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Abstract 

Background:  In the past decades, birdwatching as a hobby developed rapidly and produced ample scientific 
records that have aided conservation efforts. Therefore, it is increasingly attractive to promote avian research by pro-
viding data from birdwatching.

Methods:  We compared records from 16 years of community birdwatching and a 1-year formalized bird monitoring 
in Suzhou, China to study the similarities and differences between the two monitoring methods.

Results:  We showed that within the 325 bird species recorded by the two methods, an annual average of 108 spe-
cies were documented by community science and 223 bird species were recorded by 1-year formalized monitoring. 
Measured by the number of bird species recorded per survey trip, the bird monitoring activity of community bird-
watchers was significantly lower. Furthermore, the monitoring intensity of community birdwatching measured as 
the average survey trips per site each survey year was also lower than that of formalized bird monitoring. In addition, 
community birdwatchers preferred urban landscapes to rural areas.

Conclusions:  Community birdwatching could record the majority of local birds and complements the professional 
surveys in avian research. Well designed and coordinated community science can be used to expand the knowledge 
about avian distribution and population dynamics. These findings are critical for the development of conservation 
science with regard to community involvement.
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Background
The term of citizen science refers to scientific investiga-
tions and research activities involving non-professionals 
(Bonney et al. 2014; Kullenberg and Kasperowski 2016), 

which was gradually instead of the term of community 
science for the exclusive connotations surrounding the 
word citizen (Audubon website 2018). In the past few 
decades, community science has grown rapidly in ecol-
ogy and conservation (McKinley et al. 2017). Community 
science, especially the development in species monitor-
ing, has accumulated a large number of observation 
records, providing first-hand data for scientific research 
(Gardiner et al. 2012; Kosmala et al. 2016). Compared to 
traditional research run by professional researchers, an 
apparent advantage of community science is its potential 
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to engage many more participants for long-term research 
on a wider spatial scale, e.g., in conservation biology 
and agricultural science research (McKinley et  al. 2017; 
Abbott et al. 2018). Coupled with the rapid development 
of information technology, such as social networking and 
messaging platforms, volunteers from different countries 
and different fields can effectively carry out simultaneous 
scientific research and monitoring, further highlighting 
the value of community science (McKinley et  al. 2017). 
However, data quality and distribution from commu-
nity science can vary due to differing skill levels and fre-
quency of participation so researchers should exercise 
caution when employing these datasets (Theobald et  al. 
2015). To use data generated by community science, it 
is essential to first assess its data quality and usefulness, 
ideally with the data obtained by professional researchers 
(Gilfedder et al. 2019).

Birds are among the most effective indicator organisms 
of environmental change because of their rapid response 
to habitat change (Stephens et al. 2016). Many birds are 
brightly colored, vocally pleasant, and highly distinguish-
able between species, making them the most commonly 
used target organisms for community science activities 
(Dickinson et al. 2010; Tulloch et al. 2013). As early as the 
19th century, the National Audubon Association of the 
United States carried out systematic birdwatching activi-
ties and published a large number of research results 
based on community birdwatching data. The establish-
ment of the eBird database further enables avian schol-
ars to access and analyze publically available community 
birdwatching data (Wood et al. 2011; Sullivan et al. 2014). 
Data from community science can be used to generate 
long-term trends that could complement data from tra-
ditional surveys, and the research on avian species distri-
bution, population dynamics, response to climate change, 
and the conservation of avian distribution hotspots could 
also be strengthened using community data (Crick 2010; 
Hochachka et  al. 2012; Walker and Taylor 2017; Hong 
et al. 2018; Horns et al. 2018).

