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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.
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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; Sérkinen 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
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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. /aevis 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.



SIS HIENIZE (TW 1. of Biodivers.) 20(4): 193-203, 2018 195

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.
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Fig 2. Holotype of Solanum biflorum var. kotoense currently preserved in TCF. Photographed by You-
Ting Hsieh.



SIS HIENIZE (TW 1. of Biodivers.) 20(4): 193-203, 2018 197

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.
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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 57
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-
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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: “FLIHE$7%" (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 Metropolis) (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.

Conservation status: EN. See the

discussion below.

Additional specimens examined:
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,



AV BEVERFZE (TW . 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. (T1); Hahajima, 6 Aug 1905, Hattori s.n.
(TT); 19 Jun 1920, Nakai s.n. (T1); 28 Jul 1930,
Tuyama s.n. (TI); 26 Jun 1932, Hara 7215 (TI);
30 Jun 1932, Kuwanok s.n. (TI); 7 Apr 1934,
Tuyama s.n. (TI); 4 Apr 1936, Tuyama s.n. (T]);
400 m, 16 Jul 1969, Yamazaki s.n. (TI); Kita
Iwo Jima ( “Kita-iwo-zima” ), 20 Nov 1935,
Tuyama s.n. (T1); 16 Jun 1940, Tuyama s.n. (TI);
300 m, 28 May 1970, Yamazaki & Enomoto s.n.
(TT); 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 (TAl); Huang 10675 (TAl);
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 km® 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
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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

< S¢2 X M8
BRALFEHEAZTETH
ARE A EATT BIeET BEa ' BHEHY
| THEREZEB ALY RERE PO GRBEEMARAE RS 13K
2B Z R KRERFNEHFIARLZ GoTRERSEHE 15K
* @ AAEF ¢ shiu@tesri.gov.tw
B 2018 -8 A 31 8 ;4B 2018412 A 27 R
LR S
REREERMEE 20179 10 H 2 12 P B i LB LK R AR N TS FETH AR &

AT 4 JCHR R B e e B AE T ARG SR, » O e i 2 WY T T 22 JB 45 1 > K DB B
(Navicula) TE¥H8:%% » Achnanthes subsessilis ¢ Nitzschia longissima %85 & {EZ4 51 -

RS - N TVRE ~ 19~ HUEREEE



222 Survey Data of Diatoms on Seawater Artificial Floating Islands

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 AFTs, 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°1521.81" 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 km? 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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Yanshui River

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.

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

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Ambient

.. 197 189 219 5 28.1 29.7 30 30.1 302 273 24 193 254
Temperature (°C)

Mean

Rainfall (mm) 0 05 11 63 71 2175438 175 33 42 35 05 1055
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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 15X 15 c¢cm?) 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 AFTs; 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

C.(35days)

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.

b.(lSdays) . -

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

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
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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, 7. 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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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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Fig. 2. Nest densities (nest per m”) of Greater Crested Tern on the Tiejien Island, the rhombus indicates

the location of the bird blind.
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(n =922, ##6 = -12.848, Cox & Snell R* = 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).

0.2 0.2+ 0.2 4

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
1.2 1.2 12
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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 R” and predicted accuracy for each model were as follows: (a) 0.60, 91.2% (b)
0.16, 51.7%; (c) 0.45, 80.9%
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Fig. 4. The true orthoimage (a) and digital surface model withl m elevation contour lines (b) of Tiejien
Island.
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Fig. 5. Greater Crested Tern nest occurrence probability plot for Tiejien Island.
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3 75% R B E A M 1) 57 785 P S LIRS i e ey £ (7 1 H BB AR 5 TE THI B 5 %8 (0dd ratio
= 1.517, 95% CI = 1.064-2.154, p = 0.021) ° 14 HEBEGETAAEE TG 6 HEIMHL - (HFE SRR
BRIRFRI 53T Fh il R S U B AR G R R -

* 2. k%ﬁﬁﬂ%%4i BTE(E/FAAR)BREARFERATZHIE (n=461) > M= HIE =
2532, R’=0.352

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

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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