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摘 要

本文報導臺灣冷蕨科 (Cystopteridaceae) 新紀錄蕨類植物 : 腺羽節蕨 (Gymno-

carpium jessoense (Koidz.) Koidz.)，文中附有此新紀錄物種之形態描述、同物異名、

圖片、引證標本、臺灣及鄰近地區羽節蕨屬 (Gymnocarpium) 之分類檢索表、分類

群之地理分布及分類註記等資訊。
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Abstract
This paper reports the fern Gymnocarpium jessoense (Koidz.) Koidz. as a newly 

recorded species in the fern flora of Taiwan. Its morphological characters, synonyms, 

illustrations, voucher specimens, key to Gymnocarpium in Taiwan and adjacent regions, 

geographical distribution, and taxonomic notes are presented.

關鍵詞﹕腺羽節蕨、羽節蕨屬、冷蕨科

Keywords：Gymnocarpium jessoense, Gymnocarpium, Cystopteridaceae

緒 言

冷 蕨 科 (Cystopteridaceae) 羽 節 蕨

屬 (Gymnocarpium) 為中小型夏綠蕨類

植物。根莖細長橫走，呈黑褐色，被

披針形鱗片。葉遠生，為草質或薄草

質，葉柄纖細，葉卵圓形、三角狀卵

形至卵狀五角形，一回羽狀深裂至四

回羽狀複葉，葉片與葉柄交界處以關

節相連。葉柄上部、葉軸、羽軸及葉

片兩面具腺毛或無。葉游離脈，末裂

片側脈單一或二叉，側脈並達邊緣。

孢子囊群圓形至長橢圓形，不具孢膜，

在 裂 片 兩 側 各 排 成 一 行 (Wang et al. 

2013；許等 2019)。

作者們在雪山山脈採集到新的羽

節蕨屬物種，其在葉軸和羽軸基部 1-3

對羽片的連接處，具較多的腺毛特徵，

檢閱羽節蕨屬分類檢索表之相關文獻

(Wang et al. 2013；Sarvela 1978) 及 標

本後，確認在雪山山脈所採集到的羽

節蕨屬物種，為臺灣新紀錄種：腺羽

節蕨 (Gymnocarpium jessoense (Koidz.) 

Koidz.)。 

分類處理

羽節蕨屬已知有 10 種，廣布於

北 半 球 溫 帶 ( 亞 洲、 北 美 洲、 和 歐

洲 ) (Wang et al.  2013)。臺灣文獻紀

錄 有 2 種 ( 許 等 2019；TPG 2019)，

臺灣鄰近地區之分類群分布為 : 菲律

賓 1 種 (Barcelona 2019)， 中 南 半 島

不 產 羽 節 蕨 屬 物 種 (Lindsay ＆ Mid-
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dleton 2012)，中國有 5 種 (Wang et al. 

2013)，韓國有 2 種 (Park 2015)，日本

有 4 種 ( 含 1 雜交種 )(Ebihara & Kase-

tani 2019; 海老原 2017)，如表 1。 

本 文 依 據 相 關 文 獻 (Wang et al. 

2013；Sarvela 1978)，提出臺灣及鄰近

地區羽節蕨屬分類檢索表，修改如下 : 

1a 葉 片 為 一 回 羽 狀 深 裂 至

二 回 羽 狀 深 裂， 孢 子 囊 群 長 圓

形 …………………………………....(2)

1b 葉 片 二 回 羽 狀 複 葉 或 三 回

羽 狀 複 葉， 孢 子 囊 群 較 小， 近 圓

形 ……………………………………(3)

2a 葉 片 為 一 回 羽 狀 深

裂 ………………………..G. oyamense

2b 葉 片 為 二 回 羽 狀 深

裂 …………………G. × bipinnati idum

3a  葉軸連接處 ( 關節 ) 具有較多

的腺毛 ………………………………(4)

3b  葉 軸 通 常 光 滑 無 毛，

不 具 腺 毛 或 僅 具 極 稀 疏 的 腺

毛 ………………………..................(5)

4a  葉柄疏被腺毛，僅在葉軸基部

和羽軸基部 1-3 對羽片的連接處 ( 關

節 ) 有較多的腺毛；裂片上的側脈往

往分叉 …............................G. jessoense

4b  葉柄先端、葉軸和羽軸之遠軸

面密被腺毛，其他部分亦具腺毛；裂

片上的葉脈通常單一 ………………G. 

robertianum

5a  葉片卵狀五角形，呈三出狀，

基部羽片的大小和葉片上部的其餘部

分近相近，基羽片的基部下側小羽片

和第三對羽片的大小約相等…..........…

..........…..........…................G. dryopteris

5b  葉片三角狀卵形，基部羽片遠

小於葉片上部的其餘部分，基羽片的

基部下側小羽片和第四對羽片的大小

約略相等 …………G. remote-pinnatum

Gymnocarpium jessoense（Koidz.） 

Koidz.; Acta Phytotax. Geobot. 5 : 40. 

1936. 腺羽節蕨 ( 新擬中名 ) 圖 1.
Aspidium dryopteris (L.) Baumg. var. 

longulum Christ, Bull. Herb. Boissier, 

sér. 2, 2(10): 830. 1902; Carpogymnia 

jessoensis (Koidz.) Á. Löve & D. 

Löve, Univ. Colorado Stud., Ser. Biol. 

24: 8, 1966; Dryopteris jessoensis 

Koidz., Bot. Mag. (Tokyo) 38: 104. 

1924; Dryopteris linnaeana C.Chr. 

Highlight
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var. jessoensis (Koidz.) C.Chr., Index 

Filic., Suppl. Tert.: 89, 1934; Gym-

nocarpium longulum (Christ) Kitag., 

Rep. Inst. Sci. Res. Manchoukuo 

3(App. 1): 33,1939; Gymnocarpium 

robertianum var. longulum (Christ) 

H.Itô ex Nakai, Rep. Exped. Man-

choukuo Sect. IV 4: 4, 1936; Gymno-

carpium robertianum subsp. longulum

(Christ) Toyok., Mem. Natl. Sci. Mus.

(Tokyo) 5: 189,1972; Lastrea jes-

soensis (Koidz.) Akas., Bull. Kochi

Women's Coll. 8: 31. 1960; Lastrea

robertiana (Hoffm.) Newman var.

longula (Christ) Ohwi, Fl. Japan Pter-

id.: 101,1957.

物種特徵

根莖細長橫走，葉遠生。葉柄禾

稈色，基部疏被褐色鱗片，向上光滑。

葉片三角狀卵形，先端漸尖，二回羽

狀複葉至三回羽狀裂葉，羽片對生或

近對生，斜向上，基部一對羽片最大，

下部一至數對以關節著生於羽軸，基

部一至二對具柄，其他通常無柄。葉

脈在裂片上為游離。葉柄上部、葉軸

及羽軸的關節處具有較多的腺毛。孢

子囊群圓形，著生於小脈上。

引證標本

臺灣 : 臺中市 : 和平區，雪山，海

拔約 3,310~3,315m，2020-07-09，M. Y. 