China is one of the richest countries in avian species 
diversity (Zheng 2017). However, community bird watch-
ers did not emerge in Chinese mainland until the 1980s 
(Ma et al. 2013; Walther and White 2018). Since then, a 
large number of birdwatching enthusiasts have appeared, 
whose footprints have largely covered all of China (Ma 
et al. 2013; Walther and White 2018). Enthusiastic com-
munity bird watchers often self-upload birdwatching 
records to the China Bird Recording Center (http://
www.szbir​d.org.cn/birdt​alker​.net/index​.asp) and the 
China Bird Watching Center (http://www.birdr​eport​.cn/) 
(Walther and White 2018). These data have already been 
used for the study of the distribution and population 
dynamics of birds (Li et  al. 2012; Hu et  al. 2017; Zhou 

et al. 2019a, b). However, due to inherent shortcomings 
of non-professional birdwatching, such as less-skilled 
birdwatchers, etc. (Bart 2005), the use of community 
birdwatching data for addressing important scientific 
questions, such as avian species distribution and diver-
sity, needs careful attention. Currently, comparative stud-
ies to assess the quality and scope of the rapidly growing 
community birdwatching data in China are still lacking, 
which prevents researchers from appropriately using 
these data to investigate avian biogeography, population 
dynamics, and conservation.

At present, birdwatching is still a “middle-class activity” 
in China, which is more often conducted in more pros-
perous regions (Ma et al. 2013; Wang 2015; Walther and 
White 2018). Hence, we selected Suzhou, one of the most 
developed prefecture-level cities in China, as the research 
area. Suzhou is a developed city in China, located close to 
the hotspot of migratory birds. Many Suzhou volunteers 
are enthusiastic birdwatchers with somewhat varied bird-
watching willing or skill level, better reflecting Chinese 
community birdwatching. We conducted a year of for-
malized bird monitoring in Suzhou. We then compared 
our formalized data with data obtained from community 
birdwatching. Our goal was to study the similarities and 
differences between the two bird monitoring methods, 
such as checklist and monitoring intensity, and to explore 
the potential use of community birdwatching data for 
avian diversity research and conservation.

Methods
Survey area
Suzhou City (30° 47′‒32° 02′ N, 119° 55′‒121° 20′, Fig. 1) 
is located in the southeastern part of Jiangsu Province, 
east of the Taihu Plain in the Yangtze River Delta, with 
a total area of 8848 km2. Low-elevation (2‒4 m above the 
sea level) plains account for 54.9% of the city’s total area, 
followed by water body (42.5% of the total area). The low 
hills with an altitude of 100‒350 m scatter the west of the 
city and on the Taihu Island. The Yangtze River and the 
Beijing-Hangzhou Canal run through the northern part 
of the city, and the number of rivers and streams reaches 
more than 20,000. Located in the middle of the migra-
tory route for East Asian-Australasian migratory birds, 
Suzhou’s abundant wetlands make the area an important 
wintering ground and stopover for migratory birds (Qi 
2008).

Suzhou has a subtropical monsoon maritime climate 
with four distinct seasons. The annual average tempera-
ture is 15.7 °C (range: 3.1 °C in January and 28 °C in July). 
The average annual precipitation is about 1100 mm, con-
centrated in April to September, with the highest rainfall 

http://www.szbird.org.cn/birdtalker.net/index.asp
http://www.szbird.org.cn/birdtalker.net/index.asp
http://www.birdreport.cn/
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in June and the lowest in December and January (Qi 
2008).

Search and collation of community birdwatching records
The China Bird Recording Center was launched in 
2002 and houses birdwatching records as early as Janu-
ary 1997. The China Bird Watching Center launched in 
2014 contains birdwatching records from January 2001 
onwards. Both data centers require bird species, number 
of individuals, location, date, and habitat description for 
records. We downloaded all bird-watching data records 
from Suzhou from the two data centers. Some birdwatch-
ers upload the same birdwatching record on both web-
sites, in which case we used one copy from the China 
Bird Watching Center. We found 471 community bird-
watching events which had occurred at 66 sites (Fig.  1) 
from July 2003 to June 2018. Bird species nomenclature 
in this study follows Zheng (2017).

