
Platax 
An official publication of  

the National Museum of Marine Biology & Aquarium 

Editor-in-Chief 
Chiahsin Lin 

Co-Editor
Kwee Siong Tew  Hsuan Ching Ho 

Publisher
Wei-Hsien Wang 

National Museum of Marine Biology & Aquarium 
No.2 Houwan Road, Checheng, Pingtung 94450, Taiwan, R.O.C. 

Phone:886-8-8825036; Fax:886-8-8824504; E-mail:chiahsin@nmmba.gov.tw 

Editorial Board 

Lee-Shing Fang 
David Glover 
Ping-Ho Ho 
Hung-Jen Lee 
John Shea 

Cheng Shiu University, Taiwan 
The Ohio State University, USA 
National Taiwan Ocean University, Taiwan 
National Taiwan Ocean University, Taiwan 
Santa Clara University, USA 

Platax 2013 Vol, 10 Copyright National Museum of Marine Biology & Aquarium, 
Taiwan. All rights reserved. No part of this publication may be reproduced or 
transmitted in any form or by any means without written permission from the 
publisher. 
NT$200





Platax 
CONTENTS

2013, Vol. 10 

Physiology
Real-time PCR-based gene expression analysis in the model reef-building coral 

Pocillopora damicornis: insight from a salinity stress study
---------------Anderson B. Mayfield, Tung-Yung Fan, Chii-Shiarng Chen------------------1

Heterophils Exhibiting Toxic Changes in a Juvenile Green Sea Turtle 
 (Chelonia Mydas)
------------------------------Tsung-Hsien Li and Jium-Yuan Li-------------------------------- 31

Biodiversity
Taxonomic review and DNA barcoding of the fish genus Peristedion 

 (Scorpaeniformes: Peristediidae) in Taiwan
Hsuan-Ching Ho, Wei-Ling Chee, Chia-Hao Chang and Kwang-Tsao Shao------------ 

Unreported predatory behavior on crustaceans by Ilyella gigas (Schmarda, 1859)
(Polycladida: Ilyplanidae), a newly-recorded flatworm from Taiwan  
--------Wei-Ban Jie , Shih-Chieh Kuo, Shang-Chi Wu and Kwen-Shen, Lee------------- 57

New records of five fish species from the Green Island, Orchid Island and Kenting, 
Taiwan 
-----------Hsuan-Ching Ho, Chin-Jer Lin and Chih-Ren Yang ----------------------------- 

Demania unispinosa Chen & Ng, 1999 (Crustacea, Decapoda, Brachyura),  
a newly recorded xanthid crab for Taiwan.

 Pi-Hsien Kuo , Chia-Wei Lin and Jose C. E. Mendoza 8

Defecation behavior of the hairy urchin, Tripneustes gratilla
-------------------------Shyh-Min Chao and Bang-Chin Chen-------------------------------- 

37

73

1

89

First record of the soft coral associated crab Hoplophrys oatesi Henderson, 1893  
(Crustacea: Decapoda: Epialtidae) in Taiwanese waters. 
---------------------------Pi-Hsien Kuo and Chia-Wei Lin ------------------------------------ 95





Platax 10: 1-29, 2013 

Real-time PCR-based gene expression analysis in the 
model reef-building coral Pocillopora damicornis: insight 

from a salinity stress study 

Anderson B. Mayfield1,2*, Tung-Yung Fan1,3, Chii-Shiarng Chen1,4,5 

1 National Museum of Marine Biology and Aquarium, Checheng, Pingtung 944, Taiwan, R.O.C. 
2 Living Oceans Foundation, Landover, MD 20785, USA 
3 Department of Marine Biodiversity and Evolution, National Dong-Hwa University, Checheng, Pingtung 

944, Taiwan, R.O.C. 
4 Department of Marine Biotechnology, National Dong-Hwa University, Checheng, Pingtung 944, Taiwan, 

R.O.C.
5 Department of Marine Biotechnology and Resources, National Sun Yat-Sen University, Kaohsiung, 

Kaohsiung 804, Taiwan, R.O.C. 

*corresponding author, email: andersonblairmayfield@gmail.com

Abstract
Pocillopora damicornis has emerged as the model coral for studying 

global climate change given that it is found in the waters of nearly all nations 
that invest significantly in coral reef research. To further the development of a 
molecular blueprint for understanding the sub-cellular response of this coral 
to changing environmental conditions, three approaches were taken herein. 
First, a salinity challenge study was conducted with corals from Kaneohe Bay, 
Hawaii (United States). Specimens were exposed to 24, 28, 32 (control), 36, 
or 40 partial salinity units (psu) for 1, 2, or 3 hrs, and the expression of three 
mitogen-activated protein kinase (mapk) genes; stress-activated protein kinase 
2 (p38), extracellular signal-regulated kinase 2 (erk2), and big mapk 1 (bmk1),
was measured. p38 and erk2 both exhibited large increases in expression in 
corals exposed for 1 hr to 28 psu, potentially suggesting that the associated 
proteins are involved in the initial stages of the hypo-osmotic stress response 
and may be important molecular targets for understanding this coral’s 
response to environmental perturbations. As a second effort to better develop 
the molecular infrastructure of P. damicornis populations in Southern Taiwan 
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Introduction 
Given the threats of global climate 

change (GCC) towards reef-building 
corals (Hoegh-Guldberg et al., 2007; 
IPCC, 2007), there is an urgent need to 
understand how to identify corals that are 
approaching their stress tolerance limits 
(van Oppen & Gates, 2006). Unfortunately, 
only retroactive approaches are currently 
available for coral reef health diagnostics; 
the number of corals bleached, diseased, 
or overgrown on a reef is merely quantified 

in particular, real-time PCR assays from previously published works were 
applied to cDNA generated from RNA derived from P. damicornis
populations of Nanwan Bay in Southern Taiwan. In many cases, assays 
developed from P. damicornis cultures reared in Monaco were found to be 
unsuitable for use with Taiwanese specimens, and, overall, only ~55% of 
assays developed by other laboratories could be utilized with confidence with 
Taiwanese P. damicornis specimens. Finally, a next generation 
sequencing-based transcriptome sequencing study was used as a platform for 
the identification of genes involved in acclimation to high temperature, and 13 
gene expression assays were developed for use with P. damicornis. In total, 
there are now 28 genes (14 in each of the host and Symbiodinium
compartments) whose expression levels can be measured accurately with 
real-time PCR in this ecologically important reef builder that exists in many 
regions of the Indo-Pacific.  It is hoped that these assays will not only be 
employed in Taiwan-based studies, but in molecular biomarker surveys 
conducted as part of the Living Ocean Foundation’s Global Reef Expedition 
aboard the research vessel Golden Shadow.

Keywords: coral, dinoflagellate, endosymbiosis, gene expression, mitogen-activated 
protein kinase (MAPK), osmoregulation, Pocillopora damicornis,
real-time PCR, salinity stress 

and reported (e.g., Guest et al., 2012). 
Such dying corals would have already 
been stressed for many weeks before 
manifesting such late-stage signs of health 
decline. Yet, there are currently few 
means of detecting sub-lethal stress on a 
timescale that would allow for managers 
to mitigate the source of the environmental 
impact (e.g., water pollution or overfishing) 
prior to extensive loss of coral.  
 Molecular biomarkers (Downs et al., 
2000) represent a promising means for 
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proactive health assessment of reef-building 
corals, as the expression of these molecules 
(e.g., genes and proteins) responds quickly 
(minutes to hours) to environmental changes 
(Downs et al., 2005). Furthermore, such 
expression differences may be maintained 
throughout the duration of the stress event 
(Downs et al., 2002). This suggests that 
expression levels of such biomarkers 
could allow for the rapid generation of an 
index for accurate gauging of coral health 
on a proactive timescale, provided that 
their expression is indeed associated with 
a certain phenotype (Mayfield et al., 2013b) 
and can, more specifically, predict future 
decreases in physiological performance.  

Pocillopora damicornis (Fig. 1) is 
amongst the world’s most widely 
dispersed corals (Veron, 2000) and is 
found off the coasts of nearly all nations 
that fund coral reef research to a 
substantial extent: the United States, 
Mexico, Monaco, Japan, Taiwan, 
Australia, and Israel. It is also the coral 
biology field’s “lab rat,” serving as the 
model organism in more studies than any 
other coral (e.g., Jokiel and Coles, 1990; 
Stimson & Kinzie, 1991; Mayfield et al., 
2013a; Putnam et al., 2013).  Furthermore, 
both partial (Traylor-Knowles et al., 2011) 
and complete (Mayfield et al., 
unpublished) transcriptomes (population 
of all expressed mRNAs) have been 
sequenced for this species, which will 
greatly facilitate future molecular-based 
studies. As such, P. damicornis has 

recently been nominated to serve as the 
model reef-building coral (Mayfield et al., 
2013a) for both studies of basic biology 
(e.g., Cumbo et al., 2013), as well as those 
aimed at understanding the effects of 
GCC on coral performance (e.g., Putnam 
et al., 2013).  
 To better develop the molecular 
resources available for P. damicornis, and, 
more specifically, increase the number of 
prospective mRNA-level biomarkers that 
could be used for detecting sub-lethal 
stress in this species, both a traditional 
PCR/cloning/sequencing endeavor and a 
next generation sequencing (NGS)-based 
approach were used with cDNA derived 
from RNA from P. damicornis specimens 
from Hawaii and Taiwan, respectively. 
Then, real-time PCR assays were 
developed for the cloned and differentially 
expressed genes (DEGs), respectively. For 
the Hawaii-based assays, the cloned genes 
were considered to potentially serve as 
housekeeping genes (HKGs) for 
assessment of host (but not Symbiodinium)
gene expression. To determine their 
efficacy as HKGs, a salinity stress study 
was conducted; briefly, as changes in 
osmotic pressure could be hypothesized to 
influence every cellular process in a reef 
coral (Mayfield and Gates, 2007), salinity 
challenge experiments represent an ideal 
means for determining which genes could 
serve as HKGs for normalization of host 
coral gene expression. 

Expression of not only the three cloned 
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Fig. 1. A healthy Pocillopora damicornis colony on a reef in Fiji’s Lau 
Archipelago (A). P. damicornis is amongst the world’s most widely 
distributed corals and is found throughout nearly all of the tropical 
Indo-Pacific. Its biology is driven by an endosymbiotic relationship with 
dinoflagellates of the genus Symbiodinium, which contribute to the 
typically brown or cream coloration of the holobiont (B) and translocate 
photosynthetically fixed carbon to their hosts. When seen under a scanning 
electron microscope (C), the fact that these dinoflagellates contribute 
significantly to this coral holobiont’s biomass, as well as that of all other 
reef-building scleractinians, is more greatly appreciated. One of the five 
visible Symbiodinium cells has been labeled.  
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HKGs- sine oculis (so), POU III transcription 
factor brain 1 (brn1), and -actin (act1)-
but also three mitogen-activated protein 
kinase (mapk) genes, was measured in 
coral samples exposed to 24, 28, 32 
(control), 36, or 40 psu for 1, 2, or 3 hrs. 
In contrast to the former three genes, 
expression of the mapks- stress-activated 
protein kinase 2 (p38), extracellular 
signal-regulated kinase 2 (erk2), and big 
mapk1 (bmk1)- was expected to be 
dramatically influenced by changes in 
salinity (Bohm et al., 2002). Although p38
has been extensively studied and known 
to be important in regulation of the initial 
stages of the osmotic stress response 
(Kultz, 2001), the functions of the other 
two mapks are still unknown, though they 
are assumed to be involved in the signal 
transduction response to osmotic stress, as 
well (Abe et al., 1996). All mapks targeted 
herein were considered to potentially 
serve as useful biomarkers for early 
detection of osmotic stress in this coral 
species.

As an additional effort to better 
develop the molecular infrastructure for P. 
damicornis, real-time PCR assays 
developed by other researchers were used 
with cDNA derived from RNA of P. 
damicornis specimens from Southern 
Taiwan. It was hypothesized that those 
designed by scientists from a marine 
laboratory in Monaco may not function 
(Vidal et al., 2009; 2013), as the assays 
were developed by computer software and 

not actually applied to coral cDNA. 
However, those developed for both the 
host and its resident Symbiodinium
populations in previous studies from 
locations in Australia and Japan were 
hypothesized to be functional with 
samples from Taiwan.

Materials and Methods 
Cloning of putative HKGs for gene 

expression analysis of P. damicornis. A 
HKG-based normalization approach is 
unsuitable for assessment of Symbiodinium
gene expression due to the fact that their 
contribution to the nucleic acid pool of the 
coral holobiont is temporally variable 
(Mayfield et al., 2010) and can even vary 
between samples (Mayfield et al., 2011) 
due to, for instance, bleaching (Mayfield 
et al., 2009). However, such a strategy 
could be more confidently applied to the 
coral host compartment, which, in theory, 
should contribute a greater fraction of the 
mRNAs extracted. Herein, three putative 
HKGs were targeted: so, brn1, and act1.
As so and brn1 encode transcription 
factors involved in light reception system 
development (Bebenek et al., 2004) and 
nervous system development (Lee et al., 
2003), respectively, their expression was 
expected to be relatively low and stable 
across the experimental treatments given 
that salinity stress was not hypothesized to 
affect developmental processes. Additionally, 
only adult corals were used, and so genes 
encoding proteins involved in development 
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were hypothesized to be expressed at 
stable, baseline levels.  

On the other hand, act1 is a highly 
expressed gene (Mayfield et al., accepted) 
that has been used as a HKG in numerous 
other systems given that the components 
of the cytoskeleton are typically 
non-responsive to environmental changes 
(Kreuzer et al., 1999). However, Mayfield 
et al. (2010) found that another pocilloporid, 
Seriatopora hystrix, demonstrated temporally 
variable patterns of act1 expression, 
possibly due to cytoskeletal re-arrangements 
that were taking place at night to 
accommodate Symbiodinium cell division. 
As such, it was hypothesized that only so
and brn1 would serve as suitable HKGs 
for host coral gene expression analysis in 
P. damicornis.

The P. damicornis DNAs extracted in 
Mayfield et al. (2010), which were from 
coral colonies inhabiting fringing reefs of 
Coconut Island (within Kaneohe Bay), 
Oahu, Hawaii, USA (see Mayfield et al., 
2010 for coordinates.), were used as 
templates in PCRs with the degenerate 
primers described in the associated 
manuscripts for each gene (Table 1). For 
so and brn1, two rounds of PCR were 
conducted at the Hawaii Institute of 
Marine Biology (HIMB) with 1 U 
Immolase™ polymerase (Bioline, Taunton, 
MA, USA), 3 mM MgCl2, 500 nM each 
primer, 2.5 mM each dNTP, and 1x 
ImmunoBuffer (TM) (Bioline) in the 
following manner: 95°C for 15 min x 1 

cycle (necessary to activate the 
antibody-bound polymerase) followed by 
30 cycles of 95°C for 30 s, 50 and 55°C 
for 45 s (first and second round of PCR, 
respectively), and 72°C for 2 min. One 
microliter of PCR product from the first 
reaction (50 µl) was used as the template 
in the second reaction, which, otherwise, 
contained the same components as the 
first.. For act1, only one round of PCR 
(35 cycles) with the mastermix described 
above and the degenerate act1 primers 
(Table 1) was required to successfully 
produce the target gene.  
 For all genes, 5 µl of PCR product were 
electrophoresed on 2% Tris-acetate-EDTA 
(TAE) agarose gels, which were stained 
with ethidium bromide after running at 
100 V for 30 min as described in Mayfield 
et al. (2010). Correctly-sized bands were 
excised from the gel with a razor blade, 
purified with a QIAEX® II gel extraction 
kit, (Qiagen, Dusseldorf, Germany), 
ligated into TOPO® TA plasmid vectors 
(Life Technologies, Grand Island, NY, 
USA), transfected into competent 
Escherichia coli cells, and sequenced in 
both the 5’ and 3’ directions as in 
Mayfield et al. (2010).

Approximately 20 bacterial plaques 
were screened for each of the three genes, 
and all containing the correctly sized 
insert were sequenced. Upon confirming 
the identity of the consensus sequence of 
the three genes with NCBI’s translating 
BLAST (tBLASTx) tool, real-time PCR 
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primers (Table 3) were designed with 
MacVector (ver. 10, MacVector, Inc., Cary, 
NC, USA). While trouble-shooting the 
real-time PCR assays with cDNA, it was 
found that so was not expressed by adult 
corals. Therefore, it was instead employed 
as a spike-in control. Briefly, RNA was 
transcribed in vitro from partially digested, 
recombinant so plasmids as described in 
Mayfield et al. (2009). Then, a poly-A tail 
was added with poly-A polymerase 
(Ambion, Austin, TX, USA) as described 
by the manufacturer in order to generate 
the so RNA spike. Real-time PCR primers 
were designed (Table 3) and used to 
amplify a 93-bp amplicon 
(AGGCGATGGGTATGGGTTGTGCGA
GTACCACTCTCGCAATATGTTCCTTG
ATTTTTCCTTGAAACAGTAGCTCGT
CTCCTCCCCATCCCAAA) as described 
below. As this sequence, which represents 
the entirety of the DNA clone, is less than 
100 bp, it could not be deposited in the 
NCBI database. 

Salinity stress study.  Six P. 
damicornis colonies were collected from 
1-2 m depth on snorkel from fringing 
reefs around HIMB on Coconut Island, 
Hawaii (see Mayfield et al., 2010 for 
coordinates and sampling details.) during 
the afternoon (~15:00) of a Fall day in 
2006 and transported to nearby seawater 
tables, at which point each colony was 
fragmented into 7-8 nubbins of ~ 2 g each 
with sterile bone-cutting pliers. The 45 
nubbins were randomly mixed in the 

seawater table, suspended on fishing line 
as described in Mayfield et al. (2012a), 
and allowed to acclimate in flow-through 
seawater aquaria exposed to natural light 
for three weeks prior to experimentation.  
 On the day of experimentation, 
fifteen tanks of approximately 50 l each 
were randomly assigned to serve as either 
the 24, 28, 32 (control), 36, or 40 psu 
treatments (n = 3 tanks per treatment). In 
the case of the hypo-osmotic treatments 
(i.e., 24 and 28 psu), filtered seawater 
(FSW) was diluted with tap water to 
achieve the desired salinities. For the 
hyper-osmotic treatments (i.e., 36 and 40 
psu), NaCl (Sigma-Aldrich, St. Louis, MO, 
USA) was mixed with FSW to achieve the 
desired salinities. A portable refractometer 
(FG100sa, Sybon, Bethesda, MD, USA) 
was used to ensure that the salinities were 
within 5% of their target values. Once the 
salinities were stable, three nubbins were 
randomly assigned to each of the fifteen 
tanks, and one nubbin was sampled after 1, 
2, and 3 hrs of treatment exposure. Upon 
sampling, nubbins were snap-frozen in 
liquid nitrogen and stored in a -80°C 
freezer until extraction of their RNA, as 
described below.   

