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Abstract

The identity of Solanum biflorum Lour. var. kotoensis  Y. C. Liu & C. H. Ou is reappraised as its type 
specimen was rediscovered in TCF. Based on comparative study of related fresh and herbaria materials, 
S.  biflorum var. kotoensis  is treated as a synonym of Lycianthes boninensis  Bitter. L. boninensis  could 
be readily distinguished from closely related L. biflora  by its glabrous habits and distinct morphology 
of calyx teeth. L. boninensis  was regarded as endemic to the Bonin Islands, but presently its distribution 
range extends to the Ryukyu Islands and Lanyu, forming a remarkable phytogeographic pattern.

Key words: Lanyu, Lycianthes biflora, Lycianthes boninensis, Solanum biflorum var. kotoense, Taiwan, 
taxonomy.

紅頭耳鉤草之分類再議

許天銓  鐘詩文 *

林業試驗植物園組   10066台北市南海路 53號

*通訊作者 : biflora@gmail.com

收件日期：2018 年 6月 1日；接受日期：2018年 10月 16日

摘要

伴隨模式標本重現於 TCF標本館，本研究探討紅頭耳鉤草 (Solanum biflorum Lour. var. 
kotoensis  Y. C. Liu & C. H. Ou)之分類地位。基於新鮮及乾燥標本之觀察比對，我們將S. biflorum 
var. kotoensis 處理為Lycianthes boninensis 之異名。紅頭耳鉤草與近似種紅絲線 (Lycianthes biflora 
(Lour.) Bitter)可藉由光滑之植物體及相異的萼齒形態區分。L. boninensis 過往被認定為小笠原群
島之特有種，但目前其地理分布延伸至琉球群島及蘭嶼，形成一獨特之植物地理模式。

關鍵詞：蘭嶼、紅絲線、紅頭耳鉤草、臺灣、分類學
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Introduction

Lycianthes  (Dunal) Hassl. is a large genus 
of Solanaceae comprising 150–200 species (Dean 
et al.  2017), with the majority distributed in the 
New World from Mexico to Argentina, and only 
approximately 30 species are found in the Old 
World between Asia and Australia (Dean 2004). 
Although sometimes included within Solanum by 
earlier authors (e.g. Hatusima 1969; Liu and Ou 
1974,1978), Lycianthes  is commonly recognized 
as a distinct genus in modern studies (e.g. 
Yamazaki 1993b; Zhang et al.  1994; D’Arcy 
and Peng 1998) as it could be well characterized 
in morphology by the combination of cup-
shaped, 10-veined, mostly 5–10 toothed calyx 
and poricidal anther dehiscence (D’Arcy 1986; 
Dean 2004; Olmstead et al.  2008; Dean et al.  
2017). Molecular data has shown that Lycianthes  
is distant from Solanum  but closely related to 
the chili pepper genus Capiscum , and some 
recent analyses have revealed that Lycianthes 
is paraphyletic with Capiscum  nested within 
(Olmstead et al.  2008; Särkinen et al.  2013). A 
systematic recircumscription of Lycianthes  and/
or Capiscum is thus ultimately necessary.

In Taiwan, two Lycianthes  species, L. 
biflora  (Lour.) Bitter and L. lysimachioides 
(Wall.) Bitter, are commonly accepted (Zhang et 
al.  1994; D’Arcy and Peng 1998; Yang and Liu 
2002; Boufford et al.  2003; Editorial Committee 
of the Red List of Taiwan Plants 2017). An 
additional taxon, described as Solanum biflorum 
Lour. var. kotoensis  Y. C. Liu & C. H. Ou (Liu 
and Ou 1974) from Lanyu island, underwent a 
more intricate taxonomic history. This variety 
was accepted in the first edition of the Flora of 
Taiwan (Liu and Ou 1978) but later reduced by 

Liao (1987) as a synonym of S. biflorum  var. 
glabrum  Koidz. ex Hatus. described from the 
Bonin Islands. Yamazaki (1993b), on the other 
hand, recombined this taxon under Lycianthes 
laevis  (Dunal) Bitter described from Java [as 
L. laevis  var. kotoensis  (Y.C.Liu & C.H.Ou) 
T.Yamaz.] and simultaneously recorded it from 
the Ryukyu Islands. Meanwhile, S. biflorum var. 
kotoense  was sunken into L. biflorum in other 
studies (Zhang et al.  1994; D’Arcy and Peng 
1998; Yang and Liu 2002).

During a field trip to Lanyu in November, 
2006, we met a fruiting Lycianthes  sp. (Fig. 
1A) along the trail to Mt. Hungtou, the highest 
peak of the islet. The plant was first linked to L. 
biflora  due to its erect habit, though it showed 
somewhat distinct characters such as glabrous 
habit and shorter, spine-like calyx teeth. After  
preliminary study, it soon revealed that this 
taxon might match Solanum biflorum  var. 
kotoensis  and is also very close to L. boninensis 
described from the Bonin Islands of Japan (Liu 
and Ou 1974, 1978; Toyoda 2003; Yahara and 
Nagata 2003). To clarify its exact taxonomic 
position, we planned to examine the type 
specimen of Solanum biflorum  var. kotoense,  
which was recorded as being collected by T. 
Sata from Botel Tobago (an alternative name 
of Lanyu) on 7 August, 1932, and preserved in 
the Herbarium of the Department of Botany, 
National Taiwan University (“Herb. Dept. 
Bot. Coll. Sci. National Taiwan University”) 
(Liu and Ou 1974), currently the Herbarium of 
National Taiwan University (herbarium code: 
TAI). However, we failed to locate any specimen 
matching Liu and Ou’s (1974) record in TAI, 
and the identity of the Mt. Hungtou Lycianthes  
thus remained uncertain.
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Fig 1. Morphology of Lycianthes boninense  found in Lanyu (A & E from Chung 8427; B–D from 
Chung  12223). A. Fruiting habit. B. Flowering habits. C. Flower, front view. D. Flower, back view, 
showing calyx teeth. E. Fruits.
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In December, 2017, a sheet fitting the record of Solanum biflorum var. kotoense  type (Fig. 2) was 
eventually found in the Herbarium of National Chung Hsing University (herbarium code: TCF) where 
Prof. Liu and Prof. Ou, the authors of S.  biflorum var. kotoense , stayed for their entire research careers. 
On the account that the “National Taiwan University Herbarium” stamp on the sheetimplies that this 
specimen was originally preserved in TAI, and no trace of additional duplicates could be detected so far, 
the TCF sheet could be directly treated as the holotype of S . biflorum var. kotoense  (see Art. 9.1. Note 1 
of the Melbourne Code; McNeill et al.  2011). Additionally, several specimens cited under S. biflorum var. 
kotoense  in the first edition of the Flora of Taiwan (Liu and Ou 1978) were also found in TCF.

Fig 2. Holotype of Solanum biflorum var. kotoense  currently preserved in TCF. Photographed by You-
Ting Hsieh.
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After a critical study of the rediscovered holotype of S. biflorum var. kotoense  and related fresh 
and herbaria materials, we are convinced that the unknown Lycianthes  we encountered at Mt. Hungtou 
in 2006 along with several Lycianthes  collections from Lanyu match S. biflorum var. kotoense , and all 
these specimens also correspond to Lycianthes boninensis . As L. boninensis  takes priority at species rank, 
we treated Solanum biflorum var. kotoensis  as a synonym of L. boninensis  for the first time. The global 
distribution of L. boninensis , previously considered endemic to the Bonin Islands (Yamazaki 1993b; 
Yahara and Nagata 2003), then extends to the Ryukyu Islands and Lanyu (Fig. 3). To aid identification, 
the full synonymy, morphological description, voucher specimens and color plates of L. boninensis  is 
presented in this study. Its taxonomic identity, phytogeography and conservation status are also discussed.

Fig 3. Distribution ranges of Lycianthes boninensis (stars) and L. biflora  (dashed line) in East Asia.
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TAXONOMIC TREATMENT

Lycianthes boninensis  Bitter, Abh. Nat. 
Ver. Bremen 24:483. (1919). Figs. 1 & 2. Type: 
JAPAN. Tokyo: Bonin Islands (“Bonininseln”), 
Warburg s.n.  (holotype: B, possibly destroyed).

= Solanum biflorum  Lour. var. kotoense 
Y.C.Liu & C.H.Ou, Quart. J. Chin. For. 7: 
151. 1974 [as “kotoensis”]. ≡ Lycianthes 
laevis  (Dunal.) Bitter var. kotoensis  (Y.C.Liu & 
C.H.Ou) T. Yamaz., Fl. Japan. 1993. syn. nov. 
Type: TAIWAN. Taitung: Lanyu (Botal Tobago), 
Mt. Satuja, 7 Aug 1932, T. Sata s.n.  (holoype: 
TCF!).

= Solanum boninense  Nakai ex Tuyama, 
Bot. Mag. Tokyo 50: 132. 1936. Type: JAPAN. 
Tokyo: Bonin Islands, Chichijima (“Ins. 
Titizima”), 8 July 1920, T. Nakai s.n ., (holotype: 
TI!).

