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Abstract
The	Ogasawara	Islands	are	a	highly	isolated	oceanic	archipelago	in	the	Pacific	Ocean	
that	possess	unique	faunal	and	floral	biodiversity	with	a	high	level	of	endemism.	As	
historically	more	focus	has	been	put	on	the	terrestrial	realm	in	examining	diversifica-
tion and evolutionary processes on oceanic islands, publicly accessible and spatially 
resolved	data	of	marine	reef	ecosystems	remain	scarce.	To	address	this	issue,	we	con-
ducted	the	first	environmental	DNA	(eDNA)	metabarcoding	surveys	of	the	actinop-
terygian	(ray-	finned)	and	elasmobranch	fishes	and	of	Scleractinia	coral	assemblages	
in	the	waters	of	the	Ogasawara	Islands.	We	detected	a	total	of	124	unique	taxa	of	
fish	and	38	unique	taxa	of	scleractinian	corals.	Overall,	our	eDNA	results	confirmed	
that	 the	Ogasawara	 Islands	 host	 a	 rich	 variety	 of	 coral	 and	 fish	 fauna	 and	 under-
line	the	strength	of	eDNA	surveys	in	rapidly	obtaining	targeted	multi-	taxa	data	using	
seawater	samples,	requiring	comparatively	little	effort	and	a	lack	of	requirement	for	
in	situ	taxonomic	expertise.	We	anticipate	that	continued	biomonitoring	using	eDNA	
with	high	sampling	effort	will	add	to	and	complement	the	body	of	knowledge	regard-
ing species distributions, invasive species, and biodiversity hotspots within oceanic 
archipelagos.
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1  |  INTRODUC TION

The	Ogasawara	 Islands,	 also	 known	as	 the	Bonin	 Islands,	 are	 an	
archipelago	 in	 the	 north-	western	 Pacific	Ocean	 located	 approx-
imately	 1000 km	 south	 of	 Tokyo	 and	mainland	 Japan	 (Figure 1).	
There	are	more	than	30	islands,	clustered	in	three	groups,	which	
form	 a	 highly	 isolated	 oceanic	 island	 ecosystem	 away	 from	 the	
path	 of	 any	 major	 current,	 formed	 by	 volcanic	 activities	 (Neall	
&	 Trewick,	 2008)	 along	 the	 Izu–Bonin–Mariana	 arc	 (Figure 1).	
The	 isolated	 islands	 host	 unique	 and	 rich	 assemblages	 of	 flora	
and	 fauna	with	high	 levels	of	endemism	 (Chiba,	1999;	 Ito,	1998; 
Nakano	et	al.,	2009;	Sugai	et	al.,	2019),	and	their	unique	environ-
ments act as natural laboratories to study evolutionary processes 
(Darwin,	 1859).	 The	Ogasawara	 Islands	were	 awarded	UNESCO	
Natural	World	Heritage	status	and	have	been	colloquially	dubbed	
the	“Galápagos	of	the	Orient”	(World	Heritage	Convention,	2018).	
Ecotourism	is	an	integral	part	of	the	economic	activities	and	mar-
keting	 of	 the	 islands,	 (Cunningham,	 2005),	 supporting	 the	 very	
small	 human	 population	 of	 approximately	 2600	 on	 Chichi	 and	
Haha	Islands.	Residents	abide	by	local	rules	and	national	and	mu-
nicipal	 laws	in	efforts	to	conserve	and	not	negatively	 impact	the	
island's	natural	environment	(Ogasawara	Rulebook,	2015).

The	nearshore	fish	assemblages	of	the	Ogasawara	Islands	have	
been	generally	well-	described	over	the	years	(Randall	et	al.,	1997),	
but spatiotemporally resolved biomonitoring data across the is-
lands	are	extremely	limited.	The	most	recent	multi-	site	report	on	
fish	included	data	from	two	separate	surveys	of	Ani-	jima	in	2012	
and	of	Chichi-	jima	in	2013.	These	surveys	resulted	in	confirmation	
of	a	total	of	321	fish	species	belonging	to	15	orders,	59	families,	
and	 169	 genera	 (Sasaki	 et	 al.,	2014).	 The	 authors	 noted	 Futami	
Bay	as	an	 important	candidate	area	 for	conservation	because	of	
concentrated	occurrences	of	 fishes	 inhabiting	 the	 inner	bay	and	
underlined	the	importance	of	also	considering	inner	bay	fishes	in	
addition	to	the	reef-	associated	and	pelagic	fishes	in	assessments	
of	 biodiversity	 (Sasaki	 et	 al.,	 2014).	 The	 levels	 of	 endemism	 of	

fishes	 and	marine	 taxa	 in	 general	 are	 thought	 to	 be	 lower	 than	
those	of	terrestrial	groups	due	to	the	nature	comparatively	fewer	
barriers	in	marine	connectivity	(Palumbi,	1994).	Among	fish,	Scarus 
obishime, Genicanthus takeuchii, Rhinogobius ogasawaraensis, and 
a Pempheris species have been reported as endemic to the is-
lands	 (Koeda	&	Motomura,	2018; Randall et al., 1997;	Randall	&	
Earle,	1993;	Suzuki	et	al.,	2011),	and	there	are	more	marine	species	
endemic	to	the	wider	region	including	the	Izu,	Daito,	and	Mariana	
Islands	(Koeda	&	Motomura,	2018;	Randall	&	Yasuda,	1979).	The	
fish	 assemblage	 consists	 of	 temperate	 species	 from	 the	 Pacific	
coast	of	mainland	Japan	and	central	Pacific.	Many	of	these	species	
are	 currently	 found	within	 Japan	 only	 in	 the	Ogasawara	 Islands	
(Kuriiwa	 et	 al.,	 2014; Murase et al., 2009;	 Senou,	 1997;	 Senou	
et al., 1995;	Tatsuta	et	al.,	2014).	Comparatively	speaking,	the	fish	
assemblage	is	more	similar	to	the	Izu	and	Pacific	Coast	of	southern	
Japan	than	to	the	Ryukyu	Islands	(Matsuura	&	Senou,	2012;	Senou	
et al., 2006).	 The	 fish	 data	 include	 some	 elasmobranch	 species,	
but	information	on	these	taxa	is	very	scarce.	Randall	et	al.	(1997)	
listed	 26	 species	 from	 six	 shark	 families	 and	 three	 ray	 families,	
and	Sasaki	et	al.	reported	two	shark	and	two	ray	species	from	four	
families	 in	 total	 (Sasaki	 et	 al.,	2014).	One	 notable	 species	 is	 the	
Carcharias taurus	 (Odontaspididae),	 the	 sand	 tiger	 shark,	 which	
is	critically	endangered	(Rigby	et	al.,	2020)	and	found	only	in	the	
Ogasawara	 Islands	within	 Japan	 and	 is	 a	 touristic	 diving	 attrac-
tion.	 A	 ray	 species	 of	 note	 is	Neotrygon kuhlii	 (Dasyatidae),	 the	
bluespotted stingray, which has been reported as being common 
in	the	archipelago	with	a	broad	range	(Randall	et	al.,	1997),	being	
recorded in multiple study sites across Ani- jima and Chichi- jima 
(Sasaki	et	al.,	2014).

The	scleractinian	coral	assemblages	of	the	Ogasawara	Islands	
have been considered important with regards to their isolated 
location,	diversity,	and	richness,	 resulting	 in	unique	relative	spe-
cies	abundances	and	distinct	genetic	populations.	The	Ogasawara	
Islands’	coral	assemblages	are	an	outlier	among	the	regional	pat-
terns	of	coral	distributions	in	Japan,	as	most	coral	communities	in	

F I G U R E  1 (a	and	b)	Location	of	the	Ogasawara	Islands	within	Japan	and	the	Pacific	Ocean,	with	insets	of	the	(c).	Chichi	Island	group	
and	(d–f).	Google	Maps	images	of	the	sampling	sites	labeled	by	circles	representing	the	200 m	radius	around	the	sampling	point.	See	the	
Figure S1	for	closer	images	of	each	sampling	site.
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Japan	are	strongly	influenced	by	the	Kuroshio	Current	that	flows	
from	 the	 Ryukyus	 northward	 along	 the	 Pacific	 coast	 of	 Japan	
(Tsuchiya	&	Omori,	2004; Veron et al., 2015),	while	the	Ogasawara	
Islands	are	removed	from	the	region	of	influence	of	the	Kuroshio	
Current	 (Figure 1).	This	 strong	oceanographic	 isolation	has	been	
implied	as	a	driver	of	the	genetic	differentiation	of	its	coral	pop-
ulations,	 giving	 rise	 to	 its	 distinct	 Scleractinia	 coral	 populations	
(Wepfer	et	al.,	2022).	When	compared	to	the	two	closest,	roughly	
equidistant	coral	ecoregions,	the	corals	of	Ogasawara	Islands	are	
more	 diverse	 (186	 species	 from	 48	 genera)	 than	 those	 of	 high-	
latitude	mainland	Japan	(115	species	from	44	genera),	but	less	di-
verse	compared	to	those	of	the	Ryukyu	Islands	(402	species	from	
73	genera),	with	which	they	share	a	common	latitudinal	range	and	
similar	 climatic	 conditions	 (Veron	 et	 al.,	 2023).	 The	 Ogasawara	
Islands	 host	 sparsely	 developed	 fringing	 and	 patch	 reefs,	 albeit	
with	coral	cover	at	some	locations	comparable	to	that	of	the	reefs	
of	 the	 Ryukyu	 Islands	 (Ministry	 of	 Environment,	 2023).	 It	 has	
been	 reported	 that	 unlike	 these	 other	 areas,	 tabulate	 and	 stag-
horn Acropora	 spp.	colonies	are	relatively	scarce,	and	only	a	 few	
Acropora	 species	 are	 among	 the	 main	 constituents	 of	 the	 coral	
reefs	 around	 Ogasawara,	 and	 instead	 Galaxea and Porites spp. 
are	more	common	(Inaba,	2003;	Tsuchiya	&	Omori,	2004).	Futami	
Bay	was	noted	as	an	exception,	hosting	large,	Acropora- dominant 
communities	(Inaba,	2003).	However,	such	past	datasets	should	be	
examined	 carefully,	 as	major	 taxonomic	 revisions	 of	 Scleractinia	
have	been	ongoing	(Kitahara	et	al.,	2016).	For	example,	the	coral	
family	Oculinidae,	which	 Inaba	 (2003)	assigned	a	majority	of	the	
coral	 cover	 to	 in	one	 site	 from	 the	 eastern	 coast,	 has	 had	many	
species	 revised	 to	 become	 members	 of	 families	 Acroporidae,	
Agariciciidae,	 Euphylliidae,	 and	 Lobophylliidae	 (WoRMS,	 2023).	
Additionally,	some	of	past	members	of	the	family	Faviidae	are	now	
classified	as	belonging	to	Merulinidae	(Fukami,	2013).

