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ABSTRACT 25 

While humans have been considered as super predators in diverse ecosystems, many animals 26 

are habituated to humans in research or tourist sites, releasing them from the fear of humans. 27 

However, the impacts of habituation on interspecific competition remain poorly understood. 28 

We studied competition for fruits of Choerospondias axillaris between sympatric langurs 29 

(Trachypithecus crepusculus) and gibbons (Nomascus concolor) with different habituation 30 

statuses using satellite positioning collars, full-day follows, and canopy camera traps. In areas 31 

where both species were habituated, 99.4% of C. axillaris fruits were consumed by langurs 32 

because langurs always started feeding on the fruit much earlier in the season and had larger 33 

feeding parties and longer feeding bouts. In contrast, in areas where langurs were not habituated 34 

to humans, only 20.7% of C. axillaris fruits were consumed by langurs because the 35 

unhabituated langur group reduced access to fruit trees mainly located in the lowland area 36 

outside the reserve. These findings identify a context-specific case in which human-associated 37 

risk altered access to an important shared seasonal resource among sympatric primates, with 38 

implications for understanding how human presence can modify species interactions. 39 
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INTRODUCTION 43 

Human activity now dominates Earth's ecosystems, creating an era that scientists define as the 44 

Anthropocene (Dirzo et al., 2014; Dirzo & Raven, 2003). In this era, humans function as "super 45 

predators", removing wildlife at rates far exceeding natural predation (Darimont et al., 2009). 46 

Much like natural predators, humans create landscapes of fear: spatial mosaics of perceived 47 



risk in which animals adjust where and when they move, feed or rest in response to variation 48 

in risk (Gaynor et al., 2019; Moleón & Sánchez-Zapata, 2023). Species, including non-human 49 

primates, respond to this fear reactively (immediate flight, hiding) or proactively (lasting 50 

changes in range or diel rhythm) (Bersacola et al., 2021; Bshary, 2001; Fujioka, 2020; Nowak 51 

et al., 2014; Ordiz et al., 2019; Spitz et al., 2019). However, these anti-predator strategies carry 52 

hidden costs, as reduced access to resources can cascade through communities (Lodberg-Holm 53 

et al., 2019; Suraci et al., 2019). Two patterns are well documented for human induced fear: (i) 54 

trophic cascades, where suppression of apex predators releases mesopredators or herbivores, 55 

altering vegetation (Estes et al., 2011; Ripple et al., 2001; Suraci et al., 2019; Yovovich et al., 56 

2021); and (ii) guild-level niche shifts, where co-occurring species partition time or space 57 

differently in response to human presence (Lesmeister et al., 2015; Schuette et al., 2013; 58 

Villalva et al., 2025; Wang et al., 2015). These dynamics parallel those driven by natural 59 

predators.  60 

However, humans differ fundamentally from natural predators in many ways, as humans often 61 

habituate animals for research or tourism purposes (Williamson & Feistner, 2003; Woodford 62 

et al., 2002). Habituation is the gradual decline in response to repeated neutral stimulation 63 

(Williamson & Feistner, 2003). While habituation enables detailed behavioral observations and 64 

individual identification, it also raises ethical concerns: the loss of fear may alter foraging or 65 

ranging behavior, affect responses to natural predators, change interspecific interactions, and 66 

increase the risk of disease transmission by increasing proximity to humans (Hobaiter et al., 67 

2017; Nowak et al., 2014; Shutt et al., 2014; Williamson & Feistner, 2003; Woodford et al., 68 

2002). Despite widespread reliance on habituation in field studies of primates, its broader 69 

behavioral and ecological consequences remain poorly understood, particularly whether 70 

habituation-related changes in behavior and space use affect interactions among sympatric 71 



species (Crofoot, 2021; Hanson & Riley, 2018; Hernández Tienda et al., 2022; Williamson & 72 

Feistner, 2003). 73 

We investigated the consequences of habituation and reduced fear of humans through an 74 

observational natural contrast in two arboreal primate species living in sympatry: the western 75 

black-crested gibbon (Nomascus concolor, Critically Endangered; IUCN, 2026) and the 76 

Indochinese grey langur (Trachypithecus crepusculus, Endangered; IUCN, 2026) in the 77 

montane forests of Wuliangshan Nature Reserve (hereafter, the reserve), southwest China. The 78 

western black-crested gibbon is the flagship species of  Mt. Wuliangshan, as this area supports 79 

one of the two global strongholds of the species, with an estimated 104 groups in Mt. 80 

Wuliangshan as of 2021 (Fan et al., 2022). Mt. Wuliangshan also supports the largest 81 

Indochinese langur population in China (≈2 000 individuals) (Ma et al., 2015). Although 82 

gibbons are the main conservation target in Mt. Wuliangshan, the gibbon population at 83 

Dazhaizi on the western slope of Mt. Wuliangshan declined from five groups to three from 84 

2003 to 2023 (Fan et al., 2006; unpublished long-term monitoring data). In contrast, the langur 85 

population at Dazhaizi increased from approximately 80 individuals in one group in 2010 (Fan 86 

et al., 2015) to more than 180 individuals in three groups in 2023, according to unpublished 87 

long-term monitoring data. Gibbons are predominantly frugivorous and generally prefer ripe 88 

fruits (Chen et al., 2025; Ma et al., 2017). Langurs are foregut-fermenting colobines that, 89 

although often characterized as folivorous, seasonally consume substantial proportions of 90 

unripe fruits and seeds (Chen et al., 2020; Fan et al., 2015) but rarely consume ripe fruit to 91 

avoid high-sugar “intoxication” (Davies & Oates, 1994). Previous research at Dazhaizi found 92 

that 14 of 26 primary gibbon food items, together comprising 56.7% of the annual diet, were 93 

also consumed by langurs and suggested that food competition between the two species may 94 

constrain recovery of the gibbon population (Chen et al., 2020). In addition, langur females 95 

reach sexual maturity at 4–5 years old and give birth every 2 years, while gibbon females reach 96 



sexual maturity at 8–10 years old and give birth every 3–5 years at Dazhaizi (Hu et al., 2018; 97 

