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Abstract 24 

1. Designing conservation interventions for rare species can be hindered by a lack of 25 

relevant data. Local ecological knowledge (LEK) has potential to provide rapidly-26 

collected, cost-effective data across large spatio-temporal scales, but has rarely been 27 

used as a source of conservation-relevant information for the Asian Songbird Crisis.  28 

2. The Blue-crowned Laughingthrush (Pterorhinus courtoisi; BCLT) is a Critically 29 

Endangered passerine found only in southeastern China. It is unclear why the species’ 30 

breeding range and global population are extremely small, as it occurs in human-31 

occupied forest-agricultural landscapes similar to surrounding environments across 32 

southern China.  33 

3. We conducted systematic range-wide interviews on BCLT (n=519) to collect novel 34 

information on the species’ temporal and spatial distribution, and on potential 35 

human activities and landscape changes associated with its presence or absence. 36 

Recognition of BCLT was moderate (45.0% of respondents reported sightings), with 37 

sightings within the previous 18 months across the study area, within and beyond 38 

their known distribution. Over half of known breeding villages were confirmed by 39 

LEK data, and nesting was reported from two villages with no previous breeding 40 

records. 41 

4. BCLT trapping was reported across the study landscape, mostly from the last decade 42 

and associated with trappers from urban centres. BCLT trapping and lack of fengshui 43 

forest were associated with sites where BCLTs did not breed. Breeding sites were 44 

associated with increases in vegetable gardens over respondents’ lifetimes, and 45 

other sites within the species’ range were associated with decreases in bush/scrub. 46 



5. We demonstrate that LEK can identify potential threats, new breeding sites, and 47 

landscape changes correlated with species presence or absence for threatened birds 48 

affected by the Asian songbird crisis. This study provides the first evidence of 49 

ongoing trapping as a threat to BCLT, and remedial measures are urgently required 50 

across the region.  51 

Introduction 52 

Efforts to halt biodiversity loss must be underpinned by an understanding of species’ status 53 

and threats, and diagnosing mechanism(s) responsible for declines, low population sizes or 54 

range restrictions is critical (Williams et al., 2020). Designing interventions without 55 

knowledge of these factors risks inefficient use of resources (Sutherland et al., 2004), 56 

continued population decline or extinction (Caughley, 1994), or other unintended 57 

consequences (Larrosa et al., 2016). However, identifying threats and population constraints 58 

for highly threatened species may be difficult with standard ecological techniques, 59 

necessitating employment of alternative approaches to provide conservation evidence 60 

(Turvey et al., 2014). One potential data source is Local Ecological Knowledge (LEK), 61 

representing first-hand information from people’s interactions with their environment 62 

(Newing, 2011). LEK can provide information on current and past species status, human-63 

wildlife interactions, and conservation-relevant patterns of local awareness, perceptions 64 

and attitudes (Bonfil et al., 2018; Bessesen & Gonzalez-Suarez 2021). It has established 65 

novel baselines on population parameters and threats for many species (Turvey et al., 2013; 66 

Parry & Peres, 2015), which can inform practical conservation interventions (Archer et al., 67 

2020). 68 



LEK has been used to guide conservation of large charismatic or economically important 69 

taxa, notably mammals (Archer et al., 2020; Zanvo et al., 2020). It has also provided insights 70 

into bird ownership and trapping (Biddle et al., 2021) and bird declines (Mallory et al., 71 

2003). However, its usefulness for addressing other bird conservation priorities is largely 72 

unexplored. In particular, many Asian songbirds have declined severely through exploitation 73 

for trade (Nijman et al., 2017; Heinrich et al., 2021). Within this region, threats to songbirds 74 

in China are high (Nijman, 2010), with songbird markets in many Chinese cities (Huo et al., 75 

2009; Dai & Zhang, 2017; Cheng, 2019), and widespread songbird hunting and trade (Kamp 76 

et al., 2015). However, the dynamics and impacts of these activities remain incompletely 77 

understood, with limited baselines on Chinese wildlife hunting, consumption, or trade 78 

(Zhang et al., 2008; Liang et al., 2013; Cheng, 2019). The Asian songbird crisis has been 79 

studied mainly through market surveys, with limited assessment of wild populations (Sykes, 80 

2017; Putri et al., 2021). LEK has high potential to supply information about exploitation of 81 

commercially significant species (Jones et al., 2008), but may be less useful for smaller-82 

bodied species (Turvey et al., 2014). It is therefore important to investigate the potential 83 

usefulness of LEK to establish new conservation baselines on this major threat to regional 84 

biodiversity. 85 

The Blue-crowned Laughingthrush (Pterorhinus courtoisi; BCLT) is a highly threatened 86 

Chinese songbird, with a global breeding population restricted to a small region of northeast 87 

Jiangxi Province (He et al., 2017). It is classified as Critically Endangered by IUCN (BirdLife 88 

International, 2018), due to its restricted and fragmented range (extent of occurrence: 610 89 

km2) and small population (c.323 individuals in 2016). Its past range is unknown; a second 90 

population (sometimes treated as the subspecies P. c. simaoensis) was historically known 91 

from Yunnan Province (c.2,000 km from Jiangxi) but is now considered extinct (He et al., 92 



2017). It was listed under Class I protection on China’s List of Protected Species in 2020 93 

(Ministry of Agriculture and Rural Affairs of the People’s Republic of China, 2021). 94 

BCLTs are colonial and cooperative breeders, nesting near or within villages (Wilkinson et 95 

al., 2004). Their breeding landscape is characterised by low forested hills and riverine valleys 96 

converted to agriculture (rice, oilseed rape and tea plantations), containing villages 97 

surrounded by vegetable plots (Richardson, 2005; He et al., 2017) and fengshui forests 98 

(small locally protected mature broadleaf or mixed-forest stands; Coggins et al., 2012). BCLT 99 

nest in fengshui forest, bamboo, fruit trees and fir, foraging mainly within broadleaf and 100 

fengshui forest, bush/scrub, tea plantations and vegetable plots when breeding (Hong et al., 101 

