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Senckenbergiana marit. | 17 | (4/6) | 187-19 |  Frankfurt am Main, 2. 5. 1986

19864F 1/ EF| 22 2Z Hans-Erich Reineck EFHE[ £5
B LIRS R — R A R RS E A2

- Senckenberg am Meer 424.
7 i ot

{irR S
Geologie und Biologie von Kalkalgen- und Gerdliwatten
auf Taiwan.

L. Die Watten bei Neihai und Pali, NW-Kiiste von Taiwan.

Mit 4 Abbildungen, 2 Tabellen und 2 Tafeln.

Hans-Erica Reineck & YiING MIN CHENG.

Kurzfassung.

[Remveck, H-E. & Cuzng, Y.M. (1986): Geologie und Biologie von Kalkalgen- und
Gerollwatten auf Taiwan. I Die Watten bei Neihai und Pali, NW-Kiiste von Taiwan, —
Senckenbergiana marit., 17 (4/6): 187-199, 4 Abb., 2 Tab., 2 Taf.; Frankfurt a. M.]

Es wurden zwei sandige Warten untersucht, die teilweise mit Gerdlien bedeckt sind.

Die Gerdlle des Waus bei Neihai werden durch Flisse herangeschafft. Abrollung und
Zurundung der Gerblle auf dem Warr sind besscr als die der FluBgerolle, Die Seescitc des
Wauts ber Neihai wird von einem Algenriff eingenommen, Einzelne Gerélle sind in das Riff
eingewachsen. Viele liegen in Riffurchen und als breite Zone landseitig vom Riff, d. h. jeweils
an Stellen, die vor Seegang etwas geschiitzt sind. Die meisten Gerdlle aber sind als Strandwall
aufgeschichter.

Die Gerolle des Warts bei Pali stammen von ciner Ufererosion. Die griieren Gerslic >
20 cm liegen als breite Zone an der Niedrigwasserlinie. Eine Sandzone mit cinzclnen eingesan-
deten Gerdllen wennt die Zone der grofieren Gerélle von einem Gerdllstreifen an der
Hochwasserlinie. Als Zeichen selrener Mobilisation sind die grofen Gerélle und jene, die im
Riffschutz liegen, bewachsen, die kleineren nicht bewachsen.

Abstracr,

[Remvrck, H.-E. & Chene, M. Y. (1986): Geology and biology of calcareous algal reefs and
boulder depusits on tidal flats of Taiwan, 1. Tidal flats of Neihai and Pali, NW-coast of
Taiwan. — Senckenbergiana marit., 17-{#76}: 187199, 4 figs., 2 tabs., 2 pls.; Frankfurt a. M.]

Two pebble covered sandy tidal flars located on the NW-coast of Taiwan are described.

Anschriften der Verfasser: Prof. Dr. H.-E. Rexeck, Forschungsinstitut Senckenberg, Abtei-
luny fiir Meeresgeologie und Meeresbiologie, Schleusenstrafle 39A, D-2940 Wilhelmshaven.
— Prof. Dr. YiNe Miv Chenc, National Taiwan University, Departement of Geology,
Taipei (107), Taiwan, Republic of China,
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> aufgemeiflelt, um die Basis studieren zu konnen.
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204 e PP mit Korallenbruchsticken an der Ba-
120° 12)° 122" i b sis. — Nethai, Taiwan.

Abb. 1. Karte von Taiwan. — Die untersuchten Watten liegen bei Nethai und Pali (Quadratc).

Fig. 1. Map of Taiwan. — Investigated tidal flats (squares) near Neihai and Pali.

Dine Gerdil
unbewachsen

Gerdil bewachsen Algenritf

Abb. 2. Wattenprofil bei Neihai, Taiwan. — Mit bewachsenen und unbewachsenen Gerdllen,
dem Gerdlistrandwall und dem seeseitigen Algenriff.

Fig.2. Cross section of the tidal flat near Neihai, Taiwan. — Sea to the right. To the left
pehbles paved dunes. Zonc of scattered pebbles, uncovered and covered pebbles, and alga)
recl.

Korallenriff '
10 Fig.4. Vertical profile of the algal
reef: fragmental corals at the base
7 - o - followed by carbonate tubes, corals,
0- Refirenutt oyster shells, and algal recf the upper
Gerolle part. — Neihai, Taiwan.