Together,	 the	 coral	 and	 fish	 assemblages	 of	 the	 Ogasawara	
Islands	are	important	biodiversity	assets	from	an	ecotourism	stand-
point	 for	 the	 local	 community	 and	 from	 a	 national	 standpoint	 of	
diversity	 in	 Japan.	However,	 as	data	on	 coral	 and	 fish	 assemblage	
structures	and	distributions	within	the	Ogasawara	Islands	informed	
by	recent	taxonomy	are	comparatively	limited,	further	surveys	and	
reporting are necessary as global and local stressors continue to 
threaten	Ogasawara's	marine	biodiversity.

Environmental	 DNA	 (eDNA)	 metabarcoding	 is	 sequencing-	
based	identification	of	biodiversity	and	is	rising	in	usage	due	to	its	
non-	invasive	and	time-	effective	approach	to	biomonitoring	(Baird	
&	Hajibabaei,	2012; Creer et al., 2016;	Porter	&	Hajibabaei,	2018).	
Here,	 we	 conducted	 the	 first	 multi-	taxa	 eDNA	 metabarcoding	
surveys	 targeting	 Actinopterygii	 and	 Elasmobranchii	 fish	 and	
Scleractinia	coral	assemblages	at	different	sites	around	the	Chichi-	
jima	 group	 in	 the	 Ogasawara	 Islands	 to	 assess	 the	 assemblage	
characteristics	and	identify	potential	biodiversity	hotspots	within	
the	islands.	Our	dataset	is	a	valuable	baseline	for	continuous,	spa-
tiotemporally	resolved	biomonitoring	efforts	to	better	understand	
and	conserve	unique	marine	ecosystems,	protect	endangered	spe-
cies,	and	inform	sustainable	management	practices	for	the	benefit	

of	both	the	environment	and	future	generations	at	local	and	global	
scales.

2  |  MATERIAL S AND METHODS

2.1  |  Sampling

Seawater	was	collected	from	nine	sampling	sites	around	Chichi-	jima	
Island	 (sites	 A–I;	 Figure 1c,d),	 over	 a	 span	 of	 5 days	 across	 23–27	
September	 2021	 (Table 1),	 all	 during	 the	 daytime.	 Sampling	 sites	
were	 chosen	 from	 a	 diverse	 set	 of	 locations	with	 different	 levels	
of	coastal	development	and	natural	environments,	with	the	aim	to	
cover	different	habitats	and	obtain	a	full	and	representative	dataset	
of	the	islands	(Figure 1, Table 1, Figure S2).	Sites	A,	E,	F,	and	G	were	
accessed	via	boat	with	seawater	sampled	from	the	deck,	while	sites	
B,	D,	H,	and	I	were	reached	by	snorkeling	from	the	beach	and	site	
C	directly	sampled	from	port	docks	(Table 1).	All	seawater	samples	
were	taken	from	the	surface	of	seawater.	For	boat	samples,	seawa-
ter	was	collected	with	a	bucket,	1.5 L	per	replicate,	with	three	repli-
cates	for	each	site,	which	were	transferred	immediately	to	a	Mighty	
Pack	(Maruemu)	and	then	sealed	and	placed	in	a	dark	cooler	with	ice	
packs	until	return	to	land.	In	the	cases	of	beach	entry	and	snorkeling,	
water	was	directly	sampled	with	Mighty	Packs.	In	between	sampling	
sites,	the	bucket	was	bleached	and	rinsed	with	water	and	then	rinsed	
again	with	seawater	at	the	next	sampling	site.	Water	samples,	field	
blanks	(=1 L	of	ultrapure	water	processed	on	site	as	above),	and	filter	
blanks	(=1 L	of	ultrapure	water	processed	at	filtering)	were	filtered	
within	 4 h	 after	 sampling	 at	 the	 end	 of	 each	 respective	 sampling	
day.	Water	was	filtered	through	a	Sterivex	cartridge	filter	(pore	size	
0.45 μm;	Merck	Millipore)	generally	following	the	protocol	of	Miya	
et	al.	(2020)	with	modifications	to	allow	for	multiple	samples	to	be	
processed	at	the	same	time.	Filters	were	then	filled	with	2 mL	99%	
RNALater	with	a	disposable	syringe	and	stored	at	−80°C	until	eDNA	
extraction.

2.2  |  eDNA extraction and metabarcoding

eDNA	 was	 extracted	 from	 the	 Sterivex	 filters	 with	 the	 Qiagen	
DNeasy	Blood	and	Tissue	kit.	Two	milliliters	of	the	lysis	buffer	were	
injected	into	the	Sterivex	filters	from	their	outlets	and	incubated	at	
56°C	for	1 h	(Wong	et	al.,	2020).	The	lysate	was	extracted	in	15-	mL	
Falcon	 tubes	by	 centrifuging	 at	2500 g	 for	10 min.	One milliliter	 of	
99%	ethanol	was	added	to	the	lysates,	and	the	lysate–ethanol	mix-
ture	was	transferred	to	the	spin	columns	(from	the	Blood	&	Tissue	
kit)	 attached	 to	 the	QIAvac	manifold	 via	 adapters.	Washing	 steps	
were	performed	on	the	spin	columns	with	800 μL	of	AW1	and	AW2	
with	a	subsequent	dry	spin	at	17,000 g	for	2 min.	Finally,	the	eluates	
were	collected	 in	150 μL	of	TE	buffer	by	centrifuging	the	spin	col-
umns	in	their	collection	tubes	at	6000 g	for	1 min.	Separate	aliquots	
of	each	 sample	were	 taken	and	processed	 in	parallel	 for	metabar-
coding	for	fish	and	scleractinian	corals	with	different	PCR	protocols.
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Fish	 amplicons	 were	 generated	 with	 primers	 from	 Miya	 et	 al.	
(2020)	 (Table 2),	 with	 eight	 PCR	 replicates	 per	 sample	 (Minamoto	
et al., 2021).	Each	reaction	replicate	consisted	of	2 μL	of	 the	eDNA	
sample	and	10 μL	of	master	mix	(6.0 μL	KAPA	HiFi,	1.2 μL	Milli-	Q	Direct	
UltraPure	Water,	and	2.8 μL	of	the	primer	mixture	with	a	1:2:1	ratio	
of	MiFish-	E-	F/R-	v2,	MiFish-	U-	F/R,	and	MiFish-	U2-	F/R,	respectively).	
Thermocycler	conditions	also	followed	the	suggestions	of	Minamoto	
et	 al.	 (2021),	 set	 as	 initial	 denaturation	 at	 95°C	 for	3 min,	 38 cycles	
of	 (1)	 denaturation	 at	 98°C	 for	 20 s,	 (2)	 annealing	 at	 65°C	 for	 15 s	
35 cycles,	and	(3)	extension	at	72°C	for	15 s,	finally	followed	by	final	
extension	at	72°C	 for	5 min.	The	eight	PCR	 replicates	were	pooled	
together	and	then	purified	and	concentrated	with	the	GeneRead	Size	
Selection	Kit	 to	 remove	primer	and	adapter	dimers.	Products	were	
then	quantified	with	TapeStation	2200,	and	TruSeq	DNA	CD	Indexes	
96	Indexes	were	used	to	index	the	pooled	sample	PCR	products	with	
second	 PCR.	Metabarcoding	 for	 Scleractinia	 corals	 using	 the	 same	
eDNA	samples	was	performed	as	described	by	Shinzato	et	al.	(2021)	
and	Nishitsuji	et	al.	(2023)	with	their	Scle-	12S	primers	(Table 2).

Scleractinian	coral	amplicons	were	generated	with	Tks	GflexTM	
DNA	Polymerase	(Takara).	Thermocycler	conditions	were	set	as	1 min	
at	94°C,	followed	by	35 cycles	of	10 s	at	94°C,	15 s	at	60°C,	and	30 s	at	
68°C,	with	an	extension	of	5 min	at	68°C	in	the	final	cycle.	PCR	prod-
ucts	were	extracted	and	cleaned	with	a	FastGene	Gel/PCR	Extraction	
Kit	 (NIPPON	 Genetics).	 Amplicon	 sequencing	 libraries	 of	 cleaned	
PCR	products	were	prepared	using	a	KAPA	Hyper	Prep	Kit	(NIPPON	
Genetics	Co.,	 Ltd.)	without	 fragmentation.	 Sequencing	of	 both	 fish	
and	coral	sample	sets	was	performed	on	MiSeq	with	a	MiSeq	v3	600	
cycle	 cartridge,	 at	 paired-	end	 sequencing	 at	 2 × 150	 bp	 for	MiFish	
products,	and	2 × 300	bp	for	Scle-	12S	products	on	separate	runs.