RNA extraction, reverse transcription, 
and real-time PCR. The 45 samples were 
removed from the -80°C freezer, and a 
~50-mg fragment was removed with 
sterile bone-cutting pliers. Prior to complete 
thawing, the fragments were immersed in 
500 µl TRIzol (Life Technologies) previously 
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Table 1.Pocillopora dam

icornis genes targeted in the salinity stress study, as w
ell as those isolated and/or characterized in 

other studies w
hose real-tim

e PC
R

 assays w
ere conducted w

ith com
plem

entary D
N

A
 (cD

N
A

) from
 Taiw

anese P. 
dam

icornis specim
ens. The reference corresponds either to the m

anuscript in w
hich the gene w

as cloned or sequenced 
(V

idal-D
upiol et al., 2009; M

ayfield et al., 2010; V
idal-D

upiol et al., 2013) or to the m
anuscript in w

hich degenerate 
prim

ers for gene cloning w
ere provided (B

ebenek et al., 2004). A
s such, the references do not necessarily correspond 

to those in w
hich the real-tim

e PC
R

 assay for the respective gene w
as first published (see Table 3 for prim

ers, 
real-tim

e PC
R

 m
asterm

ix com
ponents, and therm

ocycling conditions.). “gD
N

A
” = genom

ic D
N

A
. “EST” = 

expressed sequence tag. “N
G

S” = next generation sequencing. 

Full gene nam
e 

G
enes targeted in the H

aw
aii-based sali

ity stress stu
y

aThe sequence w
as too short (93 bp) for N

C
B

I subm
ission and is provided in this m

anuscript only. b Specim
ens w

ere originally collected in the R
ed Sea, 

then cultured in M
onaco. c The authors inadvertently designed prim

ers from
 the host (Acropora m

illepora), and not the Sym
biodinium

 sequence, as they 
had reported.  

galaxin
m

annose-binding c-type lectin 
“cyst-rich”
carbonic anhydrase-II 
U

B
52

heat shock protein 70

sine oculis 

PO
U

 III/brain 

-actin

stress-activated protein kinase 2 
extracellular signal-regulated kinase 2 
big m

itogen-activated protein kinase 1 
R

eal-tim
e PC

R
 assays from

 other s
udies applie

 to cD
N

A
 from

 Taiw
anese P. da

icornis specim
ns 

t n A
bbreviation

sobrn1

act1

p38
erk2
bm

k1

galaxin
lectin
PD

cyst-rich 
caII 
ub52

hsp70

dd Function

transcription
factor
transcription
factor
cytoskeleton

M
A

P kinase 
M

A
P kinase 

M
A

P kinase 

calcification 
cell adhesion 
cell adhesion 
m

etabolism
ribosom

al 
assem

bly 
m

olecular
chaperone

N
C

B
I accession

This m
anuscript a

FJ858783 

FJ858774 

FJ858782 
FJ858778 
FJ858779 

U
npublished 

FJ628422
FJ628421 
U

npublished 
A

M
U

44945

A
B

201749 

m Tem
plate/ 

sequencing

gD
N

A
/cloning

gD
N

A
/cloning

gD
N

A
/cloning

gD
N

A
/cloning

gD
N

A
/cloning

gD
N

A
/cloning

cD
N

A
/N

G
S 

cD
N

A
/EST 

cD
N

A
/EST 

cD
N

A
/N

G
S 

cD
N

A
/

unknow
n 

cD
N

A
/EST 

e Prim
er sequence 

reference 

B
ebenek et al., 2004,  

cloned herein 
Jacobsand G

ates, 2003, 
cloned herein 
B

ebenek et al., 2004, 
cloned herein 
M

ayfield et al., 2010  
M

ayfield et al., 2010 
M

ayfield et al., 2010 

V
idal-D

upiol et al., 2013
V

idal-D
upiol et al., 2009

V
idal-D

upiol et al., 2009
V

idal-D
upiol et al., 2013

Takahashi et al., 2008 

H
ashim

oto et al., 2004 

Location

H
aw

aii

H
aw

aii

H
aw

aii

H
aw

aii
H

aw
aii

H
aw

aii

M
onaco

b

M
onaco

b

M
onaco

b

M
onaco

 b

A
ustralia

c

Japan

N
ot determ

ined 

N
ot determ

ined 

Functional

Functional
Functional
Functional

N
on-functional 

N
on-functional 

N
on-functional 

N
on-functional 

N
on-functional 

Functional

C
om

patibility
w

/ Taiw
a

ese  
n

P. dam
ico

nis
r
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Table 2. Previously published Sym

biodinium
real-tim

e PC
R

 gene expression assays conducted w
ith com

plem
entary D

N
A

 
(cD

N
A

) from
 Pocillopora dam

icornis populations from
 Southern Taiw

an. For the eight functional assays, the prim
ers, 

PC
R

 m
asterm

ix com
ponents, and therm

ocycling conditions are found in Table 4. “gD
N

A
” = genom

ic D
N

A
. “EST” = 

expressed sequence tag. “N
G

S” = next generation sequencing. 

Full gene nam
e 

heat shock protein 70 

heat shock protein 90 

ascorbate peroxidase 

photosystem
 I (subunit  

III) 
ribulose,1-5,bisphosphate 
carboxylase/oxygenase 
phosphoglycolate 
phosphatase 
light-harvesting protein 

nitrate transporter 2 

carbonic anhydrase 

hem
oglobin I 

hem
oglobin II 

28s ribosom
al R

N
A

 

18s ribosom
al R

N
A

 

abbreviation

hsp70

hsp90

apx1

psI 

rbcL

pgpase

lhp

nrt2

cahbI 

hbII 

28s rRN
A

18s rRN
A

Function

m
olecular

chaperone
m

olecular
chaperone
free radical 
scavenger
photosynthesis

photosynthesis

photosynthesis

photosynthesis

m
etabolism

m
etabolism

unknow
n 

unknow
n 

ribosom
al 

assem
bly

ribosom
al 

assem
bly

N
C

B
I

accession

EU
476880 

G
H

706802

H
M

156698 

H
M

156699 

A
F298221

EU
924267 

unpublished 

H
M

147134 

G
H

706797

EH
035884 

EH
038142 

A
J830930 

unpublished 

Tem
plate/ 

sequencing

gD
N

A
 

cloning
cD

N
A

EST
cD

N
A

EST
cD

N
A

EST
cD

N
A

unknow
n 

cD
N

A
EST
cD

N
A

N
G

S
cD

N
A

EST
cD

N
A

EST
cD

N
A

EST
cD

N
A

EST
cD

N
A

unknow
n

cD
N

A
unknow

n 

R
eference  

M
ayfield et al., 

2009
a

V
idal-D

upiol et 
al., 2009 a

M
ayfield et al., 

2012a
c

M
ayfield et al, 

2012a
 c

M
arendy et al., 

unpublished d

C
raw

ley et al., 
2010

e

V
idal-D

upiol et 
al., 2013 a

M
ayfield et al., 

2013
 c

V
idal-D

upiol et 
al., 2009 a

R
osic et al., 2013

bR
osic et al.,

2013
b

V
idal-D

upiol et 
al., 2009 a

B
oldt et al., 

unpublished e

Source organism
  

(taxon) 

Pocillopora dam
icornis 

(reef coral) 
Pocillopora dam

icornis
(reef coral) 
Seriatopora hystrix
(reef coral) 
Seriatopora hystrix
(reef coral) 
U

nknow
n

Acropora aspera
(reef coral) 
Pocillopora dam

icornis
(reef coral)
Seriatopora hystrix
(reef coral) 
Pocillopora dam

icornis
(reef coral) 
Acropora aspera
(reef coral) 
Acropora aspera
(reef coral) 
Am

phisorus hem
prichii

(foram
inifer) 

Acropora aspera 
(reef coral) 

Location 

H
aw

aii

M
onaco

b

Taiw
an 

Taiw
an 

A
ustralia

A
ustralia

M
onaco

 b

A
ustralia

M
onaco

 b

A
ustralia

A
ustralia

A
ustralia

A
ustralia

C
om

patibility w
/ 

Taiw
anese P. 

dam
icornis

functional 

non-functional 

functional 

functional 

functional 

functional 

non-functional 

functional 

non-functional 

functional 

functional 

non-functional 

non-functional 

aThe gene cloning/isolation protocol and real-tim
e PC

R
 assay w

ere described in the sam
e m

anuscript. b Specim
ens w

ere originally collected in the R
ed Sea, then cultured 

in M
onaco. cThe ESTs from

 w
hich prim

ers w
ere designed w

ere originally published by M
ayfield et al. (2011). dThe real-tim

e PC
R

 assay w
as developed by M

ayfield et al. 
(2012a). eThe ESTs from

 w
hich prim

er w
ere designed w

ere originally published by Leggat et al. (2007).  
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inoculated with 10 µl so RNA spike. 
Briefly, the exogenous spike serves as the 
preferred means to control for reverse 
transcription (RT) efficiency differences 
between samples (Bower et al., 2007) and 
circumvents the need to validate HKGs. 
That being said, the expression of two 
putative HKGs was measured across all 
samples to determine whether they could 
be used in place of a spike for laboratories 
without the capacity for cloning and in
vitro transcription. 

Samples were homogenized in the 
500 µl spike-inoculated TRIzol in a fume 
hood until the coral skeletons were 
pulverized into a fine powder. At that 
point, the coral tissue-TRIzol slurry was 
pulse-spun for 1 s to sediment the skeleton, 
and the supernatant was transferred to a 
new 1.5 ml microcentrifuge tube containing 
another 500 µl TRIzol. Then, RNA was 
isolated according to the manufacturer’s 
recommendations, though as modified by  
Mayfield et al. (2009).  

A DNase treatment was then 
conducted as described by Mayfield et al. 
(2011), and the RNA was quantified at 
260 nm on a NanoDrop 
spectrophotometer (Infinigen, City of 
Industry, CA, USA) and qualified on 
native 1% TAE agarose gels run at 100 V 
for 30 min and stained with ethidium 
bromide as described in Mayfield et al. 
(2012b).   
 The 45 DNA-free RNAs were 
reverse transcribed to cDNA with the 

High Capacity® cDNA Synthesis Kit 
(Life Technologies) as recommended by 
the manufacturer, with 200 ng RNA used 
in each reaction (20 µl). This cDNA was 
used in real-time PCR assays (Table 3) 
designed for quantification of so recovery, 
as well as expression of act1, brn1, p38,
erk2, and bmk1. While the latter three 
assays were conducted as in Mayfield et 
al. (2010) with the primers utilized therein, 
new real-time PCR primers were designed 
for use with so, act1, and brn1 (Table 3).  
 Ten microliters (1x) of Power™ 
SYBR® Green mastermix (Life 
Technologies) were used with two 
microliters of undiluted cDNA and the 
primer concentrations found in Table 3 in 
a total volume twenty microliters for each 
reaction. An Applied Biosystems 7500 
real-time PCR machine (Life Technologies) 
was used for all assays, and all reactions 
(conducted in triplicate for each sample) 
were initiated with an incubation at 95°C 
for 10 min followed by the number of 
cycles stated in Table 3, each of which 
being conducted at 95°C for 15 s followed 
by the respective annealing temperature 
for 60 s. A melt curve was conducted after 
all analyses to ensure that the primers 
were specific to the gene target of interest, 
and two serial dilutions of a randomly 
chosen cDNA sample were run 
simultaneously to ensure that the PCR 
efficiency of the assays was ~100% 
(sensu Bower et al., 2007). In certain 
cases (Table 3), bovine serum albumin 

10
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(BSA) was added to improve 
amplification efficiency.   
 After calculating the quantity of so
reverse transcribed in each of the 45 RT 
reactions, as inferred from the threshold 
cycle (Ct) values, expression of the 
remaining five target genes was 
normalized to recovery of this exogenous 
so RNA spike as in Mayfield et al. (2009). 
It should be noted that no DNA-based 
biological composition normalization 
(sensu Mayfield et al., 2009; 2010; in 
press) was conducted, as it was 
hypothesized that the relative proportion 
of host RNA would be similar between 
samples. In other words, due to the 
short-term nature of the experiment, no 
bleaching (loss of endosymbiotic 
Symbiodinium) was anticipated, and so the 
host/Symbiodinium biological composition 
ratio was assumed to be similar across 
samples and not bias interpretation of the 
gene expression data. Had Symbiodinium
genes been targeted, as well, such an 
endosymbiosis-tailored gene expression 
normalization strategy would need to be 
conducted to produce accurate data 
(Mayfield et al., 2011; 2012a; 2013a).  

Statistical analyses. All data 
analysis was conducted with JMP® (ver. 5, 
SAS Institute Inc., Cary, NC, USA). 
Normality of datasets and homogeneity of 
variance were tested with Shapiro-Wilk W 
and Levene’s tests, respectively. When 
datasets did not meet these two criteria, 
loge, square root, or rank transformations 

were conducted prior to performing the 
repeated measures ANOVAs. In short, as 
time and salinity were not independent, a 
standard 2-way ANOVA could not be 
employed. Instead, the repeated measures 
MANOVA model was utilized in JMP, 
though univariate tests were instead used 
when certain data points were missing; 
such was the case for the corals sampled 
after 3 hrs of exposure to 24 psu, whose 
cDNA did not readily amplify with the 
bmk1 primer set. Tukey’s honestly 
significant difference (HSD) tests were 
used to determine individual means 
differences when an overall effect was 
found in the model, and in all cases, a 
result was considered to be statistically 
significant when p < 0.05. All error terms 
displayed below and in the figures 
correspond to standard error of the mean.  

Use of published real-time PCR 
assays with cDNA from Taiwanese P. 
damicornis specimens. Real-time PCR 
assays designed for P. damicornis-focused 
research in Hawaii, Australia, Japan, and 
elsewhere (Tables 1-2) were applied to 
cDNA generated from RNA isolated from 
P. damicornis specimens collected from 
upwelling reefs of Houbihu, Nanwan Bay, 
Southern Taiwan (see Mayfield et al., 
2012a for coordinates.). Specifically, the 
same RNA/cDNA samples of Mayfield et 
al. (in press) were utilized with both 
published and unpublished real-time PCR 
assays developed either specifically for P. 
damicornis (Table 1), or, alternatively, for 

11
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Symbiodinium sp. found to associate with 
this widely distributed reef builder (Table 2).  
 In most cases, the PCR reaction 
mixtures (i.e., mastermixes) and 
thermocycling conditions were not 
published in the respective manuscripts in 
which the real-time PCR assays were first 
presented, and so a variety of primer 
concentrations (typically from 50-500 
nM), annealing temperatures (typically 
from 58-62°C), and cycle numbers 
(typically from 30-40) were utilized with 
each set. All primers were purchased from 
EuroFins MWG Operon (Huntsville, AL, 
USA), and real-time PCRs were 
conducted on a StepOnePlus™ real-time 
PCR machine (Life Technologies) located 
at the University of Louisiana, Lafayette 
in the laboratory of Dr. Joseph Neigel. 
EZ-TIME™ SYBR® Green I mastermix 
with ROX® passive reference dye 
(Yeastern Biotech., Ltd., Taipei, 
Taiwan;1x [10 µl]) was used in triplicate 
20 µl reactions with a gradient of primer 
concentrations and annealing temperatures, 
as these two PCR parameters appear to 
have the most significant impact on the 
efficacy of the assays in our experience. 

Undiluted cDNA, as well as 10- and 
100-fold diluted cDNA (2 µl for all 
reactions) was used with all primer sets, 
and an assay was considered to be 
functional when the PCR efficiency was 
between 90 and 110% and only a single 
peak was observed in the melting curve, 
which was conducted after all reactions. 

The latter indicates that the primers were 
specific to the amplicon of interest. It 
should be noted that the specific PCR 
mastermix and thermocycling information 
provided in Tables 3-4 is only present for 
assays that worked with cDNA derived 
from P. damicornis from Taiwan, with the 
exception of so and brn1, whose 
respective assays were not applied to 
cDNA from these samples but were 
instead used in the Hawaii-based salinity 
challenge study. In total, 10 and 13 
previously published host (Table 1) and 
Symbiodinium (Table 2)-targeted real-time 
PCR assays, respectively, were applied to 
the Taiwanese samples.

Next generation sequencing. As a 
final step to increase the number of 
mRNA-level biomarkers for health 
assessment of P. damicornis, a NGS-based 
approach was taken whereby cDNAs from 
P. damicornis specimens that had been 
exposed to either a control temperature 
(26.5°C, n = 3 at 2 and 36 weeks) or an 
elevated one (29.7°C, n = 3 at 2 and 36 
weeks)(Mayfield et al., in press) were 
sequenced. Each RNA (n = 12) was 
converted to a modified cDNA library 
with the Illumina Tru-Seq™ kit (ver. 2, 
San Diego, CA, USA), which was then 
sequenced on an Illumina Genome 
Analyzer IIxe at HIMB in Hawaii. Prior to 
library construction, the RNAs were 
re-purified with the GeneMark® Plant 
Total RNA Miniprep purification kit 
(Hopegen Biotechnology, Taipei, Taiwan)  

12
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Table 3. Real-time PCR assays for gene expression analysis of the host compartment 
of Pocillopora damicornis. “bp” = base pairs. 

Full gene name PROCESS
Primer name 

amplicon 
size (bp)

Sequence (‘5-3’) [primer] 
(nM)

Annealing 
temp. (°C) 

Cycles  Reference
Notes/results from NGS 
temperature study 

STRESS RESPONSE
PD-hsp70-F1 heat shock protein 70 62 a ATCCAGGCAGCGGTCTTGT 300 60 35 Mayfield e

al., 2013a
PD-hsp70-R1 TCGAGCAGCAGGATATCACTGA
METABOLISM/TRANSPORT
PD-ca-F1 carbonic anhydrase 122 250 60 30 This 

manuscript 
AGGATGATGAGGAGGATGAGG

b

PD-ca-R1 up-regulated in high 
temperature samples

ATAGCAGGGAGGGGTGGTAA

PD-iontrans-F1 ion transporter 81 c 500 59.5 40 This 
manuscript 

CTGGCTTCTGGTGGTCTTTT 
b

PD-iontrans-R1 up-regulated in high 
temperature samples

ATAACTTGGCTGGGACGGA 

PD-sftase-F2 sulfotransferase 149 500 60 35 This 
manuscript 

CCAGTCACACCAACTTTACTTG
b

PD-sftase-R2 down-regulated in high
temperature samples 

CTCACCATCTCCAACTCTTTC

TRANSCRIPTION FACTOR
PD-so-F1 sine oculis 93 500 59 30 This 

manuscript
AGGCGATGGGTATGGGTT 

PD-so-R1 used as an exogenous 
spike herein 

TTTGGGATGGGGAGGAGA 

PD-brn1-F1 POU III transcription 
factor brain 1 

109 500 59 35 This 
manuscript

AACCACCATTTGCCGTTTCGA

PD-brn1-R1 targeted in the salinity 
stress study as a HKG 

AGCCCCGTTGTTGTTATCCG 

CYTOSKELETON 
PD-act1-F1 -actin 101 500 59 35 This 

manuscript
TTGGTTACGATGCCGTGTTC 

PD-act1-R1 targeted in the salinity 
stress study as a HKG 

GTTGGTATGGGTCAGAAAGATT

SIGNAL TRANSDUCTION
PD-p38-F1 stress-activated

protein kinase 2 
100 500 59 40 Mayfield et 

al., 2010 
CCCACAGAGAATGAGATGACT

PD-p38-R1 targeted in the 
salinity stress study  

ATTTCAGGAGCCCTGTACCAT

PD-bmk1-F1 big MAPK 1 101 500 59 40 Mayfield et 
al., 2010 

CCGTGGTCTATCTTCCTCT

PD-bmk1-R1 targeted in the 
salinity stress study 

CACTTAGCGACAGCATCAGT

extracellular
signal-regulated 
kinase 2  

PD-erk2-F6 96 c 500 59 60 Mayfield et 
al., 2010 

GGAACCCAGTGTGGTCGT

PD-erk2-R6 targeted in the 
salinity stress study 

CCTCAAATTTGCGATTTCGGT

CELL ADHESION
PD-selectin-F1 selectin 180 500 60 35 This 

manuscript 
TTCCTGTTCTGGTCTCGCTTT

b

PD-selectin-R1 up-regulated in high 
temperature samples 

CTTGGAGGTTGCGTTCTTTC 

PD-lectin-F4 lectin 147 300 61 40 This 
manuscript 

AGCCTGGACCCTTGTCAT 
b

PD-lectin-R4 up-regulated in high 
temperature samples 

CTTGTGGTTAATTGGTGCGTC

13
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CO
PD-

PD-

DNA

by first diluting to 100 µl with 
DEPC-treated water and mixing with 350 
µl of Lysis Buffer-A. Then, 350 µl ethanol 
were added, and the entire 700 µl volume 
was vortexed and added to silica-based 
spin columns. The manufacturer’s 
recommendations were then followed, 
including an on-column DNase treatment. 
DNA, salt, and ethanol-free RNAs were 
eluted into 30 µl of DEPC-treated water 
after incubating the columns in a 60°C 
oven for 5 min to evaporate all residual 
ethanol.