Huang et al., 2022; Ma et al., 2015). Consequently, the increase in the langur population may 98 

further suppress gibbon recovery in the area over the long term.  99 

In this study, we took advantage of existing differences in habituation status of two langur-100 

gibbon group pairs to examine whether habituation status was associated with contrasting 101 

lowland use and fruit competition. Specifically, the southern langur-gibbon group pair 102 

comprised habituated Langur-GA and Gibbon-G2 groups, whereas the northern group pair 103 

comprised an unhabituated Langur-GB group and a habituated Gibbon-G4 group. Langur-GB 104 

continued to show alarm or avoidance responses to people, whereas the other three focal groups 105 

tolerated the presence of observers in a distance of 5-20 m. These groups live in a montane 106 

forest ranging from 1600-2700 m where the reserve principally protects forest above 107 

approximately 1,900 m(Fan & Jiang, 2010; Ma et al., 2026). Although lower-elevation 108 

community forest outside the reserve provides more food resources for both gibbons and 109 

langurs, this area experiences more frequent human activities, including grazing, firewood 110 

collection and harvesting of non-timber forest products (Fan & Jiang, 2010a; Ma et al., 2026). 111 

Trees of the fruit species Choerospondias axillaris are mainly distributed in lowland forests 112 

outside the reserve. Across three consecutive years, C. axillaris consistently ranked among the 113 

top seven primary food species in the langur diet (Fan et al., 2015), and its fruits were consumed 114 

for approximately six months each year, from August to January (Chen et al., 2020). For 115 

gibbons, C. axillaris was also an important seasonal fruit resource from October to December, 116 

accounting for 1.72% of annual feeding records (Chen et al., 2020). Among the shared primary 117 

food items of the two primates, C. axillaris showed the highest combined dietary relevance 118 

based on a simple index integrating the dietary contribution of both species (Table S1). 119 



We evaluated habitat use and C. axillaris fruit competition patterns of these groups using 120 

satellite positioning collars, full-day follows, vegetation surveys and arboreal camera traps. We 121 

predicted that unhabituated Langur-GB would use the human-disturbed lowland forest outside 122 

the reserve less frequently than habituated Langur-GA. If reduced lowland use limits langur 123 

access to the focal fruit trees, we further predicted that Langur-GB would consume less fruit 124 

of C. axillaris compared to Langur-GA. Consequently, Gibbon-G4, which was sympatric with 125 

Langur-GB, would account for a larger share of estimated fruit consumption at the monitored 126 

trees than Gibbon-G2, which shared a home range with Langur-GA. 127 

 128 

MATERIALS AND METHODS 129 

Study area 130 

This research was conducted at the Dazhaizi Gibbon Research Station (N 24°21′, E100°42′), 131 

on the western slope of Mt. Wuliangshan, central Yunnan, China. The region experiences 132 

marked seasonality, with mean annual temperatures of 16.1–18.3°C. The annual rainfall 133 

exceeds 1 500 mm and over 84% of precipitation falls between May and October (Guan et al., 134 

2013; Huang et al., 2022). The mountainous terrain features steep slopes, frequent cliffs (up to 135 

100 m) supporting a series of distinct vegetation belts by elevation: monsoon evergreen 136 

broadleaf forest (1 300–1 800 m), semi-humid evergreen broadleaf forest (1 900–2 100 m), 137 

mid-montane humid evergreen broadleaf forest (2 200–2 750 m), mossy dwarf forest (2 800–138 

3 000 m), and rhododendron shrubland (>3 000 m) (Tian et al., 2007). The reserve was 139 

established in 1986 and upgraded to national status in 2000. It principally protects forest above 140 

approximately 1,900 m and threatened wildlife, including western black-crested gibbons. 141 



Lower elevations remain community forest and are exposed to activities such as firewood 142 

collection, gathering of forest products and livestock grazing (Fan et al., 2015).  143 

Study species and group composition 144 

Long-term monitoring of gibbons at Dazhaizi began in 2003, when 5 gibbon groups could be 145 

found around the field station (Fan et al., 2006). The population decreased to three groups due 146 

to habitat destruction and degradation caused by intense human disturbances including logging 147 

and grazing before 2006. Habituation of both species involved repeated exposure to researchers 148 

and rangers during long-term monitoring and refers here specifically to tolerance of these 149 

observers in a distance of 5–20 m without sustained alarm calling, fleeing, or disruption of 150 

normal activities. Thereafter, researchers and rangers could conduct continuous dawn-to-dusk 151 

follows. Habituation began for Gibbon-G3, Gibbon-G2, and Gibbon-G4 in 2003, 2009, and 152 

2011, and these groups met the criteria in 2005, 2010, and 2012, respectively. We selected 153 

Gibbon-G2 and Gibbon-G4 because their home ranges included the lowland community forests 154 

where the focal trees were monitored; Gibbon-G3 was excluded because its higher-elevation 155 

range did not overlap this area. During the study period, group sizes were 9–11 individuals in 156 