2006; Wilkinson et al., 2004; Wilkinson & He, 2010b; He et al., 2017; Zhang et al., 2017; Liu 102 

et al., 2020). It is unknown where BCLTs spend their non-breeding season, although they 103 

may use nearby hills and mountains (Cheng & Lin, 2011; He et al., 2017). 104 

As the BCLT’s breeding landscape is similar to other Chinese human-occupied landscapes, it 105 

is unclear why the species is not widespread. Building developments and traffic are known 106 

to affect breeding sites (He et al., 2017; Li et al., 2021), but it is unknown whether local land-107 

use differs between areas occupied and unoccupied by BCLT. The potential impact of 108 

exploitation is also unclear. Captive collections have existed since the 1990s (Long et al., 109 

2004; Pasini et al., 2004), but most captive individuals are P. c. simaoensis (Wilkinson et al., 110 

2004; Wilkinson & He, 2010a). Only one report of captive birds originates from Jiangxi (Yu, 111 

2003), with no other evidence of BCLT trapping in this region (Richardson, 2005; Wilkinson 112 

& He, 2010b). 113 

Recent conservation-oriented research has investigated BCLT habitat use (Shi, 2017; Huang 114 

et al., 2018; Liu et al., 2020) and responses to tourist disturbance (Zhang et al., 2017), but 115 



the potential information-content of LEK has not been investigated. The BCLT is a 116 

distinctive, attractive species both visually and aurally, with call detection used by 117 

researchers in monitoring (He, 1994; Richardson, 2005), and it is of local cultural and socio-118 

economic importance (Zhang et al., 2017). It may therefore be familiar to people living 119 

within its range. 120 

Here, we explore the ability of LEK to provide information on three key issues for BCLT 121 

conservation: can LEK identify (1) BCLT breeding sites and seasonal distributions; (2) threats 122 

and habitat changes associated with BCLT presence/absence; (3) priority areas for further 123 

research and conservation. By investigating the usefulness of LEK for informing 124 

management parameters for a threatened passerine, our findings also provide broader 125 

lessons on using LEK to establish baselines for species that have not traditionally been the 126 

focus of social-science research. 127 

Methods 128 

Field survey 129 

Community-based surveys were conducted between 4 June and 31 July 2019 in Wuyuan, 130 

Dexing and Leping counties (Jiangxi Province) and Xiuning County (Anhui Province). These 131 

counties encompass the known BCLT breeding range, including known breeding sites in 132 

Wuyuan and Dexing and other breeding-season observations (data from unpublished 2000-133 

2017 censuses and www.eBird.org; F. He 2019, personal communication), and nearby 134 

unsurveyed and unoccupied regions. We digitised and labelled >900 villages across this 135 

region using the Google Satellite plugin in QGIS v.2.18 (QGIS Development Team, 2021). 136 

Villages are defined as any named group of domestic buildings. Villages were digitised 137 

within a core area comprising all BCLT records (1434 km2 minimum convex polygon (MCP) 138 

http://www.ebird.org/


generated in QGIS), and within a 25 km buffer around this area. A separate core area 139 

comprising a convex hull around all recorded breeding locations from 2000-2017 (725 km2 140 

Extent of Occurrence (EOO)) was also generated, with its own 25 km buffer (Figure 1). 141 

We conducted interviews in 18 villages where BCLT bred between 2000-2018 (representing 142 

all but one known site, which was only learnt about after fieldwork), and in 21 ‘control’ 143 

villages with no breeding records, chosen by: (1) randomly selecting 12 villages within the 144 

combined core and buffer polygons; (2) selecting nine villages closest to BCLT localities on 145 

eBird or in field reports (He, 1994). Of these villages, 25 were within the EOO and 14 were 146 

within its buffer. Breeding and randomly-selected control villages showed minor differences 147 

in environmental characteristics based upon data from a Google Satellite layer within QGIS, 148 

with control villages on average 557m closer to rivers (Table 1). However, as BCLT breed 149 

close to rivers (Richardson 2005), this was not anticipated to cause undue bias. 150 

A target of ≥10 interviews was conducted per village, based on the estimated data 151 

saturation threshold (Guest et al., 1995). Village household plans were unavailable, so 152 

respondents were selected opportunistically in villages and surrounding farmland. 153 

Respondents were thus sampled on an approximately random basis, which aims to be 154 

broadly representative of wider baselines across the study region and allows comparability 155 

between localities (Newing 2011). Village leader(s) or other appropriate individuals were 156 

first located to request permission for research and obtain information on village population 157 

sizes (number of individuals/families).  158 

Interviews were conducted on a one-to-one basis in Mandarin or local dialect (Wuyuanhua) 159 

by local field assistants trained in interview methods (local university students or high-160 

school graduates). Research aims were explained before each interview (Figure S1, 161 



Supplementary Information), with respondents informed that their responses were 162 

anonymous, they could stop interviews at any time, and could decline to answer questions 163 

without explanation. Interviews were then only conducted following verbal consent of 164 

participants; written consent was not appropriate as some respondents may have been 165 

illiterate and/or suspicious of signing written declarations. Individuals below 18 were not 166 

interviewed, but respondents were otherwise interviewed irrespective of sex, age, 167 

occupation or other characteristics. Research was permitted by Jiangxi Wuyuan National 168 

Forest Bird Nature Reserve Management Office, with project design approved by the Royal 169 

Holloway University of London ethics committee (1536-2019-02-21-16-10-PEBA015). 170 

A standard questionnaire comprising 52 closed and open-ended questions was used, which 171 

took 15-20 minutes to complete (Figure S1, Supplementary Information). After questions 172 

collecting demographic information, respondents were asked about landscape changes 173 

around their village over their lifetime. Land types included rice paddy, vegetable gardens, 174 

tea plantation, oilseed rape, fir forest, pine forest, bamboo forest, fengshui forest, broadleaf 175 

forest, bush/scrub, and fruit trees; example photographs of land types were shown as 176 

necessary. Subsequent questions asked about change in local human population, number of 177 

houses, and construction of roads, bridges and highways. 178 

Respondents were then asked if they recognised BCLT (languan zaomei) and four bird 179 

species locally common across the study area based on direct experience by the survey 180 

team: Hwamei Garrulax canorus (huamei), Masked Laughingthrush Pterorhinus 181 

perspicillatus (heilian zaomei), Light-vented Bulbul Pycnonotus sinensis (baitoubei), and Tree 182 