= Solanum biflorum  Lour. var. glabrum 
Koidz. ex Hatus., J. Geobot. (Kanazawa) 17:49. 
1969. Type: JAPAN. Tokyo: Bonin Islands, 1 
Oct 1912, S. Nisimura 81 (holotype: TI!).

Morphology: Subshrubs 0.6–1.0 m tall. 
Branches glabrous, sometimes sparsely hairy at 
very young stage. Leaves solitary or unequally 
paired, thick membranaceous, sparsely hairy at 
very young stage, soon turning glabrous, petiole 
1–3 cm long; major leaves ovate or ovate-oblong, 
10–18 cm long, 4.0–8.5 cm wide, apex acute 
or acuminate, base cuneate or rounded, shortly 
attenuate into petiole, entire, lateral veins 5–7 
pairs; minor leaves broadly ovate to oblong, 
3–8 cm long, 2–4 cm wide. Inflorescences 
1–6-flowered fascicles in leaf axils. Pedicel 0.5–
1.0 cm long, glabrous, retrose in flowering, erect 
in fruiting. Calyx cup-shaped, 3–4 mm long, ca. 
4 mm in diam., glabrous, 10-toothed; teeth spine-

like, attached slightly below the rim, subequal or 
distinctly unequal in length, 0.3–1.5(–2.0) mm 
long; corolla rotate-campanulate, white, deeply 
5-lobed, lobes ca. 7 mm long, ovate-lanceolate, 
acute; stamens 5, connivent, inserted in corolla 
tube, filaments ca. 1 mm long, anthers oblong, ca. 
3.5 mm long; style filiform, ca.5 mm long. Berry 
red, globose, 0.7–0.9 cm in diam., with saucer-
shaped persistent calyx at base.

Chinese name: “紅頭耳鉤草” (Liu and 
Ou 1978).

Global distribution: Lycianthes boninensis 
is currently reported in Japan and Taiwan (Fig. 3). 
In Japan, it has been recorded from Chichijima, 
Hahajima, Kita Iwo Jima and Minami Iwo Jima 
of the Bonin Islands (Ogasawara Subprefecture, 
Tokyo  Met ropo l i s )  (Toyoda  2003)  and 
Ishigakijima and Iriomotejima of the Ryukyu 
Islands (Okinawa Prefecture) (Yamazaki 1993). 
In Taiwan, it is currently only recorded in Lanyu 
(Lanyu Township, Taitung Co.). The record of 
Lycianthes  boninensis in Borneo (Beaman and 
Anderson 2004) is currently rejected as discussed 
below.

Habitat  and phenology:  In  Lanyu, 
Lycianthes boninensis was found growing under 
primary broadleaved forest at the elevation of 
200–400 m. Flowering was recorded from May 
to July and fruiting from July to next March.

Conservat ion  s ta tus :  EN.  See  the 
discussion below.

A d d i t i o n a l  s p e c i m e n s  e x a m i n e d : 
TAIWAN. Taitung: Lanyu Township, Mt. 
Hungtou (Mt. Hon-tou;), 12 Jul 1935, Hosokawa 
8128  (TCF); 12 Jul 1935, Kano s.n.  (TCF); 
20 Sep 1972, Huang & Kao 6236  (TCF); 12 
Nov 2006, Chung 8427  (TAIF); 12 Oct 2013, 



199台灣生物多樣性研究 (TW J. of Biodivers.) 20(4): 193-203, 2018 199

Lu 26059  (TAIF); 10 Jun 2015, Chung 12223 
(TAIF); Mt. Yamada, Sata 1691 , Jul 19, 1932 
(TAI); Tungching Stream, 30 Sep 2010, Jung 
5166 (TAIF); en route from Yehyu Bridge to hill 
peak up the Yehyu River, 27 Feb 1993, Ho 1072 
(HAST). JAPAN. Tokyo Metropolis, Ogasawara 
Subprefecture: Chichijima, 14 Jul 1905, Hattori 
s.n.  (TI); Hahajima, 6 Aug 1905, Hattori s.n. 
(TI); 19 Jun 1920, Nakai s.n.  (TI); 28 Jul 1930, 
Tuyama s.n. (TI); 26 Jun 1932, Hara T215 (TI); 
30 Jun 1932, Kuwanok s.n.  (TI); 7 Apr 1934, 
Tuyama s.n. (TI); 4 Apr 1936, Tuyama s.n.  (TI); 
400 m, 16 Jul 1969, Yamazaki s.n.  (TI); Kita 
Iwo Jima (“Kita-iwo-zima”), 20 Nov 1935, 
Tuyama s.n. (TI); 16 Jun 1940, Tuyama s.n.  (TI); 
300 m, 28 May 1970, Yamazaki & Enomoto s.n.  
(TI); 13 Jul 1993, Yasui s.n.  (TI); Minami Iwo 
Jima, 31 Mar 1936, Tuyama s.n.  (TI); 15 & 16 
Jun 1982, Ohba 826074 (TI).

DISCUSSION

Typification and taxonomic affinity of 
Lycianthes boninensis

All but few loaned ones of the Solanaceae 
types preserved in the Herbarium Berolinense 
were unfortunately destroyed during WWII 
(Hiepko 1987), and currently we could not find 
any surviving original materials of Lycianthes 
boninensis  from online databases of B and other 
European herbaria. The identity of this name is 
therefore based on the comparison with original 
description (Bitter 1919), previous studies 
(Yamazaki 1993b; Toyoda 2003; Yahara and 
Nagata 2003) and specimens collected from its 
type locality. Neotypification would be ultimately 
necessary if no extant type materials could be 
discovered after an extensive search. 

Lycianthes boninensis  is closely related to 

the widespread and variable L. biflora  but readily 
distinguished by the hairiness of plant bodies and 
the morphology of calyx teeth. In L. boninensis , 
the stems and leaves are only sparsely hairy 
at very young stage and soon become entirely 
glabrous, the calyx is entirely glabrous, with 
conical-subulate teeth attached slightly below 
calyx rim, and the calyx teeth are sometimes 
unequal in length, up to 2 mm and generally 0.3–
1.5 mm long. While in L. biflorum, the annual 
stems, leaves and calyx are always sparsely to 
densely pubescent, and the calyx teeth are linear-
subulate, nearly equal in length, generally 2–3 
mm long and attached onto the calyx rim. It 
should be noted that both L. boninensis  and L. 
biflorum could be found in Lanyu, where they 
tend to grow allopatrically. L. biflorum [voucher 
specimens: Sata 1687 (TAI); Huang 10675 (TAI); 
Chang 2841 (TAIF); Jung 5030 (TAIF)] is often 
found in open and semi-open waste places or 
forest margin near sea-level, but L. boninensis  
is only discovered under moist rain forests in 
the northern mountainous region. All specimens 
currently examined are clearly separable by the 
characters mentioned above.

Yamazaki’s (1993b) treatment of Solanum 
biflorum var. kotoense  was somehow impractical. 
Firstly, he placed this taxon as a variety of 
Javanese Lycianthes laevis , but L. laevis , as 
described in Bitter’s (1919) monograph and 
also seen on its holotype [J.B.L.T.Leschenault 
de la Tour 683  (P image!)], bears shortly 
5-toothed calyx which is strikingly distinct 
from the present taxon. Secondly, he stated that 
Lycianthes laevis  var. kotoensis  differs from L. 
boninensis in having membranaceous (vs. thick 
membranaceous), oblong (vs. ovate) leaves, 
attenuately acuminate (vs. acute) leaf apices 
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and irregular (vs. subequal) calyx. However, the 
holotype of Solanum biflorum var. kotoensis  (Fig. 
2) bears ovate leaves and subequal calyx teeth, 
both conflicting Yamazaki’s observation. The 
distinction in leaf texture is too subtle to serve as 
diagnosing character, and specimens from Lanyu 
comprise leaves varied from ovate to oblong with 
acute to acuminate apices and calyx teeth varied 
from obviously irregular to subequal. Based on 
these observations, we are convinced that none 
of the characters mentioned by Yamazaki (1993b) 
are usable to distinguish Solanum biflorum var. 
kotoense  from L. boninensis , and hence we agree 
with Liao (1987) that S. biflorum var. kotoense 
is identical to the Bonin taxon. However, as this 
taxon could be readily distinguished from L. 
biflora not only by glabrous habits but also by the 
morphology of calyx teeth, we believe it is better 
to recognize it as an independent species, namely 
L. boninensis , instead of a glabrous variety of L. 
biflora.

Conservation status of Lycianthes boninensis

Lycianthes boninensis  was evaluated as 
EN (Endangered) in Japan (Ministry of the 
Environment, 2015). In Taiwan, L. boninensis  
is currently only recorded in the northern 
mountainous region of Lanyu. Although it is 
recorded in four locations (Mt. Hongtou, Mt. 
Yamada, Tungching Stream and Yehyu River) 
according to specimen data, all these locations 
are actually closely adjacent and thus better 
considered as a single subpopulation. A total of 
ca. 100 mature individuals and ca. 10 km2 area 
of occupancy are estimated based on our field 
investigation between 2006–2018. As neither 
population decline nor immediate threat has 
been observed, this species is evaluated as EN 
(D1) at national level based on IUCN Red List 

Categories and Criteria (IUCN 2012a; 2012b; 
Editorial Committee of the Red List of Taiwan 
Plants 2017).

