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A B S T R A C T   

Wildlife in Southeast Asia is greatly affected by agricultural expansion. While intensive farming 
causes biodiversity decline, low-intensive farming can support some adapted wildlife. In 
Thailand, the rapid transformation of forests to agricultural landscapes over three decades has 
resulted in large forest and biodiversity loss, with several Endangered species suffering from 
cropland expansion. Among these, the Green Peafowl, an Endangered Galliformes widely 
distributed across Southeast Asia, has shown the capacity to adapt well to low-intensive agri
culture landscapes by using crops as food sources. Here we investigated in detail the Green 
Peafowl’s habitat use in an agricultural landscape surrounding a large forest patch composed of 
three protected areas in northern Thailand. Using line transect surveys and compositional anal
ysis, we estimated the monthly Peafowl use of different crop types and different crop structures 
between January 2020 and January 2021. The Green Peafowl’s habitat use was significantly non- 
random. The order of habitat preference was timber plantations > orchards > cropland > fallow 
land. The species also preferred cropland within a 500 m buffer zone around the forest patch. The 
species preferred crops with a canopy structure (timber and orchards) that resembles their natural 
habitat. Our results confirm that low-intensive and diversified agricultural landscapes could help 
to sustain the Green Peafowl population. Importantly, we also show that closed canopy crops, 
such as large tree plantations like teak, rubber and orchards, can provide good alternatives for 
reforestation to reconnect forest fragments and isolated patches in highly degraded habitats as 
they allow the species to move further away from forest edges within the degraded landscape.   

1. Introduction 

Southeast Asian biodiversity is primarily threatened by habitat degradation, fragmentation and loss (Laurance et al., 2014), mainly 
as a direct consequence of the expansion of agriculture and infrastructure (Sodhi et al., 2009), which have displaced resident wildlife, 
increasing the threats of hunting (Doherty et al., 2017; Home et al., 2018; Yen et al., 2019) and conflict with humans (Scanes, 2018). 
The use of agricultural landscapes by wildlife is affected by farming practices, intensity and crop diversity (Olivier et al., 2020). On the 
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one hand, intensive monoculture landscapes impact wildlife negatively due to the poor structural diversity and high use of chemicals, 
both fertilizers and pesticides, to increase crop productivity (Kehoe et al., 2017; Zabel et al., 2019). On the other hand, low-intensity 
and diversified agriculture landscapes share some structural similarities to the natural habitat and, therefore, can support some wildlife 
in the long term as semi-natural habitats (Katayama et al., 2019a; Hendershot et al., 2020). 

Forest birds are known to be highly affected by habitat degradation, with several species in the region predicted to go extinct by 
2100 (Sodhi et al., 2010). Forest bird species respond differently to habitat degradation and agricultural expansion (Gaüzère et al., 
2020). While forest specialists tend to go extinct due to adverse effects of agricultural practices, generalists can adapt to degraded 
habitats, particularly those represented by low-intensity cropland (Muñoz-Sáez et al., 2020). However, little is still known about the 
effects and responses of generalists to diversified agriculture systems (Borges et al., 2017). It is, therefore, fundamental to understand 
forest birds’ flexibility in using and surviving in human-modified habitats (Sanz-Pérez et al., 2019). 

Several forest bird species in the family Phasianidae are under threat due primarily to habitat loss and degradation (Savini et al., 
2021). Among them, the Endangered Green Peafowl (Pavo muticus) is mainly impacted by habitat encroachment and degradation 
(BirdLife International, 2018). The species inhabits open forests, mainly dry dipterocarp and mixed deciduous forests (Brickle, 2002), 
as well as surrounding agricultural landscapes (Saridnirun et al., 2021), preferring low-intensive and diversified crops (Shwe et al., 
2021). One of the remaining population strongholds for the species is in northern Thailand (Sukumal et al., 2020), particularly in 
natural open forests and surrounding agricultural landscapes (Saridnirun et al., 2021) with diverse crops, ground vegetation cover, 
understory structure and canopy cover (Saridnirun et al., 2021). 