Es muf} angenommen werden, dafl das Korallenriff gehoben wurde, bis es in das
Eulitoral, d. h. den Auftauchbereich kam und dort abstarb (Taf. 1 Fig. 4). Es war
stark zerfurcht, was sich in der Morphologie des heutigen Algenriffs durchpaust
(Taf. 1 Fig. 3). Dieser Hartgrund bot nun ciner reichen Austernbesiedlung glinsti-
gen Platz. Unter dem Algenriff wurden keine Gerdlle gefunden. Mit ciner gleichzei-
tigen Anhebung im Hinterland bekamen die Flissse neue Reliefenergie. Sie brachten
Sand mit, der tcilweise die Furchen ausfiillte und vielfach an der Basis des Algenriffs
zu finden ist. Dic Gerélle sind erst in spaterer Zeit der Hebung in das Gebiet
gebracht worden. Dort wurden sie vornchmlich am Ufer, aber auch in der uferna-
hen Zonc angereichert, Im Riffgebiet gibt cs gleichfalls Gerdlie, dic in den Furchen
oberflichlich eingesandet sind, oder die in cinzelnen Fillen in UnregelmiRigkeiten
des Riffs ficlen und dort einwuchsen (Taf. 1 Fig. 3).
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Reef sites W cos

Unprecedented calcareous algal reefs in northern Taiwan merit
high conservation priority

Crustose coralline algae (CCA) concretions, or reefs, are mainly found
below 10 m in temperate waters (Ballesteros 2006) and rarely in sub-
tropical and tropical oceans. However, a massive CCA reef occurs on
tidal flats extending continuously along the coastline of Taoyuan City,
Northwest Taiwan (25°07°00.11”N, 121°14"22.23"E to
24°5919.34"N, 121°00'47.00"E) (Fig. la). It is approximately 27 km
long and a maximum of 450 m wide with a large tidal range of 4 m
(Fig. 1b; Electronic supplementary video). Carbon-14 dating indicates
that the reef dates from around 7500 BP; it consists of some sediment-
tolerant corals, such as Cyphastrea and Dipsastraea (Dai et al. 2009).
From 4400 BP to the present, CCA genera, such as Mesophyllum,
Phymatolithon, and Harveylithon, have contributed to the present algal
reef through constant growth as stacked layers over the surface of the
reef (Fig. 1c), which is porous (Fig. 1d). The Taoyuan CCA reef per-
forms similar ecosystem functions to those of coral reefs. However,
long-term industrial pollution and continuous habitat destruction by
land reclamation for an industrial park (Liou 2017) and windmill
constructions (Fig. 1b) threaten the future of this reef system. The
discovery of a newly described endemic coral species, Polycanthus
chaishanensis, two undescribed species of CCA (Fig. le), and changes
in the composition of layers over time highlight the merit of prioritizing
conservation of this unique ecosystem in Taiwan.

25°00118"N
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References

Ballesteros E (2006) Mediterranean coralligenous assemblages: a synthesis of
present knowledge. Oceanogr Mar Biol Annu Rev 44:123-195

Dai CF, Wang SW, Chang JS, Jeng Al (2009) Handbook for ecological tours of
Guanyin algae reef. CPC Corporation, Taiwan

Liou CY (2017) Heavy metal pollution in algal reef coasts of northwest Taiwan.
Taiwan Journal of Biodiversity 19:49-95

Electronic supplementary material The online version of this article
(doi:10.1007/s00338-017-1619-0) contains supplementary material, which
is available to authorized users.

C-Y. Liou

Fig. 1 a Aerial view of the southem part of the Taoyuan crustose coralline algal 3 5 ; g
[CEA) e (o s e i e by Al e Oktis ot Endemic Species Research Institute, Jiji, Nantou 552, Taiwan

Bureau). The white square is b CCA reef during low tide with windmills in the O T R T e

20184/ FREMFE EFH T3
=0 WA A R ﬁﬂ‘mz& el
1T & 2 38

Journal of Applied Phycology (2018) 30:3455-3460
httpsy//doiorg/10.1007/510811-018-1620-1

8TH ASIAN PACIFIC PHYCOLOGICAL FORUM

@ CrossMark

Species diversity and molecular phylogeny of non-geniculate

coralline algae (Corallinophycidae, Rhodophyta) from Taoyuan algal
reefs in northern Taiwan, including Crustaphytum gen. nov. and three
new species

Li-Chia Liu" + Showe-Mei Lin" ( « Annalisa l:izlrizlgnant:'2 « Claude Pi:q.'ri2

Received: 31 January 2018 /Revised and accepted: 29 August 2018 / Published online: 12 Septermber 2018
() Springer Nature BY. 2018