Quality control for these samples 
was conducted on an Agilent 2100 
Bioanalyzer (Agilent Technologies, Inc., 
Santa Clara, CA, USA) with the RNA 
6000 Nano chip (Agilent Technologies), 
and only samples with RNA integrity 
numbers (RINs) greater than 8 were used 
in cDNA library preparations. Although 
the RIN is likely not of great utility to coral 
biologists, as high amounts of Symbiodinium

 eTable 3. (cont.) Real-time PCR assays for gene xpression analysis of the host compartment 
of Pocillopora damicornis. “bp” = base pairs. 

LOR DETERMINATION/LIGHT ABSORPTION
green fluorescent gfp-cp-F1 199

rRNAs might be interpreted by the 
instrument to represent degraded host coral 
rRNAs, it nevertheless provides a high 
resolution image of RNAs that is 
important for quality control.  
 The 12 RNA samples were diluted to 
40 ng µl-1 in 50 µl of DEPC-treated water, 
and the entire quantity (2 µg) was used in 
library preparations as instructed by the 
manufacturer. Each double-stranded 
cDNA (dscDNA) sample was ligated to a 
unique barcode such that all 12 samples 
could be sequenced on the same flow cell 
lane. Barcodes 2, 4-7, 12-16, and 18-19 
were utilized. The final, indexed dscDNA 
products were analyzed on an Agilent 
2100 Bioanalyzer with the 7500 DNA 
chip according to the manufacturer’s 
recommendations. Then, real-time PCR 
was conducted as suggested by Illumina 
to estimate the number of sequenceable 
clusters in each sample by comparison to 
a standard curve of previously sequenced, 

protein-like 
chromoprotein 

AGGCAAACAAACGGGGACATT
500 59 35 This 

manuscript b

gfp-cp-R1 up-regulated in high GGCACTCCCTCCATCTTCA 
temperature samples 

 REPLICATION
PD-smc-csp-F2 structural maintenance 

of chromosome- 
174 400 60 35 This 

manuscript
AGGGAGGAGAGGGATACTTTT

 b

chromosome  
segregation protein 

ACGCGGTAGTGCAAGAATGAAPD-smc-csp-R2

down-regulated in high 
temperature samples 

a This assay is also routinely used with P. damicornis DNA in order to calculated the host coral genome copy proportion 
(sensu Mayfield et al., 2011). b c The NCBI accession number will be published at a later date. The expression of this gene 
is typically very low (Ct > 30).  
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serially diluted dscDNA standards (i.e., of 
known cluster number) from P. damicornis 
larvae (Hollie Putnam, unpublished data). 
Clusters were generated as recommended 
by Illumina, and 100 sequencing cycles 
were conducted on each end to generate 
paired end reads.  
 A detailed description of the 
extensive bioinformatics required to 
analyze the approximately 2.5 x 106 DNA 
sequences that were generated can be 
found at http://ips.iis.sinica.edu.tw/coral/. 
In short, approximately 330,000 contiguous 
sequences were assembled, and ~175,000 
of these passed the rigorous quality 
control pipeline and were thus analyzed. A 
one-way, repeated measures ANOVA was 
used to determine the effects of sampling 
time (2 vs. 36 weeks), treatment (26.5 vs. 
29.7°C), and their interaction on gene 
expression (n = 3 at each combination of 
time and treatment). Eight genes that 
demonstrated statistically higher 
expression at the high temperature (either 
at only one sampling time or both) and 
five that were expressed at higher levels 
in the controls (either at only one 
sampling time or both) were targeted for 
real-time PCR primer design, and the 
resulting primers can be found in Tables 3 
(host genes, n = 7) and 4 (Symbiodinium
genes, n = 6). Assays were considered to 
be functional when they passed the same 
quality control criteria described above.

Results and Discussion 

Salinity study 
 so recovery and HKG expression.
There was a significant effect of salinity, 
as well as an interaction effect of salinity 
and time (Table 5), on recovery of the so
RNA spike (Fig. 2A). Specifically, within 
the 15 samples collected after one hour of 
exposure to the five different salinities, 
there was approximately 10-fold less so
reverse transcribed in corals of the 28 psu 
treatment versus the experimental controls 
incubated at 32 psu (Fig. 2A). This 
suggests that the efficiency of the RT 
reaction differed dramatically between 
these two treatments. There were no other 
significant differences within either of the 
other two sampling times. These data 
highlight the importance of using an 
exogenous RNA spike; had such an 
approach not been used, low expression of 
the target genes may have been 
misreported at this treatment and time, not 
due to physiological differences, but 
simply due to the fact that less of the 
target gene mRNA was reverse 
transcribed to a cDNA that could be 
amplified in the real-time PCR.  
 There were significant effects of 
salinity, time, and the salinity x time 
interaction on act1 expression (Table 5 
and Fig. 2B), suggesting that it would not 
be a suitable HKG for gene expression 
analysis in P. damicornis, at least not for 
salinity challenge studies. After one hour 
of treatment exposure, there were 4- and 
5-fold decreases in expression of this gene 
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in samples of the 24 and 36 psu treatments, 
respectively, relative to the experimental 
controls. Decreases in act1 expression 
relative to control values were also 
evident in the 28 and 40 psu treatments 
(Fig. 2B), though these differences were 
not statistically significant due to high 
degrees of variation. In order to achieve a 
statistical power of 0.8 (p < 0.05), a 
sample size of six, rather than three, 
would be required. 

After 2 hrs of treatment exposure, 
there was a significant (~50%) increase in 
act1 expression in samples of the 28 psu 
treatment relative to controls. On the other 
hand, there were ~3- and 4-fold reductions 
in expression of this gene in samples of 
the 26 and 40 psu treatments, respectively, 
relative to controls at this sampling time. 
After 3 hrs of treatment exposure, there 
were 4-fold increases in act1 expression 
in samples of the 28 and 36 psu treatments 
relative to the controls, which showed 
reduced expression levels at this sampling 
time. Finally, despite a 48-fold increase in 
act1 expression in corals exposed to 24 psu 
relative to controls at the final sampling 
time, this difference was not statistically 
significant due to a high degree of 
variation. As with the 1-hr samples, a 
doubling of sample size from three to six 
would be required to achieve the 
statistical power necessary to determine a 
significant difference between these 
treatments at this sampling time. 
Therefore, it may be fruitful in future 

studies of this gene in reef corals to utilize 
a larger sample size in order to determine 
whether such differences in expression of 
this gene across salinities are statistically 
significant.

This variability in act1 expression in 
response to different salinities may speak 
to the dual role of the cytoskeleton under 
periods of osmotic stress; on the one hand, 
swelling due to hypo-osmotic stress might 
cause a temporary up-regulation of 
cytoskeleton components as the cells 
would be expanding at such times (Lang 
et al., 1998). On the other hand, 
hyper-osmotic stress would cause cell 
shrinking, which would then necessitate 
an increase in expression of cytoskeletal 
elements to restore cell volume (i.e., 
regulatory volume increase; Mayfield et 
al., 2010).  In other words, act1
expression could be hypothesized to either 
increase or decrease in response to either 
type of osmotic stress, though the exact 
molecular mechanisms underlying such 
expression changes in this coral are 
currently unclear. Regardless of the 
explanation, the dramatic differences in 
act1 expression between control corals 
and those exposed to hypo- or 
hyper-osmotic conditions demonstrate that 
this gene would not be an ideal HKG for 
salinity stress studies of P. damicornis. Its 
high degree of temporal variation in 
another pocilloporid, S. hystrix, which 
may have been due to light-induced 
changes in Symbiodinium cell division  
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Table 4. Real-time PCR assays for gene expression analysis of the Symbiodinium
compartment of Pocillopora damicornis. “bp” = base pairs. 

PROCESS Full gene name amplicon Sequence (‘5-3’) [primer] Annealing Cycles Reference 
Primer name Notes/results of NGS 

temp. study 
size (bp) (nM) temp. (°C)

STRESS RESPONSE
Sym-hsp70-F1 heat shock protein 70 86 a,b CTGTCCATGGGCCTGGAGACT 500 62.5 35 Mayfield et

al., 2009 
Sym-hsp70-R1 GTGAACGTCTGTGCCTTCTTGGTT 
Sym-apx1-F1 ascorbate peroxidase 107  GCCAAGTTCAAGGAGCATGTA 500 61 40 Mayfield et

al., 2012a 
Sym-apx1-R1 AGCTGACCACATCCCAACT 
PHOTOSYNTHESIS
Sym-psI-F1 photosystem I (subunit III) 136 GTGGAGTTGACATTGACTTGGA 500 59 35 Mayfield et

al., 2012a 
Sym-psI-R1 TGCTGCTTGGTGGTCTTGTA 
Sym-rbcL-F3 ribulose,1-5,bisphosphate  126 CAGTGAACGTGGAGGACATGT 200 60 35 Mayfield et 

al., 2012a 
Sym-rbcL-R4 carboxylase/oxygenase AGTAGCACGCCTCACCGAAA 
Sym-pgpase-F1 phosphoglycolate phosphatase 100 a TGACAAA CAATTCCACCAAGAG 250 60 35 Crawley et 

al., 2010 
Sym-pgpase-R1  GCTGCAAAGGATGATGAGAAG 
METABOLISM/TRANSPORT
Sym-nrt2-F1 nitrate transporter 2 97 CCACCCATTTCAGGACCTAT 200 62 40 Mayfield et

al., 2013a 
Sym-nrt2-R1 CCAGGGACCTAGCAAACAA 
Sym-vdic-F1 voltage-dependent ion 

channel 
108 CTTTCCGCGAGCTTCACA 500 60 40 This 

manuscript c

Sym-vdic-R1 up-regulated at high 
temperature 

TCAACATAGCCCAGACGGT 

Sym-kchannel-
F1

potassium channel 78 GTTTCCAATTCTGCGCTCCTTT 400 59.5 35 This 
manuscript c

Sym-kchannel-
R1

up-regulated at high 
temperature 

ACACATCCAACTATCCACCAC 

Sym-zifl1l-F1 zinc-induced 
facilitator-like 1-like 

69 GGAAGAAGGCCTGTGATGATAA 500 60 35 This  
manuscript c

Sym-zifl1l-R1 down-regulated at high 
temperature 

AGACAGACCAAAGCAAACCATAC

Sym-tktlase-F1 transketolase 152 GCCCAGCATTTTCATCTTCAC 500 60 33 This 
manuscript c

Sym-tktlase-R1 down-regulated at high 
temperature 

TCCACATCTCCACACATTCG 

Sym-Cachannel
-F1

calcium channel 148 GCCTTCTTCCGTCATACACAT 500 60 35 This 
manuscript c

Sym-Cachannel
-R1

down-regulated at high 
temperature 

ACTTCCTCCTCCTGTTCCT

TRANSCRIPTION
Sym-helicase-
F1

RNA helicase 190 AGGAGGCGCAGAAGATGAA 500 60 35 This  
manuscript c

Sym-helicase-
R1

up-regulated at high 
temperature 

GCAGAGTGGAAGGTGAACT 

UNKNOWN FUNCTION 
Sym-hb1-F1 hemoglobin-like 1 63 CCGACGAGCCKTTGGAT 500 60 35 Rosic et al., 

2013
Sym-hb1-R1 CCGCCACCTTCTTGAAAGTG 
Sym-hb2-F1 hemoglobin-like 2 64 TTGGTGCCCATGTTGCAA 450 60 35 Rosic et al., 

2013
Sym-hb2-R1 AGTATTCTGGCTTCAGGCCATATC 
a 1/2x bovine serum albumin (BSA) is required to achieve 100% PCR efficiency. b This assay is also routinely used with 
P. damicornis DNA in order to calculated the Symbiodinium genome copy proportion (sensu Mayfield et al., 2011). c The 
NCBI accession number will be published at a later date. 
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Table 5. One-way, repeated measures ANOVA of gene expression 
data from the Hawaii-based salinity study. Statistically 
significant differences are highlighted in bold font.  

Parameter  Exact F p Fig.  
Source of variation 

so recovery a Fig. 2A 

< 0.0001    Treatment 24.2
   Time 1.55 0.264 

< 0.0001    Treatment x Time 7.88

act1 expression b Fig. 2B 

< 0.001    Treatment 13.1

< 0.001   Time 19.6

< 0.0001   Treatment x Time 18.2

brn1 expression c Fig. 2C 
   Treatment 4.10 0.353 
   Time d 7.011 0.125 
   Treatment x Time d 1.39 0.483 

p38 expression b Fig. 3A 
   Treatment 1.63 0.241 
   Time 2.86 0.1090 

< 0.01    Treatment x Time 3.80

erk2 expression b Fig. 3B 

< 0.01   Treatment 10.71 

0.0200    Time 6.30

< 0.001   Treatment x Time 7.37

bmk1 expression b Fig. 3C 
   Treatment 0.763 0.567 
   Time 19.5 0.158 
   Treatment x Time 14.0 0.0678 

a root-transformed data. b rank-transformed data.  
c log -transformed data. de  univariate test was used due to lack of 
data sphericity (Mauchley’s test, p < 0.05).  
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Fig. 2. Forty-five specimens of the reef-building coral Pocillopora damicornis were exposed 
to 24 (white columns), 28 (black columns), 32 (control; gray columns), 36 (speckled 
columns), or 40 (hatched columns) partial salinity units (psu; n = 3 tanks per 
treatment), and one was sampled from each of the fifteen tanks after 1, 2, and 3 hrs of 
exposure. RNA was isolated as described in the text, inoculated with an exogenous 
sine oculis (so) RNA spike, converted to cDNA, and used in real-time PCR assays 
designed for so (A), as well as two putative housekeeping genes, -actin (act1; B) 
and POU III transcription factor brain 1 (brn1; C). Errors bars represent standard 
error of the mean, and astrices denote a significant difference (Tukey’s HSD, p < 
0.05) between the experimental group and the control within each of the three 
sampling times.  
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and/or host osmotic pressure (Mayfield et 
al., 2010), also seems to suggest that act1
is a poor HKG candidate for 
molecularly-based studies of Taiwanese 
pocilloporids.   

brn1 (Fig. 2C) appears to be a better 
candidate as a HKG for salinity challenge 
studies with P. damicornis, as it exhibited 
no salinity, time, or salinity x time 
interaction effects (Table 5). That being 
said, there was a statistically significant, 
20-fold increase in expression of this 
transcription factor gene in samples 
exposed to 28 psu for one hour relative to 
experimental controls at this same 
sampling time. In fact, the use of HKGs 
for gene expression analyses should only 
ever be attempted by laboratories that 
either lack the funding or capacity to 
produce or purchase exogenous RNA 
spikes; only spikes are added to RNAs in 
a known quantity that does not vary 
between samples. Therefore, the exact 
efficiency of the RT reaction can be 
calculated, unlike for the HKG, in which it 
is not possible to determine whether 
purported stability of expression can be 
attributed more to lack of RT efficiency 
differences or to actual stability in 
expression in vivo. For instance, a putative 
HKG might show very similar expression 
levels between samples A and B. However, 
it could be that less of this gene was 
expressed in sample A, though the RT 
reaction was more efficient. On the other 
hand, sample B may have expressed more 

of this gene, though the RT reaction was 
less efficient. As such, the HKG in this 
case would not actually help to control for 
RT efficiency differences between samples, 
as the exogenous spike would (Bower et 
al., 2007).
 mapk expression. Of the three 
mapks targeted, p38 (Fig. 3A) and erk2
(Fig. 3B) demonstrated significant expression 
differences in response to the interaction 
of time and salinity (Table 5). Furthermore, 
erk2 expression was also responsive to 
both salinity treatment alone and time 
alone (Table 5).  For both of these genes, 
it is evident that the most pronounced 
changes occurred in samples exposed to 
28 psu for one hour (Fig. 3). Specifically, 
there were 102- and 66-fold increases in 
expression of p38 and erk2, respectively, 
relative to experimental controls (32 psu) 
at the 1-hr sampling time, and both of 
these differences were statistically 
significant. In fact, no other changes, as 
determined by Tukey’s HSD tests, were 
detected within the latter two sampling 
times for either gene, suggesting that the 
transcription level response of these two 
mapks is rapid, yet ephemeral and not 
sustained. This is what could be expected 
given that MAPK enzymes regulate the 
initial stages of the osmotic stress 
response and are, specifically, involved in 
linking the initial sensing of the osmotic 
stress to the protein-level response 
pathways necessary to restore homeostasis 
(Cowan and Storey, 2003). 
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Fig. 3. Forty-five specimens of the reef-building coral Pocillopora damicornis were 
exposed to 24 (white columns), 28 (black columns), 32 (control; gray columns), 
36 (speckled columns), or 40 (hatched columns) partial salinity units (psu; n = 3 
tanks per treatment), and one was sampled from each of the 15 tanks after 1, 2, 
and 3 hrs of exposure. RNA was isolated as described in the text, inoculated with 
an exogenous sine oculis (so) RNA spike, converted to cDNA, and used in 
real-time PCR assays designed for three mitogen-activated protein kinase (mapk)
genes: stress-activated protein kinase 2 (p38; A), extracellular signal-regulated 
kinase 2 (erk; B), and big mapk 1 (bmk1; C). Errors bars represent standard error 
of the mean, and astrices denote a significant difference (Tukey’s HSD, p < 0.05) 
between an experimental group and the control within each of the three sampling 
times.  In A and B, certain columns were “broken” in order to emphasize that 
the associated values are beyond the scale of the figure. In C, a log10 scale was 
used due to extensive differences between certain experimental groups and the 
control group in the final sampling time. The “ND” in C stands for “not 
determined” and reflects the fact that the RNA isolated from corals exposed to 24 
psu for 3 hr did not readily amplify in the real-time PCR, possibly due to poor 
RNA quality.  
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The fact that neither gene demonstrated an 
mRNA-level response to hyper-osmotic 
stress (i.e., 36 and 40 psu), on the other 
hand, is puzzling, as p38 is involved in 
regulation of the high osmolality glycerol 
(HOG) pathway, in which glycerol is 
accumulated in cells exposed to high 
external osmolality in order to prevent 
loss of water (Mao et al., 2004). It cannot 
currently be stated, though, whether 
expression and/or activity of the 
respective p38 proteins would 
demonstrate a similar absence of effect at 
high salinities; indeed, such a 
protein-based study represents a fruitful 
avenue for future research. Ultimately, 
although an understanding of the behavior 
of the respective proteins would help to 
develop a better picture of this coral’s 
cell-level response to osmotic stress, these 
mapk mRNAs would not serve as useful 
molecular biomarkers for coral health 
assessment given how quickly their 
expression returned to baseline levels.   
 In contrast to what was documented 
for p38 and erk2, bmk1 expression (Fig. 
3C) did not differ in response to salinity 
treatment, time, or their interaction (Table 
5). That said, several post-hoc differences 
were detected by Tukey’s HSD tests, all of 
which were documented at the final 
sampling time (3 hrs); samples of the 28, 
36, and 40 psu treatments all were 
characterized by significantly higher 
expression levels than experimental 
controls at this sampling time and were 