This research aims to investigate the effect of agriculture on Green Peafowl, which is considered a good indicator of habitat 
structural quality (Savini et al., 2021). In detail, the study investigates the micro-habitat used by the species when ranging between the 
natural dry forest, its preferred habitat (Sukumal et al., 2020), and the surrounding agricultural landscape to assess the birds’ 
adaptation to human-modified habitats. To understand the role of crop diversification, we investigate the species’ micro-habitat se
lection, focusing on crop type and stage of development, by comparing the selected habitat and the available one to highlight how the 
species responds to different forest and agricultural landscape structures. 

2. Study area 

The study was conducted in three protected areas in the northern Thailand stronghold where the species uses both the natural forest 
habitat and surrounding crop fields (Saridnirun et al., 2021). The three protected areas are Tub Phaya Lor Non-Hunting Area 
(19◦26’56.40"N, 100◦4′28.22"E), Wiang Lor Wildlife Sanctuary (19◦16’45.17"N, 100◦9′8.34"E) and Doi Phu Nang National Park 
(18◦51’22.73"N, 100◦10’55.70"E) (see Fig. 1 for details) covering approximately 1500 km2 at an elevation ranging between 300 and 
1200 m. The area is primarily covered by dry dipterocarp and mixed deciduous forests with an estimated density of Green Peafowl 
between 14.88 and 19.89 calling males/km2 (Saridnirun et al., 2021). The site experiences a dry season from September to May, with 
an average monthly rainfall of 79 mm, and a rainy season from June to October, with an average monthly rainfall of 134 mm. The 
annual rainfall is 1095 mm (TMD, 2022), and temperature ranges from 14◦ to 31◦C. The surrounding agricultural areas, with an 
estimated Peafowl density ranging between 11.47 and 17.79 calling males/km2 (Saridnirun et al., 2021), consist of several crop types, 
mostly rice fields (Orysa sativa), mountain rice (local variety of O. sativa), corn (Zea mays), rubber (Hevea brasiliensis), teak (Tectona 
grandis) and orchards such as mango (Mangifera indica), orange (Citrus sinensis), tamarind (Tamarindus indica) and longan (Dimocarpus 
longan). 

3. Method 

3.1. Field survey and data collection 

To investigate the use of agricultural landscapes by Green Peafowl, we established seven 2 km line transects (total transect length 
14 km) in the agricultural landscape outside but surrounding the three protected areas (three outside Tub Pha Ya Lor Non-Hunting 
Area, three outside Wiang Lor Wildlife Sanctuary and one outside Doi Phu Nang National Park). We walked transects in both di
rections twice daily (07.00–09.00 and 16.00–18.00), on three consecutive days every month for 13 months (January 2020 – January 
2021). Observers recorded the number of individuals spotted, their age (adults or chick), sex and the habitat/crop being used. The crop 
type and growth stage were also recorded when birds were detected in agricultural landscapes. 

We created a 500 m buffer around each line transect based on an effective strip width for estimating the density of Green Peafowl in 
our study areas (Saridnirun et al., 2021). Within this 500 m buffer, we digitized each micro-habitat boundary using Google Earth 
(Google, Mountain View, USA) (see details on Figs. S1 to S3). We also conducted monthly ground checks by walking the transects while 
conducting the surveys to confirm micro-habitat types, for example crop types, and note any seasonal crop pattern changes. We 
calculated the coverage of each micro-habitat using ArcGIS 10.3 (Esri, Redlands, USA). In total, 13 micro-habitats were defined 
(Table 1) and grouped based on five main habitat categories: 1) forests, mainly dry-dipterocarp and mixed-deciduous forests within the 
protected area; 2) fallow, uncultivated fields with no agricultural activities during the survey period; 3) orchards, consisting of durian, 
jackfruit, longan and mulberry; 4) cropland, consisting of cassava, chili, corn, grass, rice; and 5) timber plantations, including rubber 
and teak. 

We compared the frequency of detections within each micro-habitat at different distances from the forest edge to determine the 
most used micro-habitats and crop types. 
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Fig. 1. Line transect locations in three protected areas: Tub Phaya Lor Wildlife non-hunting area (a), Wiang Lor Wildlife Sanctuary (b) and Doi Phu 
Nang National Park (c). 
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3.2. Data analysis 

3.2.1. Habitat utilization 
We analyzed micro-habitat selection by Green Peafowl using compositional analysis with the package adehabitatHS in program R 

(Calenge, 2006), which indicates any statistically significant habitat-type preferences or avoidance and ranks habitats in the order of 
preference (Aebischer et al., 1993; Shwe et al., 2021). We used a minimum of 1000 iterations in all tests (Smith, 2015). 

