 2014. The eBird 

enterprise: an integrated approach 

to development and application 

of  ci t izen science.  Biological 

Conservation 169: 31-40.

Taylor, A. F., F. E. Kuo, and W. C. 

Sullivan. 2001. Coping with ADD: 

The surprising connection to green 

play settings. Environment and 

Behavior 33: 54-77.

TESRI. 2019. Taiwan New Year Bird 

C o u n t  2 0 1 9  A n n u a l  R e p o r t . 

Taiwan Endemic Species Research 

Institute, Jiji, Nantou, Taiwan. 

ht tps: / /www.researchgate .net /

publication/337186797_Taiwan_

New_Year_Bird_Count_2019_

Annual_Report

TESRI. 2021. The Taiwan Breeding 

Bird Survey Data 2021. Taiwan 

Endemic  Spec ies  Research 

Institute, Jiji, Nantou, Taiwan. 

https://drive.google.com/file/d/1s

VGxLInA49bfVHqAdHZopiuvut

Yu6_Uz/view

Tian, L., Y. Liu, Z. Zhou, H. Zhou, S. Lu, 

and Z. Zhang. 2022. Reproductive 

success of a tropical barn swallow 

Hirundo rustica population is lower 

than that in temperate regions. 

Animals 13: 62.

Turner, A. 2006. The barn swallow. T & 

A D Poyser, Calton, England.

Walther, B. A. 2016. A review of recent 

ecological changes in the Sahel, 

with particular reference to land-use 

change, plants, birds and mammals. 

African Journal of Ecology 54: 268-

280.

Walther, B. A. and A. White. 2018. The 

emergence of birdwatching in China: 

history, demographics, activities, 

motivations, and environmental 



77

TW J. of Biodivers.26(2):53-84, 2024

concerns of Chinese birdwatchers. 

Bird Conservation International 28: 

337-349.

Wang, J.-S. and C.-M. Hung. 2019. 

Barn swallow nest predation by a 

recent urban invader, the Taiwan 

whist l ing thrush–implicat ions 

for the evolution of urban avian 

communities. Zoological Studies 

58: 1.

Wang, J.-S., M.-N. Tuanmu, and C.-M. 

at night on the nest-site selection, 

reproductive success and behavior of 

a synanthropic bird. Environmental 

Pollution 288: 117805.

Whelan, C. J., C. H. Sekercioglu, and 

D. G. Wenny. 2015. Why birds 

matter: from economic ornithology 

to ecosystem services. Journal of 

Ornithology 156 Supplement 1: 

S227-S238.

Wikipedia .  2023.  Fledge.  ht tps: / /

en.wikipedia.org/wiki/Fledge

Wu, H.-D. I., R.-S. Lin, W.-H. Hwang, 

M.-L.  Huang,  B.-J .  Chen,  T.-

C. Yen, and D.-Y. Chao. 2023. 

Integrating citizen scientist data into 

the surveillance system for avian 

influenza virus, Taiwan. Emerging 

Infectious Diseases 29: 45.

Zeng, Q., Q. Wei, and G. Lei. 2018. 

Contribution of citizen science 

towards cryptic species census: 

of the Scaly-sided Merganser in 

mainland China. Avian Research 9: 

6.

Zhang, W., E. Goodale, and J. Chen. 

2014. How contact with nature 

a f f e c t s  c h i l d r e n ’s  b i o p h i l i a , 

biophobia, and conservation attitude 

in China. Biological Conservation 

177: 109-116.

Zhao, Y., Y. Liu, E. S. Scordato, M. B. 

Lee, X. Xing, X. Pan, Y. Liu, R. J. 

The impact of urbanization on body 

size of Barn Swallows Hirundo 

rustica gutturalis. Ecology and 



7878

Table 1. English and Chinese names of the streets in Gushan District, Kaohsiung, which we regularly 
monitored for barn swallow nests during our study.

Evolution 11: 612-625.

Zhao, Y., E. Pagani-Núñez, Y. Liu, X. 

Xing, Z. Zhang, G. Pan, L. Song, X. 

Li, Z. Zhou, and Y. Chen. 2022. The 

to multiple environmental factors 

on life-history traits and breeding 

success of Barn Swallows (Hirundo 

rus t i ca )  ac ross  China .  Avian 

Research 13: 100048.

 



79

TW J. of Biodivers.26(2):53-84, 2024

Fig. 1. A typical porch (or colonnade) of a Taiwanese city house in Xinyi District, Taipei. The vertical 
walls inside these colonnades are preferred nesting places for swallows (white arrow). Insert: Four 
barn swallow nestlings a few days before they fledge (16 May 2013). Photos taken by the first 
author.

1. 
2013 5  16 
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Fig. 2. Left: A closed-tunnel nest of the striated swallow attached to the corner of a colonnade’s roof. 
Right: Two open bowl-shaped nests of the barn swallow attached to the vertical wall just below a 
colonnade’s roof. Sometimes, people provide the swallows with a nesting platform or basket, such 

12 August 2020) and Xinyi District, Taipei (right panel, 3 June 2013).
 2. 

2020 8 12
2013 6 3
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Fig. 3. Map of the study area in Gushan District, Kaohsiung. Both sides of each street within the red line 
were monitored for barn swallow nests, including all the streets along the border. Map made by the 
second author.

3.
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Fig. 4. The first author holding a mirror attached to a long metal stick to peer inside one of the barn 
swallow nests found inside a city house’s colonnade. Photo taken by the second author in Gushan 
District, Kaohsiung (12 August 2020).

4. 
2020 8 12
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in Xinyi District, Taipei.
2013  5 8 2013 5

 17 

Fig. 6. The number of eggs (full circles) and nestlings (full triangles) observed in 46 active barn 
swallow nests from 7 April to 17 August 2019 in Gushan District of Kaohsiung (days 0-23 
represent April, days 24-54 represent May, days 55-84 represent June, days 85-115 represent 
July, and days 116-132 represent August).

6. 2019 4 7 8 17 46
0-23 24-54

6 85-115 7 116-132 8
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7. 31

Fig. 8. Histogram of the clutch sizes of the 36 nests of the second breeding attempt.
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