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Appendix 1. Brief assessment of the current conservation status of the Japanese 

Paradise-Flycatcher. 

 

Supplementary Text 

 

Text A1. Brief assessment of the current conservation status of the Japanese Paradise-Flycatcher. 

 

This brief assessment is based on the information obtained by the fourth and corresponding author 

(see Methods in main text).  

The Japanese Paradise-Flycatcher has been categorized as near-threatened since 1994 because it is 

suspected to have been in a moderately rapid decline, probably because of habitat degradation and 

habitat loss on both the breeding and wintering grounds (Higuchi and Morishita 1999, BirdLife 

International 2015). However, this status assessment is mainly based on its decrease in Japan where it 

was common on Kyushu, Shikoku, and southern Honshu up to Tokyo’s latitude, and scarcer further 

north, but has decreased during the last 50 years to become uncommon and local except in western 

Japan (specifically, Kyushu, Shikoku, and Tsushima) where it remains locally common (Brazil 1991, 

2013). In addition, this assessment is mainly based on relatively old studies from Japan which detected a 

steep decline in parts of the Japanese breeding population between the 1970s and 1990s (Hirano 1996, 

Higuchi and Morishita 1999), including the complete extinction in a forest plot near Higashimatsuyama 

city, Japan, between 1972 and 1995 (Uchida 1996 cited in Higuchi and Morishita 1999), and population 

declines detected in Yamaguchi Prefecture between 1973 and 1995 (Yamamoto and Seto 1997) and in 

Amami Island, Ryukyu, between 1985 and 2001 (Sugimura et al. 2003). According to H. Higuchi (in 

litt. 2015), no further studies have been published since then to assess the species’ current status in 

Japan, although its status appears unchanged since the 1990s. Furthermore, the species was recorded as a 

common breeder on Nakano-shima Island, Japan (Higuchi and Morishita 1999) and described as 

common on Ryukyu Islands (Brazil 1991, Coates et al. 2006). H. Higuchi (in litt. 2015) asserted that the 

Ryukyu population remains common and stable. 
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In Korea, the Ministry of the Environment designated the Japanese Paradise-Flycatcher as an 

Endangered Bird Species Level II and reported records up to 37°N between 1997 and 2005 (Kim et al. 

2010a). The distribution has been moving northwards with several recently confirmed records over 37°N 

(H. Kim, in litt. 2016). A recent status report published by Birds Korea (2014) categorized the species as 

an amber species which means it has (1) a global status of near-threatened, and (2) its national status 

assessed by NIBR (2011, 2012) is “vulnerable.” This report also stated that the species “is increasingly 

recorded in the ROK [= South Korea], with recent breeding confirmed north to at least 35°N,” and both 

its historical and recent population trends are increasing. The breeding population was estimated to be 

between 100 and 999 individuals. However, Kim et al. (2010c) wrote that the species “has rapidly 

declined due to habitat loss (i.e. deforestation and industrialization).” This apparent contradiction in the 

assessment of the species’ trend is likely due to several factors: (1) increased sampling effort in both 

intensity and geographic coverage because of (i) increased survey efforts (C.-Y. Choi in litt. 2016) and 

(ii) the “increased number of birders and bird photographers during [the last] 20 years [which] may be 

over 100 times more than before” (H. Kim, in litt. 2016); (2) successful reforestation after the Korean 

War has steadily increased suitable forest habitat in South Korea while North Korea continues to suffer 

from deforestation (C.-Y. Choi, H. Kim, in litt. 2016); (3) however, locally, detrimental pressures may 

negatively affect the species. In conclusion, the general impression is that the species trend is stable or 

slightly increasing while spreading northwards; however, this impression is somewhat clouded by the 

increased observer density and the lack of reliable long-term data on a national basis. C.-Y. Choi (in litt. 

2016) even asserted that “any nationwide assessment on the trend of the species is unreliable and 

probably biased at this stage.”  