Abstract

In Taiwan the algal reefs in Taoyuan County are the largest, composed of recent and fossil non-geniculate coralline algae. However,
their diversity and phylogenetics in the region have never been documented. In this smdy, we analyzed the phylogenetic relation-
ships of the non-geniculate coralline algae species collected from Taoyuan algal reefs and related non-geniculate species from other
places in Taiwan and around the world based on psbA and S5U sequences. The molecular analyses revealed that at least 12 non-
geniculate coralline species belonging in six evolitionary clades (Harveylithon, Lithoplhyllum, Preophyilum, Crustaphytum gen.
nov., and Phymatolithon, Sporolithon) occur in Taoyuan algal reefs. Eleven of these species do not match any described species and
one (Lithophyllum margaritae) 1s a new record for the marine flora of Taiwan. We also describe a new genus ( Crustapliytum gen.
nov.) and three new non-geniculate coralline species (Crustaphyium pacificum sp. nov., Harvevlithon rosea sp. nov., and
FPhymaiolithon margoundulatus sp. nov.) for the most dominant and commonly seen species revealed by the molecular analyses.
Among the latter three species, P margoundulaius 15 only found in Taoyuan County and is the most dominant species there,
compnsing over 30% of the total cover, whereas C. pacifictm has the widest distnbution in the western Pacific Ocean (Tamwan and
New Caledoma). Harveyvlithon rosea 13 a common species occurmring in both algal reefs and rocky shores in the northern Taiwan.
The other undescribed CCA species will be published when more specimens with reproductive structures are collected.

Keywords Crustaphyvium pacificum gen. and sp. nov. - Harveylithon rosea sp. nov. - Phymatolithon margounduwlatus sp. nov. -
pshA -Red algae - SSU - Taiwan
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Lonely giant on the sand: unexpected massive Taiwanese
coral, Polycyathus chaishanensis in the Datan algal
reef demands a conservation focus

Chao-Yang KUO', Aichi CHUNG', Shashank KESHAVMURTHY’, Ya-Yi HUANG',
Sung-Yin YANG', and Chaolun Allen CHEN*"**

' Biodiversity Research Center, Academia Sinica, Nangang, Taipei 115, Taiwan
* Institute of Oceanography, National Taiwan University, Taipei 115, Taiwan

* Department of Life Science, Tunghai University, Taichung 407, Taiwan

is in the Datan algal reef,
iew of small colony of P,
extended. Scale bar=
olony with surrounding
smaller colonies at 200 cm below average sea level, photo at
low tide. Scale bar=10cm: (C) contracted live coral polyps
overgrown by CCA. Scale bar=1 cml

* Corresponding author: Chaolun Allen CHEN

E-mail: cac(@gate.sinica.edu.tw
Communicated by Tsuyosh1t WATANABE (Environment and Conservation Editor)

Keywords Datan algal reef, Crustose coralline algal (CCA), Taiwanese coral, Endangered species, Conservation
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Coastal development threatens Datan area supporting greatest
fish diversity at Taoyuan Algal Reef, northwestern Taiwan

New harbour

| Yu-DePei?® | Tzu-Haolin®® |
Colin K. C. Wen'?

Joseph Heard?® | Wei-ChenTung!
Chien-Hsiang Lin®**® | Tomonari Akamatsu®® |

IDepartment of Life Science, Tunghai
University, Taichung, Taiwan

Abstract

> Department of Ocean Science, The Hong 1. Taoyuan Algal Reef is a biodiverse coralline algal reef in north-west Taiwan, that
D o, B RRNY Kong University of Science and Technaology,

Kowloon, Hong Kong

is currently threatened by coastal development and industrial waste runoff.

J—
b i} Guanxin MPA I:l Datan construction site

3Biodiversity Research Center, Academia 2. As the reef lies in an exposed area that is frequently disturbed by monsoons, it is

Sinica, Taipei, Taiwan

@ sampling sites Industrial park

0 100 200km

° Rivers and ponds

difficult to survey using traditional methods. Knowledge of the reef is therefore
“Center for Ecology and Environment, Tunghai
FIGURE 1 Location of (a) Taoyuan Algal Reef in northwestern Taiwan; (b) the five sampling sites used in this study: BY (Baiyu), G1 (Datan University, Taichung, Taiwan

G1), G2 (Datan G2), YX (Yongxin) and YA (Yongan): (c) proposed location for the construction of a natural gas receiving terminal and harbour wall s i ) 3. However, recent studies have revealed that the reef is inhabited by a diverse
at Datan. MPA, Marine Protected Area Ocean Policy Research Institute, The

limited, and has until recently, long been regarded as a barren environment.
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FIGURE 8

Sasakawa Peace Foundation, Tokyo, Japan
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array of organisms, particularly at Datan, where a natural gas receiving terminal is
planned for construction. Due to challenging environmental conditions, otolith
assemblage and soundscape analyses were used to supplement traditional sam-
pling methods including clove oil, netting, and pole-and-line fishing in order to

assess the diversity of the fish community at Taoyuan Algal Reef.