Formalized bird survey
From July 2017 to June 2018, we conducted the first 
comprehensive expert survey of bird species and distri-
bution in Suzhou. In doing so, we divided the Suzhou 
area into 350 5 km × 5 km grids. We chose 38 grids out 
of the total of 350 grids for the survey, i.e., a sampling 
intensity of more than 10%. The grid selection was based 
on pre-survey field scout and local knowledge provided 
by the local forestry administration to ensure most bird 
hotspots were covered. The survey covers all bird habitat 
types in Suzhou, including river wetlands, lake wetlands, 
hilly woodlands, farmland and urban landscapes (Fig. 1). 
The 1-year survey also considered the seasonal differ-
ences in the avian community in Suzhou and included 
one full bird migration season. For each surveyed grid, a 
2 km-long route was set and the frequency of field inves-
tigations was once a month, accumulating to 456 surveys 
in total. For each field investigation, the team consisted 
of 2‒3 experienced investigators (at least 5 years of expe-
rience). The team was equipped with one single-lens 

Fig. 1  Distribution of bird monitoring zones in Suzhou. The dark line shows the border line of the Suzhou prefecture city. The grey circles indicate 
sites where both formalized bird monitoring and community birdwatching occur. The dark circles indicate where formalized bird monitoring occurs, 
and the white circles indicate where community birdwatching occurs
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telescope and one drone, in addition to one pair of bin-
oculars, one camera and one hand-hold GPS for each 
investigator. One investigator observed and counted 
birds, and the other recorded them. The field investiga-
tion occurred at 6:00‒9:00 in the morning or 15:00‒18:00 
in the evening, along pre-scheduled routes at a walking 
speed of 1‒2 km/h. We only recorded species name and 
abundances when we visually confirmed the species with 
binoculars and monoculars. To avoid repeated record-
ing, we counted only the birds flying from the front to the 
back of the observers, but not those flying from back to 
the front. For the birds that could not be identified on the 
spot, we used a camera to take pictures to help with iden-
tification. In some open waters not conducive to inves-
tigation, we used drones to take photos and videos for 
auxiliary investigations.

Data analysis
All statistical analyses were conducted with the SPSS 
program version 18.0. We used non-parametric tests as 
the distributions of observed species number for com-
munity birdwatching failed to pass the normal distri-
bution test. The list length is how many species were 
recorded in a single trip, which is important information 
for qualifying the absence of a particular species from a 
list, reflecting the bird species monitoring effort when all 
bird checklist are collected from a certain region (Szabo 
et al. 2010). Consequently, we used the list length as an 
indicator of the professionalism of community inves-
tigators. We used the Mann–Whitney test to assess the 
difference in the number of bird species per survey trip 

between professional bird survey and community bird-
watching. In order to better compare the list length from 
two methods of bird monitoring, we randomly sampled 
from the professional survey data collected intensively 
within 1 year (original sample size = 456) to simulate 
data collected from monthly professional monitoring 
within 1 year, 5 years, 10 years and 15 years. New sam-
ple size was thus 12, 60, 120, 180, respectively. We per-
formed 1000 replicates for all the 4 scenarios to show the 
percentage of 1000 p values that are significant (p < 0.05) 
between professional bird survey and community bird-
watching. Based on the ratio of the number of surveys 
to the number of areas surveyed each year, we measured 
the intensity of annual birdwatching and formalized bird 
monitoring.

Results
During 2002‒2018, the retrieved community birdwatch-
ing events documented a total of 305 species in Suzhou. 
On an average year from July to June, there were about 
108.1 (range: 26‒242) species documented by community 
birdwatching. Compared to the 161 species recorded in 
2017‒2018 by community birdwatching, the 1-year pro-
fessional survey recorded 223 bird species (Fig. 2). Over-
all, by combining professional survey and community 
birdwatching records, 325 bird species were recorded in 
Suzhou.

Some 203 bird species were recorded by both profes-
sional survey and community birdwatching. For the 102 
species of birds recorded by community birdwatchers 

Fig. 2  The number of species recorded by formalized bird monitoring and birdwatching. The total number of species recorded by community 
birdwatching varied each year from 2002 to 2018. The total species richness recorded by birdwatchers from 2002‒2018 was 305, and the total 
species richness recorded by formal bird monitoring in 2017‒2018 was 223
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but not in the professional survey, nearly half (49 species) 
of them were migrants, followed by wintering migratory 
birds (29 species). On the other hand, among 20 species 
that were observed in the professional survey but not by 
community birdwatchers, 11 species were resident birds 
and 7 species were migrants (Fig. 3).