Phytogeography of Lycianthes boninensis

The Bonin-Ryukyu-Lanyu distribution 
pattern of Lycianthes boninensis  is remarkable 
and not known from any other vascular plants 
(Hsieh 2003). The only similar case is Limonium 
wrightii  (Hance) Kuntze (Plumbaginaceae), 
although it occurs in a slightly wider range 
including the Izu Islands, southern Taiwan and 
Penghu Islands (Yamazaki 1993a; Li 1998; 
Toyoda 2003). All other native species sharing 
among the Bonin Islands, the Ryukyu Islands and 
Lanyu are globally much more widespread.

The geographic location and flora of the 
Bonin Islands is rather isolated, with about 
43% of vascular plants considered endemic 
(Kobayashi and Ono 1987). On the other hand, 
the floras of the Ryukyu Islands and Lanyu, each 
with fewer than 12% endemic species (Ohba 
1996; unpublished data), are more correlative to 
closely adjacent areas such as southern Japan, 
Taiwan and northern Philippines. It could 
therefore be hypothesized that the speciation 
of L. boninensis more likely took place on the 
Bonin Islands, and its emigration to the Ryukyu 
Islands and Lanyu might have happened more 
recently. The small, bright reddish and smell-less 
berries of L. boninensis  well fit the syndrome of 
ornithochory (Albuquerque et al.  2006), and it 
thus has the potential of long-distance dispersal 
among these oceanic islets. The Bonin-origin 
hypothesis could further demonstrate that the 
co-occurrence of closely related L. boninensis  
and L. biflora  in the Ryukyu Islands and Lanyu 
(Fig. 3) might be a result of multiple independent 
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colonization, though phylogenetic and population 
genetic studies are eventually needed in seeking 
its origin and evolution history. 

Besides Taiwan and Japan, Lycianthes 
boninensis  was also recorded from Borneo based 
on a single collection from the Mount Kinabalu 
region (Beaman and Anderson 2004). However, 
the voucher specimen [Kokawa & Hotta 5609  (L 
image!)] differs from Japanese and Taiwanese 
materials in having much narrower leaves and 
linear-subulate calyx lobes. We thus believe that 
this record was a result from misidentification. 
Nevertheless, since L. boninensis  could be 
easily confused with L. biflorum if not carefully 
studied, there is still a chance to find out 
additional records of L. boninensis  within the 
broad distributing range of L. biflorum  if a 
comprehensive re-examination of herbaria and 
field survey is conducted.
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Abstract

This dataset recorded benthic diatoms attached to the diatom boards installed on the artificial floating 
islands (AFIs) in the seawater in Anping Historical Waterview Park, Tainan, Taiwan. Diatoms were 
cultured using diatom boards and sampled four times from October to December, 2017. A total of 45 
diatom species belonging to 22 genera were identified. Among them, the Navicula  genus was the highest 
in richness, and Achnanthes subsessilis  and Nitzschia longissima dominated in number.

Key words: Artificial Floating Island, diatoms, sampling event

海水人工浮島矽藻調查資料

李麗華 1、謝莉顒 1、王筱雯 2、鄭凱鴻 2、呂雯琳 1、薛美莉 1,*

1行政院農業委員會特有生物研究保育中心  南投縣集集鎮民生東路 1號

2國立成功大學水利及海洋工程系 台南市東區大學路 1號

*通訊作者：shiu@tesri.gov.tw

收件日期：2018年 8月 31日；接受日期：2018年 12月 27日

摘要

本資料集提供2017年10月至12月於台南市安平歷史水景公園人工浮島上進行附生矽藻培養，
並進行 4次採集與藻種鑑定所得結果，於附著藻板之矽藻共鑑定出 22屬 45種，其中以菱形藻屬
(Navicula )種類最多，Achnanthes subsessilis  及Nitzschia longissima 為數量優勢藻種。

關鍵詞：人工浮島、矽藻、取樣事件
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Introduction

An artificial floating island (AFI) is a group 
of plants cultivated on artificial platforms that 
float on water. AFIs are typically established 
for various objectives such as bank erosion 
prevention and shoreline protection, landscape 
design and planning, wildlife habitat provision, 
and water purification and filtration (Hoeger 
1988; Nakamura and Mueller 2008). Studies 
on the water purification and filtration function 
of AFIs have focused on the effects of nutrient 
absorption of vascular plants and the wildlife 
habitat provided by AFIs (Stewart et al. 2008; 
Billore 2009; Li et al.  2010; Zhang et al.  
2014). However, few studies have addressed 
the structure of AFIs or the microorganisms 
attached to the underwater root systems. Diatoms 
constitute the main species in water bodies, and 
they provide a food source for primary producers 
and other organisms in the underwater biosphere. 
Additionally, the structure and plant root systems 
of AFIs provide surfaces for the effective 
attachment of diatom substrates (Nakamura et 
al.  1995). To address the research gap regarding 
benthic diatoms on AFIs, this study investigated 
benthic diatoms on AFIs established on seawater. 
The diatom species and related environmental 
data collected and established by this study can 
serve as reference for future investigations.

Methods and Materials

1. Sampling  Location

The Anping Historical Waterview Park in 
Tainan, Taiwan, (120˚15'21.81'' E, 22˚00'00.84''  
N) served as the sampling location for this 

study (Fig. 1). The park has a water area of 
approximately 6 km² and water depth of 3 m. 
The southern portion of the park is connected to 
the Anping harbor area and the Tainan Canal; the 
northern portion comprises the Yanshui River 
basin and estuary. The gauge height within the 
park varies with the sea tide; the water salinity 
level is generally between 31 and 35 ppt (Lin 
2017). Since 2016, seven AFIs have been 
established by faculty members and students 
of the Department of Hydraulic and Ocean 
Engineering of National Cheng Kung University. 
The established AFIs comprise plants such as 
Sesuvium portulacastrum (L.) L. and Avicennia 
marina  (Forsk.) Vierh (Fig. 2). This study 
conducted culture, sampling, investigation, and 
identification processes on three of these AFIs to 
obtain information regarding benthic diatoms. 

According to 2017 data obtained from 
the Tainan Anping Observation Station of the 
Central Weather Bureau (Table 1), the annual 
rainfall amount in Anping is 1,055 mm and the 
mean annual temperature is 25.4˚C. To prevent 
the effects of typhoon or intense rainfall during 
summer, diatom boards were installed in October. 
The mean monthly temperatures during the 
investigation period were 27.4˚C (October) and 
24˚C (November), and the rainfall measurements 
were 42 (October) and 3.5 (November) mm. An 
on-site test of the park's water quality conducted 
on October 28, 2017, revealed that the water pH 
was 8.28, water temperature was 26.5˚C, salinity 
was 34 ppt, dissolved oxygen concentration 
was 7.87 mg/L, and turbidity was 1.23 FNU 
(Formazin Nephelometric Units). Therefore, the 
water had a high dissolved oxygen concentration 
as well as high transparency.
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Fig. 1. Sampling location. Fig. 2. AFIs established by faculty members and students 
of the Department of Hydraulic and Ocean Engineering of 
National Cheng Kung University. 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
Ambient 
Temperature (˚C)

19.7 18.9 21.9 5 28.1 29.7 30 30.1 30.2 27.3 24 19.3 25.4

Rainfall (mm) 0 0.5 11 63 71 217.5 438 175 33 42 3.5 0.5 1055

Table 1. Meteorological data recorded in 2017 in the Anping Historical Waterview Park (Anping 
Observation Station of the Central Weather Bureau)
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2. Diatom  Sampling

This study includes a total of five sampling 
events, which is defined by the date the samples 
were retrieved from the field. Of the five events, 
four were sampling of benthic diatoms, which is 
gathered from the field on October 23, October 
31, November 20, and November 30, 2017. The 
fifth is a sample of planktonic diatoms, which is 
sampled from the field on October 28, 2017 with 
a test on the park's water quality. Further details 
of the sampling process are given below. 

(1) Culture of benthic diatoms: 

Eight diatom boards (transparent acrylic 
boards measuring 15×15 cm²) were placed 
on each of the three AFIs on October 16, 
2017. Subsequently, sampling processes were 
conducted on October 23, October 31, November 
20, and November 30, 2017, with the culture 
period being 7, 15, 35, and 45 days, respectively.

(2) Sampling of benthic diatoms: 

On each sampling date, two of the diatom 
boards were removed from the AFIs; specifically, 
a total of six boards were retrieved on each 
sampling session. The retrieved boards were 
covered with tin-foil paper for shading, after 
which they were sent to the laboratory under 
refrigeration. The benthic diatoms were then 
scraped off using toothbrushes.

(3) Sampling of planktonic diatoms: 

For comparison with the benthic diatoms, this 
study sampled the water near the Historical 
Waterview Park regions in which the diatom 
boards were placed on October 28. The collected 
water samples were subjected to centrifugation, 
acid washing, and fixation in the laboratory. 
Subsequently, observation and identification 
processes were conducted on the water samples.