37-, 233-, and 1,160-fold up-regulated, 
respectively. The fact that such dramatic 
increases in expression were not detected 
in the model attests to the significant 
variability within the dataset. It appears, 
then, that, unlike p38 and erk2, which 
appear to be involved in the initial stages 
of the osmotic stress response, bmk1 is 
involved in the latter stages.  Indeed, Pi 
et al. (2004) found that bmk1 acts to 
prevent apoptosis of cells exposed to 
osmotic stress in mammals, a “rescue” 
process that would likely occur only in 
cells that had been exposed to a 
stress-inducing salinity for several hours. 
If the role of the BMK1 protein in corals 
is involved with prevention of cell death 
in stressed cells, it could, unlike the other 
two MAPKs, serve as a useful biomarker 
for detecting sub-lethal stress in this coral 
species.
Application of both previously published 
and new, NGS-derived real-time PCR 
assays to cDNAs from Taiwanese P. 
damicornis specimens  
 Of the 12 host genes for which 
real-time PCR assays had been published 
(Table 1), 10 were applied to cDNA from 
P. damicornis specimens from Southern 
Taiwan. Of these 10, only 5 were 
functional (efficiency between 90-110% 
and a single melting curve peak). 
Specifically, four of the assays developed 
for work with this coral in Hawaii (p38,
erk2, bmk1, and act1) produced single 
peaks in the melting curves conducted at 
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the completion of the reactions. However, 
the expression of the mapk genes was 
quite low (Ct > 30 in many cases), 
meaning that it may still be preferable to 
clone these genes with DNA or cDNA 
from Taiwanese samples, then re-design 
the respective real-time PCR primer sets.  
 Of the five non-functional assays, 
four were developed from P. damicornis
populations originating in the Red Sea, 
suggesting that genetic differences may 
have accounted for failure of primers 
designed from corals of one population to 
bind to the homologous gene of those of 
another population. However, in the case 
of the Vidal-Dupiol et al. (2009; 2013) 
assays, primers were developed by a 
computer, and the associated real-time 
PCR assays do not appear to have been 
utilized with coral RNA. Therefore, it is 
possible that these real-time PCR assays 
are not functional with any P. damicornis
specimens. It is urged herein that 
researchers do not publish primers whose 
functionality they have not verified. If 
such primers are nevertheless published, it 
is recommended that the authors explicitly 
note that they have not actually been 
tested.
 From the NGS-based transcriptome 
characterization of Taiwanese P. damicornis
specimens exposed to either 26.5 or 
29.7°C for 2 or 36 weeks, seven real-time 
PCR assays were developed for the coral 
host compartment (Table 3), all of which 
produced melting curves with a single 

peak and amplified host cDNAs in under 
32 cycles at a high efficiency (98-102%). 
There are now 14 genes whose levels of 
expression can be measured accurately in 
the host compartment of P. damicornis
holobionts from Southern Taiwan (Table 
3). Interestingly, both carbonic anhydrase 
(ca) and green fluorescent protein-like 
chromoprotein (gfp-cp) were found to be 
up-regulated in specimens that had been 
exposed to 29.7°C for 36 weeks (Mayfield 
et al., unpublished data) and so could 
serve as biomarkers for the assessment of 
coral health. On the other hand, host hp70,
which encodes a molecular chaperone 
involved in refolding of denatured 
proteins, was shown to lack temperature 
sensitivity in this coral at both the larval 
(Putnam et al., 2013) and adult (Mayfield 
et al., 2013a; in press) life history stages.  
 Of the 13 real-time PCR assays 
developed for Symbiodinium in previously 
published studies (Table 2), which, unlike 
for the coral host, is not an exhaustive list, 
8 successfully amplified cDNA from P. 
damicornis specimens from Southern 
Taiwan. As with the host coral assays, the 
majority of the non-functional assays 
were developed from P. damicornis
populations originating in the Red Sea and 
cultured in Monaco. Again, these primers 
were designed by computer software and 
were likely not applied to actual coral 
samples, which may explain their lack of 
utility for the Taiwanese samples used 
herein. The non-specificity of the rRNA 

23



Platax 10: 1-29, 2013 

primers (28 and 18 s) is not surprising 
given the diversity of rRNA sequence 
types both within and across Symbiodinium
populations (Stat et al., 2011). In fact, 
intragenomic variation in its2 and other 
rDNA and rRNA genes continues to 
thwart efforts by the coral biology field to 
accurately assess the genetic diversity of 
Symbiodinium (Pochon et al., 2012).   
 From the NGS-based approach, six 
real-time PCR assays were successfully 
developed for the Symbiodinium
populations of P. damicornis holobionts 
from Southern Taiwan (Table 4). Briefly, 
all six produced single melting curve 
peaks at the completion of the PCRs, 
indicating that they were specific for the 
target amplicon. Furthermore, Ct values 
were generally below 32, and PCR 
efficiencies were always between 
95-105%, suggesting that the assays can 
be used confidently. In combination with 
the 8 functional assays from previously 
published works (Table 2), there are now 
14 real-time PCR-based assays that can be 
used to accurately measure gene 
expression in the dominant Symbiodinium
populations residing with P. damicornis
colonies of Southern Taiwan.  
 Alongside the 14 host-targeted genes 
(Table 3), there are now 28 genes whose 
expression can be assessed in this 
dominant reef-builder of many regions of 
the Indo-Pacific. There are also six 
DNA-based assays that have been 
developed for this coral (Mayfield et al., 

2013a; in press); two, the Symbiodinium
and host genome copy proportions (GCPs) 
are used for gene expression normalization, 
whereas the other four were created for 
clade-level genotyping of Symbiodinium
(clades A-D, sensu Correa et al., 2009).  
Future works should seek to multiplex 
several of these assays within a single 
reaction using Taqman® probe (Life 
Technologies)-based technology to 
minimize the number of reactions 
conducted. For instance, both the 
Symbiodinium and host GCPs could be 
multiplexed within a single reaction, and 
genotyping assays could be conducted in a 
single tube.  
 Currently, researchers aboard the Khaled 
bin Sultan Living Oceans Foundation’s 
(www.livingoceansfoundation.org) research 
vessel, the Golden Shadow, are traversing 
the globe as part of the “Global Reef 
Expedition”. As the cruise will spend all of 
2014 in the Indo-Pacific, scientists will be 
collecting P. damicornis samples across a 
gradient of anthropogenic impact, from 
relatively pristine reefs (e.g., Cook Islands) 
to those abutting major population centers 
(e.g., certain islands in Indonesia). There 
is an urgent need, then, to continue to 
develop real-time PCR-based assays for 
expression analysis of potential 
biomarkers that could be employed with 
samples collected during these research 
missions such that the health of this 
widespread species could be monitored on 
a proactive timescale. For instance, were 
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high levels of stress-indicative biomarkers 
measured in samples of a certain reef, 
scientists could contact the local managers 
to see if proactive measures could be 
taken to prevent, for instance, a mass 
coral bleaching episode driven by 
deterioration of seawater quality (e.g., 
from land-based pollution). Future work 
will, then, be focused on developing a 
“stress test” for this model reef-building 
coral, using not only the 28 gene 
expression assays discussed herein, but 
also others emerging from NGS-based 
transcriptome studies. 
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Introduction 
Five species of sea turtle have been 

discovered in Taiwan (Fong et al., 2010). 
The green sea turtle (Chelonia mydas) has 
been deemed critically endangered by the 
World Conservation Union (IUCN red 
list). This turtle is also the species most 
commonly found stranded on the coast of 
Taiwan. Stranded sea turtles, as well as 
those obtained through incidental capture, 
are routinely announced by the Taiwan 
Coast Guard Authority and transferred to 
nearby rehabilitation facilities. Following 
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Abstract
One green turtle (Chelonia mydas) was accidentally captured by a 

fisherman. The preliminary blood film revealed heterophils exhibiting toxic 
changes. Following medical treatment, blood smears no longer detected toxic 
changes in heterophils. The heterophilia observed in this turtle may have been 
caused by inflammation. This case report increases the body of knowledge 
related to treatment of the injured green sea turtle.  

Key words: green sea turtle, blood smear, toxic change, heterophil.

medical treatment, rehabilitated sea turtles 
are released back into their natural 
environment. Blood values are an important 
tool for assessing the condition of sea 
turtles during hospitalization. Previous 
studies have reported on the hematological 
and plasma biochemical parameters of 
green sea turtles (Anderson et al., 2011); 
however, information related to toxic 
changes in heterophils is limited. This 
paper reports on changes in blood values 
in a juvenile green sea turtle. Blood values 
were recorded at first presentation and 
immediately following hospitalization. 
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Materials and Methods  
A fisherman accidentally captured a 

juvenile green sea turtle off the coast of 
Taiwan. The animal was transferred to the 
rehabilitation facility at the National 
Museum of Marine Biology and Aquarium 
to receive care by the Coast Guard 
Administration on June 14, 2012. The 
length of the curved carapace measured 
41.8 cm and the animal weighed 8.8 kg, 
indicating that it was a juvenile (Samour 
et al., 1998). The sea turtle was initially 
placed in a rehabilitation pool. The 
preliminary physical examination revealed 
that the turtle was alert, responsive, 
anorexic, and bore no external lesions. No 
barnacles were observed covering the 
plastron, carapace, or skin of the turtle. 

Enrofloxacin was administered by  

intramuscular injection (5mg/kg of body 
weight) every 24 hrs as a prophylactic 
antibiotic. Hope-B drops (1.5 mL PO q 24 
hr for 5 days) were also administered as a 
nutritional supplement. First measure of 
heterophil, blood was collected from the 
dorsal cervical sinus in EDTA Vacutainer® 
tubes with sodium citrate buffer for 
haematological and biochemical analyses. 
The total leukocyte count was found to be 
within the reference interval, and the 
packed cell volume (PCV) (3 ) was 
normal. The leukogram was characterized 
by heterophilia (7.73 / l), and the 
lymphocyte count (1.079 / l) was low 
normal, compared with hematologic data for 
wild green sea turtles (Komoroske et al., 
2011). Moreover, toxic changes in heterophils 
were observed in the blood film (Fig. 1). 

Fig. 1. Heterophil with toxic changes (arrow) consisting of abnormal staining 
in a green sea turtle blood smear.
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We further observed increased plasma 
concentrations of aspartate aminotransferase 
(AST)(873U/L), creatine kinase (CK) 
( 2000U/L), lactate dehydrogenase (LDH) 
( 900U/L), uric acid (UA) (9.9mg/dl), 
phosphorus ( 15mg/dl), and potassium 
(8.25 mg/dl). Hypoproteinemia was also 

was discontinued. At that time, the values 
of total plasma protein (TP) and UA had 
returned to a normal range. Phosphorus and 
potassium also presented a marked decrease 
in this profile. Unfortunately, blood work 
revealed high plasma concentrations of 
AST, CK, and LDH. Clinical treatment 
with dexamethasone (0.25mg/kg body 
weight q 24 hr for 6 days) was subsequently 
initiated to control inflammation. Following 

present in the profile. 
On Day 5 of the treatment period, the 

sea turtle began eating and behaving 
normally. On day 23, second measure of 
heterophils by blood smears indicated that 
no longer detected toxic changes in 
heterophils (Fig. 2), and enrofloxacin therapy 

Fig. 2. Normal heterophil (arrow) in a green sea turtle blood smear.

6 days of therapy, the dosage of dexamethasone 
was gradually reduced by 0.05 mg per day. 
After approximately 2 months of treatment, 
AST, CK, and LDH values returned to 
within normal limits. In the meanwhile no 
heterophils with toxic changes were 
present.

Discussion
This report presents a characterization 
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of heterophils exhibiting toxic changes 
due to stress or disease in a green sea 
turtle undergoing rehabilitation. Compared 
to the first blood smear, the heterophil 
morphology found in the second blood 
film presented no toxic changes. Previously, 
Caliendo et al., (2010) reported toxic 
changes in heterophils of severely 
compromised hawksbill turtles. Heterophils 
exhibiting toxic changes are often observed 
in association with inflammatory response, 
and their disappearance may indicate an 
improvement in prognosis.  

The heterophilia observed in this case 
may have been caused by inflammation of 
muscle injury, indicating increased 
heterophils migration to the injured tissue 
sites, particularly in light of the elevated 
plasma AST, CK, LDH, potassium, and 
phosphorus recorded during the initial 
observation. Injured turtles generally 
present higher levels of AST than those 
found in healthy turtles (Whiting et al., 
2007). Nevertheless, plasma AST is not 
considered an organ-specific enzyme in 
reptiles. Increased AST activity suggests 
hepatocellular leakage, muscle cell injury, 
or mild tissue damage to the dermis or 
shell (Stamper et al., 2005). 

As with AST, plasma LDH is not 
considered to be organ specific in reptiles. 
The elevated LDH levels observed in this 
animal could be associated with injury to 
the liver or muscles. Harris et al., (2011) 
reported that elevated AST, LDH, and 
potassium levels in foraging leatherbacks 

are likely associated with muscle damage 
or increased metabolic activity . 

However, plasma ALT is far more 
liver specific than AST (Allison et al., 
2012). As a result, the normal ALT values 
in this animal eliminate the possibility that 
liver damage contributed to the increase in 
AST.         

High CK values were previously 
observed in a leatherback sea turtle 
missing half a flipper with evidence of 
muscle damage (Deem et al., 2006). 
However, animals suffering from capture 
myopathy commonly present increased 
CK, AST, and LDH values (Businga et al., 
2007).

In this report, elevated levels of 
primary enzymes associated with muscle 
damage may have been caused by 
entanglement in fishing nets during 
accidental capture. These enzyme levels 
returned to normal following treatment. In 
a previous study, sea turtles with 
decreased AST and CK values during 
rehabilitation were found to have a better 
prognosis (Caliendo et al., 2010). 

This case report increases the body 
of knowledge related to treatment of the 
endangered green sea turtle. Additionally, 
this report could help veterinarians to 
improve their interpretations on blood 
profiles of injured sea turtles. 
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Introduction 
The fish family Peristediidae, previously 

placed under Triglidae, is a small group of 
armored fishes generally known as sea  
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Abstract
The peristiid fishes of genus Peristedion are commonly collected using 

bottom trawls in Taiwan, yet only three species have been previously reported 
from Taiwan. A survey on the taxonomy and DNA barcoding revealed that 
four species are present in Taiwanese waters, namely Peristedion liorhynchus,
P. nierstraszi, and P. orientale, as well as a new record, P. amblygenys.
Diagnosis and color photos of each species are provided along with a key for 
distinguishing these four species. 

Key words: Taxonomy, Perictedion, Armored searobins, new record, Taiwan  

robins with 37 recognized species in five  
genera (Kawaii, 2008; Pogoreutz et al., 
2013). Of them, the genus Peristedion is 
the largest in the family, comprising 22 
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valid species, and is characterized by no 
upper-jaw teeth, lateral margin of head 
smooth, lacking strong posteriorly 
projected spine, all barbells branched 
(except for one species), and posterior 
pairs of bony plates in lower lateral rows 
sutured along midline, not separated by 
those on ventral row . 
    In Taiwan, two species of Peristedion 
were commonly reported: Peristedion
nierstraszi Weber, 1913 and P. orientale 
Temminck & Schlegel 1843 (e.g. Shen, 
1984, Shen et al., 1993). A third species, P. 
liorhynchus (Günther 1872) had also 
recorded occasionally (Shao et al., 2008). 
    Recently, intensive collections 
targeted on the demersal fishes of 
southwestern Taiwan have revealed an 
additional, fourth Peristedion species 
present. The purposes of this study was to 
document all four Peristedion species
collected from Taiwanese waters, to 
provide a detailed description for each 
species, and to provide a revised key for 
identifying the species in Taiwan. DNA 
barcoding was conducted to provide better 
support for identifying the species due to 
the general similarity of appearance 
among these species. 

Materials and Methods
Methods for taking counts and 

measurements and terminology generally 
followed Kawai (2004a). Standard length 
(SL), measured from upper jaw symphysis 
to base of caudal fin, and head length 

(HL), measured from upper jaw 
symphysis to posterior end of opercle, 
were used throughout. Predorsal and 
prepelvic lengths, measured from upper 
jaw symphysis to the fin origins; body 
depth, measured at origin of dorsal fin and 
body width measured at base of pectoral 
fin; snout length, measured from 
symphysis of upper jaw to anterior margin 
of orbit; eye diameter (ED), length of 
longest horizontal distance of bony 
margin; interorbital width, measured from 
least distance of upper bony margins of 
orbit; post-orbital length, measured from 
posterior bony margin to posterior end of 
opercle; upper-jaw length, measured from 
symphysis of upper jaw to posterior end 
of maxilla; pelvic-fin length, measured 
from origin of the fin to tip of the longest 
ray; barbel length, measured from base to 
tip of the posterior-most barbel; first 
dorsal-fin height, measured from the 
longest ray. Four additional measurements 
were taken: rostral projection length, 
measured from the inner base to the tip of 
the right projection; rostral projection 
width, the width of the base of the 
projection; rostral concave width at base, 
measured from the distance between the 
inner base of both rostral projections; 
rostral concave width at tip, the distance 
of both tips of rostral projections. 
Measurements were not recorded from 
damaged anatomy. Specimens were 
deposited in National Museum of Marine 
Biology & Aquarium (NMMB-P).
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A sample of fin or muscle tissue was 
collected for DNA extraction, and DNA 
samples were obtained by using a Quick 
Gene DNA tissue Kit S (Fujifilm, Tokyo, 
Japan). A barcode fragment of the 
mitochondrial cytochrome c oxidase 
subunit I gene (COI) gene was amplified 
by exploiting the primer FishF2 (5' TCG 
ACT AAT CAT AAA GAT ATC GGC AC 
3') and FishR2 (5' ACT TCA GGG TGA 
CCG AAG AAT CAG AA 3') by 
polymerase chain reaction (PCR) as 
described by Ward et al. (2005). Each 25 

l PCR reaction contains 100 ng template 
DNA, 12.5 mol of each specific primer, 
12.5 L of Fast-RunTM Advanced Taq 
Master Mix (ProTech, Taipei, Taiwan), 
and distilled water. Thermal cycling 
started with one cycle of 94ºC for 3 min, 
and subsequent 35 cycles of 94ºC for 30 s, 
annealing at 50ºC for 30 s, and extension 
at 72ºC for 30 s. Finally, a single 
extension step at 72ºC for 5 min. Reaction 
products were sequenced bi-directionally 
and analyzed on an ABI3730XL model 
automated sequencer (Applied Biosystems, 
USA). Sequences (597 bp) were aligned 
using CLUSTAL X version 1.81 
(Thompson et al., 1997). A neighbor-joining 
(NJ) phylogenetic tree of the Kimura 
two-parameter distance (K2P) with 
10,000 bootstrapping replications was 
constructed using MEGA 5 (Tamura et al., 
2011). 