Sparrow Passer montanus (maque) (MacKinnon & Phillipps, 2018). Species were always 183 

mentioned in the order above, with BCLT last. Respondents were asked if they recognised 184 



each bird from its Mandarin or Wuyuanhua name. They were then shown colour 185 

photographs of all species individually (Figure S2, Supplementary Information; obtained 186 

through Google Images designated for non-commercial reuse) and asked if they recognised 187 

and/or could name them. All species are sexually monomorphic. Finally, respondents were 188 

played an audio recording of wild BCLT calls recorded by the lead author in July 2018. 189 

Respondents who recognised BCLTs were asked about their last BCLT encounter (year, time 190 

of year, location, breeding activity). Respondents were expected to recognise sparrows, 191 

which are locally abundant and included as a positive control. Including a range of species 192 

was intended to allow comparisons (to assess respondents’ ability to identify BCLT in 193 

relation to knowledge of other species), and functioned to obscure the possible importance 194 

of BCLTs within interviews, increasing the likelihood that respondents might disclose 195 

sensitive knowledge or activities associated with BCLTs (Turvey et al., 2015). 196 

Final questions were about bird-related threats and conservation (awareness of local bird 197 

capture/killing and legal protection). If respondents identified BCLTs, they were asked about 198 

specific captures of this species. Reports of BCLT captures were investigated further with 199 

separate key informant interviews, including questions on trapping location/methods and 200 

origin of trappers (Figure S3, Supplementary Information). 201 

 202 

Analysis 203 

Quantitative analysis 204 

First, we wanted to understand basic descriptive patterns in the dataset, so chi-squared and 205 

Fisher’s exact tests were used to investigate differences in: (1) number of respondents who 206 



recognised BCLT from name, photo or audio recording, between breeding versus control 207 

villages, and between EOO versus buffer villages; (2) number of recent (2018-2019) reports 208 

of BCLT sightings, between the same groups of villages; and (3) number of BCLT sightings in 209 

breeding (spring-summer) and non-breeding (autumn-winter) seasons, between breeding 210 

versus control villages. To account for possible pseudoreplication (non-independence of 211 

responses within same village), a Bayesian logistic regression was built in brms (Bürkner, 212 

2017) to model BCLT sightings as a function of different village types (breeding and control; 213 

EOO and buffer) with village name as a random effect, using default priors. All analyses were 214 

performed in R v.3.5.2 (R Core Team, 2021). BCLT last-sighting dates were converted to 215 

calendar years where possible (Table S1, Supplementary Information); dates with low 216 

precision were excluded (n=12 excluded, n=149 retained). 217 

Next, we wanted to explore the relationship between BCLT presence/absence and sighting 218 

metrics, and local landscape changes and/or human threats. For this, we built a set of 219 

regression models. Multiple Correspondence Analysis using the factoextra package 220 

(Kassambara & Mundt, 2020) was performed on landscape-change variables to reduce the 221 

number of model covariates; however, because a low proportion of total variance was 222 

described by axes 1-4 (19%), covariates were not separated. Variation in respondent 223 

demographics between response types was investigated using chi-squared tests 224 

(occupation, sex) or univariate frequentist GLMs (age) with a Gaussian error structure using 225 

the lme4 package in R (Bates et al., 2015), and with response variables treated as binary 226 

predictors. 227 

Sampling units are at the respondent level. Factor levels for landscape change are 228 

increase/no change in/decrease/lack of land types. These were not collapsed into 229 



increase/decrease as this would combine two opposing environmental changes, and fail to 230 

capture the range of land type change. Factors were re-levelled for each covariate, making 231 

reference levels either ‘No’ or ‘No change’. A Bayesian inference framework was used for all 232 

models, to account for unbalanced data design and to capture and report model coefficient 233 

uncertainty. Bayesian frameworks are used as an alternative approach to frequentist 234 

frameworks and give model outputs in the form of probability distributions.  235 

 236 

Modelling BCLT breeding responses 237 

Our first question was to explore which landscape change or threat variables could predict 238 

whether responses came from breeding or control villages, or within the EOO or its buffer 239 

(binary response variables). A modelling approach using a consensus of all responses per 240 

village was not possible, as responses for some land-use variables were contradictory 241 

(respondents in the same village sometimes reported differing directions of change for the 242 

same variable). For example, in one village, 36% of respondents stated there was more 243 

broadleaf forest, 27% each stated there was no change or no broadleaf forest, and 9% said 244 

they did not know. Data were thus analysed at the village level, using generalised linear 245 

models (GLMs) with binomial error structure (logit link). These responses within the same 246 

village were allocated identical binary outputs for breeding/control and EOO/buffer models. 247 

For this approach, each categorical predictor was split into its separate factor levels, with 248 

each level analysed as a proportion of responses per village (treated as a new separate 249 

variable for each land type covariate), i.e. percentage of ‘increase’, ‘no change in’, 250 

‘decrease’ or ‘lack of’ for each village. Individual GLMs were then run using these levels (one 251 



GLM per predictor, and one data point per village). This process was repeated for all seven a 252 

priori categorical predictors. 253 

Past BCLT breeding was reported in two villages with no previous breeding record, so two 254 

separate ‘breeding/control’ models were built, alternately assigning these villages as 255 

‘breeding’ or ‘control’ to compare model outputs. This provided 14 regression models.  256 

Variables included within models were: bamboo (Bamboo_change), fengshui forest 257 

(Fengshui_forest_change), bush/scrub (Bushscrub_change), tea plantation 258 

(Tea_plant_change) and vegetable gardens (Veg_garden_change); building or not of new 259 

roads (Roads), and awareness of people catching BCLT (Catching_BCLT); see Table 2. Land 260 

type variables were chosen a priori through basic data exploration (Table S2, 261 

Supplementary Information), and because all are suggested to impact BCLT breeding or 262 

have potential to influence BCLT populations (Yu, 2003; Hong et al., 2006; Wilkinson & He, 263 