Shen 6453 (TAIE)；中國 : 四川省，西

昌至木里，2017-8-18，張憲春等 8848 

(PE)。

地理分布及生態 

分布於阿富汗、巴基斯坦、尼泊

爾、喜馬拉雅、西伯利亞、中國、韓

國、日本等地區 (POWO 2022)，臺灣

為新紀錄物種，生長於雪山山脈高海

拔 3,150~3,300 公尺之林緣土坡或岩縫

中，所在的緯度為本物種北半球南端。 

分類註記

過往部分學者認為細裂羽節蕨 (G. 

remotepinnatum) 在 葉 片 與 葉 柄 交 接

處，不具腺毛 (Wang et al. 2013)，也有

部分學者認為細裂羽節蕨在葉片與葉

柄交接處有少數極稀疏的腺毛 (Ching 

1933； 郭 2001；Sarvela 1978)； 本 文

作者們於合歡山所採集的幾個個體 (圖

2)，經與細裂羽節蕨引證標本 (TAIE)

比對，它們都是細裂羽節蕨，在這些
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們在雪山山脈所採集的新紀錄物種腺羽節蕨(圖 1C-1D)，則具有較多的腺毛，
此和細裂羽節蕨(圖 2C-2D)，明顯可以觀察到兩個物種之間，有無腺毛及腺毛
多寡的差異。 
 

 

 

Highlight
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圖 1. 腺羽節蕨 (G. jessoense): 1A, 生育地；1B, 葉遠軸面 ( 孢子囊群近圓形，裂片上側脈常分叉，

被稀疏腺毛 )；1C, 葉軸與羽軸之關節 ( 具腺毛 )；1D, 圖 1C 之放大 ( 具腺毛 )；1E, 葉軸遠

軸面 ( 具腺毛 )；1F, 葉柄 ( 褐色鱗片 )。
Fig. 1. G. jessoense: 1A, habitat; 1B, abaxial surface of lamina (sori orbicular, veins often forked, sparsely 

glandular); 1C, pinnae articulate to rachis (glandular); 1D, enlargement of Fig. 1C (glandular); 1E, 
rachis abaxial view (glandular); 3F, stipe (scales brown).

 
圖 1. 腺羽節蕨(G. jessoense): 1A,生育地與外部形態；1B,葉遠軸面(孢子囊群近圓形，
裂片上側脈常分叉，被稀疏腺毛)；1C,葉軸與羽軸之關節(具腺毛)；1D,圖 1C之放大
(具腺毛)；1E,葉軸遠軸面(具腺毛)；1F,葉柄(褐色鱗片)。 

Fig. 1. G. jessoense: 1A, habit; 1B, abaxial surface of lamina (sori orbicular, veins often 
forked, sparsely glandular); 1C, pinnae articulate to rachis (glandular); 1D, enlargement of 
Fig. 1C (glandular); 1E, rachis abaxial view (glandular); 3F, stipe (scales brown). 

 
表 1. 臺灣及鄰近地區羽節蕨屬分類群分布  
Table 1. Distributions of the genus Gymnocarpium in Taiwan and adjacent regions 

  
名稱 羽節蕨屬分類群之分布 

學名 臺灣 中國 
臺

灣 

菲律

賓 

中南

半島 

中

國 

韓

國 

日

本 

1 Gymnocarpium dryopteris (L.) Newman   歐洲羽節蕨       V V V 

2 Gymnocarpium jessoense (Koidz.) Koidz. 腺羽節蕨 羽節蕨 V     V V   

3 Gymnocarpium oyamense (Baker) Ching 羽節蕨 東亞羽節蕨 V V   V   V 

4 
Gymnocarpium remotepinnatum (Hayata) 

Ching 
細裂羽節蕨 細裂羽節蕨 V     V     

5 
Gymnocarpium robertianum (Hoffm.) Newm 

= Gymnocarpium altaycum Chang Y.Yang 
  密腺羽節蕨       V   V 

6 

  Gymnocarpium × bipinnatifidum Miyam. 

= Gymnocarpium oyamense x Gymnocarpium  

  robertianum 

二回羽狀羽

節蕨 
            V 
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表 1. 臺灣及鄰近地區羽節蕨屬分類群分布 
Table 1. Distributions of the genus Gymnocarpium in Taiwan and adjacent regions
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Fig. 1C (glandular); 1E, rachis abaxial view (glandular); 3F, stipe (scales brown). 

 
表 1. 臺灣及鄰近地區羽節蕨屬分類群分布  
Table 1. Distributions of the genus Gymnocarpium in Taiwan and adjacent regions 

  
名稱 羽節蕨屬分類群之分布 

學名 臺灣 中國 
臺

灣 

菲律

賓 

中南

半島 

中

國 

韓

國 

日

本 

1 Gymnocarpium dryopteris (L.) Newman   歐洲羽節蕨       V V V 

2 Gymnocarpium jessoense (Koidz.) Koidz. 腺羽節蕨 羽節蕨 V     V V   

3 Gymnocarpium oyamense (Baker) Ching 羽節蕨 東亞羽節蕨 V V   V   V 

4 
Gymnocarpium remotepinnatum (Hayata) 

Ching 
細裂羽節蕨 細裂羽節蕨 V     V     

5 
Gymnocarpium robertianum (Hoffm.) Newm 

= Gymnocarpium altaycum Chang Y.Yang 
  密腺羽節蕨       V   V 

6 

  Gymnocarpium × bipinnatifidum Miyam. 

= Gymnocarpium oyamense x Gymnocarpium  

  robertianum 

二回羽狀羽

節蕨 
            V 

 
圖 1. 腺羽節蕨(G. jessoense): 1A,生育地與外部形態；1B,葉遠軸面(孢子囊群近圓形，
裂片上側脈常分叉，被稀疏腺毛)；1C,葉軸與羽軸之關節(具腺毛)；1D,圖 1C之放大
(具腺毛)；1E,葉軸遠軸面(具腺毛)；1F,葉柄(褐色鱗片)。 

Fig. 1. G. jessoense: 1A, habit; 1B, abaxial surface of lamina (sori orbicular, veins often 
forked, sparsely glandular); 1C, pinnae articulate to rachis (glandular); 1D, enlargement of 
Fig. 1C (glandular); 1E, rachis abaxial view (glandular); 3F, stipe (scales brown). 

 
表 1. 臺灣及鄰近地區羽節蕨屬分類群分布  
Table 1. Distributions of the genus Gymnocarpium in Taiwan and adjacent regions 

  
名稱 羽節蕨屬分類群之分布 

學名 臺灣 中國 
臺

灣 

菲律

賓 

中南

半島 

中

國 

韓

國 

日

本 

1 Gymnocarpium dryopteris (L.) Newman   歐洲羽節蕨       V V V 

2 Gymnocarpium jessoense (Koidz.) Koidz. 腺羽節蕨 羽節蕨 V     V V   

3 Gymnocarpium oyamense (Baker) Ching 羽節蕨 東亞羽節蕨 V V   V   V 

4 
Gymnocarpium remotepinnatum (Hayata) 

Ching 
細裂羽節蕨 細裂羽節蕨 V     V     

5 
Gymnocarpium robertianum (Hoffm.) Newm 

= Gymnocarpium altaycum Chang Y.Yang 
  密腺羽節蕨       V   V 

6 

  Gymnocarpium × bipinnatifidum Miyam. 

= Gymnocarpium oyamense x Gymnocarpium  

  robertianum 

二回羽狀羽

節蕨 
            V 



8

臺灣新紀錄蕨—腺羽節蕨 ( 冷蕨科 )

 
 

 

 

圖 2. 細裂羽節蕨(G. remotepinnatum): 2A,生育地與外部形態；2B,葉遠軸面(孢子囊群
近圓形，近無毛，無腺毛)；2C,葉軸與羽軸之關節(無腺毛)；2D,葉軸與羽軸之關節(僅
具極稀疏的腺毛)；2E,葉軸遠軸面(無腺毛)；2F,葉柄。 

Fig. 2. G. remotepinnatum: 2A, habitat; 2B, abaxial surface of lamina (sori orbicular, 
glabrous, eglandular); 2C, pinnae articulate to rachis (eglandular); 2D, pinnae articulate to 

rachis (scantily glandular); 2E, rachis abaxial view (eglandular); 2F, stipe. 
 