Results

Key to species of Peristedion occurred 
in Taiwan 
1A.Rostral projection short, usually <10% 

SL; tip of rostral projection broad and 
spatulate, middle portion of the projection 
narrower than all other parts………... 
………………………P. liorhynchus

1B. Rostral projection long, usually >9 % 
SL; tip of rostral projection pointed 
anteriorly………………………..….2 

2A. Rostral projections long triangular with 
a very broad base; pectoral fin usually 
uniform in color……....P. amblygenys 

2B. Rostral projections uniformly narrow; 
black bands usually present on pectoral 
fin…………………………..………3 

3A. Body covered by brown vermiculate; 
mainly 30-31 bony plates on dorsal row; 
24-26 bony plates on ventral row…… 
……………..………..…..P. orientale 

3B. Body light pinkish, without brown 
vermiculate; mainly 32-33 bony plates 
on dorsal row; 26-28 bony plates on 
ventral row…….............P. nierstraszi 

Peristedion amblygenys Fowler, 1938 

Figures 1A-C; Tables 1-2 

Peristedion amblygenys Fowler 1938:122 
(type locality: western coast of Luzon 
Island, Philippines). Kawai 2008:24. 
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A.

B.

C.

Fig. 1. Peristedion amblygenys Fowler, 1938, NMMB-P 17021, 1 of 5, 180 mm 
SL, fresh. A. Dorsal view of whole fish. B. Dorsal view of head. C. Lateral 
view of head. 
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Table 1. Morphometric data of four Peristedionspecies occurred in Taiwan. 
P. amblygenys P. liorhynchus P. nierstraszi P. orientale

SL 107-195 mm (n=27) 66-183 mm (n=15) 136-163 mm (n=27) 79-183 mm (n=26) 

%SL Mean (Range) SD Mean (Range) SD Mean (Range) SD Mean (Range) SD

Body depth 13.6
(11.9-14.9) 0.7 13.9

(11.9-15.0) 1.0 13.8
(12.2-16.0) 1.0 15.1

13.2-16.9) 0.9

Body width 11.6
(10-13.9) 1.2 12.0

(10.1-13.7) 1.3 11.4
(9.5-13.1) 0.8 11.1

(9.5-12.7) 0.9

Head length 30.2
(28.0-32.4) 1.1 33.8

(30.9-37.7) 1.6 30.6
(28.3-32.2) 1.0 33.4

(31.5-35.2) 0.8

Head depth 12.5
(11.1-13.9) 0.8 13.8

(12.6-14.6) 0.7 13.8
(12.4-15.1) 0.7 14.6

(12.9-16.2) 0.9

Head width 18.5
(17.0-21.5) 0.9 19.3

(16.8-21.8) 1.8 17.6
(16.2-19.9) 1.0 18.5

(16.1-20.9) 1.5

Pre-dorsal length 29.7
(28.0-31.9) 1.1 32.4

(30.2-34.5) 1.4 30.7
(29.2-32.1) 0.8 32.4

(30.4-34.4) 1.1

Pre-anal length 43.5
(40.9-46.7) 1.7 44.3

(41.4-46.1) 1.4 44.4
(41.4-47.4) 1.6 45.6

(43.1-48.0) 1.4

Pre-anus length 39.2
(37.0--41.5) 1.3 40.7

(38.5-42.9) 1.4 40.3
(37.8-43.5) 1.5 42.1

(39.3-44.9) 1.4

Snout length 13.1
(11.8-14.8) 0.8 15.1

(14.0-16.4) 0.8 13.4
(12.2-14.9) 0.7 15.9

(15.0-16.9) 0.4

Rostral projection 
length

10.0
(8.6-11.9) 0.9 8.2

(6.3-10.9) 1.7 11.9
(11.0-13.7) 0.7 13.1

(10.8-15.4) 1.3

Rostral projection 
width

4.5
(3.8-5.0) 0.3 3.8

(3.4-4.3) 0.3 4.2
(3.6-4.8) 0.3 3.8

(3.4-4.2) 0.3

Width of rostral 
concave base 

3.0
(2.4-4.1) 0.4 6.1

(4.6-7.7) 1.0 3.7
(2.6-5.6) 0.8 4.6

(3.5-5.6) 0.5

Width of rostral 
concave opening 

8.7
(7.2-11.6) 1.3 11.4

(9.0-13.2) 1.5 13.2
(10.2-17.5) 1.9 15.7

(13.0-18.4) 1.8

Longest barbel length 8.9
(6.9-11.5) 1.2 10.6

(9.3-13.4) 1.2 10.9
(8.0-13.0) 1.3 10.0

(7.7-12.3) 1.2

Upper jaw length 11.5
(10.8-12.5) 0.5 12.6

(11.1-13.7) 0.6 12.0
(10.9-12.8) 0.5 12.3

(11.0-13.5) 0.6

Lower jaw length 8.7 (8.0-9.5) 0.4 9.3
(8.3-9.9) 0.5 9.3

(8.6-9.8) 0.3 9.5
(8.7-10.4) 0.4

Orbital diameter 6.7
(5.4-8.1) 0.8 6.7

(5.0-8.4) 1.1 7.0
(5.6-8.1) 0.7 7.2

(5.6-8.7) 0.7

Interorbital width 6.8 (5.5-8.0) 0.8 6.8
(5.1-8.2) 1.1 7.3

(5.6-8.4) 0.8 7.6
(6.2-8.9) 0.6

Pectoral fin length 14.6
(12.9-16.5) 1.1 14.4

(11.7-16.2) 1.4 15.0
(12.4-16.5) 1.1 15.1

(13.1-17.1) 1.1

Length of upper detached 
pectoral fin ray 

16.6
(14.8-19.6) 1.2 18.3

(16.0-20.7) 1.5 18.7
(16.8-20.3) 0.9 19.8

(17.8-21.8) 1.1

Length of lower detached 
pectoral fin ray 

13.0
(11.3-15.9) 1.1 14.7

(13.1-16.9) 1.0 14.2
(11.9-16.1) 1.1 15.3

(12.7-18.0) 1.3

Pelvic fin length 14.7
(12.9-16.5) 1.0 14.9

(13.7-16.9) 1.0 15.1
(13.6-16.9) 0.9 15.5

(13.9-17.1) 0.9

Caudal peduncle 
length

7.5
(5.1-9.4) 1.2 7.3

(5.5-9.7) 1.3 7.9
(4.7-10.0) 1.4 7.0

(4.8-9.3) 1.1

Caudal peduncle 
depth

1.9
(1.7-2.3) 0.1 2.1

(1.9-2.4) 0.2 2.0
(1.9-2.3) 0.1 2.1

1.8-2.4) 0.1
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Table 2. Distribution of select meristic data of four Peristedion species found in Taiwan. 
Bony plates on dorsal row Bony plates on ventral row 

n 30 31 32 33 34 18 19 20 21 22 23 24 25

P. amblygenys 27 1 4 12 10 1 1 1 12 7 5

P. liorhynchus 14 1 10 3 6 7 1

P. nierstraszi 27 4 16 6 1 3 4 15 4 1

P. orientale 26 6 17 3 2 1 10 6 4 3
Bony plates on upper 

lateral row Bony plate on lower lateral row 

n 34 35 36 37 38 25 26 27 28 29 30 31

P. amblygenys 27 5 11 5 6 4 5 12 6

P. liorhynchus 14 3 9 1 1 2 8 3 1

P. nierstraszi 27 10 13 4 1 6 6 7 7

P. orientale 26 1 4 13 8 5 4 11 6
Gill rakers on upper 

limb Gill rakers on lower limb 

n 5 6 7 8 15 16 17 18 19 20 21 22 23

P. amblygenys 27 14 11 2 3 7 11 5 1

P. liorhynchus 15 1 14 7 3 2 2 1

P. nierstraszi 27 1 22 4 6 9 11 1

P. orientale 26 3 22 1 1 2 6 9 7 1 

Total gill rakers 

n 20 22 23 24 25 26 27 28 29 30

P. amblygenys 27 2 6 7 6 5 1 

P. liorhynchus 15 7 4 1 2 1

P. nierstraszi 27 1 5 7 12 1 1

P. orientale 26 2 3 5 9 7 1

Dorsal-fin rays Anal-fin rays 
n 17 18 19 20 21 22 23 18 19 20 21 22 23

P. amblygenys 27 4 7 14 2 1 1 8 5 12
P. liorhynchus 15 11 4 5 9 1
P. nierstraszi 27 3 9 13 2 1 8 15 2 1
P. orientale 26 1 8 14 3 1 13 11 1

Pectoral fin rays Principal caudal-fin 
rays Barbels (lip+chin) 

n 11 12 11 12 3+5 3+6 3+7

P. amblygenys 27 2 25 4 23 4 22 1

P. liorhynchus 15 1 14 2 10 15

P. nierstraszi 27 1 26 26 1 26

P. orientale 26 26 26 17 9
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Specimen examined. NMMB-P2854 (1, 
120 mm), Tongkang, 100 m, 8 Nov. 2001. 
NMMB-P4735 (1, 120 mm), Tainan, 16 
Mar. 1964. NMMB-P4736 (1, 165 mm), 
Tongkang, 21 Mar. 1979. NMMB-P4737 
(4, 160-189 mm), Tongkang, 29 Mar. 
1964. NMMB-P7626 (1, 169 mm), 
Kaohsung, 4 Jul. 2004. NMMB-P7910 (1, 
148 mm), Tongkang, 11 Jun. 2004. 
NMMB-P9214 (1, 147 mm), Tongkang, 
18 Sep. 2008. NMMB-P11320 (1, 117 mm), 
Tongkang, 5 Jul. 2007. NMMB-P11322 (1, 
159 mm), Tongkang, 16 Sep. 2009. 
NMMB-P11328 (1, 126 mm), Tongkang, 
15 Dec. 2009. NMMB-P13680 (1, 171 mm), 
Tongkang, 2 Jul. 2011. NMMB-P13691 (4, 
159-190 mm), Tongkang, 19 May 2011. 
NMMB-P14383 (3, 107-120 mm), Fongkang, 
200 m, 8 Nov. 2001. NMMB-P14487 (1, 
107 mm), Tongkang, 8 Nov. 2001. 
NMMB-P17021 (5, 150-195 mm), Tongkang, 
8 Aug. 2012. 
Diagnosis. Rostral projections long, 
triangle in shape, parallel, with a broad 
base and a bluntly pointed tip, its length 
8.6-11.9% SL. Rostral projection concave 
and narrow, rectangular in shape, the 
width at base smaller than eye diameter. 
Total gill rakers 25-30. Head relatively 
short, 3.1-3.6 in SL. Snout relatively short, 
6.8-8.5 in HL. All spines on head blunt. 
Body uniformly pinkish, sometimes with 
light pinkish vermiculate pattern on dorsal 
surface; dorsal-fin margin black; light 
greenish bands on pectoral fin. 
Description. Morphometric and meristic 

data are provided in Tables 1-2. 
    Dorsal fin rays VIII-IX, 20-23 
(mainly VIII, 21-22); anal fin rays 18-22 
(20-22); pectoral fin rays 11-12+2=13-14 
(14); pelvic fin rays I, 5; principal caudal 
fin rays 11-12 (12). Gill rakers 
6-8+19-23=25-30. 

Body depth 6.7-8.4 times in SL; 
body width 7.2-10.0; head length 3.1-3.6; 
head depth 7.2-9.0; head width 4.7-5.9; 
predorsal length 3.1-3.6; preanal length 
2.1-2.4; preanus length 2.4-2.7; snout 
length 6.8-8.5. Head width 1.4-1.8 in HL; 
head depth 2.2-2.7; snout length 2.1-2.6; 
orbital diameter 3.7-5.9; rostral projection 
length 2.7-3.5; longest barbel length 
2.7-4.2; upper jaw length 2.4-2.9; lower 
jaw length 3.2-3.8. 
    Bony plate covered on entire body, 
each with a posterior-directed spines; 
dorsal row with 30-33 (mainly 32-33) 
bony plates; 35-38 (36) on upper lateral 
row; 28-31 (30) on lower lateral row; 
19-24 (22) on ventral row.  

Head small, relatively depressed; 
infraorbital bones relatively broad; rostral 
projections long, narrow triangular, its 
length 1.1-1.6 times of eye diameter (ED); 
both projections parallel; width of 
projection base 0.5-0.6 ED; rostral 
concave narrow, long rectangular in 
outline, width at base 0.3-0.5 ED, width at 
opening 0.9-1.5 ED. Interorbital a narrow 
concave, without distinct ridges, its width 
about equal to ED. Frontal, parietal, 
posttemporal, and opercular spines 
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present on head. All spines blunt, except 
for opercular spine. Spine on first three 
bony plates of dorsal row blunt. Upper 
margin of orbital smooth, a horizontal 
ridge below the eye. 

Mouth large and inferior, posterior 
tip of upper jaw not reaching point below 
anterior margin of eye; posterior end of 
lower jaw reaching anterior half of eye. 
Teeth absent from both jaws, vomer and 
palatines. Three barbels on lower lip; 5-6 
barbels on chin, all multiple branched. 

Coloration. When fresh, uniformly 
light pinkish with light greenish or orange 
vermiculation on dorsal surface; dorsal fin 
with black margin; very light reddish 
bands may present on pectoral fin; caudal 
fin red. When preserved, uniformly 
creamy white with grayish margin on 
dorsal fin. 
Distribution. Known from the type 
locality, the Philippines, and newly 
recorded from southern Taiwan. In Taiwan, 
this species is commonly collected using 
bottom trawls at depth around 200-300 m. 
Remark. Fowler (1938) described the 
species based on 25 specimens collected 
from the Philippines. Richards (1999) 
listed the species in the western central 
Pacific Ocean and again listed the species 
in the South China Sea (Richards in 
Randall and Lim, 2000). However, no 
additional information was provided in 
these subsequent publications. Recent 
collections indicate that this species is 
commonly collected by bottom trawls and 

was often misidentified as P. nierstraszi in 
Taiwan. The species differs from P. 
nierstraszi in having the rostral 
projections very broad at base (vs. 
uniformly narrow from the base to near 
the tip), rostral concave very narrow, the 
width at base less than eye diameter (vs. 
wider), and 25-29 total gill rakers on first 
gill arch (vs. 23-26). 

Peristedion liorhynchus (Günther 1872) 

Figures 2A-C; Tables 1-2 

Peristethus liorhynchus Günther 1872:663 
(Type locality: Manado, Sulawesi, Indonesia). 
Peristedion liorhynchus (Günther 1872): 
Kawai 2008:24. Shen & Wu, 2011: 340 

Specimen examined. NMMB-P5801 (3, 
66-131 mm), Tongkang, Taiwan, 13 Mar. 
2003. NMMB-P12027 (2, 153-175 mm), 
Tongkang, Taiwan, 15 Feb. 2011. 
NMMB-P12168 (1, 162 mm), Tongkang, 
Taiwan, 31 Dec. 2010. NMMB-P13934 (3, 
92-112 mm), Fongkang, 200 m, Taiwan, 
25 May 2002. NMMB-P15702 (3, 
139-144 mm), Tongkang, Taiwan, 29 Sep. 
2010. NMMB-P17019 (3, 157-183 mm), 
Tongkang, Taiwan, 8 Aug. 2012. 
Diagnosis. Rostral projections short, 
6.3-10.9% SL, parallel; tip of rostral 
projection broad and spatulate, middle 
portion of the projection narrower than all 
other parts. Rostral projection concave 
oblong in shape, its base about as wide as 
eye diameter. Head relatively long, its  
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  A. 

B.

C.

Fig. 2. Peristedion liorhynchus (Günther 1872), NMMB-P17019,1 of 3, 183 mm 
SL, fresh. A. Dorsal view of whole fish. B. Dorsal view of head. C. Lateral 
view of head. 
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length 2.7-3.2 in SL. Snout relatively long, 
6.1-7.2 in HL. Total gill rakers 24-28. 
Body pinkish orange with irregular 
greenish brown vermiculate pattern on 
dorsal surface, two black bands on 
pectoral fin. 
Description. Morphometric and meristic 
data are provided in Tables 1-2. 
    Dorsal fin rays VIII, 21-22; anal fin 
rays 20-22; pectoral fin rays 
11-12+2=13-14 (mainly 14); pelvic fin 
rays I, 5; principal caudal fin rays 11-12 
(mainly 12). Gill rakers 5-6+18-22=24-28. 

Body depth 6.6-8.4 times in SL; 
body width 7.3-9.9; head length 2.7-3.2; 
head depth 6.8-7.9; head width 4.6-6.0; 
predorsal length 2.9-3.3; preanal length 
2.2-2.4; preanus length 2.3-2.6; snout 
length 6.1-7.2. Head width 1.5-2.0 in HL; 
head depth 6.8-7.9; snout length 2.0-2.5; 
orbital diameter 3.9-6.9; rostral projection 
length 3.2-5.3; longest barbel length 
2.5-3.7; upper jaw length 2.4-2.8; lower 
jaw length 3.3-4.1. 
    Bony plate covered on entire body, 
each with a posterior-directed spines; 
dorsal row with 30-32 bony plates; 35-38 
on upper lateral row; 25-29 on lower 
lateral row; 22-24 on ventral row. 

Head large, less depressed and 
preopercle; rostral projections short, its 
length 1.0-1.8 times of ED, both 
projections parallel, never expanded; 
width of projection base 0.5-0.7 ED; 
rostral concave narrow, nearly oblong in 
outline, width at base about 0.7-1.2 ED, 

width at opening 1.5-2.1 ED. Interorbital 
a narrow concave, without distinct ridges, 
its width about equal to ED. No other 
spines on head besides frontal, parietal, 
posttemporal, and opercular spines. All 
spines, except for opercular spine, blunt. 
Spine on first three bony plates on dorsal 
row relatively sharp. Upper margin of 
orbital smooth, a horizontal ridge below 
the eye. 

Coloration. When fresh, background 
pinkish orange, with greenish or brownish 
vermiculate pattern on dorsal surface f 
head and body; dorsal fins with black 
margin; four broad dark brown blotches 
on body; bands on pectoral fin, anterior 
one deep greenish and posterior black. 
When preserved, creamy white 
background with grayish vermiculate 
pattern on dorsal surface, black margins 
on dorsal fins. 
Distribution. Western Pacific off Japan, 
Taiwan, Philippines and Australia. In 
Taiwan, this species is commonly 
collected from southwestern coast off 
Tongkang region at depths around 
200-300 meters. 
Remarks. The species can be easily 
distinguished from other three congeners 
in Taiwan by having a relatively short and 
spatulate rostral projection, which are 
parallel and never expanded, and the 
rostral concave base relatively wide, 
which is about equal to eye diameter. 
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Peristedion nierstraszi Weber 1913 

Figure 3A-D; Tables 1-2 

Peristedion nierstraszi Weber, 1913: 514 

A.

B.

C.

D.

(Type locality: Flores Sea, 521-538 m). 
Shen 1984a:201. Shen 1984b:33. Chen & 
Yu, 1986:434. Shen et al., 1993: 252. 
Kawai 2008:24. Shen & Wu, 2011: 340. 