2010b; He et al., 2017; Zhang et al., 2017; Liu et al., 2020). Missing data were checked using 264 

visdat and nanair (Tierney 2017; Tierney & Cook 2023). No modelled predictors were 265 

missing excessive values (>6% of total sample size) so none were removed from the dataset.  266 

Responses from each village for each factor level were summed and scaled (subtracting 267 

variable mean and dividing by variable standard deviation) to improve model performance 268 

(Zuur et al., 2009; McElreath, 2016). Collinearity between factor levels was checked using 269 

the R package corrplot (Wei & Simko, 2021), using pairwise correlations with a threshold of 270 

0.70; all correlations were below this threshold. Most ‘do not know’ responses were 271 

excluded, but were retained for questions about people catching BCLT (response could 272 

indicate withholding of sensitive information); we also excluded increases in fengshui forest 273 

(if this habitat type increased within living memory, new trees might not yet be mature, 274 



creating uncertainty over potential increase). Regularising priors were used to avoid 275 

overfitting of parameter estimates. 276 

 277 

Modelling BCLT sighting responses 278 

Our second question was to explore which landscape change or threat variables could 279 

predict whether respondents had seen BCLTs, or had seen them within the previous 18 280 

months (binary response variables). These were investigated using generalised linear mixed 281 

models (GLMMs) with binomial error structure. All models included varying intercepts for 282 

Interviewer and Village. To reduce model overfitting, biases from unsupervised addition of 283 

covariates, and stepwise variable selection issues (Mundry & Nunn, 2009; McElreath, 2020), 284 

a global model was compared to four reduced models (Table 2) to identify the most 285 

parsimonious model and examine different combinations of habitat change and threat 286 

covariates. 287 

For overall sightings, the global model contained the same covariates as in the previous 288 

breeding/EOO models to enable direct comparison, together with respondent age to control 289 

for the length of time that people had lived in their village. The first two reduced models 290 

contained fewer habitat covariates (removing change in tea plantation and then bush/scrub, 291 

as these showed weaker importance for breeding BCLT); the third contained only threat 292 

covariates (new roads, trapping); the fourth contained all habitat covariates. 293 

For recent sightings, the global model contained the same covariates as the previous global 294 

model but excluded changes in fengshui forest, bush/scrub, or new roads (all suggested to 295 

have specific relationships to breeding sites rather than general BCLT distribution; Liao et al., 296 



2007; Wilkinson & Gardner, 2011; Liu et al., 2020), and included reported types of locally-297 

caught birds (songbirds, gamebirds, waterfowl, and sparrows or other birds considered 298 

pests). Overall, 94.2% of respondents had lived in their village for at least two years; 299 

respondents who lived there for <2 years were still included in the models. 300 

The global model was of the form: 301 

𝑌𝑖,𝑠 ~ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝑝𝑖,𝑠) 302 

𝑙𝑜𝑔𝑖𝑡(𝑝𝑖,𝑠) = 𝛽00 + 𝛽0𝑖
+ 𝛽0𝑠

+  ∑ 𝛽𝑗 ×  𝑥𝑗𝑖,𝑠

8

𝑗=1

 303 

𝛽00 ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0, 1) 304 

𝛽0𝑖
 ~ 𝑁𝑜𝑟𝑚𝑎𝑙( 0, 𝜎𝑖𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤𝑒𝑟) 305 

𝛽0𝑠
 ~ 𝑁𝑜𝑟𝑚𝑎𝑙( 0, 𝜎𝑣𝑖𝑙𝑙𝑎𝑔𝑒) 306 

𝛽1−8 ~ 𝑁𝑜𝑟𝑚𝑎𝑙(0,1) 307 

𝜎𝑖𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤𝑒𝑟  ~ 𝐻𝑎𝑙𝑓 − 𝑆𝑡𝑢𝑑𝑒𝑛𝑡(3, 0, 2.5) 308 

𝜎𝑣𝑖𝑙𝑙𝑎𝑔𝑒  ~ 𝐻𝑎𝑙𝑓 − 𝑆𝑡𝑢𝑑𝑒𝑛𝑡(3, 0, 2.5) 309 

 310 

 311 

Where: 00 is the overall intercept, 0i  is the random intercept for interviewer i, and 0s  is 312 

the random intercept for village s. Where x1 to x8 correspond to the fixed effect covariates in 313 

Table 2. 314 



Model comparison was performed through the estimated out-of-sample expected 315 

predictive accuracy, using Leave-One-Out (LOO) cross-validation. Adaptive regularising 316 

priors were used to avoid overfitting of parameter estimates (McElreath, 2020). Models 317 

were run with and without Gaussian process regression to test and control for spatial 318 

autocorrelation in residuals, allowing varying effects of ‘Village’ to be treated as a 319 

continuous category by incorporating spatial coordinates, thus correcting the potential for 320 

nearby villages to share more features than expected from independent observations (e.g. 321 

topography; McElreath, 2020). We present models with best expected out-of-sample 322 

predictive accuracy (LOO), together with outputs from alternative models with similar levels 323 

of accuracy. A pseudo R2 was obtained for these models (Gelman et al. 2018). 324 

Bayesian updating of model parameters was performed through the No-U-Turn Sampler in 325 

Stan, using the R package brms (Bürkner, 2017). Models were fitted using 3,000 iterations 326 

on four chains, with 1,500 warm-ups/chain. Model convergence was checked using Rhat 327 

values, with posterior distributions assessed using the R package tidybayes (Kay, 2022). All 328 

models converged and had sufficiently high effective sample sizes. Posterior predictive 329 

checks were performed using tidybayes to assess how well models retrodicted real 330 

observations. We only report covariates where the 90% credible interval of the slope 331 

posterior distribution excludes zero, i.e., whose effect was either clearly positive or clearly 332 

negative. 333 

 334 

Results 335 

We interviewed 519 respondents in 39 villages (Wuyuan: 281; Dexing: 189; Leping: 16; 336 

Xiuning: 33; mean of 13.3 interviews/village), with 496 respondents answering all questions 337 