Gibbon-G2 and 8–9 individuals in Gibbon-G4, reflecting changes associated with births and 157 

dispersal (Table S2). 158 

Monitoring of Langur-GA began in 2009. Langur-GA was monitored regularly for behavioral 159 

studies by researchers and rangers and was considered habituated in 2010. Langur-GB had 160 

been followed only occasionally for group censuses since 2013, and often displayed alert 161 

responses (hiding, alarm calling, or running away) when encountering rangers or researchers; 162 

the group was therefore considered unhabituated to humans. During the study, Langur-GA 163 

contained about 104 individuals, while the unhabituated Langur-GB was estimated to comprise 164 

approximately 80 individuals. Reliable sex–age composition was unavailable for either group 165 



because their large group sizes and incomplete individual identification prevented accurate 166 

classification of all individuals. 167 

Field data collection 168 

Tracking of langurs: We deployed 6 satellite positioning collars (model HQAN40S, Huanqiu 169 

Xinshi) on langurs, including 4 individuals from the habituated Langur-GA and two from the 170 

unhabituated Langur-GB. Collars were programmed to record hourly positions between 0600 171 

and 1900 h to conserve battery life. Data were collected from July 2022 to March 2024, when 172 

most collars ran out of battery power. Capturing and collaring were performed under 173 

anaesthesia via blowpipes; Supplementary Table S3 lists collar IDs, monitoring durations, and 174 

total fixes per individual. 175 

Ethics: All procedures involving the anaesthesia and collaring of langurs were conducted 176 

under permit No. [2022] 251, issued by the Department of Wildlife and Plant Conservation, 177 

National Forestry and Grassland Administration (NFGA), China. All operations complied with 178 

national regulations for the handling of Class I protected species in China. No injuries or 179 

mortalities occurred during capture, anaesthesia, or collaring, and all collared individuals were 180 

alive at the time of writing. 181 

Direct observation of gibbons: Due to the Critically Endangered status of western black-182 

crested gibbons, collars were not used. Instead, we followed two habituated groups, Gibbon-183 

G2 and Gibbon-G4, five full days per month from October 2022 to September 2023. Groups 184 

were located using morning calls or known sleeping and feeding trees. A handheld GPS unit 185 

(GARMIN GPSMAP 639Csx) recorded group locations at 5 min intervals. This yielded 62 186 

full-day follows for Gibbon-G2 and 61 for Gibbon-G4 (Table S4). Behavioral observations 187 

followed established protocols (Fan et al., 2009). 188 



Spatial analyses: Home ranges were estimated separately for each langur and gibbon group 189 

using 95% kernel density estimation (HR95) implemented in the R package adehabitatHR 190 

(Calenge, 2006). For langurs, the elevation of each fix was extracted from a 30-m Shuttle Radar 191 

Topography Mission digital elevation model (DEM; EPSG 32647; WGS-84/UTM Zone 47 N).  192 

For gibbons, the elevation of each location was obtained from handheld GPS readings collected 193 

during direct observations. Then we computed group-specific median elevation and 194 

interquartile range (IQR) based on these data. Although sampling methods and frequencies 195 

differed between species, both datasets were sufficient to characterize group-level home ranges 196 

and broad spatial patterns. 197 

To evaluate use of areas inside and outside the reserve, we overlaid group locations on the 198 

reserve polygon. We then classified each location as inside or outside the reserve. To assess 199 

whether observed use deviated from availability, we estimated the proportion of each group's 200 

HR95 located inside and outside the reserve. Expected proportions were calculated as: 201 

Expected outside / inside proportion=HR95 outside / inside  reserve
HR95

  202 

Observed versus expected use was compared using chi-square goodness-of-fit tests. 203 

Plot-based vegetation surveys and analyses: Additionally, to assess forest structure and the 204 

potential distribution and abundance of food resources, we conducted systematic plot-based 205 

vegetation surveys from December 2024 to March 2025. We divided the elevational range from 206 

1,600 to 2,600 m into 200-m bands and established 135 plots (20 × 20 m each) along altitudinal 207 

contours within the HR95 of Langur-GA and Langur-GB, covering the core elevational range 208 

at 200 m intervals. In each plot, we recorded all trees with a diameter at breast height (DBH) ≥ 209 

5 cm and all lianas with a DBH ≥ 1 cm. For each woody stem, circumference at breast height 210 

(CBH, cm), height (m), and crown diameter (m) were measured. CBH was converted to DBH 211 



as DBH = CBH/π. Plant identification was attempted for every recorded woody stem by 212 

experienced botanists and field assistants, and was further checked by the first author referring 213 

to iPlant, a Plant Species Information System maintained by the Institute of Botany, Chinese 214 

Academy of Sciences. 215 

We classified vegetation plots by elevation into Low (<2000 m, outside the reserve) and High 216 

(≥2000 m, inside the reserve) classes. Low plots mainly corresponded to monsoon evergreen 217 

broadleaf forest and the lower part of semi-humid evergreen broadleaf forest, whereas High 218 

plots mainly corresponded to semi-humid evergreen broadleaf forest and mid-montane humid 219 

evergreen broadleaf forest. We calculated species richness (S) and Shannon diversity (H′) for 220 

each plot using the vegan package in R (Oksanen et al., 2026). Mean DBH was calculated for 221 

each plot across all recorded woody stems and used as an index of forest structure. Differences 222 

in S, H′, and mean DBH between langur areas and elevation classes were tested using Wilcoxon 223 

rank-sum tests, with P-values adjusted for multiple comparisons using the Holm method (Holm, 224 

1979). 225 

To quantify potential distribution and abundance of langur food resources, we incorporated 35 226 

primary food species previously identified from a three-year feeding study of the same 227 

population (Fan et al., 2015; Table S5). Each species was assigned an importance index defined 228 

as its mean annual proportion of total langur feeding time across the three-year study. DBH 229 

was used as a structural weighting term reflecting the relative size of recorded food-plant stems. 230 

Potential food-plant abundance (PFA) was calculated for each stem as: 231 

PFA𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = ImportanceIndex𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × D𝐵𝐵𝐵𝐵𝑠𝑠𝑡𝑡𝑡𝑡𝑡𝑡 232 