3.3. Density estimation 

The density of Green Peafowl was estimated by using sighting detections in DISTANCE (Buckland et al., 2015). To estimate the 
effect of crop types on the estimated densities, we started by categorizing crops into two types: open cropland (cropland and fallow) 
and closed cropland (orchards, timber plantations). We took into account as covariates the difference in line transect locations and 
habitat types (by stratified categories), which could affect peafowl detection. The key functions, including the half-normal and 
hazard-rate, were examined to select the best detectability function; the best model was chosen based on the lowest AIC value 
(Buckland, 2001). We then ran a t-test comparing the numbers of green peafowl detected in closed vs. open cropland over the 13 
months’ study period. 

3.4. Investigation on variables influencing Green Peafowl selection 

A generalized linear model (GLM) with a logit link function and negative-binomial distribution modeling was used to investigate 
the relationship between the bird number and given variables. We used the number of birds detected within different crop types in the 
transects as the response variable. The predictor variables were: 1) crop area, 2) distance to the forest edge, 3) crop stage and 4) 
presence of domestic dogs. There were five crop stages: 1) land preparation, 2) cultivation, 3) maturity, 4) harvest, and 5) postharvest 
stages (for details of crop types and stages see Table S1). We assessed the correlation between predictor variables before running the 
analysis. When two variables were highly correlated (r > 0.7), only the variable most relevant to the species was selected, based on 
Shwe et al. (2021). We ran both single and combined-variable models. We compared the model containing variables of interest with 
the base model containing just the constant term and measured the difference in Akaike’s Information Criterion (AIC) and AIC weights 
between the two models. We were interested in the top model with the lowest AIC. A confidence interval of 95% was used to consider 
variables influencing the bird density. In the end, we compared the number of closed and open cropland detections using logistic 
regression. 

4. Results 

4.1. Habitat utilization 

We detected Green Peafowl a total of 6983 times, including both direct sightings 6003 and calling 980 (only in the natural forest), 
during the 13 months of the survey. Of the sightings, 3145 (52%) were detected in orchards, 2220 (37%) in cropland, 419 in timber 
plantations (7%), 70 in fallow (1%) and 149 (2%) in forests (for detailed of habitat mosaic in each line transect with Green Peafowls 
detected see Figs. S1 to S3). 

On average, there were 462 sightings per month, with the highest detected in December 2020 (798 detections) and the lowest in 
April 2020 (204 detections). Calling detection averaged 75 per month, with the highest found in February 2020 (219 detections) and 
the lowest (no detections), in August 2020 (Fig. S4). 

Habitat selection in relation to availability was non-random (Wilk’s λ = . 

Table 1 
Habitat types and coverage in the entire study area.  

Categories Habitat types Area (km2) Area (%) 

Forest Forest Forest 65.04 86.26 

Open cropland Cropland Cassava  0.15  0.2   
Chili  0.01  0.01   
Corn  0.95  1.25   
Grass  0.01  0.01   
Rice  3.80  5.03  

Fallow Fallow  0.24  0.31 
Closed cropland Orchard Durian  0.01  0.02   

Jackfruit  0.00  0.01   
Longan  4.67  6.19   
Mulberry  0.02  0.03  

Timber Rubble  0.51  0.67   
Teak  0.01  0.01 

Total    75.41  100  
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0.00, χ2 = 89.50, df = 12, P < 0.01). The simplified ranking matrix of micro-habitat selection indicated durian plantation was the 
most utilized habitat (P < 0.01), followed by chili plantation and mulberry plantations (Table 2). Preference rankings for the main 
habitat categories were in the order of timber plantations > orchards > cropland > fallow, related to availability, with non-random 
habitat selection (Wilk’s λ = 0.02, χ2 = 51.90, df = 4, P < 0.01) (Table 3). 