A 2010 survey of Jeju Island, which is a 1,848 km2 island of the southern tip of Korea, found a total 

of 124 individuals in evergreen forest between 83 and 1106 meters a. s. l. (Kim et al. 2010b). Jeju’s 

broad-leaved forests have increased in area and quality, and many parts of them are protected within a 

national park and thus serve as a stronghold of the species in Korea (C.-Y. Choi, in litt. 2016). 

Within the administrative boundaries of Taiwan, T. a. periophtalmica is known to breed exclusively 

on Lanyu, and its conservation status is given as category 2 “rare and valuable” (Severinghaus et al. 

2010, 2017, WCAT 2013, Lin et al. 2016). Fang (2005) estimated the population as fewer than 500 

individuals and warned that clearance for agriculture, roads and construction is reducing suitable habitat 
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but admitted that “its breeding population in Taiwan is difficult to assess.” Brazil (2009) estimated fewer 

than 100 breeding pairs in Lanyu, but without giving any further details. Lin et al. (2016) listed the 

species under “Nationally Near-threatened bird taxa in Taiwan.” 

During the 2009 breeding season (see also main text), preliminary data on the species’ phenology 

was collected (Severinghaus, L. L., and M. L. Bai. 2009. Habitat use and breeding biology of the black 

paradise flycatcher (in Chinese). Forestry Bureau of Council of Agriculture of Executive Yuan, Taipei, 

Taiwan. Unpublished Report) which established that the Japanese Paradise-Flycatcher was present on 

Lanyu from late February until mid-September. After mid-September, T. B. never observed any 

individuals. However, a few individuals were occasionally observed in some previous years during the 

winter season by L. L. S. (unpublished data) and a local birdwatcher (G.-Q. Wang). Severinghaus et al. 

(2017) wrote that after the breeding season “most leave to overwinter somewhere else; only a few 

remain on Orchid Island for the winter.” Therefore, the vast majority of individuals are absent during the 

winter months. 

The Japanese Paradise-Flycatcher breeds on the islands or island groups of the Batanes (namely 

Batan, Itbayat, Ivuhos islands, and Sabtang) in the very north of the Philippines (Gonzalez et al. 2008), 

with 91 captures in suitable habitat during a 2006-2007 survey (J.C.T. Gonzalez, in litt. 2016) where it 

was described as common (Coates et al. 2006) or fairly common (J.C.T. Gonzalez, in litt. 2016). 

With only two known breeding populations in Lanyu and Batanes, this subspecies may be 

threatened because (1) its range is small; and (2) like the other subspecies, it may suffer from the habitat 

destruction of the wintering grounds. 

Besides the incomplete and sometimes contradictory information above, the overall conservation 

status of the Japanese Paradise-Flycatcher also remains questionable because no reliable global 

population size estimate exists. The only estimates for breeding populations are the ones given above for 

Lanyu and in the present study and the very wide-ranging estimates of 100-10,000 breeding pairs for 

both Japan and Korea (Brazil 2009, BirdLife International 2015). Because of these uncertainties, 

BirdLife International (2015) conceded that the data quality for this species was poor and recommended 

that therefore the species “should be carefully monitored.” 
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Supplementary Tables 

Table A1.1. List of 22 environmental data layers (or variables) used to build distribution models of 

the Japanese Paradise-Flycatcher. The abbreviations used for the data layers and their data sources 

are: DTM = digital elevation model; LCT = land cover type; NDVI = normalized differenced 

vegetation index; SI = solar irradiation; std. dev. = standard deviation (for more details, see 

Methods). Continuous or categorical values for each grid cell were calculated as follows: (1) Means 

and standard deviations were calculated using only values of the original data source found within 

each grid cell; (2) percentage coverage was calculated as the percentage of the area of the entire grid 

cell covered by the respective land cover type; (3) the dominant land cover type of each grid cell was 

the land-cover type with the highest percentage of coverage within each grid cell. The nine data 

layers which we used to construct our final models are marked with an asterisk (*); see Table 1. 

$This data layer was generated for 1948 and 2006 (see Methods for details). 