Plot-level PFA was obtained by summing these values across all stems of the 35 food species 233 

within each plot and was compared between groups and elevation classes using Wilcoxon rank-234 

sum tests with P-values adjusted by the Holm method (Holm, 1979). 235 

Camera trap survey and feeding-bout annotation 236 

We selected Choerospondias axillaris as the focal fruit species to investigate fruit competition 237 

between langurs and gibbons because it is an important fruit resource for both primate species 238 

and occurs mainly in lowland community forests outside the reserve (Chen et al., 2020). We 239 

carefully surveyed the whole study area and located 21 mature C. axillaris trees. In total, 20 of 240 

these trees were located in lowland forests outside the reserve. We carried out camera trapping 241 

surveys between July 2022 and January 2023, covering the full fruiting period of C. axillaris 242 

at all focal trees in the study year. For each tree, we mounted 4–7 infrared cameras (total N = 243 

104; Dongfang Hongying, Yianweishi, Lieke Cam, BOLLY, YeYing, ForestCam) to monitor 244 

the whole tree crown 7–25 m above ground. Larger or more structurally complex crowns 245 

received more cameras. To reduce potential detection differences among camera brands, brands 246 

were evenly distributed across focal trees whenever possible, and all cameras were positioned 247 

using the same placement criteria, with sensors directed towards major fruit-bearing branches 248 

and likely feeding positions (Table S6). Cameras were operated in 24-hour motion-trigger 249 

mode, recording one photo and a 15–20 s video, with a 30 s interval between triggers. Trained 250 

rangers checked the cameras monthly, replacing batteries and memory cards, checking function 251 

and adjusting positions. 252 

Photos and videos obtained from camera traps were manually annotated for species identity 253 

and feeding behavior by the first author using digiKam 5.90.0. Time stamps and species IDs 254 

were extracted with Exiftool and R package CamtrapR (Niedballa et al., 2016). Only valid 255 

records containing identifiable animals were retained for subsequent analyses. To define 256 



independent visit events, we applied a temporal threshold of ≥30 min between successive 257 

detections of the same taxon at the same tree, following common practice in camera trap studies 258 

(Kelly & Holub, 2008; O’Brien et al., 2003; Sollmann, 2018). An independent visit did not 259 

necessarily include feeding. A feeding bout was then identified when one or more individuals 260 

were clearly observed biting, chewing, or swallowing C. axillaris fruits (Figure S1). 261 

Consecutive feeding records of the same primate species at the same focal tree were merged 262 

into a single feeding bout when they occurred within 30 min; records separated by at least 30 263 

min were treated as independent feeding bouts. Simultaneous records from different cameras 264 

at the same tree were assigned to the same feeding bout. For each feeding bout, we recorded 265 

the start and end times from camera time stamps. Because a feeding bout could involve multiple 266 

individuals and be recorded by several cameras, camera-derived feeding party size was defined 267 

as the maximum number of distinct individuals visible simultaneously during the bout. We 268 

reviewed all available clips and preferentially used the view with the widest crown coverage. 269 

Counts from different cameras were not summed; where camera views overlapped, duplicate 270 

individuals were excluded whenever they could be recognized from their position, movement, 271 

or appearance. 272 

To validate the camera trap data, we compared feeding bouts of gibbons recorded by both 273 

cameras and direct observation during overlapping sampling periods. For the 16 paired feeding 274 

bouts, we compared feeding party size and bout duration using paired Wilcoxon signed-rank 275 

tests.  276 

Analyses of feeding patterns and estimated consumption: We compared feeding-bout 277 

characteristics and estimated consumption of C. axillaris between gibbons and langurs at the 278 

monitored trees. Bouts shorter than 1 min were excluded because the limited number of 279 



photographs or video frames available for such records did not allow reliable assessment of 280 

feeding behavior. 281 

Species-specific intake rates were estimated from 58 direct-observation video clips of 282 

habituated gibbon and langur groups in which fruit handling by one individual was clearly 283 

visible. These clips were used only to estimate intake rates. For each clip, intake was measured 284 

for one individual that remained clearly visible during the measured interval. Timing began 285 

when that individual first ingested a fruit and ended when the clip ended or when the individual 286 

was no longer clearly visible. Intake rate was calculated as the number of fruits consumed per 287 

minute. The resulting mean intake rates were 4.63 fruits/min for gibbons and 4.48 fruits/min 288 

for langurs (Table S7). 289 

For each feeding bout, we then calculated a composite Fruit Consumption Index as: 290 

Fruit Consumption Index = Bout Duration (min) × Feeding Party Size (number of feeding 291 

individuals) × Species-specific Intake Rate (fruits/min) [Unit: number of fruits per bout]  292 

Subsequently, we estimated the proportion of fruit consumed by langurs relative to sympatric 293 

gibbons as: 294 

Proportionlangur = 
∑Fruit consumptionlangur

∑Fruit consumptionlangur+∑Fruit consumptiongibbon
 295 

We summarized the number, duration, and party size of feeding bouts for each primate species 296 

and group to describe overall feeding patterns. To test the effects of primate species and 297 

habituation status, we analyzed feeding bout duration and feeding party size separately. Bout 298 

duration was right-skewed; we therefore log-transformed duration and fitted a linear model 299 

after inspecting the residual distribution. Feeding party size was analyzed as count data. 300 

Because it showed overdispersion relative to a Poisson model, we fitted a negative binomial 301 



generalized linear model. These analyses used the R packages stats and MASS (Venables & 302 