細裂羽節蕨引證標本：臺灣:花蓮縣:南投縣:信義鄉，郡大山，海拔約 
3000~3292m，1982-11-14，B. J. Wang 2499 (TAIE)；臺東縣:海端鄉，關山嶺，
海拔約 2800m，1986-07-26，B. J. Wang 8211 (TAIE)；秀林鄉，落鷹山莊，海拔
約 2740m，1996-11-01，T. W. Hsu 7969 (TAIE)；高雄縣: 桃源鄉，埡口 南橫公
路臺 20線 146.3K，海拔約 2699m，2007-10-03，T. W. Hsu 13145 (TAIE)；南投
縣: 仁愛鄉，合歡主峰登山口 臺 14甲線 30.7KM，海拔約 3223m，2010-10-
19，T. W. Hsu 16378 (TAIE)。  

圖 2. 細裂羽節蕨 (G. remotepinnatum): 2A, 生育地；2B, 葉遠軸面 ( 孢子囊群近圓形，近無毛，無

腺毛 )；2C, 葉軸與羽軸之關節 ( 無腺毛 )；2D, 葉軸與羽軸之關節 ( 僅具極稀疏的腺毛 )；
2E, 葉軸遠軸面 ( 無腺毛 )；2F, 葉柄。

Fig. 2. G. remotepinnatum: 2A, habitat; 2B, abaxial surface of lamina (sori orbicular, glabrous, 
eglandular); 2C, pinnae articulate to rachis (eglandular); 2D, pinnae articulate to rachis (scantily 
glandular); 2E, rachis abaxial view (eglandular); 2F, stipe.
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採集的個體中，亦有前述現象，即部

分個體葉片與葉柄交接處，光滑不具

腺毛，但部分個體則具極稀疏腺毛

(scantly glandular)；相對於本文作者們

在雪山山脈所採集的新紀錄物種腺羽

節蕨 ( 圖 1C-1D)，則具有較多的腺毛，

此和細裂羽節蕨 ( 圖 2C-2D)，明顯可

以觀察到兩個物種之間，有無腺毛及

腺毛多寡的差異。

細裂羽節蕨引證標本

臺灣 : 花蓮縣 : 南投縣 : 信義鄉，

郡大山，海拔約 3,000~3,292m，1982-

11-14，B. J. Wang 2499 (TAIE)；臺東

縣 : 海端鄉，關山嶺，海拔約 2,800m，

1986-07-26，B. J. Wang 8211 (TAIE)；

秀林鄉，落鷹山莊，海拔約 2,740m，

1996-11-01，T. W. Hsu 7969 (TAIE)；

高雄縣 : 桃源鄉，埡口 南橫公路臺

20 線 146.3K，海拔約 2,699m，2007-

10-03，T. W. Hsu 13145 (TAIE)；南投

縣 : 仁愛鄉，合歡主峰登山口 臺 14 甲

線 30.7KM，海拔約 3,223m，2010-10-

19，T. W. Hsu 16378 (TAIE)。 
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類
Management intensity of aquaculture ponds and its ef-

fects on bird assemblage during winter
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2004-2017 2009

2010

21 12 688 102

463 5 99% 193 81

58% 3 1
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Abstract
Management intensity of aquaculture ponds may affect bird communities 

distributed in the ponds. The Taiwan Black-faced Spoonbill Conservation Association 

conducted a long-term bird survey project in Qigu, Tainan, Taiwan, from 2004 to 

2017, with one of the sample areas being an aquaculture pond. The aquaculture pond 

underwent low management intensity until 2009, and was used for clam rearing after 

2010. This study analyzed the survey data collected from the pond from November 

to February of the following year during the project timeframe to understand how 

different management intensities of the aquaculture pond influence bird assemblage 

in winter. It was found that the number of bird species decreased from an average of 

21 to 12, and the total number of individuals decreased from an average of 688 to 

102, while the number of waterfowl individuals decreased from an average of 463 to 

from an average of 193 to 81, amounting to a decrease of 58%. Aquaculture ponds 

drained after harvesting can be used by waders. However, in this study, the clam pond 

was drained approximately once every three years, therefore there was no significant 

increase in wader abundance in the study area. The results of this study revealed that 

bird assemblage in an aquaculture pond with low management intensity can be relatively 

diverse, and this condition should be preserved as much as possible. It is unrealistic 

to expect that the resumption of aquaculture in ponds and the basking operation will 

increase available habitats for waders.

Keywords:
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—

(East Asian-Australasian 

Flyway)

(Nebel et al. 2008; Amano et al. 2010; 

Hua et al. 2015; Piersma et al. 2016; 

Studds et al. 2017)

(Ma et 

al. 2004; Sebastián-González and Green 

2016)

(Li et al. 2013; Bai et 

al. 2018; Jackson et al. 2020)

(Lu 2004; 

2014; Bai et al. 2018)

1

( 2014)

(Ardeidae)

Huang (2013)

(Ardea alba)

(Ardea cinerea)
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(Anatidae) Lu (2004)

1. 

2. 

3. 

2004 8

( 1a)

2009 11 ( 1b)

( 1c)
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1. 2009 (a) (b) 2009 11 2010 (c)
(  )

Fig. 1. The study area was (a) an abandoned aquaculture pond before 2009, which was (b) prepared for 
aquaculture in November 2009, and it became (c) a managed aquaculture pond after 2010. (Photo 
by Hsiao-Chi Wang)

 

a

b

c



魚塭管理強度影響冬季鳥類群聚

16

鳥類與環境資料

2004-2017 (Wu 

and Chen 2019) E1 E2

( 2) E1 E2

23.0754N 120.068E

12 6 ha E1 2004 8

E2 2005 8

2 2015 2

1

2017 7 1

8-12 /

32-60

2005 8 E1 E2

1

30-90 min

0/4, 1/4, 2/4, 3/4, 4/4

5

2014 1 11 2016

1 9

E1 E2

2:1

Wratio = WE1 × 2/3 + WE2 × 1/3

WE1 WE2 E1 E2
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2. 
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6

(habitat guilds) 1. (aerial 

birds; ARB)

(Hirundinidae)

2. (terrestrial birds; 

TRB)

3. 

(Laridae)

(Alcedo atthis) 4. (small 

wading birds; SWB)

(Recurvirostridae) (Charadriidae)

(Scolopacidae) 5. 

(large wading birds; LWB)

(Threskiornithidae)

6. (waterfowl; WFL)

(Podicipedidae) (Rallidae)

2005 8 2017

7 E1 E2

E1 E2 1

(species 

richness) (abundance)

( 3)

1

2005 11 2006 2

2005

8

8 2014 7

2009 11

2009

(abandoned 

aquaculture pond, AAP)

2005-2008

(managed 

aquaculture pond, MAP) 2010-
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3. 2005 8 2017 7 (a) (b)
2005-2009

2009
Fig. 3. Changes in the (a) bird species richness and (b) total abundance in the study area from August, 

2005 to July, 2017. Between 2005 and 2009, both species richness and total abundance showed 
a regular annual cycle with peaks in winter and troughs in summer; however, after 2009, both 
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2016 2009

(detrended 

correspondence analysis, DCA)

AAP MAP

87

1

 log(x+1) 

DCA

DCA

AAP MAP

(nested 

ANOVA) AAP MAP

AAP MAP

10

R v.4.1.3

vegan v.2.6-2 (Oksanen et al. 2022)

(AAP)

(MAP)

(

) AAP MAP

AAP

MAP ( 4)

AAP 21.4

MAP 12.4 (F = 

111.9, df = 1, p < 0.001)

AAP 688.3

MAP 101.8 (F 

= 48.6, df = 1, p < 0.001)

AAP MAP DCA

( 5) DCA

(Hill 

and Gauch 1980)

AAP MAP

AAP
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4. (AAP) (MAP) (a) (b)