The number of Green Peafowl detections in closed cropland was higher than in open cropland (3564 and 2290, respectively). Also, 
the detection distance further from forest edge was significantly higher in closed cropland (average 82.2 ± 1.47) than in open cropland 
(average 47.2 ± 1.19) (Logistic regression (Binomial): n closed cropland = 3564, n open cropland = 2290, β = 0.01, P < 2E-16) (Fig. 2). 
While The comparison of the species’ micro-habitat uses by Chi-square test showed mostly significant differences between pairs of 
habitat categories, except for ’timber with fallow" and "crop with fallow" (Table 4). 

4.2. Density estimate 

The Multiple Covariates Distance Sampling (MCDS) model without stratification using different line transects as covariates proved 
the fittest model based on its lowest AIC. The overall density estimate for the whole study area based on the total 6003 sightings was 
11.83 birds/km2. The density in closed cropland was estimated at 13.47 birds/km2, while that in open cropland was 10.19 birds/km2 

(Table 5). A significantly higher number of green peafowl were detected in closed cropland (t-test; M= 274, SD=104) vs. open cropland 
(M= 176, SD=164), (t(12) = 2.5, P = 0.03). 

4.3. Variables influencing Green Peafowl selection in agriculture landscapes 

The best GLM model with lowest AIC included only two variables of crop stage and presence of domestic dogs, and showed three 
stages of crop and presence of domestic dogs significantly influencing the Green Peafowl number. Birds were detected in high numbers 
within crop fields at the post-harvest stage (stage 5, β = 0.25, CI: 0.04– 0.45) and in low numbers within crop fields during the land 
preparation (stage 1, β = − 0.81, CI: − 1.20 to − 0.41) and maturity stages (stage 3, β = − 0.27, CI: − 0.51 to − 0.02) and in crop areas 
where feral or domestic dogs were present (β = − 0.42, CI: − 0.53 to − 0.31). While cultivation stage (stage 2, β = − 0.03, CI: − 0.37 to 
0.32) and harvest stage (stage 4, β = 0.14, CI: − 0.09 to 0.37) do not significantly influence bird number (Table 6). 

5. Discussion 

In agricultural landscapes, Green Peafowl selected, primarily, closed cropland (orchards and timber plantations) compared to open 
cropland (cropland, fallow and natural forest edges). The higher use of closed cropland, most likely due to its similarity to the species’ 

Table 2 
Simplified ranking from compositional analysis for all available micro-habitat types across the entire study area, showing whether the habitat types in 
rows are selected (+), significantly selected (+++), avoided (-) or significantly avoided (—) relative to the habitat types in columns (t test 
P < 0.0001).   

Cas Chil Cor Dur Fal For Gra Jac Lon Mul Ric Rub Tea Ranking 

Dur + ++ + + 0 + ++ + ++ + ++ + ++ + ++ + + ++ + ++ + ++ 12 
Chil + 0 + - + ++ + ++ + + + + + ++ + + 11 
Mul + - + - + ++ + ++ + + + 0 + ++ + + 10 
Rub + - + — + ++ + ++ + + + - + ++ 0 + 9 
Cor + - 0 - + ++ + ++ + + + - + ++ - + 8 
Lon + - - — + ++ + ++ + + 0 - + ++ - + 7 
Cas 0 - - — + ++ + ++ + + - - + ++ - + 6 
Gra - - - — + ++ + ++ 0 + - - + - + 5 
Jac - - - — + ++ + ++ - 0 - - + - + 4 
Tea - - - — + + ++ - - - - + - 0 3 
Ric — — — — + + ++ - - — — 0 — - 2 
Fal — — — — 0 + ++ — — — — - — - 1 
For — — — — — 0 — — — — — — — 0 

Note: Cas = Cassava, Chil= Chili, Cor = Corn, Dur = Durian, Fal = Fallow, For = Forest, Gra = Grass, Jac = Jackfriut, Lon = Longang, Mul 
= Mulberry, Ric = Rice, Rub = Rubber, and Tea = Teak 

Table 3 
Simplified ranking matrix of detections in all available habitat types showing whether the habitat types in rows are selected (+), significantly selected 
(+++), avoided (-) or significantly avoided (—) relative to habitat types in columns (t test P < 0.0001).   