(4) Identification of diatoms: 

All the diatom fluids were first concentrated 
in a centrifugal machine for 10 minutes at 3,500 
rpm; the fresh diatoms were then observed using 
a differential interference contrast microscope 
(OLYMPUS, BX51; 1,000X). Subsequently, 
acid washing was conducted using concentrated 
sulfuric acid, after which observation and 
identification processes were performed using 
an electron microscope (HITACHI, TM 3000; 
4,000–10,000X). The main reference items for 
identification were The Diatoms: Biology and 
Morphology of the Genera  (Round et al. 1996) 
and Freshwater Diatom Flora of Taiwan  (Wu et 
al.  2011).
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Results

1. Diatom  board fouling

During the 45 days of culture of benthic 
diatoms, the diatom boards were retrieved on 
days 7, 15, 35, and 45 and sent to the laboratory, 
where the benthic diatoms were then scraped 
off. Figure 3 presents the changes observed on 
the diatom boards. The organisms found on 
the diatom boards varied with time. On day 7 
(Fig. 3a), benthic diatoms, cyanobacteria, and 
other algae were observed, but the coverage was 
not extensive. On day 15 (Fig. 3b), the diatom 

Fig. 3. Changes observed on diatom boards during different culture stages.

boards were completely covered by various algae 
including Ulva fasciata , a type of macroalgae of 
the Ulva genus; some fouling marine organisms 
such as Balanidae and Sabellidae of Sabellida 
were also observed. On day 35 (Fig. 3c), the 
diatom boards were fully covered by macroalgae 
and fouling organisms. Finally, on day 45 (Fig. 
3d), the diatom boards were mostly covered by 
Balanidae, whereas only a few green algae and 
Sabellidae were observed.
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Datasets

Dataset description

Object name: Darwin Core Archive The_
Survey_Data_of_Benthic_Diatoms_in_Anping_
Historical_Waterview_Park

Character encoding: UTF-8

Format name: Darwin Core Archive format

Format version: 1.0

Distribution:  http://ipt.taibif.tw/archive.
do?r=the_survey_data_of_benthic_diatoms_in_
anping_historical_waterview_park

https://www.gbif.org/dataset/a0998d3b-4a7f-
4add-8044-299092d9c63f

https://doi.org/10.15468/mwzwls

Publication date of data: 2018-08-31

Language: Chinese

Licences of use: Creative Commons Attribution 
Non Commercial (CC-BY-NC) 4.0 License

2. Diatom  species

Among the fouling diatoms on the diatom 
boards and the planktonic diatoms in the water, 
a total of 46 diatom species belonging to 23 
genera were identified after acid washing. Of 
the identified species, 45 were observed on the 
diatom boards and 24 were observed in the water. 
The majority of the diatoms identified belonged 
to Navicula ; they were six in total and included 
Achnanthes subsessilis  and Nitzschia longissima, 
which were the dominant species in number. In 
addition, Haslea spicula , Plagiotropis lepidoptera, 
and Thalassiosira tealata  were observed on the 
diatom board, indicating the preceding three 
species belong to phytoplankton.

Table 2 lists the diatoms documented in this 
study. A database containing the morphological 
pictures of all listed diatoms and relevant 
environmental data was established. This 
database can serve as a reference for related 
future research.
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應用無人機於馬祖大鳳頭燕鷗與瀕危黑嘴端鳳頭燕鷗之巢

位調查

洪崇航 1, *、蔣功國 1, 2、管立豪 3、張樂寧 1、袁孝維 1, *

1 國立臺灣大學森林環境暨資源學系 106台北市大安區羅斯福路四段 1號

2 社團法人台北市野鳥學會 106台北市大安區復興南路二段 160巷 3號

3 林務局農林航空測量所 100台北市中正區和平西路二段 100號

*通訊作者：chrancor@gmail.com, hwyuan@ntu.edu.tw

收件日期：2018年 5月 21日；接受日期：2018年 11月 26日

摘要

黑嘴端鳳頭燕鷗 (Thalasseus bernsteini)是台灣數量最瀕危稀有的海鳥，為了在不對繁殖燕
鷗造成過度干擾的情況下進行調查，本研究在 2017年於馬祖列島燕鷗保護區中利用旋翼無人機
收集島嶼環境資料，並定位島嶼上每一個大鳳頭燕鷗 (T. bergii )與黑嘴端鳳頭燕鷗的繁殖巢位。
2017年的 6月 8日透過無人機調查在鐵尖島上共發現 10個黑嘴端鳳頭燕鷗巢位與 1643巢大鳳頭
燕鷗巢位，並在 7月 6日發現 4個黑嘴端鳳頭燕鷗巢位與 970巢大鳳頭燕鷗巢位。本研究並利用
generalized linear models分析島嶼之坡度、高度與植被覆蓋度對兩種燕鷗巢位分布之影響程度。結
果發現在地勢較高 (高潮位線 13公尺以上 )、坡度較緩 (25度以下 )且植被覆蓋率較低 (22%以下 )
的樣區中，有較高機率 (50%以上 )的大鳳頭燕鷗巢位分布。而且，黑嘴端鳳頭燕鷗偏好在大鳳頭
燕鷗巢位密度較高的區域中繁殖。此外，在距離觀鳥屋較遠的樣區也發現有顯著較高的大鳳頭燕

鷗巢位密度，島嶼上的人造物可能對燕鷗巢位偏好有負面影響。整體而言，鐵尖嶼尚可透過植被

整理釋出更多合適空間供燕鷗繁殖，無人機的使用突破了過去在難以抵達的海島上不易調查巢區

全貌的限制，可提升海鳥巢區監測的效率與準確度，未來應將無人機視作海鳥調查之重要工具。

關鍵詞：海鳥保育、群聚繁殖、數值地表模型
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Use of unmanned aerial vehicles (UAVs) to census nest 
site of Greater Crested Tern Thalasseus bergii and critically 
endangered Chinese Crested Tern Thalasseus bernsteini in 
Matsu, Taiwan
Chung-Hang, Hung1, *, Kung-Kuo, Chiang1, 2, Li-Hao, Kuan3, Le-Ning, Chang1, 
Hsiao-Wei, Yuan1, *

1 School of Forestry and Resource Conservation, National Taiwan University, Taipei, Taiwan 
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3 Aerial Survey Office, Forestry Bureau, Taipei, Taiwan

*Corresponding author: chrancor@gmail.com, hwyuan@ntu.edu.tw
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Abstract

The Chinese Crested Tern, Thalasseus bernsteini  (CCT), is the most critically endangered seabird 
species in Taiwan. CCT nests sympatrically with the Great Crested Tern, T. bergii  (GCT), on seven 
protected islands within the Matsu Island Tern Refuge (MITR). To minimize disturbances during the 
breeding season, we used Unmanned Aerial Vehicles (UAVs) to locate CCT nests and built digital surface 
models of the protected islands in the MITR. In 2017, we found 10 CCT nests and 1643 GCT nests on 
Tiejien Island on 8 June, and another 4 CCT nests and 970 GCT nests on 6 July. We also used generalized 
linear models to distinguish the effects of elevation, slope, and vegetation coverage on the probability of 
CCT and GCT nest occurrence. The model indicated that GCT preferred to nest on high (>13 m above 
high tide line), flat (slope < 25。), and less vegetation cover (< 22%) ground, while CCT preferred to nest 
within higher GCT nest density areas. In addition, we found that GCT nest density significantly increased 
with the distance to bird blinds, which may imply a negative impact of human disturbance on the terns’ 
nest site preferences. In conclusion, we found that the removal of more vegetation on Tiejien Island would 
provide more nesting areas for CCT and GCT colonies. UAVs served as an important tool in improving 
the accuracy and efficiency of seabird colony and habitat monitoring on hard to reach islands.

Key words: seabird conservation, colonial breeding, digital surface model
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前言

遙測 (remote sensing)技術在生態研究中
一直都是個重要工具，利用人造衛星或是飛

行載具對地面的觀測影像，可幫助研究人員

了解大尺度的氣候變遷到小尺度的動植物分

布資訊。但使用人造衛星與飛行具進行遙測

研究的限制也相當明顯，一是因距離地面較

遠以致影像解析度有限；二是飛行的頻度彈

性有限，難以針對個別事件進行監測；另外，

在操作與維護上的費用也相當高，非一般研

究單位可以負荷 (Berni et al.  2009)。隨著科技
日新月異，近十年來無人飛行載具 (unmanned 
aerial vehicles, UAV, 以下簡稱無人機 )的普
及已提供了研究者相對較便宜、快速、安全

且節省人力的遙測影像取得方式。依據 UAV
的機體設計、動力來源與承載重量，Watts et 
al.  (2012)將其分為四個等級，本研究所討論
與使用的無人機主要是第四類載重能力在 5kg
以下的旋翼無人機。固定翼與旋翼無人機的

主要差別便是在於飛行速度與靈活度上，固

定翼無人機的飛行速度與飛行範圍較旋翼遠，

較適合應用在大面積的拍攝或探索任務上。

相對的，旋翼無人機雖飛行時間較短，但是

在靈活度上高出許多，可垂直起降、懸停觀

察為其主要特色。

在野生動物保育與生態資源研究領域

中，無人機已被廣泛的利用在生物多樣性評

估、群聚物種計數、重點物種偵測、野生動

物棲地管理等研究上 (Anderson and Gaston 
2013; Chabot and Bird 2015)。而且，可應用的
研究物種從大型的哺乳類動物到小型的鳥類