2.3  |  Data processing and analyses

Reads	 were	 quality-	filtered,	 and	 primers	 were	 trimmed	 using	
CutAdapt	(Martin,	2011).	DADA2	(ver.	1.24.0)	(Callahan	et	al.,	2016)	
in	 RStudio	 (RStudio	 Team,	 2020)	 using	 R	 (ver.	 4.2.2)	 (R	 Core	
Team,	 2022)	 was	 used	 to	 merge,	 denoise,	 and	 remove	 chimeras	
from	the	reads	 to	generate	one	Amplicon	Sequence	Variant	 (ASV)	
table	for	each	dataset.	BLAST	(Altschul	et	al.,	1990)	search	of	fish	
ASVs	was	performed	against	a	custom	database	constructed	from	
MitoFish	sequences	 (Sato	et	al.,	2018)	with	 ‘blastn’	command.	The	
most	reliable	taxa	classification	was	chosen	with	the	Last	Common	
Ancestor	 (LCA)	script	 (Mousavi-	Derazmahalleh	et	al.,	2021).	These	
classifications	were	then	searched	for	and	converted	to	the	World	
Register	of	Marine	Species	(WoRMS)	(Ahyong	et	al.,	2023)	classifica-
tions	using	the	worrms	(ver.	0.4.2)	and	obistools	(ver.	0.0.10)	libraries	
in	R	(Chamberlain	&	Vanhoorne,	2023;	Provoost	&	Bosch,	2023).

Scleractinia	coral	data	were	processed	as	described	by	Shinzato	
et	al.	(2021)	and	Nishitsuji	et	al.	(2023).	Briefly,	after	removal	of	low-	
quality	bases	(Phred	quality	score	less	than	20)	and	Illumina	sequenc-
ing	adapters,	 the	remaining	sequences	were	merged	using	USERCH	
(ver.	 11.0.667).	 Then,	 de-	noised	 (error-	corrected)	 operational	 taxo-
nomic	 units,	 called	 ZOTUs	 (zero-	radius	 operation	 taxonomic	 units),	TA

B
LE

 1
 
Sa
m
pl
in
g	
si
te
	c
od
es
	a
nd
	th
ei
r	n
am
es
,	d
es
cr
ip
tio
n,
	d
is
ta
nc
e	
fr
om
	th
e	
sh
or
e	
of
	th
e	
sa
m
pl
in
g	
po
in
t,	
co
de
	fo
r	s
ite
	c
ha
ra
ct
er
is
tic
s,
	c
oo
rd
in
at
es
,	a
nd
	s
am
pl
in
g	
da
te
s.

Sa
m

pl
e 

co
de

N
am

e
D

es
cr

ip
tio

n
D

is
ta

nc
e 

fr
om

 
th

e 
sh

or
e

Co
de

 fo
r s

ite
 c

ha
ra

ct
er

is
tic

s
La

tit
ud

e
Lo

ng
itu

de
Sa

m
pl

in
g 

da
te

A
H
ea
rt
	R
oc
k

Sh
ee
r	c
lif
f

25
N
ea
rs
ho
re
	–
	ro
ck
y	
cl
iff

27
.0
43
78
8

14
2.

20
59

56
23
-	S
ep
-	2
1

B
O
om
ur
a	
Se
a	
W
al
l

Sh
al
lo
w
	w
at
er
	w
ith
	c
on
cr
et
e	
se
a	
w
al
l	r
ea
ch
ed
	

fr
om
	th
e	
sa
nd
y	
be
ac
h,
	s
itu
at
ed
	in
	F
ut
am
i	B
ay

20
N
ea
rs
ho
re
	–
	s
an
dy
	b
ea
ch

27
.0

93
10

3
14

2.
19

50
97

24
-	S
ep
-	2
1

C
Fu
ta
m
i	P
or
t

In
si
de
	th
e	
po
rt
	o
n	
th
e	
m
os
t	c
oa
st
al
ly
	d
ev
el
op
ed
	

ar
ea
	o
f	C
hi
ch
i	I
sl
an
d,
	s
itu
at
ed
	in
	F
ut
am
i	B
ay

0
N
ea
rs
ho
re
	–
	p
or
t

27
.0
97
84
4

14
2.
20
15
86

24
-	S
ep
-	2
1

D
M

ar
in

e 
C

en
te

r
Ro
ck
y	
be
ac
h	
si
tu
at
ed
	in
	F
ut
am
i	B
ay

7
N
ea
rs
ho
re
	–
	s
an
dy
	b
ea
ch

27
.0

93
40

6
14

2.
20

37
49

24
-	S
ep
-	2
1

E
O
to
to
	Is
la
nd

Sh
ee
r	c
lif
f

30
0

O
ff
sh
or
e

27
.1
83
36
1

14
2.
18
49
17

24
-	S
ep
-	2
1

F
H
ito
ts
u	
Ro
ck

Sh
ee
r	c
lif
f	w
ith
	ro
ck
	fo
rm
at
io
ns

97
5

O
ff
sh
or
e

27
.0

54
25

2
14

2.
17

63
06

25
-	S
ep
-	2
1

G
Fu
ta
m
i	B
ay

A
t	t
he
	o
pe
n	
m
ou
th
	o
f	F
ut
am
i	B
ay

63
0

O
ff
sh
or
e

27
.0
81
28
9

14
2.
18
72
41

26
-	S
ep
-	2
1

H
Ko
pe
pe
	B
ea
ch

Sh
al
lo
w
	w
at
er
,	r
ea
ch
ed
	fr
om
	s
an
dy
	b
ea
ch

10
N
ea
rs
ho
re
	–
	s
an
dy
	b
ea
ch

27
.0

64
5

14
2.
19
31
48

27
-	S
ep
-	2
1

I
M
iy
an
oh
am
a	
Be
ac
h

Sh
al
lo
w
	w
at
er
,	r
ea
ch
ed
	fr
om
	s
an
dy
	b
ea
ch

10
N

ea
rs

ho
re

-  s
an

dy
 b

ea
ch

27
.1

03
60

5
14

2.
19

43
52

27
-	S
ep
-	2
1

 26374943, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edn3.509 by E

V
ID

E
N

C
E

 A
ID

 - B
E

L
G

IU
M

, W
iley O

nline L
ibrary on [29/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  5 of 14AÇIKBAŞ et al.

were	 prepared	 for	 each	 sample.	 ZOTU	 sequences	 from	 all	 samples	
were	 concatenated	 and	 clustered	 using	 CD-	HIT-	EST	 (ver.	 4.6)	 with	
100%	nucleotide	 identity.	Clustered,	unique	ZOTU	sequences	were	
used	for	the	database	for	mapping.	Merged	sequences	from	each	sam-
ple	were	mapped	to	the	clustered	ZOTUs,	and	the	numbers	of	mapped	
sequences	for	each	ZOTU	were	counted	using	USERCH	‘otutab’	com-
mand	with	99%	identity	(-	id.0.99).	ZOTUs	originating	from	Scleractinia	
corals	 were	 identified	 based	 on	 criteria	 described	 in	 Shinzato	
et	al.	(2021).	After	selecting	scleractinian	ZOTUs,	mapped	reads	from	
the	same	genera	were	combined.	Scleractinia	taxa	with	best	matches	
to	 classifications	 that	 are	 strictly	 Atlantic	 were	 annotated	 as	 hav-
ing	a	high	affinity	 for	 these	 taxa	 (e.g.,	 “Scleractinia	aff.	Meandrina”).	
Next,	respective	tables	of	ASV	with	their	WoRMS	classification	data	
and	 read	abundance	across	 the	samples	were	obtained	 for	 fish	and	
Scleractinia	corals.	Multiple	ASVs	matched	to	the	same	classifications	
were	combined	under	a	representative	ASV	with	the	‘taxa_glom’	func-
tion	of	the	phyloseq	library	(McMurdie	&	Holmes,	2013).	Sunburst	di-
agrams	were	created	with	Krona	tools	(Ondov	et	al.,	2011)	and	edited	
in	Adobe	Illustrator	for	visual	clarity.

All	subsequent	analyses	and	visualizations	including	read	abun-
dance	and	presence–absence	heatmaps	and	richness	bar	plots	were	
generated	with	R	in	RStudio	(RStudio	Team,	2020).	Read	abundances	
were	normalized	with	cumulative-	sum	scaling	(CSS)	using	the	metag-
enomeSeq	 library,	 and	 heatmaps	 were	 generated	 and	 annotated	
with	the	ComplexHeatmap	package	(version	2.12.1	(Gu,	2022))	using	
the	Ward	D	clustering	method	to	find	and	compare	groups	of	eDNA	
replicates	and	samples	with	high	affinity.	Finally,	we	discuss	the	po-
tential	causes	for	the	differences	in	the	variability	of	the	replicates	
between	coral	and	fish	datasets.

3  |  RESULTS AND DISCUSSION

We	detected	38	Scleractinia	coral	and	124	fish	taxa.	While	most	fish	
ASV	 classifications	were	 to	 species	 level,	 some	were	 identified	 at	
genus	or	 family	 levels	 (Table S1)	due	to	 the	delineation	 limitations	
of	the	primers	and	database	incompleteness.	Almost	all	Scleractinia	
corals	 were	 identified	 at	 the	 genus	 level,	 with	 a	 single	 family-	
level	 identification	 (Table S2).	 Overall	 makeup	 of	 the	 taxonomic	

identifications	can	be	seen	in	the	Supplementary	Figure	(Figure S1).	
We	were	able	to	describe	the	most	frequent	and	potentially	abun-
dant	 taxa	 and	observed	potentially	 novel	 detections	 in	 the	 eDNA	
datasets	both	for	coral	and	fish.	Through	hierarchical	clustering	with	
the	Ward-	D	method,	we	confirmed	that	the	Chichi-	jima	Island	group	
hosts	a	variety	of	distinct	coral	habitats	with	an	even	richer	overall	
fish	 biodiversity	 that	 our	 sampling	 effort	 could	 not	 cover,	 further	
confirming	the	importance	of	this	oceanic	island	region	as	a	marine	
biodiversity	asset	and	the	need	for	spatially	resolved	biomonitoring	
to ensure its protection.