Fig. 3. Peristedion nierstraszi Weber 1913, NMMB-P17018, 2 of 62, fresh. A. Dorsal 
view of whole fish. B. Dorsal view of head. C. Dorsal view of head. D. Lateral 
view of head. A-B. 168 mm SL. C-D. 172 mm SL. 
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Specimen examined. NMMB-P9214 (2, 
139-147 mm), Tongkang, Taiwan, 18 Sep. 
2008. NMMB-P8415 (1, 138 mm), 
Tongkang, Taiwan, 17 Mar. 2005. 
NMMB-P17018 (62, 142-173 mm), 
Tongkang, Taiwan, 8 Aug. 2012. 
Diagnosis. Rostral projection uniformly 
narrow and long, 11.0-13.7% SL; the 
projections parallel to broadly expanded. 
Total gill rakers 22-27. Rostral concave 
rectangular to trapezoidal in outline, its 
base narrower than eye diameter. Head 
small and narrow, its length 3.1-3.5 in SL. 
Snout relatively short, 2.2-2.5 in HL. 
Body usually uniformly pinkish, 
dorsal-fin margin black, two black bars on 
pectoral fin. 
Description. Morphometric and meristic 
data are provided in Tables 1-2. 
    Dorsal fin rays VII-IX, 20-23 
(mainly VIII, 21-22); anal fin rays 19-23 
(mainly 20-21); pectoral fin rays 
11-12+2=13-14 (mainly 14); pelvic fin 
rays I, 5; principal caudal fin rays 12. Gill 
rakers 5-7+17-20=22-27. 

Body depth 6.2-8.2 times in SL; 
body width 7.3-10.5; head length 3.1-3.5; 
head depth 6.6-8.1; head width 5.0-6.5; 
snout length 6.4-8.2; predorsal length 
3.1-3.4; preanal length 2.1-2.4; preanus 
length 2.3-2.6. Head width 1.5-2.0 in HL; 
head depth 2.0-2.4; snout length 2.2-2.5; 
orbital diameter 3.9-5.1; rostral projection 
length 2.3-2.9; longest barbel length 
2.3-3.8; upper jaw length 2.2-2.9; lower 
jaw length 2.9-3.6. 

    Bony plate covered on entire body, 
each with a posterior-directed spines; 
dorsal row of body with 31-34 (mainly 
32-33) bony plates; 36-38 on upper lateral 
row; 25-30 on lower lateral row; 21-25 
(mainly 22-24) on ventral row.  

Head small, less depressed and 
preopercle and infraorbital bones less 
expanded laterally; rostral projections 
long triangular, its length 1.8-2.2 ED, both 
projections nearly parallel to brodly 
expanded; width of projection base 
0.6-0.8 ED; rostral concave narrow to 
very wide, rectangular to trapezoidal in 
outline, width at base 0.4-0.9 ED, width at 
opening 1.6-2.8 ED. Interorbital narrow 
concave, without distinct ridges, its width 
about equal to ED. Frontal, parietal, 
posttemporal, and opercular spines 
present on head. All spines, except for 
opercular spine, blunt. Spine on first three 
bony plates of dorsal row blunt. 
Coloration. When fresh, uniformly pinkish, 
sometimes with light brownish vermiculate 
pattern on dorsal surface; margins of 
dorsal and anal fins blackish; two reddish 
brown bands on pectoral fin. When 
preserved, uniformly creamy white; 
margins of dorsal and anal fins blackish; 
bands on pectoral fin strongly faded.  
Distribution. Western Pacific Ocean off 
Japan, Hongkang, Taiwan and the 
Philippines. In Taiwan, the specimens are 
usually collected from around 100-300 m. 
Remark. This species is easily confused 
with P. amblygenys in general appearance 
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and coloration. It differs from P. 
amblygenys in the rostral projections 
uniformly narrow (vs. broad at base), the 
projections parallel to very broadly 
expanded (vs. parallel), and 20-26 gill 
rakers on first gill arch (vs. 25-30). 

Peristedion nierstraszi is also similar 
to P. orientale in having uniformly narrow 
rostral projections. Nakabo (2002) 
distinguished this species from P. 
proentale by the rostral projections are 
broadly expanded and the numbers of 
bony plates on upper lateral row. However, 
based on our examination, the rostral 
projections of P. oreantale are always 
broadly expanded whereas P. nierstrasi
can be parallel to broadly expanded. The 
numbers of pony plates on upper lateral 
row are overlap. Thus, these two 
characters can not be used to separate 
these two species. Base on our study, P. 
nierstraszi can be readily distinguished 
from P. orientale by having dorsal surface 
usually uniformly pinkish or at most light 
vermicular pattern (vs. heavily covered by 
deep vermiculate pattern); majority of 
bony plates on dorsal row and ventral 
slightly more than those of P. orientale
(see Table 2). 

Peristedion orientale Temminck & 
Schlegel 1843

Figure 4A-C; Tables 1-2 

Peristedion orientale Temminck & 

Schlegel, 1843:37 (Type locality: Japan). 
Shen Shen, 1984a:201. Chen & Yu, 
1986:434. Shen et al., 1993:252. Kawai 
2008:24. Shen & Wu, 2011: 340 (figured 
is Satyrichthys rieffeli).
Specimens examined. NMMB-P2832 (1, 
103 mm), Tongkang, 100 m, Taiwan, 8 
Nov. 2001. NMMB-P3072 (1, 138 mm), 
Wan-li-tung, Taiwan, Nov. 1984. 
NMMB-P3791 (1, 100 mm), Fongkang, 
300 m, Taiwan, 2 Aug. 2001. 
NMMB-P3832 (1, 112 mm), Fongkang, 
Taiwan, 23 Aug. 2001. NMMB-P4024 (1, 
110 mm), Tongkang, Taiwan, 5 Aug. 
1986.NMMB-P5751 (3, 98-110 mm), 
Tongkang, Taiwan, 13 Mar. 2003. 
NMMB-P5801 (1, 108 mm), Tongkang, 
Taiwan, 13 Mar. 2003. NMMB-P7626 (1, 
79 mm), Kaohsung, Taiwan, 4 Jul. 2004. 
NMMB-P8415 (1, 105 mm), Tongkang, 
Taiwan, 17 Mar. 2005. NMMB-P12026 (2, 
97-101 mm), Tongkang, Taiwan, 28 Jan. 
2011. NMMB-P12027 (3, 92-101 mm), 
Tongkang, Taiwan, 15 Feb. 2011. 
NMMB-P14459 (1, 100 mm), Tongkang, 
300 m, Taiwan, 28 Feb. 2001. 
NMMB-P15702 (3, 98-116 mm), 
Tongkang, Taiwan, 29 Sep. 2010. 
NMMB-P17020 (7, 92-183 mm), 
Tongkang, Taiwan, 8 Aug. 2012. 
Diagnosis. Rostral projection uniformly 
narrow and elongated, 10.8-15.4% SL; the 
projections well expanded and deeply 
forked. Parietal spine and spine on first 
bony plate of dorsal row sharp. Rostral 
concave trapezoidal in outline, base narrower 
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A.

B.

C.

than eye diameter. Head long and deep, it 
length 2.8-3.2 in SL, it depth 2.0-2.6 in 
HL. Snout relatively long, 5.9-6.7 in SL. 
Total gill rakers 20-26. Body pinkish with 
dense greenish brown vermiculate pattern, 
dorsal-fin margin black. 
Description. Morphometric and meristic 
data are provided in Tables 1-2. 
    Dorsal fin rays VIII, 20-21; anal fin  

Fig. 4. Peristedion orientale Temminck & Schlegel 1843, NMMB-P17020, 1 of 7, 
170 mm SL, fresh. A. Dorsal view of whole fish. B. Dorsal view of head. 
C. Lateral view of head. 

rays 19-22 (mainly 20-21); pectoral fin 
rays 12+2=14; pelvic fin rays I, 5; 
principal caudal fin rays 12. Gill rakers 
5-7+16-19=20-26. 

Body depth 5.9-7.6 times in SL; 
body width 7.9-10.5; head length 2.8-3.2; 
head depth 6.2-7.7; head width 4.8-6.2; 
predorsal length 2.9-3.2; preanal length 
2.1-2.3; preanus length 2.2-2.5; snout 
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length 5.9-6.7. Head width 1.5-2.1 times 
in HL; head depth 2.0-2.6; snout length 
2.0-2.2; orbital diameter 3.8-5.4; rostral 
projection length 2.2-3.0; longest barbel 
length 2.7-4.1; upper jaw length 2.4-3.0; 
lower jaw length 3.2-3.7. 
    Bony plate covered on entire body, 
each with a posterior-directed spines; 
dorsal row of body with 30-32 bony plates; 
34-37 on upper lateral row; 26-29 on 
lower lateral row; 18-23 on ventral row.  

Head small, less depressed; rostral 
projections uniformly marrow and slender, 
its length 1.4-2.0 times of ED, both 
projections well-expanded; width of 
projection base 0.4-0.7 ED; rostral 
concave with a very broad opening, 
trapezoidal in outline, width at base about 
0.5-0.7 ED, width at opening 1.7-2.6 ED. 
Interorbital narrow concave, without 
distinct ridges, its width about equal to 
ED. Frontal, parietal, posttemporal, and 
opercular spines present on head, all 
spines relatively sharp. Spine on first 
three bony plates of dorsal row sharp. 
Upper margin of orbital smooth, a 
horizontal ridge below the eye. 
Coloration. When fresh, background pale 
brown, dorsal surface heavily covered by 
greenish brown vermiculate pattern; two 
bands on pectoral fin, anterior one deep 
green and posterior one black; black 
margins on dorsal and anal fins. When 
preserved, yellowish gray background 
with dorsal surface covered by deep gray 
vermiculate parttern; two backs bands on 

pectoral fin and dorsal and anal fin with 
black margins. 
Distribution. Northwestern Pacific Ocean 
off China, Korea, Japan and Taiwan. In 
Taiwan, this species is commonly 
collected using bottom trawls at depths 
not more than 400 m. 
Remark. Peristedion orientale can be 
also distinguished from other three 
congeners in Taiwan by having relatively 
sharp spines on head and first bony plate 
on dorsal row and the dense vermiculate 
pattern on dorsal body. 
DNA barcoding

The NJ analysis of barcode sequences of 
the four Peristedion species demonstrates 
that each species is a monophyletic group 
with high statistic support (Fig. 5). The 
K2P distance between P. orientale and P. 
liorhynchus is 2.17± 0.52%, between P. 
orientale and P. nierstraszi is 2.06± 0.40%, 
between P. amblygenys and P. nierstraszi
is 1.85± 0.10%, between P. amblygenys 
and P. liorhynchus is 2.23± 0.35%, and 
between P. liorhynchus and P. nierstraszi
is 1.01± 0.35%.  

Discussion
Although most morphometric and 

meristic are similar or overlapped, several 
of them can be used to distinguish the 
species. The numbers of body bony plates 
often overlap among species, but some 
differences were observed. The majority 
of the number of bony plates on the dorsal 
row are 31 in P. liorhynchus and P. orientale,
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P. nierstraszi (18)

32 in P. nierstraszi and 32-33 in P. 
amblygenys. The majority of the number 
of bony plates on lower row of lateral 
body is 30 in P. amblygenys, 26 in P. 
liorhynchus, 28 in P. orientale and 27-30 
in P. nierstraszi. The majority of bony 
plates on ventral row is 22-23 in P. 
liorhynchus and P. amblygenys, 20-21 in P. 
orientale and 23 in P. nierstraszi.

There were relatively more total gill 
raker numbers are in P. amblygenys 
(24-28) and P. liorhynchus (25-30) and 
relatively fewer in P. orientale (20-26) 
and P. nierstraszi (22-27). 

The head is relatively long in P. 
liorhynchus (30.9-37.7% SL) and P. orientale 

P. liorhynchus (23)

(31.5-35.2% SL), whereas the head is 
relatively short in P. amblygenys
(28.0-32.4% SL) and P. nierstraszi
(28.3-32.2% SL). The head is relatively 
depressed in P. amblygenys (11.1-13.9% 
SL) and relatively high in P. orientale
(12.9-16.2% SL), whereas the other two 
congeners are moderately high. The 
pre-dorsal length is relatively small in P. 
amblygenys (28.0-31.9% SL) and P. 
nierstraszi (29.2-32.1% SL) and relatively 
long in P. liorhynchus (30.2-34.5% SL and 
P. orientale (30.4-34.4% SL). The snout is 
relatively short in P. amblygenys
(28.0-31.9% SL) and P. nierstraszi
(29.2-32.1% SL) and relatively long in P. 

P. liorhynchus (05)
P. liorhynchus (24)

P. amblygenys (11)
P. amblygenys (29)

P. orientale (20)
P. orientale (06)

P. orientale (22)

0.002
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77

94

99

98

95

 5. Neighbour-joining tree of four Peristedion pecies inferred from COI gene 
ences with 10000 bootstrap replicates. Bootstrap values > 50% are indicated.

P. amblygenys (27)

P. nierstraszi (35)
P. nierstraszi (14)

P. nierstraszi (31)

Figure s
sequFig. 5. Neighbour-joining tree of four Peristedion species inferred from COI gene 
sequences with 10000 bootstrap replicates. Bootstrap values > 50% are 
indicated.
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liorhynchus (30.2-34.5% SL and P. 
orientale (30.4-34.4% SL).  

The rostral projection is short in P. 
liorhynchus (6.3-10.9% SL), relatively 
long in P. orientale (10.8-15.4% SL) and 
moderately long in other two species. The 
base of rostral concave is relatively wide 
in P. liorhynchus (4.6-7.7% SL), whereas 
other congeners are relatively narrow. The 
opening of the rostral concave is narrow 
in P. amblygenys (7.2-11.6% SL), relatively 
wide in P. orientale (13.0-18.4% SL), and 
moderately wide in two other congeners. 
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newly-recorded flatworm from Taiwan  

Wei-Ban Jie1* , Shih-Chieh Kuo2, Shang-Chi Wu3 and Kwen-Shen Lee4

1 Institute of Marine Biology, National Sun Yat-sen University. No. 70, Lienhai Rd., Kaohsiung 80424, 

Taiwan, R.O.C. 

2 Department of Life Science, Chinese Culture University. No. 55, Hwakang Road, Yang-Min-Shan, Taipei, 

111, Taiwan, R.O.C. 

3 78-2 Dakung Road, Dakung Village, Hengchun Township, Pingtung County 946, Taiwan, R.O.C. 

4 National Museum of Natural Science, Taichung, 404 Taiwan, R.O.C. 

Corresponding author. E-mail: wbjie@nehs.hc.edu.tw

Abstract
The polyclad Ilyella gigas (Schmarda, 1859) is formally reported and 

described from Taiwan for the first time. Its color patterns, external characters 
and details of anatomy are recorded and its unusual behavior of preying on 
crustaceans is described. After capturing a crustacean with its membranous 
yet highly ruffled pharynx, the flatworm wraps up its prey with the rear half 
of its body. Its pharynx digests the crustacean externally. Since 2011 we 
observed individual I. gigas capture two rock crabs, Actaeodes tomentosus,
one collector crab, Camposcia retusa, one dark fingered crab, Eriphia 
scabricula and one snapping shrimp, Alpheus strenus in tidal pools during 
both the daytime and nighttime. In all cases, the preys were consumed without 
effective resistance, implying that I. gigas may release some narcotic 
secretions during prey capture. 

Key words: acotylean polyclads, predatory behavior, crustacean 
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Introduction 
Ilyella gigas (Schmarda, 1859) was 

first described from Sri Lanka in 1859 
(Schmarda, 1859). Hyman (1959) suggested 
that its distribution also included Guam 
and the Caroline Islands in Micronesia. 
Tajika et al. (1991) reported that it
actually had a much wider distribution in 
the Indo-West Pacific after collecting it in 
Viti Levu Island, Fiji. In summary, the 
sites in the Indo-Pacific Ocean from 
which I. gigas is already known are 
Ambon, Timor, Funafuti, Onotoa, 
Kapingamarangi, Palau, Guam, Bonin 
Island and Japan (Laidlaw, 1902; Kato, 
1934; Hyman, 1959; Tajika et al., 1991).  

In Taiwan, I. gigas was also recorded 
by some popular field guidebooks published 
in Chinese (Chen, 2001). Even though this 
species is one of the commonest polyclad 
flatworms of Taiwan tidal zone (Table 1), 
it still has not formally been recorded in the 
scientific literature. Furthermore, ecological  

and biological information for it from 
anywhere in the Indo-west Pacific is absent. 

Most polyclad flatworms are benthic 
carnivores (Newman & Cannon, 2003). 
Acotylean polyclads are generally known 
as ‘oyster leeches’ and have been well 
known as predators of bivalves (oysters and 
mussels) for many years (Newman et al.,
1993). The flatworms most commonly 
associated with bivalves are members of 
the acotylean family Stylochidae. Once 
inside the oyster, the flatworm wraps its 
body around the mollusk, everts its pharynx 
and consumes the tissue externally (Newman 
& Cannon, 2003). Field investigations 
conducted in Taiwan have indicated that 
the mortality of oysters was correlated 
with the number of stylochid flatworms 
(Shu & Lin, 1980).  

Lee et al. (2006) described a stylochid 
flatworm, Imogine lateotentare, and its 
feeding behavior on the barnacle 
Amphibalanus variegatus. Since the barnacle 

Table 1. Ilyella gigas (Schmar da, 1859) geographic distribution around Taiwan. 
Specimen location Spot Geographic

Coordinate
Position 

Year of 
Records

Specimen No. Collecting Situation 

Northeast Coast Ruibin N25o07’24’’ 
E121o49’10’’ 

2005 Tidal pool, * daytime 

Little Liouciou Island “Lobster 
Hole”

N20o20’44’’ 
E121o23’18’’ 

2012 NMNS-7153-001
NMNS-7153-002

Under rubble, nighttime 

Haikou N22004’57” 
E120042’02” 

2010 Tidal pool, *daytime 

Houbihu N21o56’11’’ 
E120o44’46’’ 

2011, 
2012, 
2013

NMNS-7153-004 Tidal pool, daytime or 
nighttime 

Kenting

Wanlitong N21o59’50’’ 
E120o42’06’’ 

2013 Tidal pool, * nighttime 

Green Island  Zhongliao N22o40’35’’ 
E121o28’28’’ 

2013 NMNS-7153-003
NMNS-7153-005

Tidal pool, nighttime 

  *= photo recording 
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was unable to close its opercular valves 
properly once the flatworm had inserted 
its pharynx, it was suggested that these 
polyclads may paralyze their barnacle 
prey with toxins (Lee et al., 2006). There 
are no other records of polyclads preying 
on crustaceans. 

Ritson-Williams et al. (2006) found 
an undescribed planocerid polyclad from 
Guam that contained high levels of the 
neurotoxin tetrodotoxin (TTX) and its 
analogs. During feeding trials, it rapidly 
killed and ate a wide variety of mobile 
gastropod mollusks from at least 11 different 
families, as well as other flatworms. Their 
data show that these toxins do not protect 
flatworms from predators but are used to 
capture mobile prey instead (Ritson-Williams 
et al. 2006). 

In the case of the cotylean polyclads, 
such as those of family Pseudocerotidae, 
the large muscular pharynx is used to suck 
up or engulf solitary or colonial ascidians for 
food (Newman & Cannon, 2003; unpublished 
data). The corallivorous cotylean, 
Amakusaplana acroporae is described from 
aquarium. Unfired nematocysts and 
commensal zooxanthellae from acroporid 
coral are abundantly distributed in the 
multibranched gut and parenchyma 
(Rawlinson et al. 2011). Therefore, no 
other food sources other than ascidians, 
barnacles, mollusks and cnidarians have 
ever been documented as suitable foods 
for polyclads untill now. 

Materials and Methods  
All of the underwater video and 

photographic records that document the 
behavior reported in this article were 
taken in Taiwan by snorkeling, generally in 
tidal pools. Specimens were photographed 
whenever possible either in situ or in the 
laboratory. The observations on behavior 
reported here and the collection of 
specimens were made between 2011 and 
2013. Nomenclature updated after Faubel 
(1983).