Fig. 4. Box plots of (a) bird species richness and (b) abundance of the abandoned aquaculture pond 
(AAP) and the managed aquaculture pond (MAP) during winters. Regardless of species richness or 
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5. ( ) ( ) 2005-2008 2010-2016
(DCA) DCA

(FSB) (ARB)
(TRB) (SWB) (LWB) (WFL)

Fig. 5. Distribution of samples of the abandoned aquaculture pond (AAP) (solid circles) and the managed 

analysis (DCA) of bird community structure during winters of 2005-2008 and 2010-2016. The AAP 

(TRB), small wading birds (SWB), large wading birds (LWB), and waterfowl (WFL)—were all 

This indicated relatively high abundance of these guilds in the AAP samples.
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AAP MAP

nested ANOVA

AAP MAP

AAP

MAP

(

1)

AAP MAP

Habitat Guilds Mean number of individuals per survey  Nested ANOVA, p-value 

 AAP (n = 32) MAP (n = 55)  Between modes Between winters 

Aerial Birds 12.7 5.0  0.03 NS 

Terrestrial Birds 16.4 6.9  0.002 0.03 

Fishing Birds 3.2 3.5  NS NS 

Small Wading Birds 95.5 41.8  0.001 NS 

Large Wading Birds 97.8 39.5  0.012 NS 

Waterfowl 462.8 5.0  <0.001 NS 

AAP MAP

AAP 463 MAP

5 99% ( 1)

( 2) AAP

MAP

MAP

1. (AAP) (MAP)

Table 1. Mean number of individuals of each habitat guild in winter bird assemblage under two 
management modes: the abandoned aquaculture pond (AAP) and the managed aquaculture pond 
(MAP). The nested analysis of variance was used to determine whether the mean number of 
individuals was the same between management modes and between winters
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2. (AAP) (MAP)

Table 2. Mean number of individuals of each bird species in winter under two management modes: the 
abandoned aquaculture pond (AAP) and the managed aquaculture pond (MAP). The nested analysis 
of variance was used to determine whether the mean number of individuals was the same between 
management modes and between winters

Chinese names Scientific names Mean number of 
individuals per survey 

 
Nested ANOVA, 

 p-value* 
Habitat 
guilds** 

  AAP 
(n = 32) 

MAP 
(n = 55) 

 Between 
modes 

Between 
winters  

 Spatula clypeata 67 0  <0.001 NS WFL 

 Mareca penelope 102 0.1  <0.001 NS WFL 

 Anas acuta 41.2 0  <0.001 <0.001 WFL 

 Anas crecca 239.3 3.2  <0.001 NS WFL 

 Tachybaptus ruficollis 8 1.7  <0.001 <0.001 WFL 

 Streptopelia tranquebarica 1.1 0.6  NS NS TRB 

 Gallinula chloropus 2.2 0  0.002 <0.001 WFL 

 Himantopus himantopus 18.6 5.5  <0.001 NS SWB 

 Recurvirostra avosetta 16.4 0.05  0.001 NS SWB 

 Pluvialis fulva 0.19 1.4  0.01 <0.001 SWB 

 Charadrius alexandrinus 13 11.8  NS NS SWB 

 Calidris ruficollis 14.3 2.9  NS NS SWB 

 Calidris alpina 16.2 12  NS NS SWB 

 Actitis hypoleucos 0.09 0.3  NS NS SWB 

 Tringa nebularia 6.2 4.2  NS NS SWB 

 Tringa stagnatilis 6.4 1.8  0.015 NS SWB 

 Tringa totanus 0.5 1.4  NS NS SWB 

 Hydroprogne caspia 0.3 1.1  0.01 NS FSB 

 Chlidonias hybrida 1.1 1.6  NS NS FSB 

 Ardea cinerea 7.1 6.4  NS NS LWB 
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( )

(Gallinula chloropus)

(Lu 2004) 

193.3

81.3 58%

97.8

39.5 60%

95.5 41.8

56% ( 1)

( 2)

6

 Ardea alba 43.7 14.3  0.02 NS LWB 

 Egretta garzetta 29.4 16.1  NS NS LWB 

 Nycticorax nycticorax 1.4 0.13  0.03 NS LWB 

 Threskiornis aethiopicus 1.1 0.8  NS NS LWB 

 Platalea minor 13.4 1.6  0.034 NS LWB 

 Alcedo atthis 1.7 0.2  NS NS FSB 

 Lanius cristatus 0.56 0.04  <0.001 0.04 TRB 

 Prinia inornata 2.1 1.1  0.02 0.04 TRB 

 Riparia chinensis 1 1.8  NS 0.014 ARB 

 Hirundo rustica 6.1 0.4  NS NS ARB 

 Hirundo tahitica 4.8 2.4  0.03 NS ARB 

 Pycnonotus sinensis 1.5 0.9  NS NS TRB 

 Zosterops simplex 6.8 0.2  0.007 NS TRB 

 Passer montanus 0.4 2.7  0.002 NS TRB 
 

* NS: no significant; 
** ARB: Aerial birds, FSB: Fishing birds, LWB: Large wading birds, SWB: Small wading birds, TRB: Terrestrial 
birds, WFL: Waterfowl. 
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(Nycticorax nycticorax)

(Platalea minor)

10

6

3

(Pluvialis fulva) 1

3

(Himantopus himantopus)

(Recurvirostra avosetta)

(Tringa stagnatilis)

118.7 

mm (Shiu et al. 2005) 86.1 

mm (Prater et al. 1977) 52.9 

mm (Shiu et al. 2005)

AAP MAP

(Charadrius 

alexandrinus) 27.6 mm

( ) 20.3 mm

(Calidris alpine) 27.7 mm

(Actitis hypoleucos) 25.9 mm (Shiu et 

al. 2005)

6

AAP

MAP AAP

Kendall’s rank 

p = 0.06

AAP MAP
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(Yang 2006; 2014)

1

AAP

AAP

AAP

MAP

MAP

6. (AAP) (MAP)
2011 2014

Fig. 6. Box plots of the water coverage ratio between the abandoned aquaculture pond (AAP) and the 
managed aquaculture pond (MAP) during winter of each year. The data revealed that the water 
coverage in MAP was generally higher. However, the ratios in 2011 and 2014 were slightly lower 
and more variable, which may be due to the basking operation.
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3

MAP (

)

( 2019)

pH

2–3 

1 ( 2014)

MAP 2011 2014

( 6)

AAP

1.8%

0.5% ( 1)

3

2

(Hirundo tahitica) (

2) 3

2 MAP

(Hydroprogne 

caspia) 1.1

( 2)

AAP MAP

AAP

( 1b)

(Lanius cristatus)
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(Zosterops simplex)

(Prinia inornata)

(Passer montanus)

( 2)

MAP

( 2)

1 2–3 1

1 3 1

(2014)

1

40%

(e.g., 2022)
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Abstract

Mangrove ecosystems are vulnerable to rising sea levels. When the sea level rises, 

plants are exposed to increased salinity as well as tidal submergence. In this study, Kan-

delia obovata Sheue, Liu & Yong and Rhizophora stylosa -

ferent salinity (20‰ and 40‰) and immersion treatments to understand their photosyn-

K. obovata adapted 

to immersion stress and outperformed R. stylosa under these conditions, indicating that 

the colonization ability of K. obovata took place in the immersive conditions. Immer-

sion and low CO2 concentration stresses might enable R. stylosa to adapt to darkness 

for CO2 absorption and exhibit leaf acidity in the early morning. Accordingly, R. stylosa 

exposed to immersion and low CO2 concentration for one week could adapt to darkness 

and successfully absorb CO2. This phenomenon was consistent with that observed in 

crassulacean acid metabolism (CAM)-type plants, which fix CO2 at night and exhibit 

leaf acidity in the early morning. Our results demonstrate that R. stylosa displays distinct 

CAM characteristics under 40‰ of salinity and immersion stress. 