(Table S3, Supplementary Information). Based on population estimates provided during 338 

fieldwork, 1.1% of the local population was surveyed. Nearly all respondents (95.2%) lived in 339 

survey villages, and most (80.1%) had been residents their whole lives (mean duration 340 

respondents had lived in their villages: 49.9 years, SD=19.4, n=516). Respondents were more 341 

likely to be farmers in control villages than in breeding villages (X2=5.26, df=1, p=0.022), and 342 

respondents were older inside the EOO than the buffer region (effect size=2.51, SE=1.28, 343 

p=0.05) and in control villages than breeding villages (effect size=3.02, SE=1.24, p=0.01).  344 

 345 

Blue-crowned Laughingthrush recognition and sightings 346 

Bird recognition ranged between 2.1-86.1% by name and 27.8-82.9% by photo, with 347 

sparrows recognised most widely (Figure 2). Three species (BCLT, Masked Laughingthrush, 348 

Light-vented Bulbul) were better recognised by photo than name (Figure 2). Overall, 45.0% 349 

(232/516) of respondents recognised BCLT, either by name (11.6%, n=27/232), photo 350 

(78.4%, n=182/232), or recording (60.3%, n=140/232), and two further respondents said 351 

they did not recognise the species based on these prompts but provided detailed last-352 

sighting information (Figure S4, Supplementary Information). No respondents recognised 353 

BCLT by name in control villages (n=162) or buffer villages (n=186), representing a different 354 

pattern of recognition compared to breeding villages (X2=27.55, df=1, p>0.001) and EOO 355 

villages (X2=15.86, df=1, p>0.001). There was higher BCLT recognition from photos in EOO 356 

villages (46.1%, n=130/282) versus buffer villages (30.4%, n=52/171) (X2=10.26, df=1, 357 

p=0.001), but minor difference between breeding and control villages (X2=3.18, df=1, 358 

p=0.07). There was also no clear difference in BCLT recognition from recordings in breeding 359 



versus control villages (X2=2.89, df=1, p=0.08), or EOO versus buffer villages (X2=0.79, df=1, 360 

p=0.370). 361 

Overall, 234 respondents reported BCLT sightings. While 232 respondents reported 362 

recognising BCLT from the name, photo or recording, 234 were considered to have seen a 363 

BCLT if they recognised the species and/or gave pertinent last sighting information (two 364 

respondents said they did not recognise the species from the above prompts but then went 365 

on to give detailed last sighting information). Sightings were more likely to be reported by 366 

men than women (X2=6.05, df=1, p=0.013), but there were small differences between 367 

breeding versus control villages (X2=0.36, df=2, p=0.835) or EOO versus buffer villages 368 

(X2=0.46, df=1, p=0.493). Of respondents who reported sightings, 69.4% (n=161) provided a 369 

last-sighting date, with 45.7% (n=106) of sightings considered recent (dating within the 370 

previous 18 months) (Figure S5, Supplementary Information). There were some differences 371 

in proportions of respondents reporting recent sightings in breeding versus control villages 372 

(estimate=0.32, 95% CI: -0.39, 1.00), and EOO versus buffer villages (estimate 0.02, 95% CI: -373 

0.66, 0.73). More recent mean last-sighting dates were reported in breeding villages 374 

(2015.73, n=69 respondents) versus control villages (2013.21, n=73 respondents), and in 375 

EOO villages (2015.86, n=97 respondents) versus buffer villages (2012.38, n=52 376 

respondents). 377 

Sighting frequencies varied between seasons (X2=56.32, df=3, p<0.001), with more last 378 

sightings reported from spring/summer (75.2%, n=161) compared to autumn/winter (24.7%, 379 

n=53). Seasonality differences were slightly different between breeding and control villages 380 

(X2=7.42, df=3, p=0.059), with a higher proportion during the breeding season in breeding 381 

villages (breeding villages=75.9%, control villages=63.7%), and a higher proportion during 382 



the non-breeding season in control villages (breeding villages=14.8%, control 383 

villages=29.8%). 384 

Overall, 14 respondents across 11 villages had seen BCLTs nesting near their village. Nine 385 

sites were known breeding villages (56.3% of known breeding villages), and two (‘village 1’ 386 

and ‘village 2’) were previously unknown breeding sites. In village 1 (in buffer, close to a 387 

past eBird sighting), birds were reported nesting in camphor trees within the village. In 388 

village 2 (within EOO, close to a past eBird sighting and other breeding sites), they were 389 

reported nesting in old trees in a field. Respondents reporting past or present nesting did 390 

not provide exact locations, but stated that birds used high trees, huge trees near the 391 

village, old trees, fruit trees, camphor (Cinnamomum camphora), pomelo (Citrus maxima), 392 

Chinese yew (Taxus chinensis), or ‘all kinds of trees’. 393 

 394 

Landscape changes and threats 395 

Respondents reported various local land-use changes during their lifetime (Figure 3; Table 396 

S4, Supplementary Information), 81.5% (n=423) reported changes in number of houses 397 

(99.1% reported an increase), and 72.1% (n=374) reported new road construction. 398 

A quarter (25.5%; n=129/506) of respondents reported hearing of people catching wild 399 

birds, of which 24.8% (n=32) reported birds caught by villagers, 56.6% (n=73) by outsiders, 400 

and 8.5% (n=11) by both groups. Mean last bird-catching date was 2014 (range: 1995-2019). 401 

Overall, 6.5% (n=34) of respondents said people kept songbirds locally. Respondents from 402 

Wuyuan said people came from the copper mine area near Sizhou (Dexing County) to trap 403 

wild birds. One respondent in Xiuning had seen 1-2 people trapping BCLT and Hwamei in 404 



forested hills near his village, and could tell the trappers were from the Huangshan region 405 

by their accents; they had come to trap birds once or twice a year for the previous several 406 

years, luring and netting flock members using caged birds. Reports of Hwamei trapping and 407 

keeping were corroborated by our observation of a caged Hwamei near one BCLT breeding 408 

site.  409 

Overall, 3.3% (n=16/487) of respondents, from 10 villages across all counties, reported 410 

having heard of people catching BCLT (Wuyuan, n=6; Dexing, n=4; Leping, n=3; Xiuning, n=3) 411 