For	 Scleractinia	 coral	 taxa,	 the	 seven	 genera	 Acropora, 
Astreopora, Dipsastraea, Montipora, Platygyra, Plesiastrea, and 
Pocillopora were detected at all sampling sites, pointing to their 
higher abundance and overall prevalence across the archipelago 
(Figure 2a).	This	disagrees	with	 the	previous	 reports	 that	gener-
alized	the	coral	assemblage	characteristics	of	Ogasawara	 Islands	
as Acropora spp. being minor constituents and Galaxea and Porites 
spp.	 being	more	 common	 constituents	 (Inaba,	2003;	 Tsuchiya	&	
Omori,	2004).	However,	the	highest	read	abundances	of	Acropora 
were	detected	from	sites	C	and	D	(Futami	Port	and	Marine	Center),	
which	agrees	with	the	previous	report	of	Acropora- dominated as-
semblages	found	along	the	coast	of	Futami	Bay.	Though	Galaxea 
reads	were	found	 in	all	sites	except	for	A,	C,	and	E	 (Heart	Rock,	
Kopepe	Beach	and	Miyanohama	Beach),	assigned	reads	were	not	
in particularly higher abundance compared to Acropora and other 
more	 prevalent	 genera	 (Figure 2).	 Porites was detected in sites 
A,	H,	and	I	(Heart	Rock,	Kopepe	Beach,	and	Miyanohama	Beach)	
at	roughly	equal	 levels	of	abundance	with	Acropora	and	in	site	D	
(Marine	Center)	at	very	 low	abundance.	 It	 is	 important	 to	 reem-
phasize	that	the	past	data	were	obtained	with	visual	censuses	only	
at	the	family	 level	and	were	based	on	taxonomy	that	was	subse-
quently	revised,	making	it	difficult	to	interpret	and	directly	com-
pare past and present datasets. Nevertheless, our data underline 
that Acropora	 constituents	of	Ogasawara	coral	assemblages	may	
have	been	underestimated	in	the	past,	due	to	either	taxonomic	re-
visions or recent increases in Acropora	in	the	archipelago.	Ideally,	
the	acquisition	of	new	visual	data	and	comparisons	with	our	eDNA	
dataset	 and	 past	 visual	 datasets	 should	 help	 further	 clarify	 the	
situation.

TA B L E  2 Primer	names	and	their	sequences.

Primer name Primer sequence (5′- 3′) Length

MiFish-	E-	F-	v2 FW 5′-	ACACT	CTT	TCC	CTA	CAC	GAC	GCT	CTT	CCG	ATC	TNN	NNN	NRG	TTG	GTA	AATCTCGTGCCAGC-	3′ 61 bp

REV 5′-	GTGAC	TGG	AGT	TCA	GAC	GTG	TGC	TCT	TCC	GAT	CTN	NNN	NNG	CAT	AGT	GGG	GTATCTAATCC	
TAGTTTG-	3′

68	bp

MiFish-	U FW 5′-	ACACT	CTT	TCC	CTA	CAC	GAC	GCT	CTT	CCG	ATC	TNN	NNN	NGT	CGG	TAAAACTCGTGCCAGC-	3′ 60 bp

REV 5′-	GTGAC	TGG	AGT	TCA	GAC	GTG	TGC	TCT	TCC	GAT	CTN	NNN	NNC	ATA	GTG	GGG	TATCTAATCCCAGTTTG-	3′ 67 bp

MiFish-	U2 FW 5′-	ACACT	CTT	TCC	CTA	CAC	GAC	GCT	CTT	CCG	ATC	TNN	NNN	NGC	CGG	TAAAACTCGTGCCAGC-	3′ 60 bp

REV 5′-	GTGAC	TGG	AGT	TCA	GAC	GTG	TGC	TCT	TCC	GAT	CTN	NNN	NNC	ATA	GGA	GGG	
TGTCTAATCCCCGTTTG-	3′

67 bp

Scle-	12S FW 5′-	CCAGC	MGA	CGC	GGT	RAN	ACTTA-	3′ 22 bp

REV 5′-	AAWTT	GAC	GAC	GGC	CATGC-	3′ 19 bp
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F I G U R E  2 (a)	Coral	and	(b)	Fish	
datasets'	heatmaps	of	cumulative	sum	
scale	(CSS)	normalized	read	abundance	
of	taxa	(rows)	across	merged	sample	
replicates	(columns),	and	(c)	the	sampling	
sites	and	the	codes	for	their	site	
characteristics as described in Table 1. 
Taxa	are	ordered	based	on	detection	
frequency	from	least	detected	(top)	to	
most	detected	(bottom).	Columns	of	the	
heatmap are clustered to show sampling 
site	affinities.	Bar	plots	show	the	richness	
of	detected	taxa	at	each	sampling	site.	
The	top	of	the	columns	of	the	read	
abundance heatmap are annotated with 
colors	coding	for	site	characteristics	of	
sampling	sites.	The	right	side	of	each	
row	is	annotated	with	colors	coding	for	
the	taxonomic	rank	of	the	classification,	
namely,	species,	genus,	or	family,	as	
generated	by	the	pipeline.	Taxa	names	
are	bolded	for	those	detected	in	all	of	the	
sites.	Additional	font	colors	reflect	novelty	
of	records;	green	for	those	with	no	prior	
records	from	Ogasawara,	orange	for	
species considered to be endemic to other 
localities,	and	blue	for	potential	seasonal	
vagrants or matches to close relatives. 
Pink	represents	Elasmobranch	taxa	to	
distinguish	them	from	Actinopterygii	taxa.

Normalized read abundance
of the fish taxa

Thalassoma
Spratelloides gracilis
Planiliza macrolepis
Engraulis japonicus
Chrysiptera
Amphiprion
Kyphosus
Eleotris
Acanthurus
Taractichthys steindachneri
Plectorhinchus gibbosus
Xiphias gladius
Parupeneus ciliatus
Girella mezina
Abudefduf sordidus
Crenimugil
Amphiprion clarkii
Scarus ghobban
Thunnus
Lutjanus fulviflamma
Chaetodon auriga
Siganus argenteus
Eviota guttata
Sparidae
Parupeneus
Exocoetidae
Epinephelus morrhua
Abudefduf
Thalassoma hardwicke
Pterocaesio tile
Encrasicholina punctifer
Mugil cephalus
Plectroglyphidodon altus
Mulloidichthys flavolineatus
Herklotsichthys quadrimaculatus
Acanthurus triostegus
Decapterus macarellus
Plectroglyphidodon dickii
Aulostomus chinensis
Neotrygon kuhlii
Acanthurus nigrofuscus
Thalassoma amblycephalum
Lethrinus nebulosus
Lutjanus bohar
Atherinomorus insularum
Acanthurus leucopareius
Cirripectes imitator
Hemiramphus convexus
Neocirrhites armatus
Gomphosus varius
Neoniphon sammara
Variola louti
Abudefduf vaigiensis
Pomacentrus taeniometopon
Microcanthus strigatus
Priacanthidae
Chrysiptera cyanea
Rhinecanthus verrucosus
Epinephelus
Fistularia commersonii
Eviota
Callogobius maculipinnis
Pseudochromis marshallensis
Gobiopsis arenaria
Ctenochaetus striatus
Abudefduf septemfasciatus
Acanthurus olivaceus
Novaculops woodi
Prognichthys sealei
Enneapterygius miyakensis
Enneapterygius
Thalassoma trilobatum
Macropharyngodon meleagris
Thalassoma quinquevittatum
Entomacrodus caudofasciatus
Priacanthus zaiserae
Pangasiidae
Chromis yamakawai
Etelis coruscans
Taeniamia
Pomacentrus
Carcharhinus
Pristipomoides
Epinephelus hexagonatus
Istigobius campbelli
Gerres
Cercamia eremia
Prionace glauca
Aluterus scriptus
Taeniurops meyeni
Pomacentrus nagasakiensis
Zanclus cornutus
Euthynnus affinis
Enchelyurus kraussii
Gymnothorax
Exallias brevis
Amphiprion polymnus
Ostorhinchus holotaenia
Scarus schlegeli
Gymnothorax niphostigmus
Atherion elymus
Parapristipoma trilineatum
Plectroglyphidodon johnstonianus
Cantherhines dumerilii
Gobiodon reticulatus
Rhabdamia spilota
Plectorhinchus picus
Gobio gobio
Siganus woodlandi
Mimoblennius atrocinctus
Oxyporhamphus micropterus
Labridae
Gadus chalcogrammus
Pycnochromis vanderbilti
Phosichthyidae
Mulloidichthys
Acanthurus lineatus
Epinephelus merra
Enchelycore pardalis
Stethojulis interrupta
Cheilodipterus quinquelineatus
Tylosurus
Plotosus japonicus
Norfolkia thomasi
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Normalized read abundance
of the coral taxa

Acropora
Astreopora
Dipsastraea
Montipora
Platygyra
Plesiastrea
Pocillopora
Herpolitha
Isopora
Goniastrea
Catalaphyllia
Hydnophora
Lobophyllia
Pectinia
Fimbriaphyllia
Favites
Anthemiphyllia
Scleractinia aff. Orbicella
Heliofungia
Alveopora
Favia
Acanthastrea
Galaxea
Fungia
Micromussa
Turbinaria
Echinophyllia
Oulastrea
Pavona
Porites
Lobophylliidae
Scleractinia aff. Mycetophyllia
Psammocora
Scleractinia aff. Meandrina
Polyphyllia
Goniopora
Crispatotrochus
Pachyseris
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Heatmap legend
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Sampling sites