Keywords: mangrove species, crassulacean acid metabolism, leaves pH, gas exchange, 

photoinhibition

20‰ 40‰  (Kandeliao-

bovate,Liu & Yong)  (Rhizophora stylosa
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(crassulacean acid metabolism)

pH

Introduction
Mangroves are a diverse group 

of 70 species that grow in saline and 

tidal wetlands along tropical and sub-

tropical coastlines (Lugo and Snedaker 

1974; Odum et al. 1982, Hutchings and 

Saenger 1987; Alongi 2002). Mangrove 

habitats are typically characterized by 

high salinity, tidal influence, strong 

winds, high temperatures, and muddy 

anoxic soils (Kathiresan and Bingham 

2001). Micro-tidal wetlands show strong 

seasonal soil salinity variation ranged 

from 0 ~ 1,709 mM of NaCl that are 

likely to increase in amplitude according 

to climate prediction models. This may 

affect the morphology and physiology 

of mangrove seedlings, and the growth 

and species composition of mangrove 

swamps as well (Bompy et al. 2014).

Globally, mangrove communities 

are experiencing changing flood depths 

and durations due to sea level rise 

(Woodroffe 1999). The halophytic na-

ture of mangroves creates challenges for 

scientists to investigate the potential ef-

fects of altered hydroperiods. Freshwater 

inundation alone probably biases flood 

assessments because optimal growth and 

physiological activity are attained under 

saline conditions (Ball 1996, 2002). The 

remains unknown. Salinity and fluctua-

tions in flooded elevation are important 

factors that influence the distribution, 

niche patterns, and succession of man-

grove species (Sabine et al. 2011). Man-

groves generally have an optimal salinity 

range of 8–18‰ (Sabine et al. 2011) or 

an optimal seawater concentration range 
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of 5–75% (Krauss et al. 2008). In saline 

environments, Rhizophora mangle exhib-

its crassulacean acid metabolism (CAM) 

characteristics (Werner and Stelzer 

1990), but mangrove species are widely 

considered to be C3 plants (Venkatesalu 

et al. 2008). Furthermore, photosynthesis 

and related physiological responses of 

mangrove species under high salinity are 

still not unveiled.

C3/CAM shifting requires the in-

duction of certain stress factors. The 

major ecosystems with CAM plants 

submerged in aquatic sites have been 

described by Keeley (1996). The earliest 

evolution of CAM might have occurred 

in submerged plants. CAM is advanta-

geous for surviving abiotic stress, rather 

than for dominance and high biomass 

production in poor oligotrophic sites 

(Lüttge 2004). Underwater photosynthe-

sis in submerged aquatic plants is often 

limited by carbon dioxide availability 

and thus requires the development of 

CO2-concentrating mechanisms (CCMs) 

used by CAM and C4 carbon fixation 

through the induction of phosphoenolpy-

ruvate carboxylase (PEPC), such as in 

submerged Otteliaalismoides (Huang et 

al. 2020) and Hydrilla verticillata (Hola-

day and Bowes 1980).

Certain plant species can switch 

from C3 metabolism to CAM either 

during ontogenetic development or under 

stress conditions, such as drought (Winter 

and Holtum 2007, Minardi et al. 2014, 

Holtum et al. 2017). In C3–CAM inter-

mediate species, oxidative stress appears 

to be necessary for triggering a metabol-

ic switch, although oxidative stress alone 

is insufficient to drive the C3–CAM 

shift (Lüttge 2004, Niewiadomska and 

Miszalski 2008). This view is supported 

by studies in which the C3–CAM plant 

Mesembryanthemum crystallinum was 

treated with O3 and SO2 (Hurst et al. 

2004, Surówka et al. 2007). Osmond 

(1978) described four distinct stages of 

CAM in the diurnal cycle. In stage IV, 
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when the malate pool is exhausted at the 

end of the day, a decrease in the internal 

CO2 level promotes stomatal opening, 

which enables the direct fixation of 

atmospheric CO2 by Ribulose-1,5-bis-

phosphate carboxylase/oxygenase (Ru-

BisCO). However, toward the end of 

Stage IV, RuBisCO activity declines, and 

PEPC is activated. Therefore, when the 

C3–CAM shift occurs, the main physio-

logical indicators are an increase in leaf 

acidity in the early morning and a de-

crease in leaf acidity at sunset (Cushman 

and Bohnert 1999, Maxwell et al. 2002, 

Dodd et al. 2003).

The C3-CAM transition correlates 

with the transcriptional expression of 

PEPC genes (Ppc1 and GapC1) and 

increased abscisic acid (ABA) during 

CAM induction (Cushman and Bohnert 

1999). ABA accumulation has been 

proposed to be involved in CAM in-

duction (McElwain and Bohnert 1992). 

The switch to CAM is determined by 

age-dependent development owing to its 

genetic program (Cushman and Bohnert 

1999). Adversity increases physiological 

leaf age and enhances the rate of ABA 

catabolism (Cornish and Zeevaart, 1984).

The objectives of our study were to 

(1) develop an easy, rapid, and nonintru-

sive method for instantaneous assessment 

of dynamic photochemical efficiency 

based on photosynthesis and chlorophyll 

the pH of leaves with minimal destruc-

tive sampling. These parameters reflect 

a physiological response that could be 

used to evaluate tidal stress in Kandelia 

obovata and Rhizophora stylosa. The 

obtained data can serve as indicators of 

plant survival strategies. The hypothesis 

of our study was that K. obovata could 

adapt to tidal stress, whereas R. stylo-

sa would be adversely affected by tidal 

stress.

Materials and methods

Plant materials and treatments: The 
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seedlings of Kandelia obovata Sheue, 

Liu & Yong and Rhizophora stylosa 

Griffith in the Tainan Shuangchun Es-

tuary (23°17'38.8"N, 120°06'42.3"E) 

were collected in 2015 and planted in 

the Endemic Species Research Institute 

(23°49'43.0"N, 120°48'04.7"E). The 

cultivation medium was estuarian sea 

sand and the seedlings were cultivated in 

round plastic buckets (diameter, 20 cm; 

height, 20 cm). Salinity treatment was 

initiated when the seedlings were two 

years old, seedling height was 50-60 cm, 

and ground diameter was 3-4 cm in July, 

2017. We prepared two kinds of salinity 

solutions (20‰ and 40‰) with 20 pots 

(five for dark period measurements and 

15 for standard measurements) of seed-

lings for each species. The treatment was 

performed weekly to ensure that salinity 

was maintained at 20‰ and 40‰ until 

six months. Moreover, we measured pho-

parameters described in detail below.

Whole plant flooding treatment: 

Flooding treatments were performed for 

seven days from April to June, 2018. 

Two year-old plants were exposed to 

morning (06:00–8:00 h) and afternoon 

(16:00–18:00 h) to simulate tidal influ-

ences. The flooding treatment container 

was a plastic bucket with a diameter of 

56 cm and height of 75 cm. The salin-

ity of the flooding solution remained 

constant throughout the treatment. The 

-

2 sup-

ply and salt concentration of the leaves.