 

Number Data layer Data source Type Calculation of values 

1 NDVI mean* FORMOSAT-2 continuous 1 

2 NDVI std. dev. FORMOSAT-2 continuous 1 

3 elevation mean* DTM continuous 1 

4 elevation std. dev.* DTM continuous 1 

5 % aspect flat DTM continuous 2 

6 % aspect north DTM continuous 2 

7 % aspect south* DTM continuous 2 

8 % aspect east DTM continuous 2 

9 % aspect west DTM continuous 2 

10 slope mean DTM continuous 1 

11 slope std. dev. DTM continuous 1 

12 SI mean DTM continuous 1 

13 SI std. dev. DTM continuous 1 

14 % road LCT continuous 2 

15 % bare coastal land* LCT continuous 2 
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16 % built-over land LCT continuous 2 

17 % farm/grassland* LCT continuous 2 

18 % hilltop shrub* LCT continuous 2 

19 % stunted forest LCT continuous 2 

20 % tall forest* LCT continuous 2 

21 % other types LCT continuous 2 

22 dominant land cover type*$ LCT categorical 3 
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Table A1.2. Mean ± standard deviation (range in brackets) for all environmental data layers calculated across all grid cells (n = 4632), presence grid 

cells (n = 120) and absence grid cells (n = 104). For abbreviations, see Table A1.1. Not included is the dominant land cover type because it is a 

categorical variable. 

Variable Unit All grid cells Presence grid cells Absence grid cells 

NDVI mean unitless 0.65 ± 0.20 (-0.14 - 0.78) 0.74 ± 0.03 (0.62 - 0.78) 0.67 ± 0.10 (0.35 - 0.77) 

NDVI std. dev. unitless 0.05 ± 0.05 (0.00 - 0.33) 0.02 ± 0.02 (0.01 - 0.14) 0.06 ± 0.05 (0.01 - 0.21) 

Elevation mean m 173.5 ± 140.2 (0.0 - 524.4) 171.9 ± 93.8 (15.9 - 398.5) 133.2 ± 137.4 (3.7 - 517.0) 

Elevation std. dev. m 11.9 ± 8.2 (0.0 - 47.5) 13.2 ± 6.2 (2.4 - 34.8) 10.0 ± 8.3 (0.5 - 39.6) 

% aspect flat % 9.4 ± 20.1 (0.0 - 100.0) 2.7 ± 5.9 (0.0 - 29.5) 11.3 ± 19.2 (0.0 - 85.1) 

% aspect north % 22.8 ± 28.9 (0.0 - 100.0) 21.3 ± 27.4 (0.0 - 99.5) 27.4 ± 27.9 (0.0 - 100.0) 

% aspect south % 25.1 ± 31.1 (0.0 - 100.0) 31.0 ± 32.1 (0.0 - 100.0) 18.8 ± 29.0 (0.0 - 100.0) 

% aspect east % 21.7 ± 29.0 (0.0 - 100.0) 24.4 ± 29.1 (0.0 - 100.0) 23.9 ± 28.5 (0.0 - 100.0) 

% aspect west % 20.8 ± 28.1 (0.0 - 100.0) 20.6 ± 26.7 (0.0 - 99.5) 18.6 ± 27.7 (0.0 - 99.9) 

Slope mean ° 22.3 ± 12.4 (0.0 - 57.2) 25.7 ± 8.9 (5.3 - 46.6) 18.7 ± 12.4 (0.9 - 47.2) 

Slope std. dev. ° 6.5 ± 3.3 (0.0 - 27.4) 7.2 ± 2.5 (1.7 - 14.1) 6.8 ± 3.9 (1.7 - 25.7) 

SI mean 10³kWh/m² 1484.6 ± 180.1 (0.0 - 1739.9) 1469.6 ± 147.7 (920.8 - 1676.6) 1495.1 ± 170.5 (838.3 - 1708.6) 

SI std. dev. 10³kWh/m² 81.6 ± 58.5 (0.0 - 492.9) 93.5 ± 52.0 (13.3 - 261.1) 86.6 ± 73.1 (4.6 - 331.5) 

% roads % 0.7 ± 2.2 (0.0 - 19.1) 0.2 ± 1.3 (0.0 - 11.4) 1.8 ± 3.2 (0.0 - 14.3) 