. Several fish species that had not been recorded by previous surveys were

ohserved. Fish diversity and the average size of commercially targeted species
were greatest at Datan G2. Predatory reef fishes such as groupers (Serranidae)
and snappers (Lutjanidae), as well as several small endangered scalloped hammer-
head sharks Sphyrna lewini were recorded at G2, where otolith assemblage
analysis also indicated increased predatory activity. However, fewer individuals

and species were recorded from tidal pools across all sites compared to previous
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To the light side: molecular diversity and morphology of stomatopod
larvae and juveniles (Crustacea: Malacostraca: Stomatopoda)
from crustose coralline algal reefs in Taiwan

Kingsley J. H. Wong'** - Yao-Feng Tsao' - Pei-Chen Tsai' - Wei-Peng Hsieh ' - Han-Ru Li' - Ryuji J. Machida' -
Benny K. K. Chan’

Received: 6 July 2020 /Revised: 29 November 2020 / Accepted: 3 December 2020
(© Senckenberg Gesellschaft fiir Maturforschung 2021

Abstract

Biology of planktonic stomatopod larvae has long remained poorly understood and often considered “black boxes™ in life history
studies. From coralline crustose algal (CCA) reefs at Datan, Taoyuan, Taiwan, using light traps recently designed, we collected
considerable number of stomatopod larvae and juveniles. Applying DNA barcoding techniques using mitochondrial cytochrome
oxidase I (COI) and 168 ribosomal RNA (168 rRNA) gene sequences, 14 morphotypes were revealed to represent 12 distinct
species, seven of which identified to species level by comparing against reference sequences available from online source
(GenBank), whereas the other five do not cluster with any known sequences. All stomatopod larvae and juveniles were described
and illustrated. We report Manningia pilaensis (De Man, 1888) and Levisquilla jurichi (Makarov, 1979) as new records of the
stomatopod fauna of Taiwan and confirm the validity of Lysiosquillina maculata (Fabricius, 1793). Based on material we
acquired from light traps, which include propelagic antizoea larvae (of L. maculata), and also postlarval and juvenile forms
(of various squillid species), both positively phototactic, indicating the current understanding of negative-positive-negative
phototactic tendency from early planktonic to postlarval stages through the development of stomatopod larvae, might not be
as distinct as previously described.

Keywords Mantis shrimp larvae - Datan algal reef - Light trap - DNA barcoding - COI - 16S rRNA - New record

Introduction undergo a brief propelagic phase, taking shelter in mother’s

burrow, and then ascending into the water column to join with
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Fig. 1 a Map of collection site at
Datan, Taoyuan; b aenal view of
the CCA reef (indicated by the
white double arrows) (photograph
taken by Chu yu-wei, Juvenile
Art Center); ¢ light trap designed
in Chan etal. (2016) for collecting
stomatopod larvae: d the CCA
reefexposed during low tides; e, I
light traps deployed subtidal re-
gion in CCA reef at night

Manningia pilaensis
(De Man, 1888)
Levisquilla jurichi
(Makarov, 1979)
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Stomatopod larvae and juveniles are morphologically very
distinct among zooplankton. Compared to larvae of other
crustacean groups, little is known about biology of those of
stomatopods, and the subject remains poorly understood in
life history studies. Stomatopods experience a bipartite
lifecycle through development, passing through multiple
planktonic larval stages before maturing into juveniles and
adults, eventually settling on benthic habitats. Upon hatching
from egg masses brooded by the female parent, juveniles

the zooplankton. The number of pelagic stages varies from
one to nine depending on species (Ahyong et al. 2014; also
see Greenwood and Williams 1984; Hamano and Matsuura
1987), after which individuals settle as postlarvae (form re-
sembling adults). The morphology of planktonic larvae differs
between superfamilies, with lysiosquillids (Lysiosquilloidea)
first hatching into antizoea larvae, wanting of raptorial ap-
pendages, instead relying on yolk for nutrition. The
gonodactyloids (Gonodactyloidea), parasquilloids
(Parasquilloidea), and eurysquilloids (Eurysquilloidea) devel-
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Multiple Environmental Factors Increase
the Niche Complexity and Species Diversity
of Brachyuran Crabs in an Intertidal Algal
Reef Ecosystem in Northwestern Taiwan
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Algal reefs are one of the world's rare and poorly understood ecosystems. They are mainly distributed