Low-CO2-concentration treatment 

of leaves: From April to June, 2018, 

soda-lime was used as a CO2 absorber 

or absorbent in the low-CO2 treatment 

(0–10 ppm) of leaves for seven days 

each morning (06:00–8:00 h) and after-

noon (16:00–18:00 h) during this inter-

mittent treatment period, the mangrove 
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leaves were exposed to low [CO2] for 

four hours to decrease CO2 supply during 

on leaf blades during flooding. Control 

2 supply 

to these plants was not reduced. In addi-

Photosynthesis and chlorophyll fluo-

source: 

We divided K. obovata and R. stylo-

sa seedlings into four groups according 

to the treatment: (1) 20‰ of salt without 

immersion, (2) 20‰ of salt with immer-

sion, (3) 40‰ of salt without immersion, 

and (4) 40‰ of salt with immersion, 

with five replicates per treatment and 

species. From April to June, 2018, the 

seedlings were measured using a gas ex-

change and fluorescence photosynthesis 

-

ic parameters were measured at 10:00 h 

each day. 

–1, gas-mixer 

speed to the 7-level, assimilator tem-

perature to 25°C, and relative humidity 

to 75%, and the photosynthetic photon 

–2 s–1. Photosynthesis, 

gas exchange, and chlorophyll fluores-

cence parameters were measured for 90 

min of irradiation and then during dark 

adaptation for 30 min. We recorded one 

data point every minute for the first 30 

min and one data point every 2 min for 

the final 90 min to measure the photo-

synthesis, gas-exchange, and chlorophyll 

fluorescence parameters, and then cal-

culated the following two parameters 

(Demmig-Adams and Adams 1996, 

Johnson and Ruban 2011):

Fv/Fm = (Fm –Fo)/Fm, where Fv, Fm, 

and Fo are values of the minimal (Fo), 

and maximal ChlF (Fm) of dark-adapted 

samples were determined using modulat-

ed irradiation of a weak light-emitting di-
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ode beam (measuring light) and saturat-

ing pulse, respectively. Photoinhibition 

of dark recovery = (Fv/Fm – FvT/FmT) 

/ Fv/Fm, where FvT and FmT are values 

measured at 2 and 30 min, respectively, 

after dark recovery (Wang et al. 2022) 

measurements.

CO2 absorption measurement in dark 

period: From April to June, 2018, five 

seedlings of K. obovata and R. stylosa 

were subjected to (1) immersion, (2) low 

[CO2], and (3) no immersion for the mea-

surement of CO2 absorption in the dark 

period under 40‰ salinity treatment. A 

gas-exchange analyzer was used after the 

leaves submerged in water and treated 

with low [CO2] daily. The [CO2] uptake 

and gas-exchange parameters were mea-

sured in the dark period at 18:00 h every 

day and recorded every 2 min with a to-

tal of 250 records.

Leaf pH measurement: The leaf pH of 

K. obovata and R. stylosa seedlings sub-

jected to (1) immersion, (2) low [CO2], 

and (3) no immersion were also mea-

sured under 40‰ salinity treatment from 

April to June, 2018. Measurements were 

performed daily at 06:00 h and 18:00 h. 

The leaves were ground into powder and 

mixed with deionized water (10 mL of 

water per 1 g of sample). After mixing, 

the samples were vortexed for 5 min. 

The pH of the mixed solution was mea-

sured using a portable pH meter (HQ11d, 

Hach, USA).

Statistical analysis: Statistical analyses 

were performed using PASW Statistics 

18 and SigmaPlot 10.0 software. Gas 

exchange and chlorophyll fluorescence 

were analyzed using a single-factor anal-

ysis of variance to check for significant 

differences between the two species. 

Multiple comparisons were performed 

using the least significant difference 

(LSD) method. A Pearson correlation co-

efficient analysis between gas exchange 
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was also performed.

Results
CO2 absorption in the dark period and 

leaf pH

R. stylosa exhibited a night dark-adapted 

state for CO2 uptake within 250 min in 

both low [CO2] and immersion treat-

ments (Fig. 1). The maximum CO2 ab-

sorption rates under night dark measured 

for R. stylosa 2 m
–2 

s–1, which was similar to the rate of CO2 

plants, as well as the rate in the fourth 

stage of CAM. Moreover, the pH of the R. 

stylosa leaves measured at 06:00 h was 

significantly (P < 0.05) lower than that 

at 18:00 h under a dark-adapted state for 

CO2 uptake after four hours of treatment 

with CO2 supply reduction and daily im-

mersion for one week (Fig. 2). Therefore, 

R. stylosa is characteristically similar to 

those of CAM plants.

-

sponse of photoinduction

In this experiment, 800 μmol photon m-2 

s-1 PPFD was used to induce the photo-

synthesis rate (PN) in K. obovata and R. 

stylosa and explore the photosynthetic 

physiological response. Due to the de-

layed reaction of the PN, photosynthesis 

and stomatal conductance (gs) were ex-

amined over three time periods: 30 min, 

60 min, and 90 min. Figure 3 shows that 

the PN and gs values of K. obovata and 

R. stylosa seedlings during the 30 min 

period were relatively lower than both 60 

min and 90 min. Regardless of the low 

[CO2] or immersion treatment, the PN and 

gs of K. obovata significantly increased 

after 60 and 90 min of irradiation. The 

low [CO2] and immersion treatment 

seedlings under 40 ‰ salinity showed 

immersion seedlings (P < 0.05). How-

ever, in R. stylosa, the PN and gs with no 

immersion treatment increased signifi-

cantly after 90 min of irradiation, and the 

seedlings under 20‰ salinity treatment 
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those under the 40‰ salinity treatment 

(P < 0.05). Meanwhile, low [CO2] and 

immersion seedlings under 40 ‰ salinity 

still exhibited low values after 90 min of 

irradiation, and the values were signifi-

cantly lower than those of the no immer-

sion seedlings (P < 0.05), indicating that 

low [CO2] and immersion at high salinity 

R. stylosa. 

As shown in Fig. 4A, after 40‰ 

salinity treatment, K. obovata seedlings 

Before irradiation, Fv/Fm values of K. 

obovata seedlings under no immersion, 

low [CO2], and immersion treatment 

were 0.76 ± 0.06, 0.80± 0.01, and 0.78 ± 

m-2 s-1 irradiation for 90 min followed by 

acclimation for 30 min in the dark peri-

od, the Fv/Fm values of K. obovata seed-

lings under no immersion, low [CO2], 

and immersion treatment decreased to 

0.61 ± 0.09, 0.69 ± 0.03, and 0.69 ± 0.04, 

respectively (Fig. 4A), but the photoin-

hibition ratio was approximately 20% 

(Fig. 4C). These results demonstrate that 

decline rate of K. obovata was larger in 

no immersion seedlings compared to low 

[CO2] and immersion treated seedlings. 

The photoinhibition ratio of no immer-

sion K. obovata seedlings treated with 20 

‰ salinity was approximately 10%, sug-

gesting that the decline rate of K. obova-

ta seedlings in 20 ‰ salinity treatment 

was greater than that in 40 ‰ salinity 

treatment. 

Fv/Fm values of 40‰ salini-

ty-treated R. stylosa seedlings exposed to 

no immersion, low [CO2], and immersion 

before irradiation were 0.73 ± 0.009, 0.69 

± 0.06, and 0.74 ± 0.02, respectively 

(Fig. 4B), demonstrating that R. stylosa 

was affected by stress in a high salinity 

environment. When the irradiation was 

adjusted in the dark period, all Fv/Fm 

values of R. stylosa seedlings exposed to 

no immersion, low[CO2], and immersion 

dropped to 0.60 ± 0.03, 0.49 ±.055, and 

0.60 ± 0.03, respectively (Fig. 4B), but 
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the photoinhibition ratio was approxi-

mately 20% (Fig. 4D). After 20 ‰ salin-

ity treatment, the decrease in Fv/Fm after 

irradiation was small, whereas the neg-

results show that the long-term exposure 

of K. obovata and R. stylosa to high-sa-

linity environments had a negative im-

-

tion occurred when the irradiation time 

exceeded 90 min under 800 μmol photon 

m-2 s-1.