Specimen localities: NMNS-7153-001. 
I. gigas length 36 mm, width 21 mm; 
locality: “Lobster Hole” study site, Little 
Liouciou Island, Pingtung County. Under 
rubble, free-living. 18 Nov.2012 (Fig. 1). 
Other specimens and photographic records 
from Taiwan are listed in Table 1. 

All specimens were fixed in frozen 
10% seawater formalin (FCA-PGPP), a 
fixation method modified from that of 
Newman and Cannon (1995). The specimens 
were then preserved in 70% ethanol for 
histological studies and long-term storage. 
For histological study, specimens were 
fixed in frozen FCA-PGPP for at least two 
days. Longitudinal serial sections of 
reproductive organs were prepared by 
embedding the tissue in 56  paraplast, 
cutting at 5-8 m, and staining with 
hematoxylin and eosin. All the specimens 
and the serial sections have been 
deposited in the National Museum of 
Natural Science. 
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(A)

(B)

Fig. 1. Ilyella gigas (Schmarda, 1859). Whole animal; anterior end on the right in 
both images. (A) Dorsal view. (B) Ventral view. b, brain; fp, female pore; m, 
mouth; mp, male pore; ph, pharynx. 
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Results
Description of I. gigas

Body shape ovate, anterior end 
slightly broader than posterior end. Dorsal 
background color creamy white, with various 
sizes of brown speckles distributed all 
over back and concentrated in the middle 
line forming a narrow brown medial line. 
Brain anterior with no tentacle. Eyespots 
forming two clusters around brain area 
(Fig. 1A). Mouth at the center of body 
ventral. Pharynx very large and highly 
ruffled. Male pore single, closed behind 
pharynx. Female pore single, far from 
male organ (Fig. 1B). 

Mouth opening narrow with 
numerous muscles. Pharynx highly folded 
and packaged inside the cavity (Fig. 2A). 
Both anterior and posterior ends of the 
mouth with several longitudinal, symmetrical 
folds (Fig. 2B). 

Penis long, corncob shape with 
sheath. Muscular ejaculatory duct long 
and coiled (Fig. 3A). Long, coiled vagina 
extends backwards posteriorly to Lang’s 
vesicle. Paired oviduct stretched separately 
forward (Fig. 3B). 

Distribution
Surveys found that I. gigas (Schmarda, 

1859) is common in and around the coasts 
of Taiwan and its adjacent islands (Table 
1). Individuals are often encountered 
slowly crawling in tidal pools or 
sheltering under rubble during both the 
day and the night. 

Feeding behavior 
The first instance of feeding behavior 

by this species was observed at night 
( 23.07 hr) in a tidal pool at Hou-Bi-Hu, 
Kenting, on May 12, 2011. Video and 
photographic records (Fig. 4) were made 
during this encounter. An individual rock 
crab, Actaeodes tomentosus, was trying to 
escape from an I. gigas that was ‘stalking’ 
it. I. gigas had covered this crab with the 
posterior half of its body and this was 
slowing the crab down. We turned them 
both over as the crab seemed to stop 
fighting with the flatworm. The crab had 
apparently been paralyzed deeply and was 
unable to escape.  We saw that the I.
gigas had everted its highly branched 
pharynx to hold the crab tightly. 

The second instance was also 
observed at night (23.54 hr) in the same 
tidal pool as the previous one on January 
20, 2012 (Fig. 5). The rock crab Actaeodes 
tomentosus was paralyzed and gripped by 
the flatworm’s membranous-like pharynx. 
In this, and in other field observations of 
prey capture by I. gigas, the flatworm 
tried to escape from the observer’s 
flashlight, and to drag its prey into a 
nearby hole. 

The third instance was videotaped at 
daytime (17.10 hr) in the same pool as 
both previous instances on May 21, 2011 
(Fig. 6), but on this occasion the prey was 
a collector crab, Camposcia retusa. In this 
instance, human disturbance released the 
crab and it recovered, walking away in a  
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(A)

(B)

Fig. 2. Transverse sections of Ilyella gigas (Schmarda, 1859). Ventral surface 
downward in both images. (A) Muscle-enriched mouth opening narrow; 
pharynx highly folded and packaged. (B) Several longitudinal folds are 
symmetrically arranged at the anterior and posterior ends of the mouth. 
m, mouth; ph, pharynx.  
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(A)

(B)

Fig. 3. Longitudinal sections of Ilyella gigas (Schmarda, 1859). Anterior end on the 
right in both images. (A) Male organ. (B) female organ. dl, duct to Lang’s 
vesicle; e, ejaculatory duct; fp, female pore; lv, Lang’s vesicle; ma, male 
antrum; mp, male pore; ov, oviduct; v, vagina. 
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Fig. 4. Ilyella gigas feeding on the rock crab Actaeodes tomentosus (indicated 
by the arrow in the lower photo) at night, May 2, 2011. 
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Fig. 5. Ilyella gigas feeding on the rock crab Actaeodes tomentosus (indicated 
by the arrow in the lower photo) at night, January 20, 2012. 
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Fig. 6. Ilyella gigas feeding on the collector crab, Camposcia retusa (indicated 
by the arrow in the lower photo) during the day, May 21, 2011. Still 
frame from video recording.
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few minutes seemingly without serious 
damage. 

The last instance was recorded at 
night (21.44 hr) in a tidal pool at Green 
Island on July 2, 2013 (Fig. 7). The prey 
was a juvenile dark fingered crab, Eriphia
scabricula. In this instance, the crab had 
been semi-digested and was abandoned 
probably because we had disturbed the 
flatworm during its meal. We collected 
both the flatworm (I. gigas.  
NMNS-7153-005. Length 38 mm, width 
16 mm) and its prey (E. scabricula
Carapace width 7 mm, Body length 4 mm) 
for future study. 

On only one occasion did we 
observe I. gigas feeding on a shrimp. This 
case was observed at night (22.26 hr) on 
March 7, 2013 (Fig. 8) in the same tidal 
pool as the previous case at Hou-Bi-Hu, 
Kenting. In this instance the prey was the 
snapping shrimp, Alpheus strenus. This 
dead snapping shrimp was abandoned by 
the flatworm, which was dragging it 
towards a small cave. 

Discussion
Marine scientists have studied 

marine flatworms for over one hundred 
and fifty years yet we know little more 
about them than basic taxonomy. It’s hard 
to know why so few scientific studies 
have been conducted on them, especially 
since we found that flatworms are easy to 
find, capture and/or record systematically 
by photos and videos. Following Newman 

and Cannon’s (1995) method, it is also 
very easy to fix specimens in the field. We 
think that a large-scale survey of marine 
flatworms around Taiwan is urgently 
needed.

Predation by polyclads on mobile 
crustaceans (crabs and shrimps) is a 
completely new scientific discovery. It 
seems that I. gigas normally feeds on the 
commonest crab species in its habitat, but 
I. gigas can also eat other mobile crustaceans 
as well.  

Crabs, and even alpheid shrimps are 
very active animals and we still do not 
know how they are actually captured by 
the flatworms. We found evidence that I.
gigas possess a large, highly ruffled, 
folded, and packaged pharynx for prey 
capture. This pharynx extends out through 
its membrane-like pharynx and through 
the narrow mouth opening for catching 
crustaceans. The crustaceans are paralyzed 
and digested outside of the flatworm’s 
body when enwrapped by I. gigas. In fact, 
the mobile prey crustaceans seem unable 
to resist or only weakly attempt to escape. 
These observations suggest to us that 
narcotic secretions from the flatworm 
must be involved. These substances need 
to be researched to know their mechanism 
of operation and potential value. 
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Fig. 7. Ilyella gigas (NMNS-7153-005. Length 38 mm, width 16 mm) feeding 
on a juvenile dark fingered crab, Eriphia scabricula (Carapace width 7 
mm, Body length 4 mm; indicated by the arrow on the upper photo), at 
night, July 2, 2013. 
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Fig. 8. Ilyella gigas feeding on the snapping shrimp, Alpheus strenus at night 
(indicated by the arrow on the lower photo), at night, March 7, 2013. 
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Introduction
The Taiwanese fish fauna comprises 

roughly 3100 species and new records or 
species havecontinuously being discovered. 
For example, Shao et al. (2008) provided 
a checklist of fishes found in southern 
Taiwan and listed 230 families with 2133 
species, including 128 species newly 
recorded from Taiwanese water. In the 
recent comprehensive publication “Marine 

New records of five fish species from the Green Island, 
Orchid Island and Kenting, Taiwan 

Hsuan-Ching Ho1,2* , Chin-Jer Lin1 and Chih-Ren Yang1

1National Museum of Marine Biology &Aqaurium, Pingtung, 944, Taiwan, R.O.C. E-mail: 

hohc@nmmba.gov.tw 
2Institute of Marine Biodiversity and Evolutionary Biology, National Dong Hwa University, Pingtung, 944, 

Taiwan, R.O.C. 

*Corresponding author. 

Abstract
This study reports five fish species newly recognized from different 

localities in Taiwan, based on underwater photographs (four species) and 
specimen (one species). Xyrichtys halsteadi (Labridae), Epinephelus howlandi
(Serranidae) and Gunnellichthys viridescens (Microdesmidae) are recorded 
for the first time based on underwater photographs taken from Orchid Island, 
Green Island and Kenting, respectively. Xryichthys woodi (Labridae) is first 
record for Orchid Island and Ariomma brevimanum (Ariommatidae) is first 
record for Kenting. Brief descriptions and ecological notes are provided. 

Key words: Pisces, Orchid Island, Green Island, Kenting, new record, Taiwan 

fishes in Kenting National Park”, Chen et 
al. (2010) recognized 116 families with 
1154 species, mostly coral reef fishes, 
including 36 species newly recorded from 
Taiwan. Chen et al. (2013) added 15 
species new to the Kenting National Park. 

In this work, a large amountof 
underwater photographs wereexamined 
and three species wererecognized as the 
first record withinTaiwanese waters,one 
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species is anew record from Orchid Island, 
and one from Kenting.The purpose of 
present studywasto provide evidence for 
the records and to document these species 
into the fish fauna of Taiwan. 

Materials and Methods 
SCUBA Diving was operated by our 

team in Green Island, Orchid Island and 
Kenting National Park, with detailed 
recordings of environmentaland ecological 
information. The localities are provided in 
Fig. 1. The fish from underwater photographs 
wereidentifiedusing variousreference resources. 

Specimenswerecollected when possibleand 
weredeposited in National Museum of 
Marine Biology & Aquarium, Pingtung 
(NMMB-P). 

Results
Family Microdesmidae 
Gunnellichthys viridescens Dawson,
1968

Fig. 2 

Fig. 1 Map of the localities (open circles) of the fishes being photographed or
collected in present study.
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Image examined. Sex indeterminate, ca. 
10 mm, He-jie, Kenting National Park, 27 
m, 17 Feb. 2013. 
Description. Body eel-like, elongated; 
body depth about 13 in total length; head 
length about 1.5 times of body depth; 
mouth slightly superior; lower jaw 
overhanging the upper jaw; eye large, 
about equal to snout length; origin of 
dorsal fin slightly behind the head; origin 
of anal fin at middle portion of body; both 
dorsal and anal fin extend to near base of 
caudal fin; caudal peduncle short. Body 
semi-transparent, with a pale blue and an 
orange strip through anterior tip to caudal 
fin, belly sliver white, extend from lower 
jaw to anus, then gradually narrower to 
middle portion of anal fin base. All fins 
transparent.

Fig. 2 Gunnellichthys viridescens Dawson, 1968, sex indeterminate, ca. 10 mm, 
He-jie, Kenting National Park, 27 m, photo by C.-J. Lin.

Distribution. Widespread in Indo-west 
Pacific Ocean.Our image represents the 
first record withinTaiwan. 
Ecological note. This species was observed 
swimming above the bottom with very 
fine sand not far from the coral reef; it 
swims very fast to escape when 
encountering the diver. 

Family Labridae 
Novaculops halsteadi (Randall & Lobel, 
2003)

Fig. 3 

Image examined. A female specimen, ca. 
20 cm TL, Orchid Island, Taitung, 45 m, 
Feb. 2012. 
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Description. Bodyvery compressed; body 
depth about 4 times in TL; head small, 
about 5 times in TL; dorsal profile of head 
smoothly convex; eye relatively large, 
snout short; mouth terminal, slightly 
oblique; one continuousdorsal fin with 
long base, origin of the fin behind the eye; 
origin of anal fin at middle portion of 
body; caudal peduncle short; caudal fin 
truncated to rounded. Uniformly pinkish 
red, with a broad red stripe on dorsal 
margin of body; a pale blue margin below 
the red stripe. All fine transparent. 
Distribution. Western and southern Pacific 
Ocean. Our image represents the first 
record withinTaiwan. 
Ecological note. The individual was 
observedhiding among coral sand bottom and 
other shelter creatures, such as feather-like  

Fig.3. Novaculops halsteadi (Randall & Lobel, 2003), female individual, ca. 20 cm TL, 
     Orchid Island, Taitung, 45 m, photo by C.-J. Yang.

hydroid (family Plumulariidae). 
Remark. Novaculops halsteadi was 
documentedfrom Japan totropical Pacific 
Ocean (Allen and Erdmann, 2012; Kuiter, 
pers. comm., 2013). Thus, Taiwan is 
within the expected range. Randall and 
Lobel (2003) mentioned that the 
specimens were collected outside of the 
coral reef area at depths more than 30 m. 
Our data agrees with their observation. 

Novaculops schistius (Jordan & Thompson 
1914)

Fig. 4 

Synonymy. Xyrichthys woodi (Jenkins, 
1901): Shen & Yeh, 1987:64. 
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Description. Body very compressed; 
body deep, about 4.5 times in TL; head 
small, about equal to body depth; dorsal 
profile of head smoothly convex; eye 
relatively large, snout short; mouth small, 
terminal; one continuous dorsal fin with 
long base, origin of the fin slightly behind 
the eye; origin of anal fin at middle 
portion of body; caudal peduncle short; 
caudal fin truncated to rounded. Body 
uniformly yellowish pink, all fins 
transparent, more yellow than the body; 
eye yellow. 
Distribution. Northwestern Pacific Ocean. 
The image represents the first record of 
Orchid Island (Lan-yu Island). 
Ecological note. The fish was observed 
swimming above the sandy bottom and 
was not associated withany cover. 
Remark. Shen & Yeh (1987) recognized 
Xyrichtys woodi from Taiwan. Randall (2013) 

Fig. 4. Novaculops schistius (Jordan & Thompson 1914), immature female, ca. 13 
cm TL, Kai-yuan port, Orchid Island, 42 m, photo by C.-J. Yang.

confirmed that this species, in Novaculops,
is endemic to Hawaii and others records 
from outside Hawaii should be referred to 
Novaculops schistius.

Family Serraenidae
Epinephelus howlandi (Günther, 1873) 

Fig. 5 

Image examined. A juvenile specimen, ca. 
20 cm TL, Shih-lung, Green Island, 16 m, 
4 Oct. 2011. 
Description. Body slender andless 
compressed; head moderate in size, head 
length ca. 3.2 in TL, front slightly pointed; 
one dorsal fin, slightly concaved at 
midpoint; pectoral fin large, rounded; 
pelvic fin smaller than pectoral fin, not 
reaching anus; anal fin with a rounded  
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posterior margin; caudal fin rounded.Body 
reddish blue in background, slightly 
yellowish dorsally; body evenly covered 
by large rounded brown spots, each spot 
with a black center, except for those on 
posterior portion of dorsal fin, anal fin and 
caudal fin are uniformly black. Eye 
yellowish, pupil black.Inner surface of 
pectoral fin uniformly bluish black with a 
pale posterior margin. Posterior portion of 
anal and caudal fins bluish-black, each 
with a pale posterior margin. 
Distribution. Mostly islands in the western 
and southern Pacific Ocean (Carig et al., 
2011). In Taiwan, this species was 
observed from the Green Island, 
southeastern Taiwan. 
Ecological note. The fish was observed to 
be occupying a small cave in an independent 
rock; the water velocityoutside the 
cavewas about 15 cm per second. 

Fig. 5. Epinephelus howlandi (Günther, 1873), juvenile, ca. 20 cm TL, Shih-lung, 
Green Island, 16 m, photo by M.-H. Yu.

Family Ariommatidae 
Ariomma brevimanum (Klunzinger 
1884)
Fig. 6 

Ariomma brevimanum (Klunzinger, 
1884): Ho et al., 2010:258. 
Specimen examined. NMMB-P uncat., 
550 mm SL, Hou-bi-hu, Kenting Nation 
Park, Pingtung, ca. 150 m, 3 May 2011, 
coll. H.-C. Ho. 
Remark. Ho et al. (2010) first recorded 
this species from the eastern Taiwan off 
Hualian. A very large specimen collected 
by hook and line from off Kenting 
National Park was landed in the 
Hou-bi-hu market. The specimen was 
purchased by the first author and 
deposited at the NMMB-P collection. 
Although being widely recorded through  
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the Indo-west Pacific Ocean, our specimen 
wasconfirmed to represent the first record 
from the South China Sea. 
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Introduction 
Ng & Yang (1989) noted that there 

was one group of species in the genus 
Demania Laurie, 1906, united by the 
following morphological characters: the 
frontal margin is distinctly sinuous, 
lobulated and extends anteriorly well 
beyond the orbits; the anterolateral margin 
of the carapace is divided into four low, 
rounded lobes; the chelae are glabrous; 

Demania unispinosa Chen & Ng, 1999 (Crustacea, Decapoda, 
Brachyura), a newly recorded xanthid crab for Taiwan

Pi-Hsien Kuo1 , Chia-Wei Lin1,2 and Jose C. E. Mendoza3

1Institute of Marine Biodiversity and Evolutionary Biology, National Dong Hwa University, Hualien, 

Taiwan
2Department of Exhibition, National Museum of Marine Biology and Aquarium, Pingtung, Taiwan 
3 Department of Biological Sciences, Faculty of Science, National University of Singapore, Singapore. 

Abstract
The xanthid crab, Demania unispinosa Chen & Ng, 1999 is recorded 

from Taiwan for the first time. This species belongs to the D. rotundata
species group but could be distinguished from other included species by the 
lateral angle of the carapace having a distinct spine, the ambulatory merus 
having a distinct and sharp distal tooth on the dorsal margin and the fused 
segments 3-5 of male abdomen being proportionately shorter, with the lateral 
margins more deeply concave. Color illustration for the Taiwanese specimen 
and the key to the D. rotundata species group from Taiwan is provided. 

Key words: Demania, new record, Taiwan 

and the meri of the ambulatory legs are 
distinctly crested. They included two 
species in this group, D. rotundata Serène, 
in Guinot, 1969, and D. wardi Garth & Ng, 
1985. After examining a series of 
specimens from the East and South China 
Seas, D. japonica Guinot, 1977, and D.
unispinosa were added to this species 
group by Chen & Ng (1999). Demania
japonica and D. rotundata are known 
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from the East China Sea, South China Sea, 
and Japan (Chen & Ng, 1999), and both of 
them have been reported in Taiwan waters 
(Ng et al., 2001). Recently, we examined 
a series of specimens deposited in the 
National Museum of Marine Biology and 
Aquarium (NMMBA) and those collected 
by trawling from Donggang fishing port, 
southern Taiwan. It was determined that 
some specimens identified as D. 
rotundata or D. reynaudi (H. Milne 
Edwards, 1834) were misidentified as an 
unrecorded species, D. unispinosa.