In the Mediterranean Sea, but one notable exception—an intertidal algal reef ecosystem in northwestern
Talwan-—stretches for 27 km along the coast of Taoyuan, making it probably the largest algal reef coast
found in shallow water. Despite the reef’s rarity and striking characteristics, the coastal land that it is part of
has undergone a series of developments and is now surrounded by industrial parks. Brachyuran crabs are
one of the most abundant and visible groups of organisms in the intertidal zone. In the present study, we
Investigated the brachyuran crab community in this reef to provide a more detailed record of brachyuran
crab species compaositions in this intertidal algal reef ecosystem and illustrate the characteristics of this
understudied ecosystem by comparing its species diversity and abundance with three natural variables—
sampling time, tidal level, and season-—in a wildlife refuge and north of the refuge. Two methods were
used in the study: a qualitative method (to determine the species richness) and a quantitative method

(to estimate the population density). We identified a total of 52 brachyuran species from 13 families in

the habitats. The highest species richness was found in Datan G2, north of the wildlife refuge. The crab
species composition in this algal reef is different from its compaositions in coral and rocky reefs, Our
analysis indicated that the species abundance is affected by multiple factors, and a single investigation

Is not enough 1o reflect the true population density of brachyuran crabs on this reef. In addition, we found
that the sites outside the wildiife refuge were in much better condition than those In the wildlife refuge, and
should therefore be included in the wildiife refuge. In particular, Datan, located north of the wildlife refuge,
had the highest species richness, and the area’s species composition was different from that of the nearby
wildlife refuge. Thus, we strongly recommend that a) the Datan area be protected to maintain this high
crab diversity and b) further research be performed to better understand brachyuran crab biology in the
intertidal algal reef ecosystem,

Koy words: Algal reef ecosystem, Anthropogenic disturbance, Brachyuran crabs, Coralligenous reef,
Taoyuan algal reef.
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Xeruca formosensis is the only endemic species of fiddler crab on the west coast of Taiwan. However,

its natural habitats and populations have been compromised by excessive anthropogenic activities and
improper land use over the past four decades. In light of these changes, we sought to evaluate the genetic
diversity and gene flow of the species by examining the genetic variation of X. formosensis at different
sampling locations. To this end, we performed molecular analyses of three endonuclease-amplified
fragment length polymorphisms (TE-AFLP) and the cytochrome oxidase subunit | (COl) marker from leg
muscle samples. We found that the genetic variation within sampling locations was higher than that among
sampling locations, and the expected heterozygosity of genetic diversity (H;) was 0.152 for TE-AFLP

data. Meanwhile, the COl marker showed high haplotype diversity (h = 0.976 + 0.008) and a low genetic
differentiation level (Fsr = 0.021) in X. formosensis populations. Importantly, the genetic connectivity of

X. formosensis may be influenced by larval-stage crabs drifting between coastal and marine habitats. As
such, crab gene flow is promoted among populations by larval exchange via nearshore currents. Although
X. formosensis has high gene flow, the species could undergo an extinction crisis if the population sizes
continue to decline, as with most endangered species. In order to maintain the natural habitats and
population size of X. formosensis, long-term monitoring and investigation will be necessary.
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BACKGROUND

In Taiwan, there are 15 known species of fiddler
crabs, with Xeruca formosensis being the only endemic
species on the west coast. The first record of this
species was made at Lugang in Changhua County in
1918 (Shih et al. 1999), and it was announced as a new
species (originally Uca formosensis) in 1921 (Shih et al.
1999). In 2016, the genus was changed to Xeruca based
on morphological and molecular evidence, including
mitochondrial 16S rDNA, cytochrome oxidase subunit
1 (COI), and nuclear 28S rDNA (Shih 2015; Shih et

al. 2016), which has been further supported by the
mitogenome analysis (MY Liu and Shih 2022). Previous
studies indicated that X. formosensis inhabits tidal areas
where there are wide flats with very clayey-muddy
substrate and no mangroves on the supratidal zone (Shih
et al. 1999; Liou 2012). In the past, large populations
of this species existed at several locations, including
Zengwen estuary, Dadu estuary, Xiangshan area, and
Shengang area (Fig. 1). In particular, the Shengang area
of Changhua County was once known as the “hometown
of X. formosensis” (Shih 1997; Liou 2012). However,
recent anthropogenic activities and improper land use

Citation: Hung KC, Liou CY, Wen CC, Lin HC. 2023. Genetic structure of the endemic fiddler crab Uca (Xeruca) formosensis on the west coast of
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