The average number of bird species surveyed per single 
trip was smaller for community birdwatching than for-
mal bird monitoring (20.24 ± 14.14 species by commu-
nity birdwatchers, 21.30 ± 7.76 by professionals, p < 0.01; 
Mann–Whitney test). The random sampling also shows 
that formal bird monitoring has a longer list length than 
community birdwatching (Fig. 4). The distribution of list 
length for a single survey showed a normal distribution 
pattern for formalized bird monitoring, while the list 
length of a single trip by community birdwatchers enor-
mously varies and shows a “tailed distribution” (Fig.  5). 
The annual average list length of community birdwatch-
ing varies in different monitoring years, ranging between 
6.55 (2008‒2009) and 28.91 (2015‒2016) (Fig.  6). For 
years with community birdwatching survey numbers 
greater than 50 (2007‒2008, 2013‒2014, 2014‒2015, 
and 2015‒2016), a Mann–Whitney test shows that only 
2015‒2016 had a significant difference in average list 
length between birdwatching and monitoring (p < 0.01).

Both formalized bird monitoring and community bird-
watching focused more on lake habitats (Table  1), and 
both methods differed little in monitoring intensities for 
river and woodland landscape. Compared with formal-
ized bird monitoring, community birdwatching was more 
likely to be carried out in urban landscapes and not con-
ducted in the farmland area (Table 1).

Over the 1-year formalized bird monitoring period, 
there were 456 survey trips for the professionally 

investigated 38 survey sites, indicating once a month 
per site (Fig. 7). In comparison, there were a total of 471 
survey trips for all community birdwatching trips com-
bined over a span of 16 years at 66 survey sites (Fig. 7). 
Furthermore, the monitoring intensity ranged between 
1 and 3.3 by community birdwatching from 2002‒2003 
to 2017‒2018, in comparison to 12 by the professional 
survey.

Compared with the consistent monitoring intensity of 
the professional survey, the monitoring intensity of com-
munity birdwatching fluctuates monthly (Fig. 8).

Discussion
Community science in bird surveys, such as the eBird 
database for the United States, has allowed scientists 
to answer questions in avian population ecology and 
conservation biology, but birdwatching has only been 
active for the past two decades in China. As a result, the 
databases for bird counts have not been checked and 
validated with scientific monitoring. We attempted to 
address this lack by comparing data from community 
science birdwatching and professional monitoring. We 
found that although the number of bird species recorded 
by birdwatching per year increased over the past two 
decades, community bird monitoring is influenced by 
personal activity of birdwatching, monitoring site selec-
tion, and lack of consistence, which may result in biased 
results for formal inquiries.

Over the past 16 years, community birdwatchers have 
recorded a total of 305 species of birds, including sev-
eral rare species that are occasionally seen in Suzhou, 
such as the Scaly-sided Merganser (Mergus squamatus) 
and the Black-faced Spoonbill (Platalea minor). Moreo-
ver, many years of continuous community engagement in 
birdwatching can cover a broader area than professional 
surveys that are often limited by people and funding. The 
intensity of professional surveys sometimes is lower than 
that of community birdwatching at some hotspots of 
birdwatching. This broad spatial and temporal coverage 
allows community birdwatchers to record occasionally 
migratory bird species that are less likely to be encoun-
tered by formalized bird monitoring in a short period. 
Records of community birdwatching also revealed at least 
four species of birds that have never been recorded in the 
Jiangsu Province before, including Rufous-faced War-
bler (Abroscopus albogularis), Common Ringed Plover 
(Charadrius hiaticula), and Verditer Flycatcher (Eumyias 
thalassinus) (Yang et  al. 2018; Huang et  al. 2019; Zhou 
et al. 2019a, b). Overall, our results suggest that commu-
nity birdwatching well complements the expensive pro-
fessional surveys in investigating and monitoring bird 
resources and their spatio-temporal dynamics especially Fig. 3  The ratios of different residential types of the avian species 

only recorded in birdwatching and formalized bird monitoring
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when professional survey cannot be run (Chase and Lev-
ine 2016; Horns et al. 2018).