The present work is the first record 
of Demania unispinosa from Taiwan and 
also provides a key to three similar 
species of the D. rotundata species group 

from Taiwan. The nomenclature of the 
carapace regions follows that of Garth & 
Ng (1985) and Chan et al. (2009).  

Measurements given are of carapace 
width and length respectively, the width 
measured from the base of spines (if 
lateral angle spiniform); the total length of 
the ambulatory legs (base of coxa to tip of 
dactylus) was measured in one go with the 
legs stretched out. Specimens are deposited 
in the National Museum of Marine 
Biology and Aquarium (NMMBA).

Taxonomy 
Xanthidae MacLeay, 1838 

Demania Laurie,1906 
Demania unispinosa Chen & Ng, 1999 

(Figs. 1–3) 

Fig. 1.Demania unispinosa Chen & Ng, 1999, male, 38.4 by 31.8 mm (NMMBCD3411), 
habitus, dorsal view. 

82



Platax 10: 81-87, 2013 

Demania unispinosa Chen & Ng, 
1999: 144, figs. 5,6,7c,7f. – Ng et al., 
2008: 202 (list). 

A.                          B. 

C.                             D. 

Fig. 2. Demania unispinosa Chen & Ng, 1999, male, 38.4 by 31.8 mm (NMMBCD3411),
A, right fourth ambulatory leg, dorsal view; B, carapace, dorsal view; C, 
carapace, frontal view; D, carapace, ventral view. 

A.                   B. 

Fig. 3. Demania unispinosa Chen & Ng, 1999, male, 38.4 by 31.8 mm (NMMBCD3411), 
right G1, A, external (ventral) view; B, distal tip, internal (dorsal) view. 

Material examined 
Donggang, Pingtung county, southern 

Taiwan, 180 m, coll. S.C. Chun, 21 Sep. 
2004: 1 female, 44.1 by 35.4 mm 
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(NMMBCDA824); coll. P.H. Kuo, 3 Nov. 
2011: 1 male, 38.4 by 29.7 mm 
(NMMBCD3411); coll. R.L. Chen, 22 Jul. 
2012: 1 female, 48.5 by 36.6 mm 
(NMMBCD3995); coll. P.H. Kuo, 20 Aug. 
2012: 2 males, 45.9 by 36.4 mm, 41.5 by 
31.7 mm (NMMBCD3996); coll. P.H. 
Kuo, 9 Sep. 2012: 1 male, 41.2 by 32.7 
mm (NMMBCD3997).  
Comparative material: 
Demania rotundata Serène, in Guinot, 
1969 - Donggang, Pingtung county, 
southern Taiwan, coll. S.C. Chun, 22 Sep. 
2004: 1 male, 36.7 by 31.1 mm 
(NMMBCDA693); coll. S.C. Chun, 23 
Sep. 2004: 1 female, 36.0 by 29.4 mm 
(NMMBCDA 670); coll. P.H. Kuo, 25 
Aug. 2012: 1 male, 36.1 by 29.6 mm 
(NMMBCD3998).
Demania japonica Guinot, 1977 - 
Donggang, Pingtung county, southern 
Taiwan, coll. P.H. Kuo, 28 Nov. 2012: 1 
female, 38.7 by 31.99 mm 
(NMMBCD3410); coll. P.H. Kuo, 8 Jun. 
2012: 1 female, 20.0 by 16.6mm 
(NMMBCD3999); 29 Aug. 2012: 1 male, 
35.1 by 29.1 mm (NMMBCD4000); 3 Sep. 
2012: 1 male, 34.3 by 27.84 mm 
(NMMBCD4002); 5 Sep. 2012: 1 female, 
29.3 by 24.3 mm (NMMBCD4001); 24 
Dec. 2012: 1 male, 29.1 by 23.7 mm 
(NMMBCD3409). 

Diagnosis
Carapace subpentagonal. Front projecting 

beyond orbits, bilobate, anterior margin of 

each lobe sinuous. Regions of carapace 
well defined, separated by deep, smooth 
grooves; dorsal surface granular, 2M-4M, 
2L-5L, 1P uniformly covered with distinct 
squamate granules, 1R-3R, 2P covered 
with smaller, rounded to blunt granules. 
Anterolateral margins granular, nearly 
entire or not distinctly divided into lobes 
or teeth; but lateral angle (junction 
between anterolateral and posterolateral 
margins) with distinct, blunt spiniform 
tooth, directed laterally. 

Chelipeds almost symmetrical; outer 
surfaces of palm, carpus, merus distinctly 
covered with large, subconical granules. 
Merus with distinct crest along dorsal 
margin, surface gently granular. Carpus 
with strong sharp tooth on inner distal 
angle, with small but distinct basal 
granule. Dorsal margin of palm with 4 or 
5 lamelliform teeth, becoming more acute 
proximally.  

Ambulatory legs laterally compressed; 
second pair longest. Length of first 
ambulatory leg about 0.9–1.4 times 
carapace width. Merus of last ambulatory 
leg relatively slender, surface smooth to 
minutely granulose; dorsal margin with 
low but distinct crest, minutely serrated, 
ending in small but distinct sharp distal 
tooth; ventral margin with 2 low, 
subparallel crests, gently serrate, proximal 
part of inner crest expanded, appearing 
subfoliaceous. Carpus with dorsal margin 
cristate, surface gently granulose. 
Propodus ovate, margin gently cristate. 
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Dactylus short, gently curved, covered 
with short, stiff setae.  

External surface of male abdomen 
with numerous, scattered, rounded 
granules, tubercles; those on proximal 
somites generally sharper, more 
prominent; somites 1, 2 strip-like; somites 
3–5 completely fused, immovable, 
trapezoidal, lateral margin concave; 
somite 6 quadrate, lateral margins gently 
concave; telson margins strongly concave. 
G1 long, slender, with dilated basal part, 
median part almost straight, distal part 
gently curved, surfaces lined with 
scattered, small, sharp granules; distal tip 
simple, rounded, with several supple, 
plumose, subterminal setae.  

Remarks
Demania unispinosa Chen & Ng, 

1999, was originally described from 4 
male and 3 female specimens collected 
from the South China Sea: off Hainan 
Island, the coast of Guangdong and the 
Spratly (Nansha) Islands. The specimens 
were collected at a depth range of 
160–182 m, from substrate consiting of 
soft or sandy mud. The specimens from 
Taiwan generally agree with the original 
description by Chen & Ng (1999). This is 
the first record of Demania unispinosa
from Taiwan and only the second reliable 
record for this species, although it is very 
likely that D. unispinosa may have been 
erroneously identified and reported as D.
rotundata before in Taiwan. Demania

unispinosa can easily be distinguished 
from its allied congeners, D. rotundata 
and D. japonica by having the last 
anterolateral tooth distinctly produced and 
spiniform, the ambulatory merus always 
with a distinct and sharp distal tooth on 
the dorsal margin, and the lateral margins 
of male abdomen segments 3–5 distinctly 
concave.

A key to Demania roundata species group 
from Taiwan 
1. Carapace lateral margins granular, with 

junction of anterolateral and posterolateral 
margins angular; anterolateral margin 
either divided into lobes or armed with 
distinct teeth ---------------------------- 2

 Carapace lateral margins granular, but 
junction of anterolateral and posterolateral 
margins rounded; anterolateral margin 
entire, not divided into lobes or teeth 
-----------------------------  D. japonica

2. Carapace anterolateral margin divided 
into four low, but distinct lobes; 
anterior margin of ambulatory merus 
without distal spine; lateral margins of 
telson straight to slightly concave --- 
------------------------------D. rotundata 

 Carapace anterolateral margin not divided 
into lobes, but with prominent, acute 
tooth at junction with posterolateral 
margin; anterior margin of ambulatory 
merus with distinct distal spine; lateral 
margins of telson strongly 
concave------------------- D. unispinosa
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Introduction 
The Echinoidea include the regular 

urchins (sea urchins) and irregular urchins 
(heart urchins and sand dollars). The anus 
of regular urchins is centered on top of its 
body. While defecating, the undigested 
content is usually dropped around the anus 

Defecation behavior of the hairy urchin, Tripneustes gratilla

Shyh-Min Chao and Bang-Chin Chen2

1National Museum of Natural Science, Taichung, Taiwan 404, R. O. C. 
2474-1 Kuangtung Road, Pingtung, Taiwan 900, R. O. C. 
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Abstract
The hairy urchin, Tripneustes gratilla (Linnaeus 1758), is a common 

sea urchin in the shallow waters of Indo-West Pacific reefs. Its anus is 
centered on top of its body. During a windless period in August 2011, we 
photographed 26% (n=50) sea urchins lifting up their bodies 30-90 degrees in 
the Houbihu Lagoon, southern Taiwan (21o56’57”N, 120o44’53”E). Upon 
close examination of these animals, we saw feces dropping from the anus 
directly to the substrate. The feces content was subsequently identified in the 
laboratory as undigested algae and fine sand. During a windy period in 
December 2011, no sea urchins displayed this defecation behavior. It is 
postulated that the defecation behavior of these urchins ensures the deposition 
of feces directly on the substrate. Discharging feces this way could be more 
energetically efficient than removing feces with tube feet and spines as 
observed in other urchin species.

Key words: Sea urchin, Tripneustes gratilla, defecation behavior

and subsequently removed by water 
currents and with the facilitations of 
numerous tube feet and spines (personal 
observation).  

The hairy urchin, Tripneustes gratilla
(Linnaeus 1758), is a common regular sea 
urchin in the shallow waters of Indo-West 
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Pacific reefs (Clark and Rowe 1971). This 
urchin is a rover on reef areas consuming 
a large amount of algae as food. Its anus is 
centered on top of its body. 

As the hairy urchin is an edible sea 
urchin, aspects of its ecology and 
behavior are readily available (Lawrence 
and Agatsuma, 200  Nojima and Mukai, 
1985; Régis and Thomassin, 1982; Lison 
de Loma et al., 1999; Schumacher, 1974). 
Literature on defecation behavior, however, 
is limited for sea urchins. In this paper, we 
describe a defecation behavior of the hairy 
urchin photographed from a lagoon during 
a windless month in August 2011 in
southern Taiwan. 

Materials and Methods  
Houbihu Lagoon (21o56’57”N, 

120o44’53”E) is a landward reef lagoon in 
southern Taiwan. It is a small lagoon with 
an area of 0.33 km2. Abundant hairy 
urchins live in the shallow water of 1-2 m 
depth.

In 2011, we examine the hairy 
urchins by skin diving in the lagoon every 
month from March to December. Photos 
and videos were taken to examine its 
defecation behavior.  

In August (calm month) and 
December (windy month), three adults 
with diameter over 8 cm were captured 
each month. Gut contents of each 
individual were collected in test tube with 
sea water. The floating algae and 
precipitated materials were separated and 

weighted.
In August and December 2011, 50 

individuals undergoing defecation (i.e., 
with feces around anus) were filmed by 
digital camera. If the urchin decline 
exceeded 30 degrees, it was classified as 
“defecation behavior”. The proportion of 
hairy urchins partaking in this behavior 
was calculated in August and December. 

Results
Feces materials 

Feces were composed of undigested 
macroalgae, crustose coralline algae, and 
sand. In August, sand and crustose 
coralline algae composed 73.7% total wet 
weight of the feces (35.7+2.1g) (M+SD,
n=3), whereas macroalgae constituted 
26.3%. In December, sand and crustose 
coralline algae composed 36.3%, whereas 
macroalgae made up 63.7 % of the total 
wet weight of feces (34.3+4.0g, M+SD,
n=3).

Windless month 
August 2011 was a windless month 

with slight wave action in the lagoon. 
Thirteen individuals among the 50 
individuals photographed were observed 
with defecation behaviors (26%, n=50). 
This was the same summer that most of 
the macroalgae died, during which the 
hairy urchins ate large amounts of fine 
sand and calcareous red algae. In the 
lagoon, we typically observed urchins 
lifting up their bodies over 30 degrees, 
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even up to 90 degrees (Fig. 1a, b). While 
lifting up, hairy urchins always rest their 
oral surface against a small rock on the 
substrate or attach on the upright wall of 
large rocks. Upon close examination of these 

Windy month 
December 2011 was a typical cold 

windy month in southern Taiwan during 
which current and wave movements are 
strong in the lagoon. No hairy urchins 
were observed lifting up to defecate (n=50). 

urchins, we observed feces dropping from 
the anus directly to the substrate (Fig. 1c, 
d). This behavior has commonly been 
observed prior to the rise in tide rise while 
the water movement is low. 

(a) (b)

(c)

Feces were expelled around the anus that 
were removed by water current and by the 
numerous short spines and tube feet.  

Discussion
Although its food varies with habitat, 

(d)

Fig. 1. Tripneustes gratilla. (a, b) Defecating posture. (c, d) Feces discharged from 
anus. Arrows indicate feces falling from anus. Anus is surrounded by several 
orange spines in fig. 1c. 
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the hairy urchin mainly eats macroalgae, 
crustose coralline algae and sand with 
macroflora (Ogden et al., 1989, Lawrence 
and Agatsuma, 2001). In the cold windy 
months, food (macroalgae) is abundant in 
the lagoon. The undigested materials are 
lighter, such that they could easily be 
flushed away by water movements and by 
the help of dense short spines. In addition, 
it may not be suitable for hairy urchins to 
lift their bodies to defecate as the wave 
action could cause them to turn 
upside-down. In windless months, 
however, undigested materials composed 
mainly by sands and undigested coralline 
algae are likely not as easy to move away 
via spines and water movement. We 
suspect that the hairy urchin lifts its body 
up to defecate during windless months to 
ensure that feces are discharged directly 
or easily to the substrate. Discharging 
feces this way could be more energetically 
efficient than removing feces with tube 
feet and spines.  
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Introduction 
There are more than 550 species of 

brachyura corded from Taiwan 
(Ng et al., 2001). However, some species 
with wide Indo-West pacific distributions 
have never been found. Recently, the 
authors started a coral reef survey by 
SCUBA diving and collected some crabs 
associated with other invertebrates. We 
report here the first record of Hoplophrys 
oatesi Henderson, 1893, associated with 
soft coral, Dendronephthya sp. in Taiwan. 
The present work fills the gap of 
geographical distribution of this species 
from Philippine to Japan and also indicates 

First record of the soft coral associated crab Hoplophrys
oatesi Henderson, 1893 (Crustacea: Decapoda: 

Epialtidae) in Taiwanese waters 

Pi-Hsien Kuo1 and Chia-Wei Lin1,2*

1Institute of Marine Biodiversity and Evolutionary Biology, National Dong Hwa University, Hualien, 

Taiwan
2Department of Exhibition, National Museum of Marine Biology and Aquarium, Pingtung, Taiwan 

Abstract
The soft coral associated crab, Hoplophrys oatesi Henderson, 1893, is 

reported from coral reefs within southwestern Taiwan for the first time. Color 
illustration and line drawings are provided for the Taiwanese specimen 

Key words: soft coral associated crab, new record, Taiwan 

that the biodiversity of Taiwan fauna is 
higher than previously thought.  

Materials and Methods 
The materials used in the present 

study is deposited in the collections of the 
National Museum of Marine Biology and 
Aquarium (NMMBA). Superfamily and 
family arrangements follow Ng et al.
(2008). Measurements of specimens, 
given in millimeters, are provided for 
maximum carapace length (cl) from the 
level of the base of the rostral spines to 
the posterior margin by carapace width 
(cw). Specimens were fixed with 90% 
ethanol and preserved in 75% ethanol. 
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Systematic account
Superfamily Majoidea Samouelle, 1819
Family Epialtidae MacLeay, 1838
Subfamily Pisinae Dana, 1851
Hoplophrys oatesi Henderson, 1893 
(Fig 1-3) 
Hoplophrys oatesi Henderson, 1893: 347, 
pl. 36, figs 14. 
Hoplophrys ogilbyi McCulloch, 1908: 51, 
pl. 12, figs 2, 2a. 
Parazewa palauensis Miyake, 1939: 195, 
figs 1213.. 

Material examined.
----S.W. Taiwan, Pingtung County,  

Kenting. SCUBA diving, 24 m, 14 Mar. 
2011, 1 male 9.2 by 7.0 mm (NMMBCD 
4003); Kenting, SCUBA diving, 15 Oct. 
2011, 1 male 9.3 by 6.2 mm; 26 Feb. 2013, 
1 male 10.0 by 7.0 mm (NMMBCD 4004). 

Diagnosis:
Carapace subpyrifrom, with the 

regions well defined. Rostrum bearing 
two acute, flattened, and divergent spines. 
The preocular spine well developed, 
directed obliquely forwards. The epigastric 
region with two distinct spines behind the 
preocular spine; gastric region with two 
rows of spines, the anterior row with seven 

Fig. 1. Hoplophrys oatesi Henderson, 1893. male 9.2 by 7.0 mm (NMMBCD 
4003). A. Carapace, dorsal view; B. Third Maxilliped, lateral view. Scales: 
A = 3 mm, B = 1 mm. 
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Fig. 2. Hoplophrys oatesi Henderson, 1893. male 9.2 by 7.0 mm (NMMBCD 
4003), fresh specimen, dorsal view. 

Fig. 3. Hoplophrys oatesi Henderson, 1893. in situ photograph. 
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spines, three small spines on each side and 
the central one largest, the posterior row 
with three spines. One curved hepatic 
spine near the cervical groove. Four equal 
size spines in cardiac region. The 
intestinal region with two large tubercles 
directed obliquely backwards. Two spines 
in the branchial region, the lateral one 
more distinct and larger. A group of short 
hooked hairs on the rostrum, frontal, 
gastric and latero-branchial region, 
otherwise the surface is smooth between 
spines.

The eyestalk short, with an acute 
spine on the anterior border of cornea. 
Basal antennal segment rather slender, 
disto-external angle strongly prolong into 
an acute spine as easily to be seen from 
above.

Third maxilliped smooth; ischium 
with a longitudinal median groove; the 
disto-external angle of the merus 
produced into a round projecting lobe. 

Chelipeds slender; with three spines 
on the outer margin of the merus, the 
distal one more prolonged; carpus with 
two outer spines and one small dorsal 
spine; palm with a superiorand inferior 
basal articular tubercles at the carpal 
articulation, and a single tubercle about 
the middle of the outer margin; the finger 
smooth, the outer margin of the fixed 
finger with hairs. 

Ambulatory legs spinose superiorly, 
the spines more prominent at the distal 
end of the meri and carpi; dactyli curved, 

with spinules on the proximal half of the 
posterior margin. 

Coloration:
Carapace translucent with a red and 

white line running up the spines and 
rostrum, chelipeds and ambulatory legs 
with crossing transversely bands. 

Distribution:
Widely distributed in the Indo-West 

Pacific Ocean. At depths of 2–93 m 
(Griffin and Tranter, 1986) 

Remarks:
The specimens from Taiwan agree 

with the description by McCulloch (1908), 
but the fingers of cheliped are without any 
tooth and carpus is only with few obtuse 
spines on its upper surface. Hoplophrys
oatesi is widely distributed over the
Indo-West Pacific Ocean and is always 
associated with various species of soft 
coral from the genus Dendronephthya. It 
also camouflages itself by mimicking the 
colors of the soft coral and attaching 
polyps on the carapace (Kato & Okuno, 
2001). It was named “candy crab” due to 
its coloration and is a favorite target of 
underwater photography enthusiasts. We 
note that the existence of these crabs were 
known by the Taiwanese underwater 
photography community but no specimens 
were collected. The present paper is the 
first time to confirm its record. 
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