% bare coastal land % 11.2 ± 29.5 (0.0 - 100.0) 0.0 ± 0.0 (0.0 0.0) 3.8 ± 15.6 (0.0 - 99.0) 

% built-over land % 1.6 ± 9.5 (0.0 - 100.0) 0.1 ± 0.7 (0.0 - 7.3) 0.5 ± 3.6 (0.0 - 35.0) 

% farm/grassland % 12.5 ± 25.4 (0.0 - 100.0) 5.8 ± 14.6 (0.0 - 79.6) 27.9 ± 32.4 (0.0 - 100.0) 

% hilltop shrub % 7.3 ± 21.2 (0.0 - 100.0) 4.7 ± 17.6 (0.0 - 97.0) 6.8 ± 19.2 (0.0 - 89.0 

% stunted forest % 56.1 ± 38.6 (0.0 - 100.0) 63.3 ± 33.1 (0.0 - 100.0) 52.7 ± 34.6 (0.0 - 100.0) 



10 

 

% tall forest % 9.6 ± 20.7 (0.0 - 100.0) 25.6 ± 31.1 (0.0 - 100.0) 4.5 ± 15.6 (0.0 - 99.7) 

% other types % 0.5 ± 3.4 (0.0 - 85.8) 0.4 ± 1.6 (0.0 - 11.9) 2.1 ± 9.4 (0.0 - 82.6) 
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Table A1.3. Model set for modeling the ecological niche of the Japanese Paradise-Flycatcher on Lanyu 

Island, Taiwan, containing different combinations of the number of background points (BPs), coefficient 

features (L: linear; Q: quadratic; L + Q: linear + quadratic) and regularization constants (0.25, 0.50, 

0.75, 1.00). AICc, ΔAICc and Wi are the Akaike’s Information Criterion corrected for small sample 

sizes, the delta value, the Akaike weight and evidence ratio as defined by Burnham and Anderson 

(2002). Only models with ΔAICc < 2 marked with an asterisk (*) were included to build our ensemble 

model (see Methods). 

 

Model AICc ΔAICc Wi Evidence ratio 

500 BPs     

L (0.25) 399.79 8.73 0.00207 78.78 

L (0.50)* 392.30 1.24 0.08768 1.86 

L (0.75) 395.69 4.63 0.01610 10.13 

L (1.00)* 392.12 1.06 0.09605 1.70 

Q (0.25) 397.78 6.72 0.00566 28.83 

Q (0.50) 395.69 4.63 0.01613 10.11 

Q (0.75) 414.51 23.45 0.000001 123382 

Q (1.00) 403.64 12.58 0.00030 540.23 

L+Q (0.25) 396.27 5.21 0.01203 13.55 

L+Q (0.50) 397.43 6.37 0.00674 24.21 

L+Q (0.75) 400.51 9.45 0.00145 112.64 

L+Q (1.00) 396.48 5.42 0.01083 15.06 

     

1000 BPs     

L (0.25) 401.11 10.05 0.00107 151.98 



12 

 

L (0.50)* 391.63 0.57 0.12246 1.33 

L (0.75) 399.63 8.57 0.00224 72.67 

L (1.00) 402.13 11.07 0.00064 254.04 

Q (0.25) 418.43 27.37 0.0000002 875465.30 

Q (0.50) 407.24 16.18 0.00005 3259.27 

Q (0.75) 409.94 18.88 0.00001 12598.76 

Q (1.00) 393.56 2.50 0.04663 3.50 

L+Q (0.25) 400.86 9.80 0.00122 134.14 

L+Q (0.50) 393.20 2.14 0.05600 2.91 

L+Q (0.75) 395.01 3.95 0.02262 7.21 

L+Q (1.00) 393.39 2.33 0.05080 3.21 

     