Ripley, 2002).  303 

Langurs began feeding on Choerospondias axillaris during the unripe-fruit stage, before the 304 

main period of gibbon use during the ripe-fruit stage. We tested whether earlier langur feeding 305 

intensity was associated with subsequent gibbon feeding bout duration and party size. Gibbon 306 

feeding data were aggregated by tree and week from October to January, when 96.1% of gibbon 307 

feeding bouts were recorded. The single monitored tree located inside the reserve was excluded 308 

from this analysis, leaving 20 trees across 18 calendar weeks and producing 360 tree-week 309 

analytical units for modelling. A tree-week analytical unit represented one focal tree during 310 

one calendar week, regardless of whether gibbon feeding occurred. For each tree-week, we 311 

calculated weekly total gibbon feeding bout duration and weekly summed feeding party size; 312 

tree-weeks without a gibbon feeding bout were assigned zero values. The predictor was 313 

cumulative langur feeding intensity, calculated as the total number of langur feeding bouts 314 

recorded at the same tree from the beginning of the camera-trap survey to the end of each focal 315 

week. 316 

We fitted two generalized linear mixed models (GLMMs) to account for distributional 317 

characteristics of the response variables and repeated measures within trees. The weekly sum 318 

of gibbon feeding party sizes was modelled using a zero-inflated negative binomial GLMM 319 

(nbinom2 family, log link) to account for overdispersion and excess zeros. The conditional 320 

component included the cumulative number of langur feeding bouts per tree per week as the 321 

fixed effect and tree identity as the random intercept. The zero-inflation component was 322 

specified as an intercept-only model, representing the probability of structural zeros 323 

independent of predictors. Weekly total gibbon feeding bout duration was modelled with a 324 

Tweedie GLMM (log link), appropriate for continuous data with a point mass at zero and a 325 



right-skewed distribution of positive durations; tree identity was again included as the random 326 

intercept. All models were fitted using the glmmTMB package (Brooks et al., 2017) in R. All 327 

analyses were conducted in R version 4.5.2 (R Core Team, 2025). 328 

 329 

RESULTS 330 

Home range and altitudinal range use 331 

We collected 22,982 valid fixes of 4 individuals in Langur-GA, and 4,587 fixes of two 332 

individuals in Langur-GB (Table S3). The HR95 ranges of the four Langur-GA individuals 333 

overlapped extensively (mean ± SD = 95.9 ± 2.2%, range = 92.5–97.3%, Table S8). Therefore, 334 

we used the home range of one individual to represent the home range of the whole group. For 335 

Langur-GA, we used the individual with the largest number of valid GPS fixes (individual 51; 336 

n = 8,160) to represent the group home range. Because the two individuals in Langur-GB were 337 

tracked in different time periods, we combined their fixes to estimate their home range. The 338 

spatial datasets for Gibbon-G2 and Gibbon-G4 comprised 7,640 and 7,156 group locations, 339 

respectively. 340 

Within the southern group pair, Langur-GA occupied an HR95 of 5.04 km², while Gibbon-G2 341 

occupied an HR95 of 2.64 km²; their home ranges overlapped by 2.16 km², equivalent to 82.1% 342 

of the Gibbon-G2 range (Figure 1A). Within the northern group pair, Langur-GB occupied an 343 

HR95 of 4.89 km², while Gibbon-G4 occupied an HR95 of 3.27 km²; their home ranges 344 

overlapped by 1.65 km², equivalent to 50.3% of the Gibbon-G4 range. 345 

Median elevations of group locations differed markedly among groups (Figure 1B). Langur-346 

GA occurred at the lowest median elevation (median = 1,948 m, IQR = 1,848–2,071 m), while 347 

Langur-GB occurred at the highest elevations (median = 2,453 m, IQR = 2,270–2,581 m). 348 



Gibbon-G2 used intermediate terrain (median = 2,044 m, IQR = 1,914–2,213 m), while 349 

Gibbon-G4 ranged higher (median = 2,205 m, IQR = 2,084–2,345 m). 350 

For Langur-GA, 95.4% of GPS fixes were located outside the reserve, and only 4.6% were 351 

within it. The HR95 of Langur-GA was largely outside the reserve, with only ~10% of its area 352 

inside the reserve. Observed use differed significantly from availability (χ² = 264.7, df = 1, P 353 

< 0.001), indicating that Langur-GA preferentially used lowland areas outside the reserve. For 354 

Langur-GB, 4.4% of GPS fixes were located outside the reserve, while 95.6% were within it. 355 

Its HR95 was predominantly inside the reserve (87.6% of the area). Observed use differed 356 

significantly from availability (χ² = 272.7, df = 1, P < 0.001), indicating that Langur-GB largely 357 

avoided lowland areas outside the reserve (Figure 1A). 358 

Both gibbon groups used areas outside the reserve. For Gibbon-G2, 29.6% of group locations 359 

were within the reserve, while 70.4% were outside (χ² = 4.2, df = 1, P < 0.05). For Gibbon-G4, 360 

79.3% of group locations were inside the reserve, and 20.7% were outside (χ² = 695.2, df = 1, 361 

P < 0.001). These patterns indicate that the habituated gibbon groups, like habituated Langur-362 

GA, used lowland forest outside the reserve more than expected from availability. 363 

Vegetation structure and food availability across elevation zones 364 

A total of 7,287 woody stems were recorded across 135 vegetation plots. Of these records, 365 

7,164 (98.31%) were identified to species, 42 (0.58%) to genus, 5 (0.07%) to family, and 76 366 

(1.04%) remained taxonomically undetermined. These records represented 221 taxonomic 367 

units. Sampling included 49 low-elevation (<2,000 m, outside the reserve) and 17 high-368 

elevation (≥2,000 m, inside the reserve) plots within the Langur-GA home range, and 20 low- 369 

and 49 high-elevation plots within the Langur-GB home range. 370 



Woody-plant diversity and species richness showed no significant differences between groups 371 

and across elevations. Langur-GA plots showed slightly higher mean Shannon diversity (H′ = 372 