A
B
C
D
E
F
G
H
I

Heart Rock

Oomura Sea Wall

Futami Port

Marine Center

Ototo Island

Hitotsu Rock

Futami Bay

Kopepe Beach

Miyanohama Beach

Site characteristics
Nearshore - rocky cliff
Nearshore - sandy beach
Nearshore - port
Offshore

Sampling site characteristics and locations(c)

(a) (b)
Cluster 1
Cluster 2

Cluster 3
Cluster 4
Cluster 5
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There	were	detections	of	coral	genera	with	ranges	that	do	not	in-
clude	the	Ogasawara	Islands.	These	include	Mycetophyllia, Meandrina, 
and Orbicella, genera endemic to other distant ecoregions in the 
Atlantic,	specifically	the	Caribbean	Sea	and	the	Gulf	of	Mexico,	and	
these	were	annotated	 in	our	dataset	 as	 “aff.”	 (=affinis)	 to	 indicate	
some	uncertainty	in	our	identification.	Scleractinia	aff.	Mycetophyllia 
was	detected	at	sites	B,	H,	and	I	(Oomura	Sea	Wall,	Kopepe	Beach,	
and	Miyanohama	Beach),	and	Scleractinia	aff.	Meandrina	in	all	of	the	
site	B	replicates	(Oomura	Sea	Wall)	and	a	replicate	from	site	A	(Heart	
Rock),	 and	 Scleractinia	 aff.	Orbicella	 from	 all	 sites	 except	C	 and	E	
(Futami	Port	and	Ototo	 Island).	Such	 identifications	are	very	 likely	
attributable	to	the	limitations	of	incomplete	scleractinian	databases	
where	absence	of	exact	barcodes	led	to	results	including	the	closest	
available	relative	in	the	database,	underlining	the	need	for	continued	
barcode	 collection	 efforts	 and	manual	 checks	 of	 pipeline	 outputs	
based	on	geographical	information	and	taxonomic	knowledge.

Our	coral	eDNA	dataset	also	 included	potentially	novel	detec-
tions	 of	 Catalaphyllia, Herpolitha, and Polyphyllia	 (Figure 2, green 
taxa).	We	detected	the	monotypic	genus	Catalaphyllia	from	all	sam-
pling	 sites	 except	 C	 (Futami	 Port).	 Catalaphyllia jardinei is a small 
stony	 coral	 that	 prefers	 sandy	 areas	 of	 shallow	 reefs	 exposed	 to	
strong	currents,	 and	 it	 is	 a	 species	overexploited	by	 the	aquarium	
trade	for	its	unique	and	colorful	anemone-	like	appearance,	leading	
to	it	being	listed	as	vulnerable	on	the	IUCN	Red	List	(IUCN Red List of 
Threatened Species, 2008).	Catalaphyllia jardinei was previously con-
sidered	 to	have	a	discontinuous	distribution	 in	 Japan	and	 thought	
to	 not	 be	 present	 in	 the	 Ryukyus	 (Nishihara	 &	 Veron,	 1995)	 but	
was	 recently	 recorded	 in	 the	 region	 (Fujii	et	al.,	2020).	The	recent	
discovery	in	the	Ryukyus	was	attributed	to	the	insufficiency	of	en-
vironmental	 surveys,	 as	well	 as	 the	 species'	preference	 for	 turbid,	
sheltered,	 and	upper	mesophotic	environments	 (Fujii	 et	 al.,	2020).	
These	 recent	past	 findings	give	credence	 to	our	new	detection	of	
this	species	in	the	Ogasawara	Islands.	Based	on	this,	we	believe	our	
detection	of	Catalaphyllia	in	our	eDNA	samples	represents	a	reliable	
first	record	of	C. jardinei	from	the	Ogasawara	Islands.	Additionally,	
we	detected	two	Fungiidae	mushroom	coral	genera,	Herpolitha and 
Polyphyllia,	outside	of	their	recorded	range.	Herpolitha was detected 
from	all	sampling	sites	except	site	F	(Hitotsu	Rock)	and	until	now	has	
been	known	from	the	Ryukyus	and	the	Marianas	but	not	from	the	
Ogasawara	Islands.	Polyphyllia	was	only	detected	at	sites	G	(Futami	
Bay)	 and	F	 (Hitotsu	Rock)	 sites,	 and	P. talpina has previously been 
recorded	from	the	Ryukyus	and	the	Marianas	but	until	now	not	from	
Ogasawara,	while	P. novaehiberniae	is	restricted	to	the	South	Pacific	
Ocean.	The	widespread	distribution	of	 the	 family	Fungiidae	 in	 the	
Pacific	 including	the	neighboring	Marianas	and	the	ubiquity	of	de-
tection throughout our sampling sites suggest true positive detec-
tion,	and	therefore	we	believe	these	represent	two	more	new	coral	
genera	records	of	the	Ogasawara	Islands.	These	eDNA	records	re-
main	to	be	confirmed	by	visual	surveys.	Such	detections	contribute	
baseline	data	and	lines	of	evidence	to	reliably	assess	the	large-	scale	
spatial	assemblage	patterns	of	scleractinian	corals	across	the	Pacific	
and	should	help	strengthen	our	understanding	of	the	role(s)	of	the	
oceanic	islands	as	sources	of	coral	and	other	pelagic	larvae.	Overall,	

these	findings	will	help	better	understand	marine	connectivity	of	the	
Pacific.	 In	a	broader	context,	these	discoveries	underscore	the	im-
portance	of	integrating	eDNA	into	ecological	research	and	conser-
vation practices to address the challenges posed by human activities 
to biodiversity and ecosystem health such as coastal development 
and	aquarium	trade	and	safeguard	coral	diversity	and	resilience.

Similarly,	 for	fish,	 there	were	a	range	of	read	abundance	values	
and	detection	frequencies	across	the	sampling	sites,	from	detection	
in	a	single	sample	replicate	to	detection	of	some	species	in	all	sampling	
sites.	The	most	abundant	and	 frequently	detected	 taxa	 (Figure 2b)	
were	primarily	reef-	associated	(Thalassoma, Chrysiptera, Amphiprion, 
Kyphosus, Parupeneus ciliatus, Plectorhinchus gibbosus, Abudefduf sordi-
dus, Acanthurus, Girella mezina, Scarus ghobban, and Amphiprion clarkii)	
and	pelagic,	 oceanodromous	 taxa	 (Spratelloides gracilis, Engraulis ja-
ponicus, Xiphias gladius, and Taractichthys steindachneri),	 reflecting	a	
combination	of	oceanic	properties	and	coral	reefs	that	is	characteris-
tic	of	the	Ogasawara	Islands.	A	few	freshwater	or	estuarine	taxa	were	
also prevalent such as Eleotris	(family:	Eleotridae,	order:	Gobiiformes),	
which	are	often	the	major	predators	of	stream	systems	on	oceanic	
islands	and	have	a	marine	planktonic	larval	stage	and	Planiliza macro-
lepis.	As	a	whole,	the	detected	fish	taxa	consisted	of	reef-	associated	
(77.8%),	pelagic	(pelagic-	neritic	4.6%,	pelagic-	oceanic	4.6%),	bentho-
pelagic	(6.5%),	and	demersal	(6.5%)	species.

The	 detected	 fish	 assemblage	 consisted	 of	 fishes	 with	 distri-
butions	 in	 the	 Indo-	Pacific.	 However,	while	most	were	 confirmed	
to	 have	 been	 reported	 from	 the	 Ogasawara	 Islands	 in	 the	 past	
(GBIF.Org	User,	2023;	Hidenori,	2002; Randall et al., 1997;	 Sasaki	
et al., 2014),	there	were	a	few	species	that	have	not	been	previously	
recorded	from	the	islands,	making	our	detections	potential	novel	re-
cords.	The	probable	explanations	for	these	detections	include	gaps	
in	the	distribution	data,	seasonal	vagrancy,	and	 intraspecific	varia-
tion	 in	 the	DNA	barcode	 region,	 leading	 to	 the	ASV	 inadvertently	
matching	 to	 close	 relatives,	 all	 of	which	have	 implications	 for	me-
tabarcoding	efforts	in	understudied	habitats.