2500 BPs     

L (0.25) 405.62 14.56 0.00011 1451.64 

L (0.50) 399.76 8.70 0.00210 77.58 

L (0.75) 395.70 4.64 0.01603 10.17 

L (1.00) 398.52 7.46 0.00392 41.60 

Q (0.25) 394.44 3.38 0.03014 5.41 

Q (0.50) 403.48 12.42 0.00033 498.29 

Q (0.75) 396.17 5.11 0.01265 12.89 

Q (1.00) 393.11 2.05 0.05840 2.79 

L+Q (0.25) 400.24 9.18 0.00165 98.69 

L+Q (0.50) 399.45 8.39 0.00245 66.51 

L+Q (0.75) 411.87 20.81 0.000005 33086.25 
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L+Q (1.00)* 391.06 0.00 0.16309 1.00 

     

5000 BPs     

L (0.25) 401.80 10.74 0.00076 215.29 

L (0.50) 414.37 23.31 0.000001 115380.70 

L (0.75) 393.94 2.88 0.03864 4.22 

L (1.00) 424.84 33.78 0.00000 21681906.00 

Q (0.25) 395.02 3.96 0.02254 7.24 

Q (0.50) 403.16 12.10 0.00039 423.26 

Q (0.75) 408.89 17.83 0.00002 7454.00 

Q (1.00)* 392.89 1.83 0.06540 2.49 

L+Q (0.25) 401.25 10.19 0.00100 163.45 

L+Q (0.50) 395.51 4.45 0.01765 9.24 

L+Q (0.75) 398.50 7.44 0.00395 41.24 

L+Q (1.00) 416.76 25.70 0.0000004 380024.60 
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Supplementary figures  

 

Fig. A1.1. Gridded maps of the important environmental data layers of Lanyu used in the distribution 

modelling of the Japanese Paradise-Flycatcher. This map depicts elevation mean; the values (cf. Table 

A1.2) are depicted in two colours from lowest (blue) to highest (red) in 10 equal intervals, and the 100m 

x 100m grid cells are bounded by grey lines. 
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Fig. A1.2. Gridded maps of the important environmental data layers of Lanyu used in the distribution 

modelling of the Japanese Paradise-Flycatcher. This map depicts NDVI mean; the values (cf. Table 

A1.2) are depicted in two colours from lowest (blue) to highest (red) in 10 equal intervals, and the 100m 

x 100m grid cells are bounded by grey lines. 
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Fig. A1.3. Gridded maps of the important environmental data layers of Lanyu used in the distribution 

modelling of the Japanese Paradise-Flycatcher. This map depicts % tall forest; the values (cf. Table 

A1.2) are depicted in two colours from lowest (blue) to highest (red) in 10 equal intervals, and the 100m 

x 100m grid cells are bounded by grey lines. 
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Fig. A1.4. Gridded maps of the important environmental data layers of Lanyu used in the distribution 

modelling of the Japanese Paradise-Flycatcher. This map depicts dominant land cover type: the colours 

refer to roads (black), bare coastal lands (greenish brown), other built-over land (yellow), farmland or 

grassland (grey), hilltop shrub (greenish yellow), stunted forest (orange beige), and tall forest (light 

beige). The category ‘other types’ is not depicted because it covered a very small area (Table A1.2). 
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Fig. A1.5. Frequency distribution depicting the variation in percentage of stunted forest associated with 

the 120 presence grid cells for the Japanese Paradise-Flycatcher. Note that the right peak in this Figure 

largely corresponds to the left peak in Fig. 3B. 
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Fig. A1.6. (A) Forest present in 2006 (dark green) and forest lost between 1948 and 2006 (yellow).     

Grey areas are non-forest areas (i.e., not categorized as either hilltop shrub, stunted forest, or tall forest). 
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Fig. A1.7. Forest present in 1948 (dark green) and forest gained between 1948 and 2006 (yellow). Grey 

areas are non-forest areas (i.e., not categorized as either hilltop shrub, stunted forest, or tall forest). 
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Fig. A1.8. Binary distribution model of Japanese Paradise-Flycatcher as depicted in Fig. 5 of main text, 

but here, the predicted presence grid cells are overlaid with the forest areas gained between 1948 to 2006 

(yellow areas in Fig. A1.7). 

 

 

 