皆可適用 (Vermeulen et al.  2013; Chabot et al.  
2015)。舉例來說，Murfitt et al.  (2017)比較無
人機與傳統人力在潮間帶的珊瑚礁調查效率，

結果顯示兩種調查方式的準確率並無顯著差

異，且無人機可提供更大面積尺度的地理資

訊，對需要在短暫潮汐時間內進行大範圍調

查的海岸生態研究而言，無人機非常適用。

Hodgson et al.  (2017)的研究也指出利用無人
機自高空監測在地表活動的野生動物族群，

較傳統在地面觀察的準確率高出約 43 96%。
Koh and Wich (2012)以自行設計的固定翼無
人機在印尼的熱帶雨林中進行空拍調查，在

其 25分鐘的飛行期間可調查 15平方公里，
交通工具難以穿越的熱帶雨林樣區，並提供

解析度小於 10公分的影像供後續分析，該
文作者認為這對地方保育管理機關在監測大

型野生動物與森林中的盜獵、盜伐行為上，

是一個革命性的新工具。然而，國內目前關

於無人機的研究與應用仍著重於系統開發、

地形量測與防災領域，尚未有野生動物資源

領域之相關研究 (江凱偉，2015; 饒見有等，
2014)。

台灣目前僅有兩個以海鳥為保育目標的

保護區 (馬祖列島燕鷗保護區與澎湖貓嶼海鳥
保護區 )，過去與保護區相關的研究與計畫多
以族群調查、巡護管理與教育宣導為主 (張壽
華，2008；劉用福，2008；社團法人中華民
國野鳥學會，2010；鄭謙遜，2012；陳思穎，
2015；社團法人台北市野鳥學會，2017)。
馬祖列島燕鷗保護區中有多種保育類燕鷗於

此區域繁殖，其中以大鳳頭燕鷗 (Thalasseus 
bergii)數量為最多 (張壽華，2008)，並以黑
嘴端鳳頭燕鷗 (Thalasseus bernsteini)最為珍
稀，估計全球數量僅約 100隻，名列 IUCN
紅皮書中的極危 (Critically Endangered)等級
物種 (Birdlife International, 2017)。社團法人台
北市野鳥學會 (以下簡稱台北鳥會 )自 2008
年起便開始調查馬祖列島燕鷗保護區的燕鷗

繁殖族群，每年於燕鷗繁殖季期間 (5-8月 )
每月出海 2次進行觀察，迄今已累積 10年的
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長期族群監測資料。自 2011年開始，台北鳥
會執行「馬祖列島燕鷗保護區鳳頭燕鷗誘鳥

計畫」，每年皆以假鳥模型吸引上述兩種鳳

頭燕鷗進駐特定島嶼繁殖，但綜觀誘鳥計畫

執行以來，歷年曾發生過數次棄巢事件，受

限於不易觀察，目前仍無法判斷原因為何 (社
團法人台北市野鳥學會，2017)。

由於燕鷗生性敏感，繁殖期間若研究員

登上島礁進入巢區，會使燕鷗驚飛離巢，為

避免干擾，過去 10年來進行燕鷗族群調查之
方法都是租用漁船繞行燕鷗繁殖島嶼，以群

集計數法方式估計在島上活動的燕鷗族群數

量 (社團法人台北市野鳥學會，2017)。然而
燕鷗習性多偏好於無人島礁頂端群聚繁殖 (林
于凱，2007)，以繞島計數的方式必定會受限
於視角而有所低估，亦無法確認其繁殖族群

數量或巢數。一般而言，若欲了解燕鷗繁殖

族群之數量，較準確的調查方式應是進入巢

區後計數地面巢數 (Walsh et al.  1995)，卻難
免對鳥群造成驚擾。為了在不過度干擾燕鷗

繁殖的情況下蒐集必要資料，本研究在馬祖

列島燕鷗保護區中利用無人機於島嶼上空拍

攝燕鷗繁殖族群，並記錄島嶼環境資料如坡

度、高度與植被覆蓋度。後續透過空拍圖資

計數並定位每一個大鳳頭燕鷗與黑嘴端鳳頭

燕鷗的繁殖巢位，並與環境資料對比以得知

其巢位分布偏好，以利未來保護區管理單位

擬訂更完整的棲地經營管理策略。

研究材料與方法

1.研究樣區與物種

馬祖列島燕鷗保護區成立於 2000年，保
護區範圍涵蓋東引鄉之雙子礁，北竿鄉之三

連嶼、中島、鐵尖、白廟、進嶼，南竿鄉之

瀏泉礁，與莒光鄉蛇山共 8座島嶼 (圖 1)。
8座島嶼均為孤立於各鄉外之無人島嶼，主
要保護目標為於此地繁殖的大鳳頭燕鷗、白

眉燕鷗 (Onychoprion anaethetus)、紅燕鷗 (S. 
dougallii )、蒼燕鷗 (S. sumatrana)、黑尾鷗
(Larus crassirostris)、岩鷺 (Egretta sacra)與叉
尾雨燕 (Apus pacificus )。

大鳳頭燕鷗主要分布在熱帶與亞熱帶舊

大陸的沿海地區，在台灣為夏候鳥，僅在離

島地區如馬祖、澎湖與金門有繁殖紀錄，每

年約在四月至五月間抵達繁殖地，結群於無

人島上開始群聚生殖 (colonial breeding)，並
在八至九月間離去 (張壽華，2008；鄭謙遜，
2012)。黑嘴端鳳頭燕鷗為極度瀕危之鳥種，
2009年估計其世界族群量僅 50隻 (Chen et al.  
2009)。目前僅確認台灣馬祖、澎湖、浙江伍
峙山與韭山列島與南韓為其繁殖地 (Chen et 
al.  2015; Song et al.  2017)。自 2000年發現以
來，在馬祖的族群數量在 1 20之間 (張壽華 
2008；台北市野鳥學會，2017)。
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圖 1. 馬祖列島燕鷗保護區各島嶼位置 (雙子礁位於東引鄉，未列於本圖 )，7座島嶼依序為 1.白廟、
2.鐵尖、3.中島、4.三連嶼、5.進嶼、6.瀏泉礁、7.蛇山。

Fig. 1. Locations of the seven protected islands in the Matsu Island Terns Refuge (The Twin reefs located 
in Dongyin township were not included in this figure): 1. Baimao, 2. Tiejien, 3. Zhongdao, 4. Sanlianyu, 5. 
Jinyu, 6. Liuquanjiao, 7. Sheshan.
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2.無人機調查

本研究所選用之無人機型號為 DJI 
Mavic Pro (Dà-Jiāng Innovations Science and 
Technology Co., Ltd)摺疊型四旋翼無人機，
不含旋翼與旋臂之機體大小為 83×83×198 
mm。2017年研究人員於 6月 8日、7月 6日
與 9月 22日至馬祖列島燕鷗保護區內操作
無人機進行燕鷗繁殖族群調查，在距離燕鷗

繁殖巢區 100公尺以上距離外施放無人機升
空，起飛後垂直上升至海拔高度 50公尺 (島
高約 15公尺，無人機距離巢區約 35公尺 )，
再以每秒 4公尺的速度，水平移動前往繁殖
巢區上方攝影。6月與 7月之調查任務為建
立燕鷗繁殖巢區之完整影像，僅拍攝鐵尖島

頂端之燕鷗繁殖區域，9月之調查任務為利
用影像建立全島立體模型，使用手機 app 軟
體 DroneDeploy控制無人機的飛行路徑，在
海拔高度 50公尺處每 2秒以 28mm焦段鏡
頭垂直向下拍攝一張影像，影像解析度為

4000×3000像素，以正向 80%，側項 70%影
像重疊率拍攝整座島嶼，每次的拍攝時間因

電力限制皆控制在 20分鐘以內。

3.資料處理與統計分析

使用軟體 ContextCapture (Bentley Systems 
Inc.)判讀無人機空拍影像之坐標資訊 (WGS 
84經緯度坐標系統標示 )及相機資訊後，以
Scale-invariant feature transform演算方法自動
匹配大量特徵點，並透過攝影測量的原理，

恢復各影像之間相對關係。同時，軟體也將

坐標資訊及相機資訊作為幾何約制條件，使

自動匹配成果之比例尺、坐標等均與真實世

界之比例尺、坐標值接近，並產出島嶼之數

值地表模型 (Digital Surface Model) 及真實
正射影像 (True Ortho)，使用之坐標系統為
TWD97。另由於本研究並未將數值地表模型
修正至真實高程系統，故模型中的高度資料

為相對性的數值 (橢球高系統 )。

在正射影像中可藉由燕鷗體羽顏色的差

異分辨大鳳頭燕鷗與黑嘴端鳳頭燕鷗，本研

究透過人工檢視的方式判斷影像中的燕鷗位

置，並將拍攝期間在島嶼頂端巢區中位置

未明顯移動的個體位置定義為巢位，同時也

紀錄巢區中明顯無親鳥照護的棄蛋，棄蛋與

巢位的位置均使用軟體 QGIS 2.18.15 (QGIS 
Development Team 2017)予以定位。在燕鷗巢
位偏好的分析中，考量到燕鷗不會利用島嶼