However, we need to bear in mind that compared to 
professional surveys, records of community birdwatch-
ing suffer from several intrinsic limitations and thus 
should be treated with caution. Finding more species 
and new distribution of bird species is a strong motiva-
tion behind many community birdwatchers (Scott et al. 
1999). When selecting the survey area, community 
birdwatchers prefer wetland and woodland landscapes 
where more bird species are often found, but pay little 

attention to farmland landscapes that are mostly asso-
ciated with common species, such as sparrows and 
magpies (Table  1). In addition, community birdwatch-
ing is rarely systematically designed in the survey time 
and routes, making it difficult to represent the over-
all occurrence of bird species in a region. This lack of 
systematic and harmonized design also makes it hard 
to conduct inter-region and inter-survey comparisons 
(Greenwood 2007).

Community birdwatchers tend to choose the period 
over a year when birds are abundant, which often means 

Fig. 4  The p values from Mann–Whitney tests with the alternative hypothesis of professional survey generate longer species lists than the 
community science. Each blue point represents a p value attained from the Mann–Whitney test after resampling, and we performed 1000 replicates 
for 1 year (a), 5 years (b), 10 years (c), and 15 years (d). The percentage level shows the percentage of 1000 p values that are significant (p < 0.05)
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Fig. 5  The distribution of survey list length for formalized bird monitoring and birdwatching

Fig. 6  The average list length of formalized bird monitoring and birdwatching. The box plot reflects maximum value, minimum value, 1st quartile, 
3rd quartile and median value

Table 1  Landscape types covered by formalized bird monitoring and birdwatching

Lake River Woodland Urban area Farm Total

Monitoring 23 (60.5%) 3 (7.9%)) 8 (21.1%) 1 (2.6%) 3 (7.9%) 38

Birdwatching 35 (53.0%) 6 (9.1%) 11 (16.7%) 14 (21.2%) 0 (0%) 66
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migratory seasons. As the spring migration period is 
often short in Suzhou, the appearance of a large abun-
dance of various migratory birds in this short period 
leads to particularly higher number of birdwatching 
activities in the spring migration period than in other 
seasons. Especially in summer, birdwatching activities 
fall sharply (Fig. 8). The lack of continuity of community 
birdwatching activities and the different frequency of 

birdwatching between months make it difficult to main-
tain sufficient monitoring intensity, and may miss spe-
cies that do not appear often in peak migratory seasons. 
For example, although community birdwatching shows 
records for 16 years in Suzhou, there are still 11 resident 
bird species that have never been recorded, including the 
Grey-capped Pygmy Woodpecker (Dendrocopos canicap-
illus) and Grey-headed Parrotbill (Paradoxornis gularis). 

Fig. 7  The number of survey sites, surveys and monitoring intensities per year of birdwatching along 2002‒2018

Fig. 8  The monthly distribution of birdwatching activity from 2002 to 2018
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The remaining 9 resident birds not recorded by commu-
nity birdwatching are Collared Crow (Corvus torquatus), 
Barred Owlet (Glaucidium cuculoides), Greater Barbet 
(Megalaima virens), Oriental Scops Owl (Otus sunia), 
Plumbeous Water-redstart (Rhyacornis fuliginosus), Stri-
ated Prinia (Prinia criniger), Lesser Necklaced Laugh-
ingthrus (Garrulax monileger), Blue Whistling-thrush 
(Myophonus caeruleus) and Grey-headed Woodpecker 
(Picus canus). Therefore, the current intensity and sea-
sonal coverage of community birdwatching in Suzhou 
is not sufficient to reflect the seasonal dynamics of bird 
species in different types of landscapes. In addition, the 
activity of community birdwatchers is highly uneven, 
reflected in the fact that the species list length of single-
trip records varies greatly (SD = 14.14, Fig. 6) and most of 
the list length of community birdwatching are less than 
that of formalized bird survey (Figs.  4 and 5), indicat-
ing that the birdwatching activities of many community 
scientists need to be strengthened or well-designed and 
birdwatching plan should be employed when watching 
birds. Besides personal activity of birdwatching, the dif-
ference between males and females, adults and juveniles, 
and the difference of birdwatching distance could impact 
the checklist of both community birdwatching and for-
malized bird survey, which was not taken into account in 
this study. Control experiments need to be run in future 
studies to clearly demonstrate the accurate differences 
between the two methods.