(Figure 4). All these respondents reported having seen BCLT. Nine of these villages 412 

contained respondents who reported BCLT sightings within the previous five years and 413 

during the breeding season; five villages were outside the EOO, with two in Xiuning, a region 414 

not surveyed regularly for BCLT. Reports referred to BCLT being caught between spring 2019 415 

and 15 years earlier; seven reports dated from the previous 10 years (mean reported last-416 

catching event: 2012). No direct evidence of BCLT trapping was observed. 417 

When asked whether BCLT is a protected species, 17.1% of respondents (n=89) said yes, 418 

34.9% (n=181) said no, and 47.2% (n=245) did not know. 419 

 420 

Predictors of BCLT breeding sites and sightings 421 

For comparisons between breeding and control villages, GLMs indicated that villages with 422 

higher proportions of respondents reporting decreases in bush/scrub and increases in 423 

vegetable gardens were more likely to be in breeding villages, higher proportions of 424 

respondents reporting no fengshui forest were more likely to be in control villages, and 425 

higher proportions of respondents reporting BCLT trapping were less likely to be in breeding 426 



villages (Table 3). When villages with uncertain BCLT breeding status were included as 427 

breeding rather than control villages, results varied only slightly, with respondents reporting 428 

no change in tea plantations more likely to be in breeding villages, and with no strong 429 

relationship with changes in vegetable gardens (Table S5, Supplementary Information). For 430 

comparisons between the EOO and its buffer, respondents reporting decreases in 431 

bush/scrub were more likely to be within the EOO, and respondents reporting increases in 432 

bamboo forest, no change in bush/scrub, or increases in road building were less likely to be 433 

within the EOO (Table 3). 434 

Respondents who knew of people catching BCLTs were more likely to have seen BCLT in the 435 

optimal candidate GLMM (Figure 5a). Respondents reporting no tea plantations were less 436 

likely to have seen BCLT recently in the optimal candidate GLMM (Figure 5b). Respondents 437 

who knew of people catching BCLTs were also more likely to have seen BCLT recently in the 438 

next most plausible GLMM, however this effect was weak (Figure S6, Table S6, 439 

Supplementary Information). R2 estimates were 0.32 and 0.16 for the seen and recently 440 

seen BCLT models, respectively (Table S7). Models also showed between-interviewer 441 

variation (Figure 5a-b). 442 

 443 

 444 

Discussion 445 

This study provides the first large-scale, systematically-collected LEK dataset for the BCLT, 446 

one of China’s most threatened birds, which requires robust evidence for conservation 447 

planning. With previous data limited to site-scale observations, our comprehensive LEK data 448 

analysis provides important insights into BCLT distribution and seasonal occurrence, and 449 



identifies threats and habitat change associated with local BCLT presence or absence. More 450 

generally, our study also promotes the usefulness of LEK for rapid gathering of novel wide-451 

scale data, and demonstrates its application for informing conservation of distinctive 452 

passerines. 453 

Our data are consistent with existing baselines on BCLT status and distribution, supporting 454 

their usefulness for conservation planning. Almost half of respondents recognised BCLT, 455 

with no recognition by name outside breeding sites or breeding range (EOO). In addition, 456 

demographic differences were recorded within respondent awareness of BCLT: men were 457 

more likely to report seeing a BCLT. Similar patterns have been observed in other studies 458 

(Boissière et al. 2013; Archer et al. 2020) which may be caused by differences in gender-459 

based divisions of labour and thus interactions with nature. Mean last-sighting dates were 460 

more recent at breeding sites and within the EOO, probably reflecting regular local presence 461 

when breeding and/or greater likelihood of opportunistic local observations during the 462 

breeding season. Accuracy of using LEK to identify known breeding sites was nearly 60%, 463 

and where breeding BCLTs were reported, respondents described nesting trees consistent 464 

with known characteristics of nesting sites (Zhang et al., 2017; Huang et al., 2018). These 465 

combined findings demonstrate that LEK can provide accurate data on BCLT presence and 466 

breeding activity, although we acknowledge it may be more effective when combined with 467 

other techniques. Conversely, the moderate accuracy of LEK in identifying breeding sites 468 

suggests that this data-type should not replace standard monitoring of breeding sites, and 469 

might indicate that further villages could also support undetected past or present BCLT 470 

colonies. 471 



BCLT sightings were made year-round and across the entire study landscape, including 472 

outside the known breeding range. Reported sightings were higher in the breeding season, 473 

although this may reflect that interviews took place during summer. Similarly, more 474 

sightings during the breeding season were made at breeding sites, although these 475 

occurrences are non-independent: sightings are more likely to be recent (and during the 476 

breeding season) at breeding sites. However, numerous autumn-winter sightings support 477 

previous suggestions that BCLTs spend the non-breeding season in a similar area to the 478 

breeding season, but away from breeding sites (He et al., 2017). Notably, recent (2014-479 

2019) breeding-season sightings were reported outside the known breeding range in 480 

Xiuning County, Anhui, highlighting the importance of further surveys in this region. Our 481 

respondents also identified two overlooked breeding sites: one within a few miles of a 482 

known long-term site, and the other outside the known breeding range, along the same 483 

river network as many other sites and in an area containing many fengshui forest trees. 484 

Although these sites have not yet been independently verified, our findings suggest future 485 

surveys could reveal further potential breeding locations. Conversely, limited sighting 486 

differences between breeding and control sites and landscapes might provide evidence of 487 

wider BCLT distribution than previously thought, but may also reflect that these data are 488 

based on memory and perception. 489 

Disturbance from vehicle traffic, photographers, and infrastructure construction are 490 

regarded as primary BCLT threats (He et al., 2017; Zhang et al., 2017), with trapping in 491 

Jiangxi previously reported only once in the 1990s (Yu, 2003). However, our results indicate 492 

that bird trapping is widespread across the study region, with BCLT trapping reported across 493 

its range and multiple BCLT trapping events reported within the past decade. Local 494 

awareness of people catching BCLT was an important factor in many of our models, 495 



supporting the likely influence of trapping on BCLT presence. Even a few trapping events 496 

could still substantially impact the species due to its cooperative breeding behaviour, 497 

restricting its breeding range and suppressing recovery (Yu, 2003). Indeed, sustainable 498 

harvesting of wild populations can be difficult to achieve in traded bird species (Valle et al., 499 

2018), and even species traded in low numbers can experience slow decline (Nijman et al., 500 