2.31 ± 0.47, n = 66) and richness (S = 16.0 ± 5.7) than Langur-GB plots (H′ = 2.25 ± 0.57; S = 373 

15.6 ± 6.2, n = 69). Within groups, high-elevation plots showed similar diversity and richness 374 

to lowland plots (Langur-GA high: H′ = 2.29, S = 16.6 vs. low: H′ = 2.32, S = 15.8; Langur-375 

GB high: H′ = 2.27, S = 16.1 vs. low: H′ = 2.19, S = 14.5). Overall, both groups inhabited 376 

forests of similar compositional complexity across elevations. 377 

Mean woody-stem diameter at breast height (DBH) was lower in Langur-GA plots than in 378 

Langur-GB plots (56.6 ± 57.6 vs. 62.2 ± 57.9 cm, P < 0.001; Figure 2A). Within both home 379 

ranges, high-elevation plots supported larger woody stems than low-elevation plots, but this 380 

difference was not significant for Langur-GA (Langur-GA: 63.1 ± 65.4 vs. 54.5 ± 54.8 cm, P 381 

= 0.23; Langur-GB: 67.2 ± 63.8 vs. 50.9 ± 39.5 cm, P < 0.001; Figure 2B). These patterns 382 

indicate that high-elevation forests within the reserve harboured larger woody stems than low-383 

elevation plots outside the reserve. 384 

Plot-level potential food-plant abundance (PFA; cumulative DBH of important food species 385 

per plot) did not differ significantly between Langur-GA and Langur-GB (669.0 ± 798.4 vs. 386 

870.3 ± 894.2, P = 0.130; Figure 2C). Within the Langur-GA home range, PFA was similar 387 

between low- and high-elevation plots (696.5 ± 811.0 vs. 589.9 ± 779.5, P = 0.53). Within the 388 

Langur-GB home range, low-elevation plots had nearly threefold higher PFA than high-389 

elevation plots (1,591.8 ± 807.9 vs. 575.9 ± 754.3, P < 0.001; Figure 2D). Despite this higher 390 

estimated PFA, Langur-GB used lowland forest outside the reserve less than expected from 391 

availability. 392 

Camera trap data 393 



The camera trap survey yielded 7,419 valid records containing animal visits. Across 21 C. 394 

axillaris trees, we identified 811 independent visits. The most frequent visitors were flying 395 

squirrels (Pteromyinae; 326 visits), followed by western black-crested gibbons (166 visits) and 396 

Indochinese grey langurs (163 visits); other species were recorded less frequently (Figure 3A). 397 

Although flying squirrels were frequently detected at C. axillaris trees, no direct feeding 398 

observations were obtained from these records. Of these, only langurs, gibbons and squirrels 399 

(Sciurini) were recorded feeding on the fruit of C. axillaris trees. Squirrels always visited the 400 

tree alone and were recorded feeding on the fruit in only 6 of their 50 visits. Therefore, we did 401 

not consider squirrels as significant competitors with gibbons and langurs. Gibbons and langurs 402 

together accounted for 329 feeding bouts and were retained for subsequent analyses (Figure 403 

3A). 404 

Of the 20 feeding bouts recorded during periods covered by both methods, 16 (80%) were 405 

detected by both camera traps and direct observation, two only by direct observation, and two 406 

only by camera traps (Table S9). Direct observation yielded a larger mean feeding party size 407 

(mean ± SD = 4.67 ± 2.45, n = 16) than camera traps (3.28 ± 1.78, n = 16; paired Wilcoxon V 408 

= 11.5, P = 0.0167; Figure 3C). Among the 16 feeding bouts detected by both methods, feeding 409 

bout durations were similar (direct observation: median = 15.00 min, range = 3.00–40.00 min; 410 

camera traps: median = 13.18 min, range = 0.02–41.00 min; paired Wilcoxon V = 63.0, P = 411 

0.82; Figure 3B). Camera traps provided comparable estimates of feeding bout duration for 412 

paired bouts but recorded smaller feeding party sizes than direct observation, indicating that 413 

camera-derived party sizes should be interpreted as conservative estimates because incomplete 414 

crown visibility may have caused underestimation. 415 

Group-level use of the shared fruit resource 416 



A road from the closest village to the field station separated the home ranges of the two gibbon 417 

groups. Only 0.14% of Langur-GA locations occurred north of the road, supporting this spatial 418 

classification (Figure 1A).  Therefore, we considered that fruits from the 11 C. axillaris trees 419 

south of the road were consumed by Langur-GA and Gibbon-G2, whereas fruits from the 10 420 

C. axillaris trees north of the road were consumed by Langur-GB and Gibbon-G4. 421 

Of the 329 feeding bouts recorded for gibbons and langurs, 260 lasted ≥1 min and were retained 422 

for subsequent analyses. South of the road, camera traps recorded 125 feeding bouts by Langur-423 

GA and 9 by Gibbon-G2. Most Langur-GA feeding bouts (74.7%) occurred when fruit was 424 

unripe (July–September) (Figure 4B). Langur-GA accounted for 99.4% of estimated fruit 425 

consumption at the monitored trees south of the road. North of the road, 6 bouts were recorded 426 

for Langur-GB and 120 for Gibbon-G4. Gibbon feeding bouts were concentrated between 427 

October and January (96.1%) when fruits were fully ripe. Langur-GB accounted for 20.7% of 428 

estimated fruit consumption at the monitored trees north of the road (Table S10). 429 