Forest Fallow Orchard Crop Timber Rank 

Timber + ++ + ++ + + ++ 0 4 
Orchard + ++ + ++ 0 + ++ - 3 
Crop + ++ + ++ — 0 — 2 
Fallow + ++ 0 — — — 1 
Forest 0 — — — — 0  
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Fig. 2. The number of Green Peafowl detected within different distance ranges from the forest edge for each micro-habitat category.  

G. Saridnirun et al.                                                                                                                                                                                                    



Global Ecology and Conservation 44 (2023) e02487

7

natural habitat, also allowed the species to penetrate deeper into agricultural landscapes away from the forest edge. This could, in 
fragmented habitats, enable the species to travel between forest fragments or from a forest patch to open cropland during the harvest 
and post-harvest stages to forage. 

The relatively high Green peafowl’s density recorded in the agricultural area surrounding natural forest could be linked, as already 
suggested by Shwe et al. (2021), to the relatively high food availability found in it. However, detailed studies investigating the species 
diet in agricultural landscape are currently not available neither for this or for other areas. The higher density estimated in closed 
cropland (13.47 birds/km2, CI 13.20–13.80) compared to open cropland (10.19 birds/km2, CI 9.90–10.50) could be linked to the 
similarities of the former to the open understory structure Green Peafowl select within their natural forest habitat (Brickle, 2002). The 
pooled density estimate for closed and open cropland showed a wide range of the 95% confidence interval (2.05–68.20) despite the 
high detection number (6003) (Sinclair and Hobbs, 2009; Oono, 2017). That was most likely a consequence of variations in the habitat 
structure of closed and open cropland. When looking at the two categories separately, we saw that the 95% confidence interval shrank 
significantly (see Table 5). 

Similar results were reported in southern Shan State (Myanmar) where Green Peafowl appear to prefer forest edges to the sur
rounding cropland (Shwe et al., 2021). The difference might be a result of the different landscape mosaics and structural complexities 
between the sites. Agricultural fields in Myanmar are composed uniquely of open cropland with forest edges as the only shelter 
available. On the other hand, the agricultural landscapes in our site combined a mixed matrix of open and closed cropland, providing a 
complex habitat mosaic and vegetation structure from ground to canopy levels, mimicking the mosaic structure found in the open dry 
forest habitats used by Green Peafowl (Sukumal et al., 2017; Saridnirun et al., 2021). The tall trees and dense canopy with clear 
understory found in plantations allow the species to extend their movement in anthropogenic landscapes (Ersoy et al., 2019; Ford et al., 
2020) and further away from the natural habitat edges. Despite the lack of quantitative data on the species direct benefit from using 
closed cropland, our statistical analysis shows that those habitats were used significantly more than those representing open cropland. 
Mixed tree species of closed cropland attract mammals (Muhammad Aminuddin Baqi et al., 2020) and birds (Palomino and Carrascal, 
2006), provide them shelter (Tu et al., 2020) and food resources (Jarrett et al., 2021), and allow them to disperse further from 
fragmented natural habitats (Theresa and Frank, 2015). Closed cropland also enables Green Peafowl to access open cropland located 
within and represents a primary feeding ground of the species in agricultural areas. From the maturity stage to the postharvest stage, 
crop products are available to the birds. 

Following the limited availability of natural predators in the area (Saridnirun et al., 2021), the major threats to Green Peafowl 
foraging in cropland is represented by the disturbance and predation of feral and domestic dogs (Doherty et al., 2017; Yen et al., 2019) 
abundant around the protected forest patches at the study site (Marshall et al., in review). In agricultural landscapes surrounding 

Table 4 
Comparison of the species’ micro-habitat use performed by Chi-square test.  

Comparison habitat types X2 df P- value 

Orchard Crop 190.75 9 2.20E-16 
Orchard Fallow 21.495 9 0.01062 
Orchard Timber 47.695 9 2.91E-07 
Timber Fallow 12.2 8 0.1423 
Crop Timber 60.53 9 1.06E-09 
Crop Fallow 8.71 9 0.5  

Table 5 
Density estimates for Green Peafowl from 7 line transects in agriculture landscapes within two main habitat categories, closed habitat (canopy 
covered) and open habitat.  