2021). 501 

Trapping reports are more likely in villages where BCLTs have been seen at all but less likely 502 

at breeding sites. These findings might indicate that trappers are drawn to the general 503 

region where BCLT are found, but existing breeding sites may confer some protection. 504 

Conversely, some colonies might have been eliminated through trapping, BCLT might not 505 

breed where trapping occurs, or trapping might be underreported at breeding sites. 506 

Wuyuan is known for high bird diversity and abundance, which could attract trappers 507 

targeting other species (He et al., 2014); however, trappers may also be attracted by BCLT, 508 

given its popularity with photographers (Zhang et al., 2017). Respondents stated that most 509 

BCLT trapping is conducted by outsiders, with some reports that individuals from nearby 510 

urban centres were visiting to trap songbirds. Visiting trappers were reported to trap both 511 

BCLT and Hwamei; the latter species is traded in large numbers throughout China and 512 

Southeast Asia (Shepherd et al., 2020), so local trapping could be linked to both domestic 513 

and international songbird trade (Dai & Zhang, 2017; Nijman et al., 2017). Chinese Hwamei 514 

in trade are considered to be chiefly wild-caught within China (Shepherd et al. 2020; Nelson 515 

& Shepherd 2023). Further investigation into the distribution and prevalence of trapping, 516 

potentially using interview techniques developed for investigating sensitive behaviours 517 

(Hinsley et al., 2019, 2021), is thus an urgent priority for BCLT research. Concerningly, local 518 

awareness of BCLT protection status was low, highlighting the additional need for 519 



awareness-raising using locally-relevant approaches (Qian et al., 2022). BCLT were added as 520 

a Class I protected species in 2020 after these interviews took place, however all wild birds 521 

receive general protection in China (People’s Republic of China Wildlife Protection Law, 522 

1988). 523 

Our results also indicate substantial changes to BCLT habitat during respondents’ lifetimes, 524 

with increases in houses, bamboo, bush/scrub, broadleaf forest and fir forest, and decreases 525 

in pine and fengshui forest, tea plantations and vegetable gardens around villages. We 526 

recognise the potential for overlap in meaning between some responses. For example, 527 

‘less’, ‘no change’ and ‘none’ might all mean ‘none left’, particularly for tea plantation and 528 

fengshui forest, which have disappeared in many places during respondents’ lifetimes; 529 

decreases in these habitats may therefore be more common than our data suggest. 530 

Importantly, several reported habitat changes are correlated in our models with varying 531 

likelihood of local BCLT occurrence, providing an indicator of potential drivers of decline or 532 

factors influencing population dynamics, with implications for landscape management.  533 

Higher proportions of reported increases in vegetable gardens were more likely at BCLT 534 

breeding sites, and respondents who reported a lack of tea plantation were less likely to 535 

have seen BCLT recently. Reported decreases in bush/scrub were also more likely at 536 

breeding sites, and no change in bush/scrub less likely at breeding sites and within the EOO. 537 

These findings support existing evidence that these habitat types are used by foraging BCLTs 538 

disproportionately to other habitats except woodland (Liu et al., 2020), indicating that they 539 

are associated with local BCLT occurrence and breeding. Concerningly, road construction is a 540 

known source of disturbance to BCLTs (He et al., 2017), but was more likely to be reported 541 



within the EOO versus the buffer, highlighting an ongoing threat within the species’ key 542 

habitat. 543 

Further differences in land-use changes associated with varying likelihood of BCLT 544 

occurrence may be specific to breeding sites. Notably, perceived change in fengshui forest 545 

showed no difference between EOO and buffer regions, but reported absence of fengshui 546 

forest was less likely at breeding sites, suggesting that it is specifically important for 547 

breeding. This result supports previous findings that this habitat is a common feature of 548 

breeding sites, even if it is not always used for nesting (He et al., 2017; Zhang et al., 2017). 549 

Fengshui forests have recently received greater protection in Jiangxi (Zheng, 2003), but face 550 

continuing threats across China (Chen et al., 2018). Protection of this habitat type is thus 551 

also required across southeastern China, which may be critical for future BCLT recovery and 552 

expansion. 553 

No independent baselines exist for habitat change across the BCLT landscape, so our model 554 

correlates are important for management and may be crucial for encouraging BCLT 555 

presence at breeding sites. LEK is shown to broadly corroborate independent data on land-556 

cover change for better-studied systems (Chalmers & Fabricius 2007; Lauer & Aswani 2010), 557 

suggesting that respondent perceptions of landscape change can provide conservation-558 

relevant insights. Freely available satellite data to assess fine-scale habitat change across 559 

our study region, such as Sentinel-2, was unavailable prior to 2015 (Phiri et al. 2020). 560 

However, there is potential for future diachronic-synchronic complementarity between LEK 561 

and habitat surveys, earth observation time-series data, and standard monitoring data 562 

(Moller et al., 2004); used together, these may provide more comprehensive insights into 563 

spatiotemporal changes in BCLT landscapes and their impacts on BCLT populations. 564 



Conclusion 565 

Our LEK data suggest that BCLT are more widespread across our study landscape, but under 566 

greater risk from trapping, than previously thought. Given the widespread songbird declines 567 

across Asia due to trade (Sykes, 2017), trapping should not be discounted as a past threat, 568 

but must be considered alongside other potential current threats to BCLTs. Respondents 569 

showed awareness of whether trappers were local or outsiders, suggesting the potential for 570 

community-based conservation to provide early warnings of trapping conducted by external 571 

actors. Wider survey work is needed to understand BCLT distribution and co-occurrence of 572 

trapping, including the possibility that BCLTs occur year-round across this landscape and 573 

may thus be affected by trapping throughout the year. Subpopulations of breeding birds 574 

may also remain undocumented, with southern Anhui as an important new area to target 575 

surveys and conservation efforts to counter potential trapping. Current landscape 576 

management also has important implications for BCLT conservation, and we provide 577 

support for fengshui forests and vegetable gardens being associated with BCLT breeding. 578 

Habitat loss and overexploitation form a common synergy in driving species loss (Symes et 579 

al., 2018), with these effects notoriously difficult to unpick (Brook et al., 2008; Ni et al., 580 