上受潮汐淹沒的區域，本研究之研究樣區設

定在鐵尖島上高潮位以上之區域 (由正射影像
判視礁岩上無明顯浸淹痕跡之區域 )，並透過
QGIS將該區域劃分為 6,796個 1 m×1 m的樣
區。每樣區之平均高度與坡度值均由島嶼之

數值地表模型推算而來，並將高度定義為該

樣區與高潮位線之垂直距離 (m)。植被覆蓋度
則是透過正射影像判視植群面積在每個樣區

中的比例 (%)，由於 2017年在鐵尖島上觀察
到以觀測屋為中心明顯分隔的 2個繁殖群落
(colony)，故植被覆蓋比例是依照該繁殖群落
存在的同時期影像作為判視標準，亦即北面

的繁殖群落以 6月 8日的影像、南面的繁殖
群落以 7月 6日的影像判視樣區內的植被覆
蓋度。另外，為了解人造建築對燕鷗的影響，

也透過正射影像量測每樣區中心點與島上人

造觀鳥屋的直線距離。

為了解島嶼之自然地形地貌特徵 (不含人
造物 )對大鳳頭燕鷗巢位分布之影響，本研
究使用 Generalized linear models (GLM)建立
大鳳頭燕鷗巢位分布之預測模式，資料設定

為二項分布 (binary distribution, 0 = 無巢位 , 1 
= 有巢位 )，樣區的平均高度、坡度與植被覆
蓋度為預測因子。在全島 6,796個樣區中，有
大鳳頭燕鷗巢位分布的樣區共有 461個，另
採用隨機取樣的方式在研究範圍中選取出 461
個沒有大鳳頭燕鷗巢位的樣區加入分析。另

外，為了解地形特徵與人造物的位置對大鳳

頭燕鷗巢位密度的影響，在 461個有大鳳頭
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燕鷗巢位出現的樣區中，採用 linear regression
分析樣區的平均地面高度、坡度、植被覆蓋

度與觀鳥屋距離共四項因子，與樣區中的燕

鷗巢位密度 (巢 /m2)關係。

黑嘴端鳳頭燕鷗的巢位偏好分析採用同

樣方式，依據其與大鳳頭燕鷗共域繁殖的習

性，在 461個有大鳳頭燕鷗巢位出現的樣區
中，隨機挑選 12個無黑嘴端鳳頭燕鷗巢位的
樣區與 12個確認有黑嘴端鳳頭燕鷗巢位分布
的樣區。採用 GLM分析樣區內平均地面高
度、坡度、植被覆蓋度、觀鳥屋距離與大鳳

頭燕鷗巢密度，對樣區中黑嘴端鳳頭燕鷗巢

位出現機率的影響程度，資料設定為二項分

布 (binary distribution, 0 = 無巢位 , 1 = 有巢位 )。

在兩種燕鷗的巢位預測模式中，以預測

值 0.5作為分界，大於 0.5為有巢位，小於 0.5
為無巢位的樣區，逐樣區比對預測結果與實

際資料後，依照比對結果驗證預測模式的準

確率 (正確預測數量 /模式中全部樣區數量 )。

另外，為了解黑嘴端鳳頭燕鷗巢位環境

與其是否成功孵化的關係，本研究也比較失

敗與成功巢位周圍 1公尺內的大鳳頭燕鷗巢
數、平均地表高度、坡度與植被覆蓋率是否

有顯著之差異。統計分析均是在軟體R 1.0.136 
(R Core Team 2017)中操作。

結果

2017年 6月 8日的無人機調查發現在鐵
尖島嶼北端有 1,643巢大鳳頭燕鷗，11巢黑
嘴端鳳頭燕鷗 (其中一巢由後續地面調查確認
為誤判 )；7月 6日的調查發現在南端有 970
巢大鳳頭燕鷗，4巢黑嘴端鳳頭燕鷗，同時也
在北端巢區地面發現有 346顆棄蛋 (圖 2)。9
月 22日的無人機調查也在鐵尖島南端巢區發
現有 318顆棄蛋，由於當時島上已無燕鷗活
動，同日研究人員登上鐵尖島檢視巢區狀況，

透過地面計數方式共發現有北端 162顆棄蛋、
南端 346顆棄蛋。與無人機的調查結果相比，
北面巢區棄蛋的計數與 7月 6日的無人機計
數結果差距較大，但南面棄蛋的計數結果差

距僅有 8%。

圖 2. 鐵尖島上各樣區中的大鳳頭燕鷗巢位密度 (巢 /m2)，菱形圖表示觀鳥屋之位置。

Fig. 2. Nest densities (nest per m2) of Greater Crested Tern on the Tiejien Island, the rhombus indicates 
the location of the bird blind. 
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在大鳳頭燕鷗巢位分布的預測模式中，樣區之高度、植被覆蓋度與坡度都對巢位出現機率有

顯著之影響，且模式的預測準確率達 93.9%(表 1)。三項因子的各別模式分析中，以地面高度對大
鳳頭燕鷗巢位分布機率的預測準確率最高 (91.2%)、坡度次之 (80.9%)、植被覆蓋度最低 (51.7%)。
以 50%巢位分布機率為分水嶺，可得知高度約在 13公尺以上、坡度約 25度以下、植被覆蓋度
22%以下的樣區中有較高的分布機率 (圖 3)，主要分布在島嶼北側與南側頂端且坡度較為平緩的
位置 (圖 4，圖 5)。

表 1. 研究範圍內各樣區中大鳳頭燕鷗巢位的分布機率在 GLM中與各項環境因子之關係

(n = 922,截距 = -12.848, Cox & Snell R2 = 0.66 ) 

Table 1. The result of GLM explaining nest occurrence probabilities of the Greater Crested Tern in each 
site on Tiejien Island by each factor 

(n = 922, intercept = -12.848, Cox & Snell R2 = 0.66).

圖 3. 各樣區中的大鳳頭燕鷗巢位實際分布機率 (圓點 , n = 922)與 GLM分析中以 (a)相對地面高
度 (m)、(b)植被覆蓋度 (%)與 (c)坡度預測之大鳳頭燕鷗巢位分布機率 (曲線 )。各預測模式之
Cox & Snell R2值與預測準確率如下 : (a) 0.60, 91.2% (b) 0.16, 51.7%; (c) 0.45, 80.9%

Fig. 3. The values of Greater Crest Tern nest occurrence probability in each sample site (dots, n = 922) 
and predicted values by (a) relative height (m), (b) vegetation coverage (%) and (c) slope (。) in GLM 
(lines). The Cox & Snell R2 and predicted accuracy for each model were as follows: (a) 0.60, 91.2% (b) 
0.16, 51.7%; (c) 0.45, 80.9%

Factors Estimate S.E. Odds ratio 95% CI p value

Relative Height (m) 1.258 0.136 3.519 2.692–4.599 <0.001

Vegetation Coverage (%) -0.046 0.020 0.956 0.946–0.966 <0.001

Slope (。) -0.045 0.005 0.955 0.917–0.993 0.022
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圖 4. 鐵尖島的真實正射影像 (a)與數值地表模型及 1公尺等高線圖 (b)。

Fig. 4. The true orthoimage (a) and digital surface model with1 m elevation contour lines (b) of Tiejien 
Island.
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圖 5. 鐵尖島上各樣區依據大鳳頭燕鷗巢位分布機率之模式預測結果。

Fig. 5. Greater Crested Tern nest occurrence probability plot for Tiejien Island. 

表 2. 大鳳頭燕鷗巢位密度 (巢 /平方公尺 )與各項環境因子之關係 (n = 461)，線性回歸式之截距 = 
-25.32, R2=0.352

Table 2. Linear relationships of nest densities (nest per m2) of Greater Crested Tern and each factor (n = 
461), intercept = -25.32, R2=0.352

在大鳳頭燕鷗巢位密度的線性模式分析中，地面高度與植被覆蓋度對巢位密度都有顯著之影

響 (表 2)。然而，坡度之影響程度未達顯著水準，且在模式中顯示樣區與觀鳥屋的距離對巢位密
度有顯著之負面影響。此外，在黑嘴端鳳頭燕鷗的巢位分布預測模式分析中，模式之預測準確率

達 75%，僅大鳳頭燕鷗的巢位密度對黑嘴端鳳頭燕鷗巢位的出現機率有正面的顯著影響 (odd ratio 
= 1.517, 95% CI = 1.064–2.154, p = 0.021)。14巢黑嘴端鳳頭燕鷗中有 6巢成功孵化，但在各樣環
境因子的分析中並未發現對繁殖成功率有顯著影響。

Factors Estimate S.E. p value

Relative Height (m) 2.051 0.257 < 0.001

Vegetation coverage (%) -0.067 0.005 < 0.001

Distance to blind (m) 0.094 0.019 < 0.001

Slope (。) 0.019 0.018 0.29
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討論

由於本研究中無人機並未針對停棲在巢

區周圍或島嶼下方的燕鷗進行拍攝，2017年
6月 8日巢位計數的結果 (1,643巢 )與該次海
面觀察結果 (3,000隻個體 )相較，若以每一
巢有兩隻親鳥作估計 (1643 2=3286)，則觀察
結果相近。根據 Hodgson et al.  (2016)在澳洲
Macquarie Island上比較無人機與地面利用望
遠鏡觀察大鳳頭燕鷗族群量的結果，作者認