Discussion
C3/CAM shifting is induced by 

certain stress factors, such as CO2 con-

centration reduction due to inundation 

(Huang et al. 2020), drought (Holtumet 

al. 2017), salinity (Gawronskaet al. 

2013), and high light (Hurst et al. 2004). 

Oxidative stress appears to be necessary 

to induce adaptation to CO2 uptake in the 

dark in C3/CAM shifting species; how-

C3/CAM shifting, among which need to 

be induced by other stresses, such as sa-

linity (Lüttge 2004, Niewiadomska and 

Miszalski 2008).

In our study, dark-adaption in R. 

stylosa induced CO2 uptake after four-

2] 

treatment daily for one week (Fig. 4B). 

Furthermore, CO2 absorption under 

night-dark adaptation in R. stylosa was 

similar to the rates at which CO2 was 

plants at Stage IV (Osmond 1978). When 

malic acid is depleted at the day-end (Os-

mond 1978), a decrease in internal CO2 

levels promotes stomatal opening, which 

enables RuBisCO to fix atmospheric 

CO2 directly. Gawronska et al. (2013) 

reported that M. crystallinum must be 

treated under saline conditions to gener-

ate factors that induce CAM traits. When 

R. stylosa was exposed to 40‰ salinity 

treatment for four hours at low [CO2] and 

experienced multiple stresses from salin-

ity, oxidation, and excessive light, which 
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enabled it to absorb CO2 in the dark pe-

riod. The pH of the leaves measured at 

at 18:00 h. Gawronska et al. (2013) treat-

ed M. crystallinum with 0.4 M NaCl for 

12 days and found that transformed pho-

tosynthetic system from the C3 system to 

a CAM system. 

Delayed activation of CAM plants 

was associated with levels of RuBisCO 

activase protein, which reached a max-

imum at midday, and may account for 

this pattern of RuBisCO activation, such 

as under drought stress or incubation 

of leaves overnight in an oxygen-free 

atmosphere, releasing RuBisCO from 

inhibition early in the light period (Max-

well et al. 2002). This is comparable to R. 

stylosa, where PN and gs remained near 0 

under low CO2 and immersion for 40‰ 

salinity treatment (Figs. 3B and D).

The photoinhibition shown in Fig. 

4 suggests that photosynthesis was in-

hibited by the increased photoinhibition 

under high salt concentrations. PN and 

gs of R. stylosa were almost completely 

inhibited under low CO2 and immersion 

for 40‰ salinity treatment. Compared 

with the experimental results of Huang et 

al. (2020), in our study, Fv/Fm decreased 

when plants switched from C3 to CAM, 

suggesting that environmental stress af-

fects the results of seedlings.
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Fig.1. CO2 absorption under night-dark adaptation in Kandelia obovata (A) and Rhizophora stylosa. 

K.obovata (B) subjected to no immersion, low [CO2], and immersion treatments at 40‰ salinity. 

error (SE); n = 5.
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Fig.2. Kandelia obovata and Rhizophora stylosa subjected to 40‰ salinity treatment with no immersion, 
low [CO2], and immersion provided with daily supply of CO2 for four hours. Changes in leaf pH (1 
g/10 mL) were measured at 06:00 h and 18:00 h after one week. Error bar = SE; n = 5. *P < 0.05.
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Fig.3. Net photosynthesis rate (PN) and stomatal conductance (gs) of leaves of Kandelia obovata (A, C) 

and Rhizophora stylosa (B, D) seedlings. Plants were subjected to no immersion at 20‰ and 40‰ 

photon m-2 s-1 PPFD after 30, 60, and 90 min of irradiation. 
Error bar = SE; n = 5. * Different letters indicate significant differences in the LSD analyses 
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Fig. 4. Fv/Fm and photoinhibition (%) of Kandelia obovata (panels A and C) and Rhizophora stylosa 
(panels B and D) were measured after 90 min of 800 μmol photon m-2 s-1 irradiation and 
dark period exposure for 2 min (D2), 10 min (D10), 20 min (D20), and 30 min (D30) under no 
immersion at 20‰ and 40‰ salinity, low [CO2] at 40‰ salinity, and immersion at 40‰ salinity 
treatments. Error bar = SE; n = 5. *Different letters indicate significant differences in the LSD 
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2014 1 3

 (0.55-165.00 ppm) 2  (0.11 ppm)  (1.80 

ppm) 2022 16 13 12

 (1.41-115.22 ppm) 4 3  (8.39-

61.64 ppm)

 (1159.24 ppm) 

2017

40.64% 44% 37.5%

Abstract
Chemical pesticides are essential for plant protection and ensuring crop 

productivity. However, inappropriate pesticide use could adversely impact ecosystems 

and non-target organisms. Pesticides can directly or indirectly cause wildlife death, in 

which the direct hazards could include negligence or intentional behavior. Carbofuran, 

an insecticide, was illegally used in the past to minimize crop damage by birds. This 

study examined two events of pesticide poisoning of wild birds within a span of eight 

years, occurring before and after the ban of pesticides containing high amounts of 

carbofuran on January 1, 2017, so as to analyze the effectiveness of the mitigation 

measures for specific pesticides. The Wildlife Rescue and Research Center of the 

Endemic Species Research Institute of Taiwan received 15 and 16 cases of suspected 

pheasant-tailed jacana (Hydrophasianus chirurgus) poisoning in 2014 and 2022, 

respectively. Autopsies revealed that most of the gizzards of the dead jacana contained 

undigested grains. Samples of these grains and gizzard tissue were analyzed for pesticide 
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residue by the Taiwan Agricultural Chemicals and Toxic Substances Research Institute. 

Three samples in 2014 from different farmlands were analyzed, all found to contain 

high concentrations of carbofuran (0.55-165.00 ppm), and two of which were found 

with tebuconazole (0.11 ppm) and phorate (1.80 ppm). Moreover, 13 pesticides were 

detected out in all the 16 samples in 2022, 12 of which contained high concentrations of 

carbofuran (1.41-115.22 ppm), while three of the other four samples contained terbufos 

(8.39-61.64 ppm). Carbofuran is highly toxic to birds, and the detected concentrations 

are mostly lethal doses. Finally, baits with a lethal concentration of carbofuran (1159.24 

ppm) were found near the corpses’ locations, indicating that these poisoning events 

could be a consequence of intentional behavior. In summary, the wild bird poisoning 

events in 2014 and 2022 implied that the partial ban on highly-concentrated carbofuran 

formulations (including 40.64% and 44% carbofuran suspension concentrate as well 

as 37.5% carbofuran wettable powder in water soluble bag) in 2017 had failed to 

prevent its misuse. We urge the regulatory authorities to strengthen their risk mitigation 

measures to prevent further incidents of pesticide poisoning in wildlife.

Keywords:
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40.64% 37.5%

2017 1 1
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1

6

2. 
-18°C

QuEChERS

 (European  Commit tee  for 

Standardization 2009, 2018) 

 (gas chromatography/tandem mass 

spectrometry and liquid chromatography/

tandem mass spectrometry) 

19 1

3 2013~2014 15

4 19

2021~2022 16

2

61% ~ 123% < 

20%

(ppm)

2014 3

3 3

 (carbofuran) 0.55-165.00 

ppm 2

 (phorate) 

 (tebuconazole) 1.80 

ppm 0.11 ppm  

2022 16

13

12  (75%

) 1.4-115.22 

ppm 4

3

 (terbufos) 8.39-

61.64 ppm 11

 (chlorpyrifos) 

 

(difenoconazole)  

(azoxystrobin)  (prochloraz)

 (metalaxyl) 

 (tricyclazole )

 (butachlor)  (thiobencarb)
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 (ryanodine) 

 (Chen et al. 2019)

 

(inhibitors of chitin biosynthesis)

 (Merzendorfer 2013)
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6.3
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bw (Gupta 2012; PPDB)
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1
Table 1. The locations, pick-up dates, sampling sites, and sampling dates of the pheasant-tailed jacanas 

found in Guantian District, Tainan. 