2018). Further declines of important land types should be prevented across the wider 581 

region, including outside Jiangxi. Our results can help to inform this work, and give evidence 582 

that LEK data can provide important insights into correlates of BCLT presence and absence, 583 

its temporal and spatial distribution, and local people’s interactions with this Critically 584 

Endangered species, assisting with future BCLT conservation. Our results thus demonstrate 585 

that LEK can provide important insights for understanding potential reasons behind species’ 586 

low population size or range restriction. We also demonstrate that LEK represents a useful 587 

data source for uncommon birds, countering suggestions that it is more appropriate for 588 



large or common species (Nyhus et al., 2003), and can reveal previously undetected 589 

trapping activity to support tackling the Asian songbird crisis. 590 
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Table 1. Differences between breeding and randomly-selected control villages in mean basic characteristics. 789 

Basic characteristic Overall Breeding 

 

( 

Control 

Approximate number of 

buildings 

   

Mean 150.97 195.31 106.91 

Standard deviation 199.68 239.42 83.97 

Distance to main road (m)    

Mean 881.37 823.52 955.00 

Standard deviation 26 1185.36 1139.05 

Distance to river (m)    

Mean 647.47 956.42 399.50 

Standard deviation 1515 1767.41 873.79 

Elevation (m)    

Mean 90.33 77.00 89.83 

Standard deviation 1166 18.94 33.60 
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 803 

Table 2. Global and reduced GLMMs for investigating sighting responses in relation to habitat change and 804 
threat covariates. Model specification uses R notation. 805 

 Respondent seen BCLT Respondent seen BCLT within last 18 months 

Global model 

(random 

intercepts) 

Seen_BCLT ~ Catching_BCLT + 

Fengshui_forest_change + 

Veg_garden_change + Tea_plant_change + 

Bamboo_change + Bushscrub_change + 

Roads + Age + (1|Village) + (1|Interviewer) 

Recently_seen_BCLT ~ Catching_BCLT + 

Tea_plant_change + Veg_garden_change + 

Types_caught_birds + Bamboo_change + 

(1|Village) + (1|Interviewer) 

Reduced model 1 Seen_BCLT ~ Catching_BCLT + 

Fengshui_forest_change + 

Veg_garden_change + Age + (1|Village) + 

(1|Interviewer) 

Recently_seen_BCLT ~ Bamboo_change + 

Tea_plant_change + Veg_garden_change + 

(1|Village) + (1|Interviewer) 

Reduced model 2 Seen_BCLT ~ Catching_BCLT + 

Fengshui_forest_change + 

Veg_garden_change + Bamboo_change + 

Bushscrub_change + Age + (1|Village) + 

(1|Interviewer) 

Recently_seen_BCLT ~ Tea_plant_change + 

Types_caught_birds + (1|Village) + 

(1|Interviewer) 

Reduced model 3 Seen_BCLT ~ Catching_BCLT + Roads +  

Age + (1|Village) + (1|Interviewer) 

Recently_seen_BCLT ~ Tea_plant_change + 

Types_caught_birds + (1|Village) + 

(1|Interviewer) 

Reduced model 4 Seen_BCLT ~ Fengshui_forest_change + 

Veg_garden_change + Bamboo_change + 

Tea_plant_change + Bushscrub_change + 

Age + (1|Village) + (1|Interviewer) 

Recently_seen_BCLT ~ Catching_BCLT + 

Types_caught_birds + (1|Village) + 

(1|Interviewer) 

 806 



Table 3. Outputs from univariate Bayesian GLMs for breeding versus control villages, and EOO versus buffer 807 

villages. Variables where 90% credible interval (CI) range does not overlap zero (considered to have clear 808 

effects) are highlighted in bold. 809 

Response Breeding/control EOO/buffer 

Covariate   

Bamboo forest change Estimate 90% CI range  

(lower-upper) 

Estimate 90% CI range 

(lower-upper) 

More -0.33 

 

 

 

 

33 

-1.13 – 0.42 -1.04    -2.06 – -0.19 

No change -0.21 -1.02 – 0.54  0.25 -0.57 – 1.12 

Less  0.44 -0.26 – 1.25  0.08 -0.67 – 0.89 

No bamboo forest -0.45 -1.38 – 0.37 -0.47 -1.36 – 0.39 

Catching BCLT     

Do not know -0.29 -1.16 – 0.49 -0.75 -1.61 – 0.00 

No -0.38 -0.33 – 1.19  0.20 -0.60 – 1.07 

Yes -0.89 -2.01 – 0.00 -0.63 -1.59 – 0.22 

Fengshui forest change     

No change  0.09 -1.08 – 0.45 -0.25 -1.03 – 0.53 

Less -0.21 -0.73 – 0.93 -0.50 -1.28 – 0.24 

No fengshui forest -1.26 -2.52 – -0.19 -0.66 -1.57 – 0.18 

Bush/scrub change     

More  0.22 -0.79 – 1.20 -0.43 -1.38 – 0.43 

No change -2.02 -3.79 – -0.61 -1.60 -2.82 – -0.55 

Less  2.78  1.16 – 4.93  1.28  0.19 – 2.56 

No bush/scrub  0.56 -0.40 – 1.63  0.42 -0.65 – 1.68 

Tea plantation change     

More -0.36 -1.27 – 0.43 -1.06 -2.14 – -0.17 

No change  0.68 -0.13 – 1.55  0.01 -0.87 – 0.88 

Less  0.15 -0.72 – 1.03 -0.36 -1.25 – 0.53 

No tea plantation -0.12 -0.97 – 0.75 -0.76 -1.73 – 0.13 

     



Roads     

Yes  0.23 -0.48 – 0.98 -0.14 -0.88 – 0.59 

No -0.65 -1.49 – 0.09 -0.76 -1.61 – 0.00 

Vegetable garden change     

Less -0.18 -0.99 – 0.55 -0.14 -0.88 – 0.61 

More  0.88  0.05 – 1.96  0.13 -0.67 – 1.02 

No change -0.65 -1.57 – 0.15 -0.69 -1.51 – 0.06 

No vegetable garden  0.47 -0.30 – 1.27  0.12 -0.68 – 0.96 
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