The extensive engagement of community birdwatching 
has become a highly useful tool in supplement to formal-
ized bird monitoring, although the results of this study 
indicate that there are still various deficiencies in the 
current community birdwatching. Moreover, with care-
ful planning and training, community birdwatchers can 
be organized to work along with professional ornitho-
logical researchers and become a part of formalized bird 
monitoring (Bai et al. 2015; Zeng et al. 2018). For exam-
ple, well-designed community birdwatching plans such 
as the Christmas Bird Count (CBC) by eBird and the 
North American Breeding Bird Survey (NA-BBS) led by 
the USGS Patuxent Wildlife Research Center and many 
other organizations have provided researchers with a 
large amount of reliable monitoring data (Sauer and Link 
2011; Amano et al. 2018). In China, universities, research 
institutions, and professional organizations have also 
started to provide ornithological training courses and 
organize students and amateurs to carry out bird moni-
toring (Ma et  al. 2013). Examples include the Survey of 
the Yellow Sea Waterbirds by the Wetland International 
China Office in collaboration with multiple universities 
(Chen et al. 2019) and the China Coastal Waterbirds Syn-
chronization Survey organized by China Coastal Water-
bird Census Group (Bai et  al. 2015). The integration of 

community birdwatching with professional efforts has 
greatly expanded the monitoring network for China’s 
bird species, and found dozens of bird species that have 
never been recorded in China (Liu et al. 2013).

Nevertheless, there is still a long way to go before large-
scale applications of community birdwatching records 
(Ma et al. 2013). At present, the main problems faced by 
Chinese bird watchers include the lack of bird watching 
organizations, the shortage of funds, and the lack of com-
munication between birdwatchers. In order to cope with 
these problems, some environmental protection founda-
tions in China, such as the SEE Foundation, have begun 
to systematically cultivate birdwatching organizations 
through financial and intellectual support. Some envi-
ronmental agencies such as the Shan Shui Conservation 
Center and the China Birdwatching Association have 
launched national-scale species monitoring programs 
such as China Nature Watch, National Wintering Survey 
of Scaly-sided Merganser, which organizes birdwatchers 
for endangered birds monitoring (Zeng et al. 2018). The 
development of birdwatching in China is also in sync with 
the rapid development of network technology. China’s 
earliest birdwatching website and eBird were launched 
in 2002, and many birdwatchers learned to publicly share 
their data. However, not all birdwatchers observe and 
record important population and habitat information, 
such as the number of individual species, behavioral and 
habitat data, other than just recording the species name. 
This lack of inconsistence of important information could 
prevent researchers from conducting in-depth analyses 
of community birdwatching data. In the future, with the 
development of China’s economy, we can expect to see 
more and more birdwatchers (Sekercioglu 2002). More 
resources need to be invested to maximize the scientific 
literacy of the birdwatchers, and to satisfy their curios-
ity about nature and bird species. We also need to enable 
close communications between birdwatchers and profes-
sional researchers, so that more bird research can benefit 
from the development of birdwatching with the help of 
big data technology.

Conclusions
Our study suggests that the current intensity of com-
munity birdwatching could record the majority of 
local birds and complements the expensive profes-
sional surveys in investigating and monitoring avian 
resources and species spatio-temporal dynamics. 
Meanwhile, the imbalance of personal activity of bird-
watching and spatio-temporal distribution of com-
munity birdwatching limits the extensive utilization of 
community birdwatching in avian research. Increasing 
investment in community birdwatching and improving 
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the scientific literacy of birdwatchers will contribute to 
avian research in the coming years.
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