Feeding bout duration and party size consistently differed between gibbons and langurs, with 430 

gibbons forming smaller feeding parties (z = 6.82, P < 0.001) and exhibiting shorter feeding 431 

bout durations (t = 5.98, P < 0.001). Gibbon-G2 showed shorter feeding bouts (17.2 ± 29.2 432 

min, n = 9) and smaller feeding parties (1.11 ± 0.33 individuals, n = 9) than Langur-GA (48.3 433 

± 63.6 min; 4.75 ± 3.57 individuals, n = 125) (Figure 5A–B). Similarly, Gibbon-G4 also had 434 

shorter feeding bouts (15.2 ± 11.8 min, n = 120) and smaller parties (2.68 ± 1.65 individuals, 435 

n = 120) than Langur-GB (32.3 ± 42.1 min; 5.83 ± 3.76 individuals, n = 6) (Figure 5C–D). 436 

Habituation status showed no significant effect on either feeding bout duration or party size 437 

(LM: 95% CI = −1.232–0.515; GLM-NB: 95% CI = −0.192–0.818). 438 

During October–January, greater cumulative langur feeding intensity was associated with a 439 

lower weekly sum of gibbon feeding party sizes (Estimate = –0.201, SE = 0.060, z = –3.33, P 440 



< 0.001) and lower weekly total gibbon feeding bout duration (Estimate = –0.239, SE = 0.082, 441 

z = –2.91, P = 0.0036). Together, these results indicate that greater langur feeding intensity 442 

was consistently associated with smaller gibbon feeding parties and shorter feeding bouts. 443 

 444 

DISCUSSION 445 

By integrating high-resolution tracking, long-term behavioral observations, vegetation plot 446 

surveys and arboreal camera trap surveys, langur habituation status was associated with 447 

differences in interspecific competition for C. axillaris fruit between langurs and habituated 448 

gibbons. The habituated langur group, Langur-GA, used the monitored trees mainly during the 449 

unripe-fruit stage and accounted for most estimated consumption in the southern group pair. In 450 

contrast, the unhabituated langur group, Langur-GB, used lowland forest outside the reserve 451 

less frequently and consumed a small proportion of fruits, meanwhile the sympatric Gibbon-452 

G4 consumed the majority of the fruits, mainly during the ripe-fruit stage.  453 

Human exposure and contrasting lowland use 454 

Langur-GB used the lowland forest outside the reserve less frequently than Langur-GA and the 455 

two gibbon groups. This pattern is consistent with previous studies showing that animals may 456 

reduce their use of areas associated with predictable human activity (Moleón & Sánchez-457 

Zapata, 2023; Palmer et al., 2022; Ma et al., 2026). Lowland forests outside the reserve 458 

contained more food resources despite being close to villages and exposed to human activities.  459 

Notably, 20 of the 21 monitored C. axillaris trees were located outside the reserve. The 460 

habituated langur group, Langur-GA, regularly used low elevations and dominated use of the 461 

monitored C. axillaris trees.  462 



Vegetation surveys revealed that the highlands within the Langur-GB home range supported 463 

larger woody stems than lowland plots because these areas are located within the reserve. 464 

However, low-elevation plots within this home range exhibited substantially higher abundance 465 

of food trees than high-elevation plots, including multiple primary food species such as Litsea 466 

elongata, Castanopsis hystrix and Helicia silvicola, which are important dietary resources for 467 

these langurs (Fan et al., 2015). A nine-year study at the same location also demonstrated that 468 

the habituated langur group, Langur-GA, initially shifted to higher altitudes, avoiding human 469 

presence despite lower food availability. As the degree of habituation to researchers increased, 470 

Langur-GA later moved to lower, resource-rich areas outside the reserve with more high-471 

quality food (Ma et al., 2026). The observed pattern is consistent with anticipatory avoidance 472 

of humans, with high-elevation forest inside the reserve potentially serving as a refuge. 473 

Comparable human-avoidance strategies have also been documented in black bears (Ursus 474 

americanus) and wolves (Canis lupus) under anthropogenic disturbance (Kautz et al., 2021; 475 

Palmer et al., 2022). 476 

Contrasting use of C. axillaris by langurs and gibbons 477 

Choerospondias axillaris represents an important fruit for both primate species and occurs in 478 

lowland areas often outside the reserve. Langurs started consuming the fruit of C. axillaris 479 

before the fruit ripened sufficiently for gibbons to eat (Figure 4B). This likely reflects their 480 

differing fruit preferences: langurs can eat unripe fruits, whereas gibbons prefer ripe ones 481 

(Chen et al., 2025; Davies & Oates, 1994; Ma et al., 2017).  In addition, langurs formed larger 482 

feeding parties and had longer feeding bouts than gibbons, potentially increasing their 483 

consumption of C. axillaris fruit during the unripe phase before gibbons consumed the fully 484 

ripened fruit. Consequently, temporal niche separation reduced direct encounters and 485 

competition between langurs and gibbons, but early langur consumption may have reduced the 486 

fruits available to gibbons, potentially producing asymmetric exploitative competition. Similar 487 



asymmetric competition may also occur over other shared fruit resources (Chen et al., 2020). 488 

In contrast, where unhabituated Langur-GB used lowland areas less frequently, Gibbon-G4 489 

dominated use of the monitored C. axillaris trees.  490 

Conservation implications of habituation 491 

Beyond its roles in research and ecotourism, habituation can alter how wildlife responds to 492 

people, with beneficial or harmful consequences (Higham & Shelton, 2011). Manipulating the 493 

“landscape of fear” through habituation may be a valid attempt to protect the target species. 494 

Selective habituation of threatened species may in some situations reduce avoidance of humans, 495 

potentially leading to changes in food competition with unhabituated species, reduced 496 

predation risk from unhabituated predators, and increased access to human-disturbed habitats 497 