Some	detections	are	possible	additions	to	distribution	data	of	
widespread,	 oceanodromous	 or	 catadromous	 species	 (Figure 2, 
green	 taxa).	Spratelloides gracilis	 (silver-	stripe	 round	herring)	 and	
Planiliza macrolepis	 (largescale	 mullet)	 were	 both	 detected	 in	
all	 of	 the	 sites	 and	 have	 widespread	 distributions	 across	 main-
land	 Japan,	with	 the	nearest	 records	being	 from	 the	 Izu	 Islands.	
Oxyporhamphus micropterus	 (bigwing	 halfbeak)	 was	 detected	 at	
site	 F	 (Hitotsu	 Rock).	 This	 species	 is	 a	 pelagic	 and	 oceanodro-
mous	species	that	has	been	recorded	in	Iwo	Jima	(GBIF	Backbone	
Taxonomy,	2023b),	 part	 of	 the	Ogasawara	 Archipelago	 approxi-
mately	260 km	south	 from	our	 site.	Encrasicholina punctifer	 (buc-
caneer	 anchovy),	 detected	 in	 sites	 C,	 D,	 H,	 and	 I	 (Futami	 Port,	
Marine	Center,	Kopepe	Beach,	Miyanohama	Beach),	 is	 likewise	a	
widespread	 oceanodromous	 species	 in	 the	 Indo-	Pacific	 and	 can	
occur	at	distances	of	over	1000 km	away	from	land.	The	nearest	
record	 of	 E. punctifer	 is	 from	 Agrihan	 in	 the	 Northern	 Mariana	
Islands	 (GBIF	 Backbone	 Taxonomy,	 2023a, 2023b, 2023c),	 less	
than	200 km	away.	These	detections	add	to	the	growing	body	of	
knowledge	of	the	distribution	ranges	of	these	species.
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Some	detections	call	into	question	previous	reports	of	endemic-
ity	(Figure 2,	orange	taxa).	Atherinomorus insularum	(Hawaiian	silver-
side)	was	detected	in	sites	A	and	F	(Heart	Rock	and	Hitotsu	Rock),	but	
as	its	name	suggests,	it	is	considered	endemic	to	Hawaii,	where	it	is	
commonly	found	schooling	near	the	surface	in	tidepools	and	coastal	
waters.	However,	the	genus	Atherinomorus has a complicated history 
of	taxonomic	revisions	that	 include	additions	and	synonymizations	
on	the	basis	of	high	intra-		and	inter-	specific	morphological	variability	
of	the	proposed	species	(Ivantsoff	&	Crowley,	1991),	and	a	proposed	
subspecies	(= Pranesus insularum, currently accepted as synonymous 
to A. insularum)	has	been	reported	from	Saipan,	Northern	Mariana	
Islands.	 Our	 detection,	 which	 was	 a	 100%	match	 to	 the	 barcode	
of	A. insularum,	 implies	 that	 at	 least	 a	 close	 relative	 from	 this	 po-
tential	 species	 complex	 is	 found	 in	 the	Ogasawara	 Islands,	 which	
is	not	 improbable	considering	 the	 relative	proximity	of	 the	 islands	
and	the	reported	fish	assemblage	similarities	and	connectivity	with	
the	 Mariana	 Islands.	 Similarly,	 Novaculops woodi	 (Hawaiian	 sandy	
or	 Wood's	 wrasse)	 is	 considered	 endemic	 to	 Hawaii	 (Yeeting	 &	
Russell, 2010)	and	yet	has	previously	been	detected	in	other	local-
ities	within	Japan	(Motomura,	2023)	and	now	by	our	eDNA	survey,	
at	 site	A	 (Heart	Rock).	 Interestingly,	a	previous	 record	of	N. woodi 
from	Ogasawara	Islands	was	retracted	on	the	basis	of	misidentifica-
tion	(Froese	&	Pauly,	2023).	Another	similar	detection	is	of	Siganus 
woodlandi	(family:	Siganidae),	considered	by	some	sources	to	be	en-
demic	to	New	Caledonia	(Carpenter	&	Smith-	Vaniz,	2016).	However,	
very	similar	specimens	have	been	documented	and	described	from	
mainland	 Japan	 (Randall	 &	 Kulbicki,	 2005),	 and	 the	 GBIF	 repos-
itory	 currently	 recognizes	 these	 Japanese	 records	 under	 this	 spe-
cies	 (GBIF	 Backbone	 Taxonomy,	 2023a, 2023b, 2023c).	 Finally,	
Enneapterygius miyakensis	 (Izu	 Islands	 triplefin)	was	 detected	 from	
site	A	 (Heart	 Rock)	 but	 has	 previously	 been	 reported	with	 appar-
ent	endemicity	to	the	Izu	Islands	where	it	has	common	occurrence	
in	the	tidepools	(Fricke,	1987).	This	species	was	reported	from	the	
Ogasawara	Islands	by	Randall	et	al.	(1997),	implying	that	either	this	
species	or	a	close	congener	is	found	in	the	Ogasawara	Islands.	These	
detections	add	to	our	knowledge	of	marine	connectivity	of	Pacific	
Ocean	oceanic	islands	and	the	coasts	of	mainland	Japan.	Initially	re-
ported	levels	of	endemism	are	subject	to	change	as	our	knowledge	
of	fishes	and	their	distributions	continues	to	expand	(Randall,	1998).	
It	remains	to	be	confirmed	whether	or	not	these	species	above	are	
successfully	settled	and	reproducing	in	the	Ogasawara	Islands,	and	
this	can	ultimately	can	only	be	confirmed	by	in	situ	observations.	For	
now,	we	posit	that	metabarcoding	eDNA	efforts	can	contribute	lines	
of	evidence	to	support	or	reject	endemicity.

Some	 fish	detections	 can	be	explained	by	 seasonal	 vagrancy	
or	database	 incompleteness	 (Figure 2,	blue	 taxa).	Abudefduf sep-
temfasciatus	 (banded	 sargeant)	was	detected	 from	 sites	F	 and	H	
(Hitotsu	Rock	and	Kopepe	Beach),	but	its	distribution	in	the	Indo-	
Pacific	 does	 not	 include	 the	Ogasawara	 Islands,	 and	 the	 closest	
records	 are	 from	 Guam,	 Mariana	 Islands.	 However,	 the	 species	
can	be	observed	in	the	Izu	Islands	during	the	summer	and	autumn	
months as seasonal vagrants carried by the Kuroshio Current. 
Seasonal	 vagrancy	 or	 “ineffective	 dispersal”	 is	 a	 phenomenon	

documented	annually	along	the	eastern	coastline	of	Japan	where	
the	Kuroshio	Current,	after	an	increase	in	its	flow	rate	in	the	East	
China	Sea	during	the	summer	months,	transports	subtropical	fish	
larvae and juveniles to temperate mainland sites in the autumn 
months,	 including	 many	 pomacentrids	 (damselfishes	 and	 clown-
fishes)	and	chaetodontids	 (butterflyfishes)	 (Kai	et	al.,	2022).	Our	
detection	 of	 A. septemfasciatus	 could	 potentially	 have	 been	 of	
migrants	of	such	vagrants	from	the	Izu	Islands,	facilitated	by	the	
Kuroshio	and	Zunan	 Islands	as	 stepping	stones	 (Kai	et	al.,	2022; 
Kuriiwa et al., 2014).	 However,	 we	 consider	 this	 unlikely	 as	 it	
would	require	an	exceptional	reach	by	the	Kuroshio	or	significant	
mobility	 by	 immature	 fish.	 Another	 explanation	 is	 intraspecific	
variability	 of	 the	 DNA	 barcode	 sequence	 across	 distant	 geo-
graphic regions. Under- sampled areas, including isolated oceanic 
islands	such	as	Ogasawara,	can	host	genetically	distinct	 lineages	
represented	by	a	pool	of	barcode	sequences	that	may	exceed	the	
maximum	 known	 intraspecific	 threshold	 for	 species	 assignment	
and	cause	incorrect	matching	of	the	query	sequence	to	close	con-
geners	instead.	In	the	case	of	A. septemfasciatus,	the	next	closest	
matches	 in	 the	 database	 for	 this	 specific	 ASV	 were	 A. sordidus 
and A. notatus,	 which	 are	 commonly	 recorded	 in	 the	Ogasawara	
Islands	(Randall	et	al.,	1997;	Sasaki	et	al.,	2014)	and	are	placed	in	
the same phylogenetic clade as A. septemfasciatus according to the 
most	recent	and	comprehensive	analyses	(Campbell	et	al.,	2018).	
A. septemfasciatus, A. sexfasciatus, A. sordidus, and A. notatus are all 
morphologically	and	behaviorally	distinguishable	from	each	other,	
and	we	consider	a	misidentification	in	the	previous	records	to	be	
unlikely.	Hence,	divergent	lineages	of	A. sordidus or A. notatus with 
barcode	sequences	that	are	more	similar	to	those	of	A. septemfas-
ciatus	 in	 the	database	may	be	 inhabiting	 the	Ogasawara	 Islands.	
Similarly,	Chrysiptera cyanea	(sapphire	devil)	was	detected	at	sites	
C	 and	E	 (Futami	Port	 and	Ototo	 Island),	 and	 the	 closest	 records	
are	from	the	Marianas	and	Micronesia.	Its	congeneric	species	re-
ported	 in	 the	Ogasawara	 Islands	 are	C. brownrigii, C. starcki, and 
C. tricincta. Amphiprion polymnus	 (saddleback	 anemonefish)	 was	
detected	 at	 site	 D	 (Marine	 Center),	 but	 the	 Ogasawara	 Islands	
are	 outside	 of	 this	 species'	 distribution	 range	 of	 Indo-	Malayan	
Archipelago	northward	to	the	Ryukyu	Islands;	and	its	host	anem-
ones Stichodactyla haddoni and Radianthus crispa have also not 
been	reported	from	the	Ogasawara	Islands.	While	we	could	spec-
ulate that juvenile A. polymnus	drifted	to	the	Ogasawara	Islands	by	
chance	events	but	never	settled	due	to	the	lack	of	host	anemones,	
the	close	congener	explanation	stands	as	another	potentially	ac-
ceptable	explanation.

Our	investigated	sites	well	represent	the	heterogeneous	coastal	
habitats	of	Ogasawara	Islands,	ranging	from	beaches	within	bays	to	
rocky	reefs	along	sheer	cliffs	facing	the	open	ocean,	with	different	
levels	of	coastal	development	and	potential	anthropogenic	impact.	
On	 one	 end	 of	 the	 anthropogenic	 impact	 spectrum	 are	 relatively	
untouched	 sites	which	 include	 the	 sandy	 beaches	 of	 Kopepe	 and	
Miyanohama	(sites	H	and	I),	the	sites	along	the	sheer	cliffs	in	Heart	
Rock	and	Ototo	Island	(sites	A	and	E),	and	the	offshore	locations	of	
Hitotsu	Rock	and	the	mouth	of	Futami	Bay	(sites	E,	F,	and	G),	while	
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on the other end are sandy beaches with sea walls and other wave- 
breaking	constructions	on	the	coast	of	Futami	Bay	 (sites	B	and	D)	
and	finally,	the	inner	area	of	Futami	Port	(site	C).