為兩方法的誤差比例應在 10%以內，未來應
再進行更完整的拍攝以比對無人機與海面觀

測兩種方法在海鳥數量調查上的差異。在黑

嘴端鳳頭燕鷗的調查結果中，後續登島觀察

發現無人機在 6月 8日觀察到的 11個巢位有
10巢確認為繁殖中之巢位，可視作 21隻個
體，與海面觀察的結果 (16隻 )相較誤差約為
23.8%，過去以海面觀察方式進行族群估計可
能低估其實際族群量。海面觀察在視角上的

限制對馬祖燕鷗調查一直是主要的誤差來源，

藉由觀察在島嶼周圍活動的個體也無法得知

實際參與繁殖的個體數量，以無人機直接進

行巢位的確認應是目前干擾程度較低、準確

率最高的方式。在棄蛋的計數結果中，9月
22日無人機在南面巢區的計算結果與地面計
數結果相近，但北面巢區的棄蛋可能在 7月 6
日至 9月 22日之間因海風的吹襲或燕鷗踩踏
而破碎或滾落，而與無人機計算結果有較大

的差距。未來應在發現棄巢後立刻以無人機

進行拍攝，以有助於了解棄蛋數量、分布與

環境概況以利後續分析。

關於燕鷗驚飛距離，2017年進行拍攝時
巢區中已有近千巢以上燕鷗，當時無人機可

接近至 10公尺左右方才有燕鷗驚飛情形。但
是，2018年燕鷗選擇在另一座較小的島嶼上
繁殖，巢區內僅有約 100巢燕鷗，無人機在
30公尺高空拍攝時便發現燕鷗有驚飛情形。
Vas et al.  (2015)建議無人機的起飛距離至少

要離鳥群 100公尺以上，但接近鳥群而不造
成干擾的最小距離則依鳥種而異。初步判斷

本研究中的燕鷗的驚飛距離可能與其族群量

或繁殖階段有關，未來應再進行相關測試以

釐清此問題。

在大鳳頭燕鷗巢位分布模式中顯示，島

嶼上坡度較緩、植被覆蓋度低且高度較高的

位置有較高的機率被大鳳頭燕鷗使用，與林

于凱 (2007)在澎湖小白沙嶼上的調查結果相
似。若視 50%以上巢位分布機率之樣區為合
適的繁殖棲地，鐵尖島上約有 888平方公尺
的區域適合燕鷗繁殖利用，配合巢位密度之

模式推估結果，理論上可乘載約 3,732巢燕鷗
(可視作 7,464隻個體 )。除此之外，鐵尖島尚
有許多低分布機率 (20–50%)的樣區可透過植
被移除與整地的方式提高其利用機率，參考

2000年來馬祖列島燕鷗保護區中大鳳頭燕鷗
的族群調查資料 (介於 590 – 4,600隻個體之
間，張壽華 2008；台北市野鳥學會，2017)，
目前鐵尖島上的理論承載量應高於大鳳頭燕

鷗的歷史最大族群量。然而，此一理論值是

以燕鷗同時進駐並利用島嶼上所有合適之樣

區進行估計，但 2017年燕鷗的巢區明顯以觀
測屋為中心分為南北兩繁殖群落，而且樣區

與觀測屋的距離對大鳳頭燕鷗巢位密度也有

顯著之正面影響，顯示燕鷗偏好在遠離觀測

屋的位置築巢。此觀測屋興建於2017年春季，
選址之依據是參考過往觀察經驗，挑選在燕

鷗較少利用且適合觀察整個巢區的位置，但

可能因繁殖季期間研究人員在觀測屋的進出

與活動仍對燕鷗造成驚擾，而使燕鷗偏好在

遠離觀測屋的位置繁殖。假設未來燕鷗之繁

殖群落皆是以南北兩巢區擇一進駐繁殖的情

形，參考目前模式預測之合適樣區 (50%以上
分布機率 )中的巢位密度預測值推算並扣除觀
測屋位置，北面樣區可乘載約 2,189巢、南面
樣區可乘載約 1,538巢，則兩個巢區的理論乘
載都低於歷年大鳳頭燕鷗之最大族群量，且
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以南面巢區的承載量較低。針對此一現象，

建議未來棲地經管對策有三 : 1. 將觀測屋移動
至島嶼南北兩端，以避免將巢區切割為二的

情形；2. 拓展南北兩巢區之合適繁殖地面積，
透過修整植被或填土、覆土等方式降低地面

坡度與植被覆蓋度；3. 架設掩蔽廊道將人員
進出觀測屋的路線遮蔽，並加強觀測屋四周

的掩蔽，避免人為活動驚擾燕鷗。

在本研究中發現黑嘴端鳳頭燕鷗偏好出

現在大鳳頭燕鷗巢位密度較高的核心樣區，

可能暗示黑嘴端鳳頭燕鷗將大鳳頭燕鷗視為

繁殖棲地品質的參考指標，或是藉由群體

禦敵行為獲得較佳的保護，在其他的海鳥、

水鳥中也有許多類似的案例 (Burger, 1981; 
Erwin, 1979; Nuechterlein, 1981)。在許多文
獻中也指出，群聚繁殖的海鳥在巢位密度較

高的核心區域中，巢蛋或幼鳥被天敵捕食的

機 率 較 低 (Coulson 1968; Savoca et al.  2011; 
Kazama et al.  2011)，占據較好的棲地 (在群
落中心或地勢較高、視野較好的位置 )築巢的
個體通常能獲得較佳的繁殖成功 (Kokko et al. , 
2004)。然而，2017年發現的 14巢黑嘴端鳳
頭燕鷗僅有 6巢成功孵化，在繁殖成功率與
環境因子的分析中也未發現顯著之關聯性，

樣本數的不足可能是主要原因，未來應持續

收集巢位資料釐清影響繁殖成功率之重要因

素。2017年 7至 8月間馬祖當地鳥友曾多次
觀察到遊隼在鐵尖嶼活動並捕食燕鷗幼鳥，

對島上的燕鷗造成嚴重之驚擾。雖然沒有直

接證據顯示遊隼捕食黑嘴端鳳頭燕鷗，但在

2017發現的 14巢黑嘴端鳳頭燕鷗中，僅有一
隻幼鳥成功存活至飛行階段，繁殖成功率非

常低，未來應針對每一個巢位進行嚴密之監

測以釐清其繁殖失敗原因。 另外，根據 Chen 
et al.  (2011)在大陸浙江五峙山與韭山列島的
研究結果，6巢黑嘴端鳳頭燕鷗中有 5巢與
大鳳頭燕鷗混群繁殖， 6巢都是位於坡度低
於 30%、低植被覆蓋度的位置，與本研究結

果相似。但該研究中作者認為黑嘴端鳳頭燕

鷗的巢位是隨機分布於大鳳頭燕鷗繁殖群落

中，且巢位彼此並不相鄰 (距離至少 15公尺
以上 )，與本研究發現有 8巢黑嘴端鳳頭燕鷗
位於鄰近樣區的結果不同。此一現象可能與

繁殖地的黑嘴端鳳頭燕鷗族群量與棲地環境

差異有關，在 Chen et al.  (2011)的研究中，
2004–2009年間在同一巢區中發現的黑嘴端鳳
頭燕鷗最多僅有 2巢，可能因族群數量太少
而無法建立同種的繁殖群落。

整體而言，黑嘴端鳳頭燕鷗混群於大鳳

頭燕鷗之中且偏好在大鳳頭燕鷗巢位密度較

高的樣區繁殖，而樣區的高度、坡度與植被

覆蓋度對大鳳頭燕鷗巢位的分部有重要影響。

目前馬祖列島燕鷗保護區以模型假鳥吸引大

鳳頭燕鷗與黑嘴端鳳頭燕鷗進駐人為營造棲

地的經營管理方針應是正確之方向，但在黑

嘴端鳳頭燕鷗數量仍處於瀕危之現況下，建

議應持續進行繁殖季前的棲地營造並強化繁

殖期間的監控與管理工作以改善現況。觀測

屋的存在雖然對燕鷗繁殖棲地的選擇有負面

影響，但在保育研究需要更具科學性的數據

收集以及近距離觀察的前提下，本研究建議

應維持觀測屋的位置，透過架設遮蔽廊道以

及拓展更多合適繁殖棲地的方法以確保鐵尖

島上的繁殖棲地足夠燕鷗繁殖。

本研究利用無人機在燕鷗繁殖季期間於

馬祖列島燕鷗保護區收集相關圖資，突破過

去僅能於海面上進行觀察的限制，並可獲得

準確的燕鷗巢位數量與分布資訊。以本研究

收集的 4K影像而言，影像解析度已足夠在距
離巢區約 35公尺的空中計數燕鷗的數量並分
辨種類，未來無人機的影像解析度若可再獲

提升，應可在更遠的距離外監測島嶼上的鳥

類與環境，可應用的監測範圍與研究題材將

會更廣。建議未來應將把無人機作為海鳥例

行調查之必備工具，在不干擾燕鷗繁殖情形

下，收集足夠的影像資訊以監控海鳥繁殖概
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況。但必須注意的是，2018年 4月法院已通
過「民用航空法」部分條文修正案，使用重