(Shannon et al., 2014; Wheat & Wilmers, 2016). For example, habituated mountain gorillas 498 

tolerate the regular presence of researchers and tourists, allowing use of areas with frequent 499 

human activity under carefully managed conditions (Williamson & Feistner, 2003). 500 

Habituation also enables coexistence of endangered Przewalski’s horses (Equus ferus 501 

przewalskii) and nearly threatened Asiatic wild ass (Equus hemionus) in the desert by allowing 502 

Przewalski’s horses to safely exploit important habitats near human activity (Cao et al., 2025). 503 

Similarly, habituated bears (Ursus arctos) in the Chilkoot watershed, with largely diurnal 504 

activity patterns, can significantly increase their capture rates of salmon (Crupi Jr, 2004; Wheat 505 

& Wilmers, 2016). In Grand Teton National Park, ungulates use human presence as a refuge 506 

from predation risk, adjusting their behavior accordingly (Shannon et al., 2014). Similar 507 

patterns have been documented in urban birds and marine mammals at fishing ports 508 

(Benmazouz et al., 2021; Hückstädt & Antezana, 2003). In human-disturbed, especially those 509 

predator-free landscapes, deliberately habituation of threatened species to humans rather than 510 



clinging to idealized "wilderness" may be essential to reclaim human-altered terrain for 511 

biodiversity. 512 

However, habituation may also pose risks to animals. One major concern is disease 513 

transmission, as close and repeated contact with people has contributed to fatal respiratory 514 

disease outbreaks and population declines in habituated chimpanzees (Köndgen et al., 2008). 515 

Habituation may also alter behavior and physiology, particularly where it is associated with 516 

tourism or provisioning. For example, tourist provisioning in Barbary macaques has been 517 

linked to poorer health, altered activity budgets and behavioral changes (Maréchal et al., 2016). 518 

In addition, reduced avoidance of humans can increase the likelihood of human–wildlife 519 

conflict, exposing animals to injury, persecution or management interventions, particularly in 520 

landscapes where wildlife frequently encounters people (Geffroy et al., 2015; Higham & 521 

Shelton, 2011; Williamson & Feistner, 2003). Where hunting or other forms of human-caused 522 

mortality persist, habituation may also increase vulnerability because animals become less 523 

vigilant and less likely to avoid people (Geffroy et al., 2015; Williamson & Feistner, 2003). 524 

Therefore, the ecological consequences of habituation are context dependent, requiring 525 

evaluation at the level of individual populations and sites (Doney et al., 2025). 526 

Conclusions 527 

Our findings indicate that differences in habituation status were associated with changes in 528 

habitat use and shared fruit consumption by sympatric primates. Habituated langurs accounted 529 

for most estimated C. axillaris fruit consumption during the unripe stage, which may have 530 

reduced fruit availability during the fully ripe stage preferred by gibbons. In contrast, 531 

unhabituated langurs reduced their access to C. axillaris fruits in lowland forest outside the 532 

reserve, and thereby habituated gibbons increased consumption of ripe fruit. This indicates that 533 



even without direct hunting, fear of humans indirectly altered food access and interspecific 534 

competition.  535 
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TABLES AND FIGURES    735 

 736 

Figure 1 737 

Spatial distribution and home range of langur and gibbon groups at Dazhaizi. (A) Home 738 

ranges (95% kernel density estimates) of four groups (Langur-GA, Langur-GB, Gibbon-G2 739 

and Gibbon-G4) in relation to human settlements and survey trees. Insets illustrate the four 740 

principal data-collection methods: satellite positioning collars deployed on langurs, direct 741 

behavioral observations of gibbons, vegetation plot surveys, and arboreal camera traps installed 742 

at focal Choerospondias axillaris trees. The white silhouette indicates the unhabituated group, 743 

and the black silhouettes indicate the habituated groups. (B) Elevational distribution of the 744 

groups, with boxplots showing median, interquartile ranges, and variation in elevation use. 745 



 746 

Figure 2  747 

Comparison of woody-stem structure and potential food-plant abundance across the 748 

home range of langurs. (A) Plot level mean DBH in the Langur-GA and Langur-GB sampling 749 

areas. (B) Distributions of DBH stratified by elevation group (High vs. Low) within each home 750 

range. (C) Plot-level potential food-plant abundance (PFA) between GA and GB home ranges. 751 

(D) Distributions of plot-level PFA stratified by elevation group within each home range. In 752 

all boxplots, the horizontal line indicates the median, the box represents the interquartile range 753 

(IQR), and whiskers extend to 1.5 × IQR. Individual points represent outliers. Statistical 754 

significance is denoted as follows: ns, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001. 755 



 756 

Figure 3  757 

Visitor taxa detected by camera traps and comparison with direct observations. (A) 758 

Relative proportions of taxa detected by camera traps during the study. Silhouettes represent 759 

the most frequently recorded taxa. Taxon labels shown in yellow indicate taxa observed feeding 760 

on C. axillaris fruits. (B) Comparison of feeding bout durations and (C) Feeding party size 761 

detected by camera traps versus direct observations. Points represent individual feeding bouts, 762 

and grey lines connect measurements from the same paired feeding bout obtained using the 763 

two methods (n = 16 paired feeding bouts). 764 



 765 

Figure 4  766 

Temporal and tree-level patterns of feeding bouts by langurs and gibbons at focal 767 

Choerospondias axillaris trees. (A) Distribution of feeding bout number for both species. (B) 768 

Time of visit and feeding bout durations for langurs and gibbons on each tree of C. axillaris.  769 



 770 

Figure 5  771 

Comparison of feeding behaviors between sympatric langur and gibbon groups. (A, C) 772 

Boxplots showing differences in feeding bout durations across groups. (B, D) Boxplots 773 

showing differences in feeding party sizes across groups. 774 