These	nine	sampling	sites	clustered	differently	in	Ward-	D	anal-
yses	when	 comparing	 the	 fish	 and	 the	 Scleractinia	 coral	 datasets	
(Figure 2).	 In	the	coral	dataset,	the	port	and	nearshore	rocky	cliffs	
were	clustered	separately	from	the	sandy	beaches	and	offshore	lo-
cations	(Clusters	1	and	2).	On	the	other	hand,	the	fish	dataset	de-
lineated	 the	only	 nearshore	 sampling	 site	 along	 a	 rocky	 cliff	 from	
the	other	sites	 (Cluster	3),	while	 the	rest	of	 the	sites	were	further	
clustered	 into	 two	groups,	 separating	all	of	 the	offshore	 locations	
from	all	of	the	sandy	beaches	and	the	port	(Clusters	4	and	5).	Both	
datasets	 separated	 nearshore	 and	 offshore	 sampling	 sites	 along	
rocky	cliffs	 (sites	A	and	E)	 from	sandy	beaches	 (sites	B,	D,	H,	and	
I)	in	the	main	clusters.	These	patterns	in	the	clustering	of	the	sites	
can	be	explained	by	a	 range	of	environmental	 constraints	 that	 in-
dependently	 govern	 the	 composition	 and	 richness	 of	 the	 coral	
and	 fish	assemblages	and	 the	difference	 in	active	selection	of	 the	
habitats	 by	 the	organisms.	Overall,	 the	detected	 richness	 of	 coral	
taxa	was	 higher	 in	 sites	 that	 are	 nearshore	 and	 lower	 in	 offshore	
or	extensively	coastally	developed	sites.	Exact	differences	between	
the assemblages can be seen in the constituents and their relative 
abundances.	 A	major	 difference	was	 seen	 for	Galaxea, which was 
relatively	abundant	in	the	sites	of	Cluster	1	(sites	B,	D,	F,	G,	H,	and	I)	
but	completely	absent	from	the	sites	of	Cluster	2	(sites	A,	C,	and	E).	
Another	property	of	the	Cluster	2	sites	was	the	shared	absence	or	
lower	abundance	of	relatively	rarely	detected	taxa	as	seen	toward	
the	bottom	of	the	heatmap.	This	can	be	interpreted	that	the	south-
east	 coastline	of	Chichi	 Island	 is	marked	by	 sandy	beaches	within	
bay	structures	of	varying	scales	that	host	coral	assemblages	charac-
terized	by	Galaxea	and	high	diversity	that	develop	toward	offshore	
but	with	diversity	attenuated	by	depth	and	distance	from	shore.	This	
contrasts	with	the	sites	A	(Heart	Rock)	and	E	(Ototo	Island)	along	the	
sheer	cliffs	on	the	northern	or	southern	margins	of	the	island	group,	
where Galaxea	was	absent	 in	both	sampled	assemblages,	of	which	
site	A	(Heart	Rock)	was	much	more	diverse	than	site	E	(Ototo	Island).

An	 interesting	 outlier	 in	 this	 pattern	 was	 site	 C,	 Futami	 Port,	
which	is	part	of	the	continuous	coastline	of	Futami	Bay,	closely	sit-
uated	near	sites	B	and	D.	Sites	B	and	D	are	on	the	opposite	sides	of	
the	Futami	Bay,	 and	 their	 assemblages	 showed	very	 close	 affinity	
within	Cluster	1,	strongly	separated	from	site	C.	Within	Cluster	2,	
site	C	 (Futami	 Port)	was	 further	 separated	 from	 sites	A	 and	 E,	 as	
it	 had	one	of	 the	 highest	 abundances	 of	Acropora reads, with the 
lowest	number	of	detected	genera,	missing	four	of	the	genera	that	
were detected in all other sites Catalaphyllia, Hydophora, Lobophyllia, 
and Pectinia along with other commonly detected genera such as 
Favites, Anthemiphyllia, and Heliofungia.	 All	 genera	 detected	 from	
site	C,	except	Crispatotrochus,	were	detected	also	from	neighboring	
sites	B	and	D,	making	it	a	much	less	diverse	subsample	of	the	closest	
neighboring	sites'	scleractinian	coral	assemblages.	This	high	degree	
of	nestedness	of	the	three	closely	situated	sites	within	Futami	Bay,	
all	within	500 m	of	one	another,	could	be	the	result	of	local	reduc-
tion	of	diversity	by	coastal	development.	Futami	Port	has	seen	the	

most	 extensive	 coastal	 development	 of	 any	 coastline	 across	 the	
Ogasawara	 Islands,	which	may	have	drastically	 altered	 the	marine	
assemblages,	which	were	originally	similar	to	those	of	sites	B	and	D.	
Futami	Port	also	possesses	a	 long	breakwater	that	could	decrease	
chances	of	dispersal	and	settlement,	and	active	boat	traffic	and	reg-
ular	 port	management	 activities	 including	 dredging	 could	work	 to	
keep	the	assemblage	in	its	altered	state,	causing	it	to	closely	cluster	
with similarly depauperate and less- developed assemblages situated 
further	away	along	sheer	rocky	cliffs	at	the	sampling	sites	A	and	E.	
A	very	close	and	more	recent	example	of	well-	developed	coral	com-
munities	that	“disappeared”	are	those	from	eastern	Hahajima	Island	
in	 the	Ogasawara	 Islands,	which	 vanished	due	 to	harbor	develop-
ment	(Tsuchiya	&	Omori,	2004).	Connected	to	this,	the	coral	genus	
Oulastrea	was	detected	from	sites	A,	B,	C,	and	D,	with	the	highest	
read	abundance	from	site	C,	Futami	Port	(Figure 2a and Figure S3a).	
Cosmopolitan Oulastrea crispata is a low- temperature and turbidity- 
tolerant	 species	 able	 to	 settle	 on	 a	 variety	 of	 substrates	 (Röthig	
et al., 2020),	which	may	explain	its	concentrated	detection	from	the	
most	coastally	developed	area	of	the	Ogasawara	Islands.

When	 the	 unique	 situation	 of	 Futami	 Port	 is	 considered,	 the	
differences	between	coral	assemblages	of	Clusters	1	and	2	can	be	
generally	explained	by	differences	in	geophysical	and	environmen-
tal properties between the sampled sandy beaches and the sheer 
cliffs.	The	sandy	beaches	of	sites	B,	D,	H,	and	I	possess	soft	bottoms	
with	gentle	slopes	that	extend	from	the	shore,	while	sites	A	and	E	
with	sheer	cliffs	show	a	more	rapid	decline	over	a	rocky	substrate.	
Such	differences	in	adjacent	coastal	structures	and	depth	gradients	
could	 result	 in	 a	 set	 of	 ranges	 of	watershed	 sizes,	 turbidity,	wave	
exposure,	and	available	light	and	nutrient	input	levels,	all	impacting	
the	growth	and	cover	of	individual	coral	species	and	ultimately	re-
sulting	in	distinct	compositions	with	varying	richness	(Houk	&	Van	
Woesik,	2010).	The	sites	in	Cluster	1	may	have	more	accommodating	
habitats that can host richer coral assemblages compared to those in 
Cluster	2,	which	may	constrain	the	growth	of	specific	species	such	
as Galaxea and thus limit the overall richness.

The	fish	dataset	showed	a	different	pattern	of	clustering	of	the	
sites	(Figure 2b).	Unlike	the	coral	assemblages,	the	fish	assemblages	
in	 the	offshore	sites	were	not	attenuated	subsamples	of	 the	high-	
diversity	assemblages	of	the	nearshore	sites.	Rather,	nearshore	and	
offshore	sites	were	highly	differentiated	due	to	distinct	assemblages	
arising	from	their	habitat	characteristics,	as	fishes	actively	select	for	
habitat	 or	 activity.	 Site	A	was	 highly	 distinct	 from	 the	 rest	 of	 the	
sites	 with	 the	 second-	highest	 number	 of	 unique	 detections	 (11)	
and	high	relative	abundance	of	certain	rare	detections	such	as	the	
previously discussed Neotrygon kuhlii, Atherinomorus insularum, and 
Novaculops woodi.	These	unique	detections	also	included	the	blen-
nioid	taxa	Enneapterygius miyakensis, the genus Enneapterygius, and 
Entomacrodus caudofasciatus.	 The	 only	 other	 blennioid	 taxa	 in	 the	
dataset, Mimoblennius atrocinctus,	was	detected	from	site	E,	which	is	
also	along	a	rocky	cliff	albeit	offshore,	reflecting	the	habitat	prefer-
ence	of	these	blennioid	species	for	hard	substrates	of	rocky	shore-
lines,	mainly	rocks	with	rough	surfaces	(Patzner,	2009).	On	the	other	
hand,	 there	was	a	diversity	of	gobioid	 species	 that	were	detected	

 26374943, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edn3.509 by E

V
ID

E
N

C
E

 A
ID

 - B
E

L
G

IU
M

, W
iley O

nline L
ibrary on [29/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10 of 14  |     AÇIKBAŞ et al.

from	other	 sites	 including	 the	 port,	 sandy	 beaches,	 and	 their	 off-
shore	sampling	locations	but	not	in	either	of	these	sites	along	rocky	
cliffs.	These	included	Eviota guttata, which are associated with shal-
low	 reefs;	 Gobiopsis arenaria,	 a	 cryptic	 inhabitant	 of	 sand-	rubble	
bottoms	near	coral	 reefs;	Gobiodon reticularis, which lives on coral 
as a coral- commensal species, and Istigobius campbelli, which are as-
sociated	with	shallow,	sandy	bottoms	(Patzner	et	al.,	2011).	Another	
notable	taxon	was	the	genus	Exocoetidae	(flying	fishes),	highly	active	
epipelagic	and	oceanodromous	fishes	known	for	their	enlarged	pec-
toral	fins	that	give	them	gliding	abilities.	Exocoetidae were detected 
only	 in	 sites	 in	Clusters	3	 and	4,	 including	 all	 of	 the	offshore	 and	
sheer	cliff	sites	that	face	the	open	ocean.	These	contrasting	species	
compositions	 with	 different	 habitat	 preferences	 for	 sandy	 versus	
rocky	bottoms	reflect	the	distinct	benthic	characteristics	of	site	A	
and	E	compared	to	B,	C,	D,	H,	and	I.	Sites	A,	E,	F,	and	G	show	open	
ocean	characteristics	with	greater	depths;	and	sites	A	and	E	in	par-
ticular	have	additional	properties	that	result	in	hosting	a	rich	rocky,	
intertidal assemblage.