Categories Number of 
transects 

Number of 
observations 

Total length 
(km) 

Survey effort time of 
observations 

Density estimates 
(bird/km2) 

95% confidence 
intervals 

Pooled 
Estimated  

7  6003  546  39  11.80 2.05–68.20 

Closed  7  3713  546  39  13.50 13.20–13.80 
Open  7  2290  546  39  10.20 9.90–10.50  

Table 6 
Variables that influence Green Peafowl selection in agriculture landscapes.  

Parameters β SE 95%LCI 95%UCI 

Crop stage 1a  -0.8135  0.2000  -1.2030  -0.4200 
Crop stage 2  -0.0305  0.2000  -0.3730  0.3210 
Crop stage 3a  -0.2717  0.1300  -0.5200  -0.0261 
Crop stage 4  0.1411  0.1200  -0.0940  0.3730 
Crop stage 5a  0.2501  0.1042  0.0430  0.4520 
Dog presencea  -0.4222  0.0567  -0.5340  -0.3110  

a Indicates significant influence of variables on Green Peafowl number. 

G. Saridnirun et al.                                                                                                                                                                                                    



Global Ecology and Conservation 44 (2023) e02487

8

fragmented forest patches, free-roaming dogs are driving wildlife species to extinction (Home et al., 2018). The result of our study 
showed a negative effect of domestic/feral dogs on Green Peafowl density with Green Peafowl generally avoid predators by running, 
and by concealing in denser vegetation (Hernowo et al., 2011), a vegetation structure more common to be found in closed vs. open 
cropland. 

6. Conservation implications 

From a conservation/management perspective, our results show that peafowl can use closed cropland to move away from forest 
edges, making such crop type a potentially suitable candidate to connect forest fragments. Crops have been shown to function as 
potential corridors for wildlife, including Green Peafowl (Win et al., 2023), allowing animals to move between forest fragments (Hilty 
et al., 2019), including mammals (Etana et al., 2021), birds (Withaningsih et al., 2020), reptiles and amphibians (Cabral et al., 2020). 
However, establishing suitable wildlife corridors must often take into account land ownership and associated benefits (Blackmore, 
2020). As in the region most of agricultural land is owned by small farmers it will be extremely hard to convince them to renounce 
some of their land for complex multi-strata forest restoration as this will reduce their income below what is sufficient for their live
lihood. Despite agreeing that “plantation corridors” are not ideal for all wildlife, we can consider it the best solution for the current 
available scenario. Moreover, forest regrowth to a level suitable for connectivity can be a long and complex process (Evans et al., 
2017). Using suitable crops as wildlife corridors helps prevent conflict with private landowners and can save time as they usually grow 
faster than natural species (e.g., logan needs four years, mango around five years and rubber six years). Moreover, even small patches 
of diversified cropland have been shown to support Green Peafowl (Shwe et al., 2021), making them effective corridors. Therefore, 
closed cropland can facilitate wildlife conservation with appropriate management (Katayama et al., 2019b), for example, by providing 
financial benefits to local communities surrounding fragmented habitats to prevent conflicts with humans (Mekonen, 2020), as 
recorded for Indian Peafowl (Pavo cristatus) in paddy fields (Herath et al., 2021). The Green Peafowl in Shan State, Myanmar, are 
reported to be protected by monks in the local monastery nearby (Shwe et al., 2021). Conflict in our study area has largely been limited 
by the development of ecotourism using the species to attract tourists. 

Our results have highlighted the importance of croplands, and in particular of closed cropland, for green Peafowl management and 
conservation. In this regard more questions are emerging on issues that might relate to the use of such habitats. First, the impact of 
agrochemicals and pesticides. These have proven to be deleteraous for wild birds as they could affect their health directly (Richard 
et al., 2021) and reduce their feeding sources, specifically in the case of insects (Møller et al., 2021). Second, as already mentioned the 
high density of birds found in croplands could be linked to the foraging resources those habitats represent. Detailed studies on this are 
recommended as similar aspects have been suggested for other sites (Shwe et al., 2021) and, more importantly from a conservation 
point of view, feeding directly on crops could results in human wildlife Conflicts (Saridnirun et al., 2021). 
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