1 2
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2014/1/3 / /Carbofuran 
/ /Tebuconazole

 
0.11

2014/1/3 / /Carbofuran

2014/1/3
/ /Carbofuran 
/ /Phorate

0.55 

2022/3/24 / /Terbufos 8.39

2022/3/24 / /Terbufos 61.64

2022/3/24
/ /Carbofuran 
/ /Tebuconazole 
/ /Tricyclazole

 
1.05 
0.02

2022/3/24 / /Carbofuran 
/ /Terbufos

 
0.03

2022/3/24
/ /Carbofuran 
/ /Butachlor 
/ /Chlorpyrifos

 
0.15 
0.03

2022/3/24

/ /Carbofuran 
/ /Tebuconazole 
/ /Azoxystrobin 
/ /Prochloraz 
/ /Chlorfluazuron

 
0.28 
0.15 
0.40 
0.04

2022/3/24
/ /Carbofuran 
/ /Butachlor 
/ /Terbufos

 
28.96 
0.07

2022/3/24
/ /Azoxystrobin 
/ /Difenoconazole

0.06 
0.19

2 ( ) 1

Table 2. The types and concentrations of pesticides detected in jacanas’ stomach contents or tissues.
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1 9  ( / )

/  ( / ) (ppm)

1 2014/1/3 / /Carbofuran 
/ /Tebuconazole

165.00 
0.11

2 2014/1/3 / /Carbofuran 145

3 2014/1/3
/ /Carbofuran 
/ /Phorate

0.55 
1.80

4 2022/3/24 / /Terbufos 8.39

5 2022/3/24 / /Terbufos 61.64

6 2022/3/24
/ /Carbofuran 
/ /Tebuconazole 
/ /Tricyclazole

4.79 
1.05 
0.02

7 2022/3/24 / /Carbofuran 
/ /Terbufos

1.41 
0.03

8 2022/3/24
/ /Carbofuran 
/ /Butachlor 
/ /Chlorpyrifos

25.74 
0.15 
0.03

9 2022/3/24

/ /Carbofuran 
/ /Tebuconazole 
/ /Azoxystrobin 
/ /Prochloraz 
/ /Chlorfluazuron

1.66 
0.28 
0.15 
0.40 
0.04

10 2022/3/24
/ /Carbofuran 
/ /Butachlor 
/ /Terbufos

18.96 
28.96 
0.07

11 2022/3/24
/ /Azoxystrobin 
/ /Difenoconazole

0.06 
0.19
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3 1

Table 3. Acute toxicity data of pesticides found in birds and mammals.
y p

    

/
/Carbofuran

0.71 
( )

7 
( )

1000 
( ) 0.05

/  
/Terbufos

>185 
( )

1.3 
( )

1 
( ) 0.0061

/
/Chlorpyrifos

39.2 
( )

66 
( )

1250 
( ) 0.1

/  
/Phorate

2.25 
( )

2 
( )

2.5 
( ) 0.06

/
/Chlorantraniliprole

>2250 
( )

>5000 
( )

5000 
( ) >5.1

/
/Chlorfluazuron

>2510 
( )

>8500 
( )

1000 
( ) >2.4

/
/Azoxystrobin

> 2000 
( )

>5000 
( )

2000 
( ) 0.69

/
/Difenoconazole

> 2150 
( )

1453 
( )

2010 
( ) >3.3

/
/Tebuconazole

1988 
( )

1700 
( )

2000 
( ) >5.09

/
/Prochloraz

662 
( )

1023 
( )

2100 
( ) >2.16

/ /Flutolanil > 2000 
( )

>10000 
( )

5000 
( ) >5.98

/
/Tricyclazole

> 1528 
( )

289.7 
( )

2000 
( ) >1.15

/
/Metalaxyl

1466 
( )

>669 
( )

5000 
( ) >3.6

/
/Butachlor

> 4640 
( )

2000 
( )

13000 
( ) 3.34

/
/Thiobencarb

> 2000 
( )

560 
( )

5000 
( ) > 2.43
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y p

    

/
/Carbofuran

0.71 
( )

7 
( )

1000 
( ) 0.05

/  
/Terbufos

>185 
( )

1.3 
( )

1 
( ) 0.0061

/
/Chlorpyrifos

39.2 
( )

66 
( )

1250 
( ) 0.1

/  
/Phorate

2.25 
( )

2 
( )

2.5 
( ) 0.06

/
/Chlorantraniliprole

>2250 
( )

>5000 
( )

5000 
( ) >5.1

/
/Chlorfluazuron

>2510 
( )

>8500 
( )

1000 
( ) >2.4

/
/Azoxystrobin

> 2000 
( )

>5000 
( )

2000 
( ) 0.69

/
/Difenoconazole

> 2150 
( )

1453 
( )

2010 
( ) >3.3

/
/Tebuconazole

1988 
( )

1700 
( )

2000 
( ) >5.09

/
/Prochloraz

662 
( )

1023 
( )

2100 
( ) >2.16

/ /Flutolanil > 2000 
( )

>10000 
( )

5000 
( ) >5.98

/
/Tricyclazole

> 1528 
( )

289.7 
( )

2000 
( ) >1.15

/
/Metalaxyl

1466 
( )

>669 
( )

5000 
( ) >3.6

/
/Butachlor

> 4640 
( )

2000 
( )

13000 
( ) 3.34

/
/Thiobencarb

> 2000 
( )

560 
( )

5000 
( ) > 2.43

1 Pesticide Properties DataBase. 
2 LD50<10 mg/kg bw LD50 10-50 mg/kg bw

LD50 51-500 mg/kg bw LD50 501-2000 mg/kg bw LD50

>2000 mg/kg bw
3 CNS15030-17

( )
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p p j

 

 
Carbofuran

  
0.1

 
Terbufos

 

 
Chlorpyrifos

 

 
Phorate

 
 

 
Chlorantraniliprole

 0.1

 
Chlorfluazuron

 

 
Azoxystrobin

 
 5.0

 
Difenoconazole

 
 0.5

 
Tebuconazole

 
 

24 0.05

 
Prochloraz

 
 

24 0.5

 
Flutolanil

 
 1.0

4
Table 4. The chemical categories, application timing, and MRL on rice for detected pesticides in pheasant-

tailed jacanas’ stomach. 
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: /
https://pesticide.baphiq.gov.tw/information/Query/Pesticide#

: MRL  https://consumer.
fda.gov.tw/Law/PesticideList.aspx?nodeID=520 
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1. A.2014 B.2022
Fig. 1. The corpses of suspected pheasant-tailed jacana poisoning in 2014(A) and 2022(B), respectively.

2. A.2014 B.2022
Fig. 2. The undigested grains found in the gizzards of suspected pheasant-tailed jacana poisoning in 

2014(A) and 2022(B), respectively. 

3.
Fig. 3. The baits found near the corpses’ locations.

A B

A B
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pp y g

 5 >5~ 50 >50~ 300 >300~ 2000 >2000~ 5000

 50 >50~ 200 >200~ 1000 >1000~ 2000 >2000~ 5000

 
100 >100~ 500 >500~ 2500 >2500~ 20000

 
0.5 >0.5~ 2.0 >2.0~ 10 >10~ 20

0.05 >0.05~ 0.5 >0.5~ 1.0 >1.0~ 5.0

CNS15030-17
Appendix 1. The acute toxicity categories under National Standard CNS15030-17.

 ( LD50>5000 
mg/kg )
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( 2% 2%)

 
( 10% 10%)

Appendix 2. The scope of crops registered for carbofuran formulations.