The	final	cluster	of	fish	assemblages	was	represented	by	the	port	
and	the	sandy	beaches	(sites	B,	C,	D,	H,	and	I),	which	are	all	situated	
along	sheltered	bays	of	varying	sizes.	This	close	clustering	and	there-
fore	similarities	in	fish	assemblages	was	contrasted	with	the	nested	
coral	 assemblages	 of	 sites	 B,	 C,	 and	 D	 of	 Futami	 Bay.	While	 the	
depauperate	coral	assemblage	of	site	C	may	be	unsuitable	for	hab-
itation	by	certain	fish	species,	neighboring	sites	B	and	D	may	accom-
modate	them	and	act	as	sources	of	eDNA	that	diffuse	over	a	wider	
area	and	were	thus	detected	in	site	C.	Also,	fishes	are	highly	mobile	
organisms	compared	to	generally	sessile	corals	 (but	see	Fungiidae)	
and	 can	move	over	 great	 distances	 for	 foraging	 and	 spawning	 ac-
tivities.	With	 such	mobility,	 fishes	 could	 easily	move	 across	 these	
closely	situated	coral	assemblages	and	deposit	eDNA	over	the	wider	
area, resulting in the close clustering as seen in Cluster 5.

Fishes	are	one	the	largest	vertebrate	groups	with	a	diversity	of	
life	histories,	diets,	and	behaviors.	A	variety	of	habitat	characteris-
tics	such	as	sheltered	bay	structures	versus	open	waters,	soft,	shal-
low	 bottoms	 versus	 rocky	 intertidal	 shorelines,	 connectivity	 with	
freshwater	streams,	and	coral	reef	cover	and	composition	can	all	in-
fluence	the	composition	and	richness	of	fish	assemblages.	This	com-
plexity	is	reflected	by	the	fact	that	there	was	not	a	straightforward	
linear	 relationship	between	coral	 richness	and	 fish	 richness	 in	our	
dataset;	 higher	 richness	 in	 coral	 taxa	did	not	necessarily	 co-	occur	
with	higher	richness	in	fish,	and	vice	versa.	The	detected	fish	taxa	
richness	ranged	from	23	at	site	E	(Ototo	Island)	to	61	at	site	D	(Marine	
Center),	while	for	coral	taxa,	it	ranged	from	13	at	site	C	(Futami	Port)	
to	34	at	site	I	(Miyanohama	Beach).	Sites	C	and	I,	which	are	on	the	
opposite	ends	of	detected	coral	 taxa	 richness,	 showed	equal	 rich-
ness	 in	 fish	 species	at	40.	However,	 the	 three	 sites	within	Futami	
Bay	(B,	C,	and	D)	in	total	had	30	fish	species	detected,	the	highest	
being	18	from	site	D,	which	also	boasted	the	highest	diversity	of	go-
bioids.	This	number,	compared	to	27	site-	specific	detections	in	total	
from	the	six	other	sites	 (A,	E,	F,	G,	H,	and	 I),	which	 included	well-	
developed	coral	reefs	with	similar	coral	assemblages	at	sites	B	and	
D	(Figure 2),	implies	that	Futami	Bay	is	a	hotspot	of	fish	biodiversity	

within	the	island	group.	It	is	also	worth	noting	that	three	out	of	the	
four	detected	Elasmobranch	taxa,	namely,	Taeniurops meyeni and the 
apex	predators	Carcarhinus and Prionace glauca,	were	unique	to	sites	
from	Futami	Bay,	and	Neotrygon kuhlii	was	also	detected	in	Futami	
Bay	 along	with	 at	 one	more	 site,	 suggesting	 that	 Futami	Bay	may	
be	an	important	inshore	habitat	for	sharks	and	rays.	Finally,	it	is	im-
portant	 to	 note	 that	 our	 survey	was	 from	a	 single	 time	point	 and	
potentially	captured	only	a	snapshot	of	the	seasonal	variety	in	the	
biodiversity	and	abundances	of	its	fish	assemblages.

When	 sample	 replicates	were	 kept	 separate	 and	hierarchically	
clustered	 (Figure S3),	 a	 range	of	 variability	 in	 the	 replicates	 taken	
from	the	same	sampling	site	was	observed.	Some	replicate	groups	
showed	exclusive	clustering	under	a	single	node	pointing	to	highly	
similar	read	abundance	data	from	the	replicates,	while	others	were	
clustered	with	replicates	from	other	samples	across	different	nodes,	
pointing	 to	more	variable	 read	abundance	data	obtained	 from	the	
same	site.	For	example,	site	C	(Futami	Port)	replicates	consistently	
clustered	within	 a	 node	 for	 both	 fish	 and	 Scleractinia	 coral	 data-
sets;	while	site	I	(Miyanohama	Beach)	replicates	clustered	together	
for	coral	but	not	for	fish,	and	finally,	Site	A	(Heart	Rock)	replicates	
clustered	for	fish	but	not	for	corals.	Interestingly,	the	coral	dataset	
showed	higher	consistency	in	read	abundance	data	of	the	replicates	
compared	to	the	fish	dataset,	which	showed	mostly	disjointed	clus-
tering	of	the	replicates	except	at	sites	A	(Heart	Rock)	and	C	(Futami	
Port).

Variation	 among	 replicates	 is	 to	 be	 expected	with	 eDNA	 cov-
erage	 limitations	 of	 a	 1.5-	L	 sample	 and	 the	 stochastic	 properties	
of	 sampling	 and	 amplicon	 sequencing	 (Bessey	 et	 al.,	 2020;	 Troth	
et al., 2021).	On	the	other	hand,	the	difference	in	this	variation	be-
tween	the	coral	and	fish	dataset	could	have	arisen	from	the	differ-
ences	in	eDNA	availability	and	homogeneity	within	a	body	of	water	
as	a	combination	of	deposition	rate	and	persistence	by	the	two	taxa	
each	 with	 very	 different	 zoological,	 biological,	 physiological,	 and	
morphological characteristics. Corals are sessile organisms with no 
to limited mobility, resulting in a biomass in an area that does not 
change	significantly	in	short	time	frames,	while	fishes	are	highly	mo-
bile	organisms	with	daily	movements	that	can	range	from	few	kilo-
meters	to	less	than	a	few	hundred	meters	within	their	home	ranges.	
As	such,	repeated	sampling	from	the	same	sampling	site	may	capture	
a	more	similar	mix	of	coral	eDNA	compared	to	a	much	more	variable	
fish	eDNA.	Such	differences	in	coverage	should	be	considered	when	
designing	a	multi-	taxa	metabarcoding	survey	to	fully	capture	differ-
ences	in	biodiversity	across	sites	so	that	the	sampling	effort	can	be	
adjusted accordingly.

The	species	accumulation	curves	for	the	two	groups	were	mark-
edly	different	(Figure 3),	with	the	curve	for	the	fish	dataset	showing	
a	 steeper	 slope	 and	 reaching	 a	higher	number	of	 genera	 than	 the	
curve	for	the	coral	dataset,	 indicating	that	fishes	had	a	higher	rate	
of	genus	accumulation	and	higher	overall	genera	richness	than	cor-
als	in	the	Ogasawara	Islands.	The	steeper	slope	also	indicated	that	
additional	 sampling	 efforts	 with	 the	 current	 method,	 higher	 than	
that	needed	for	 the	corals,	would	be	 required	 to	 fully	capture	 the	
diversity	of	fishes.	Agreeing	with	this,	our	eDNA	survey	data	came	
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closer	to	capturing	the	total	known	coral	diversity	of	the	Ogasawara	
Islands,	 detecting	 37	 out	 of	 the	 previously	 recorded	 48	 genera	
(Veron	et	al.,	2023).	The	number	of	fish	species	recorded	by	Randall	
et	 al.	 (1997)	 in	 the	Ogasawara	 Islands	was	801,	belonging	 to	over	
170	genera,	which	is	much	higher	than	what	we	observed	in	the	fish	
eDNA	dataset	and	much	higher	than	the	48	recorded	coral	genera,	
explaining	 the	 differences	 in	 curve	 slopes	 and	 required	 sampling	
efforts.

4  |  CONCLUSIONS

In	summary,	with	our	eDNA	survey,	we	detected	38	Scleractinia	
coral	and	124	fish	taxa	across	nine	sampling	sites	in	the	Chichijima	
Archipelago.	We	 report	 likely	 novel	 records	 of	 the	 coral	 genera	
Catalaphyllia, Herpolitha, and Polyphyllia	as	well	as	of	fish	species	
including Oxyporhamphus micropterus, Encrasicholina punctifer, 
Atherinomorus insularum, Novaculops woodi and Siganus woodlandi. 
While	 these	 detections	 have	 varying	 caveats	 and	 should	 ulti-
mately	be	confirmed	by	in	situ	observations,	our	report	provides	
more	 data	 for	 the	 growing	 body	 of	 knowledge	 of	 fish	 distribu-
tions	 and	 connectivity	 of	 the	 oceanic	 islands	 of	 the	 Pacific.	We	
observed	a	high	differentiation	in	the	coral	and	fish	assemblages	
across	sampling	sites,	showing	that	the	oceanic	Ogasawara	Islands	
host	 a	 variety	 of	 coral	 reef	 habitats	 with	 differing	 constituents	
and relative abundances across small distances, supporting their 
importance	 as	 a	 biodiversity	 reservoir.	 For	 future	marine	 eDNA	
surveys	around	oceanic	islands	such	as	the	Ogasawara	Islands,	we	
suggest	a	higher	sampling	effort	adjusted	to	the	taxa	of	 interest	
focused	on	sites	of	interest	and	including	different	ecosystems	for	
biomonitoring.
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