量 250公克以上的無人機，需向民航局辦理
註冊與操作證，且不得在禁航區、限航區及

航空站飛行場四周操作無人機，研究人員在

使用無人機前應先辦理相關程序並注意研究

樣區是否位於禁航區內。

繁殖棲地的適合度參數也可應用於評估

其他島嶼適合燕鷗繁殖之棲地面積與位置，

相關之研究方法也可應用於其他於海島上繁

殖的海鳥，無人機之使用應有助於提升海鳥

繁殖族群調查準確率與效率，並提供更多資

訊於主管單位對各種保育類海鳥繁殖地的經

營管理策略。
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四、中英文關鍵詞以 5 個為限。 

肆、文稿書寫應注意事項 

一、文稿須以 Microsoft Word 可讀取之軟體編輯，以 A4 (30cm×21cm)白紙單面雙空行(double 

spaces)列印，文稿之天、地、左、右須留白 3 八分，於每頁正下方註記頁碼。 

二、本文敘述，應用數字編號時，其層次： 

中文用：一、(一)、1、(1) .… 

英文用：Ｉ、(Ｉ)、1、(1) 、A、a、(a).… 

三、中英文單位請用八制之符號，例如：kg、mg、ml、ppm、pH、cm 等，數值請以阿拉伯數字

表示之，年代一律採用西元。 

四、插圖請用白紙(或繪圖紙)以黑墨水精繪，亦可採電腦製圖，惟須以雷射印表機列印；照片限

原始攝影採光面相紙沖印者，幻燈片限用原片；未按規定之插圖致圖片模糊無法製版者不予

受理。 

五、圖片之標題在下方，表格標題在上方，標題需中英文並列，圖的說明應中英文對照另頁繕打，

不可附在繪圖及相片上面。本文中圖表順序以圖 1，圖 2，表 1，表 2…，Fig. 1, Fig. 2, Table 

l, Table 2, ...等表示。 

公、圖表內容請用英文，表格不加縱線。圖、表均以 A4 大小列印，定稿後圖、表請送原稿。 

七、引用文獻以確經引用者為限，文中提到之文獻，請列出姓氏、年代。 

兪、引用文獻書寫方式：先列中、日、韓文，次列西文，其書寫方法按作者、年份、題目、發表

刊物名稱(全名，不採用縮寫)、卷期及頁號順序。 

 



例：1.中、日文期刊：柳榗、徍國士。1971。台灣稀有及有絕滅危機之動植物種類。中華林學季刊
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3.中、日文彙編書籍：徍國士。1987。台灣的稀有植物。周昌弘、彭鏡毅、趙淑妙撰(編)。台

灣植物資源與保育 139-157 頁。中華民國自然生態保育協會。

4.英文期刊：Clough, B. 1998. Mangrove forest productivity and biomass accumulation in

Hinchinbrook Channel, Australia. Mangroves and Salt Marshes 2: 191-198.

5.英文期刊：Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity : Where is it ? Science 255: 940.

6.英文期刊：Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification for

whale and dolphin products from commercial markets in Korea and Japan. Molecular Ecology 5:

671-685.

7.英文書籍：Soule, M. E. and B. A. Wilco. 1980. Conservation biology: An evolutionary-ecological,

approach. Sinauer Associates, Sunderand, Massachusetts.

8.英文彙編書籍：Jinchu, H. and W. Fuwen. 1990. Development and progress of breeding and rearing 

giant pandas in captivity within China. pp. 322-325. In: H. Jinchu (ed.). Research and progress in 

biology of the giant panda. Sichuan Publishing House of Science and Technology, Sichuan, People’s 

Republic of China.
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http://tesri.tesri.gov.tw/list_protect.php) by the Endemic Species Research Institute, Council of 
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various biological disciplines, including data paper, in the field of biodiversity. The manuscripts are 

limited to original work and species occurrence data previously unpublished in any other journal. 

2. The journal accepts manuscripts written in either Chinese or English. Submission of manuscripts in 

Microsoft WORD format to be done via email: tjbd@tesri.gov.tw 

3. Manuscript submitted will be sent to at least two referees in the field of its specialty for peer review 

and comments. Revised manuscripts will be reexamined by the Editorial Board. Author(s) are 

responsible for proof correction of the printer’s copy to ensure accuracy. 

4. Corresponding author is required to sign a Copyright Transfer Agreement for the paper accepted for 

publication to the journal publisher, the Endemic Species Research Institute. 

 

II. Manuscript Preparation: 

1. Research paper: Manuscript should be written in a sequence of 1) Title, 2) Authors’ full name 3) 

Author(s) affiliations(s) and address(es), 4) Abstract, 5) Key words, 6) Introduction, 7) Materials and 

methods, 8) Results, 9) Discussion, 10) Conclusions, 11) Acknowledgements, 12) Literature Cited. Of 

them 1 to 5 should be written in dual languages, Chinese and English. 

2. Data paper: Manuscript should be written in a sequence of 1) Title, 2) Authors full name, 3) Author(s) 

affiliations(s) and address(es), 4) Abstract, 5) Key words, 6) URL of the website where the dataset and 

metadata are available. The dataset and metadata should be built in the international standard formats 

of Darwin Core (DwC) and Ecological Metadata Language (EML). For species occurrence open data 

repositories, Global Biodiversity Information Facility (GBIF) is suggested. Author(s) must confirm the 

correctness and authenticity of the data prior to submission. The data should be readable and its 

meaning obvious for the data user(s). Importantly, if anomalies, outliers, and/or missing values are 

included in the data, a distinct number or symbol should be used to clearly identify those values. 

Metadata should be written at least in 1) Dataset content, 2) Coverage (including Taxonomic, Spatial 

and Temporal aspects), 3) Methods, 4) Intellectual property rights disclaimer. To promote the free 

dissemination of biodiversity open data, author(s) should not assert any proprietary rights to the dataset 

and metadata. For example, 

This {DATA(BASE)} is made available under the Open Data Commons Public Domain 

Dedication and License v1.0. (http://www.opendatacommons.org/licenses/pddl/1.0/)  

This {DATA(BASE)- NAME} is made available under the Open Data Commons Attribution 

License v1.0. (https://opendatacommons.org/licenses/by/1.0/)  

3. Cover page should contain title of manuscript, author name(s), author’s (s’) affiliation(s), 



corresponding author’s name, telephone number, fax number and e-mail address, and a short running 

title. 

4. Title should be less than 30 words. Capitalize the first letter of each word except articles, conjunctions 

and prepositions. 

5. Author’s name should be first name first followed by surname. For multiple authors, use a comma to 

separate the names but the last two names by “and.”  

6. Running title should be less than 50 letters including spaces.  

7. Abstract must be a single paragraph not exceeding 500 words.  

8. Key words should be no more than 5 words. 

 

III.Manuscript Format:  

1.  Manuscript must be typed using standard software (Microsoft Word) with top, bottom, left and right. 

Mark page numbers on the bottom. 

2   Manuscript should be typed in a uniform character size. There is no need to differentiate paragraph, 

title, subtitle or contents by using large or small characters. 

3.  Measurements should use International System of Units (kg, mg, km, m, cm.... etc.). All numerals or 

quantities should be expressed in Arabic numbers. Years in the text should use A.D. universally.  

4.  Figures and tables in the text should be sequenced by Arabic numbers (e.g. Fig.1 and Table 1). Both 

graphs and photos use same “Fig.” designation. 

5.  Common name of an animal or plant that appears in title and first appears in abstract and text should be 

accompanied with scientific name. All scientific names in manuscript should be in italics. 

6.  When citing a reference in text, use surname and year, e.g. (Clough 1998) for single author; use “and” 

to link authors, e.g. (Pimm and Gittleman 1992) for double authors; and use “et al.” e.g. (Baker et al. 

1996) for multiple authors. When citing multiple references, separate them with semi-colons in 

chronological order. 

7.  Use the following system for arranging references in literature cited. 

For journals: 

Clough, B. 1998. Mangrove forest productivity and biomass accumulation in Hinchinbrook Channel, 

Australia. Mangroves and Salt Marshes 2: 191-198. 

Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity: Where is it? Science 255: 910-940. 

Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification of whale and 
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giant panda. Sichuan Publishing House of Science and Technology, Sichuan, China. 



8.  Table should be typed on a separate sheet and be headed by a title of dual languages (Chinese and 

English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic 

numerals. If foot notes are required, mark with superscripts 1, 2, *, #, etc. 

9.  Figure should be drawn with black ink on a separate white tracing paper with a figure legend of the 

dual languages below. Computer graph made from laser printer is acceptable. 

10.  Photograph should be a glossy black and white shot with sufficient resolution to be clearly legible after 

reduction. When multiple photos are employed, the author should arrange them in plates. Micrographs 

should include bars indicating scales of magnification. Photos should be pasted on white A4 paper 

loosely with the figure legend below. 

 


	20.4封面_final
	20.4封底_final
	Taiwan J. Bio 2018.20.4.193-203
	Taiwan J. Bio 2018.20.4.221-230
	Taiwan J. Bio 2018.20.4-205-219
	Taiwan J. Bio 稿約



