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Caribbean Coral Reef food web

249 species, 3,313 interactions
(Opitz 1996)
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We need a lot of data
to understand ecological systems



Understanding complex systems requires large amount of data
(“Big Data”), which allow determining the parameters that
characterize the complex system (high dimensionality, nonlinearity)

“Big Data” and sophisticated analysis enables better understanding:

» Knowing the present status

» Forecasting the future dynamics
(Ye et al. 2015, McGowan et al. 2017)

» Understand the mechanism behind the dynamics
(Deyle et al. 2016, Ushio et al. 2018)

Ecosystem monitoring is the key process to understand the
ecological complexity



ROV

fishing nets

acoustic survey diving survey

Not easy to get “Big Data”, as contemporary methods
are costly and destructive and/or less effective to
identify species or cover a large area
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living organisms =3 degradation
(fish, mammals, birds...) (bacteria, UV radiation...)

DNA fragments

(feaces, urine, gametes, mucus...)

> Environmental DNA (eDNA) is DNA that can be extracted
from environmental samples, such as water, soil and air.

> eDNA originates from various sources such as feaces, urine,
muscus, gametes, etc.

» eDNA in the water are decomposed within a week and can
be used to detect organisms or determine the species
composition

> eDNA allows non-invasive, species-resolved monitoring of
biodiversity.



eDNA metabarcoding — how to know the fish using water samples

Credit: Nature Metrics
blood test for ecosystem







» Okinawa Churaumi Aquarium (one of the world’s largest )
> 249 fish species in the four large tanks (36~7500 m?3)
> 10L of water sampled from each tank and analysed by eDNA metabarcoding



number of reads® total Kuroshio tropical fish deep-sea mangrove

more than or equal to 97% identity 4 322 882 (14) 2568 008 (5) 1299788 (4) 259191 (3) 212643 (2)
with reference sequences
(number of libraries)

number of tank species with
reference sequences

number of tank species detected in 168 (93.3%) 61(96.8%)
MiSeq analysis

> 93.3% of the fish species (168 species of 59 family, 123 genus) detected
only from a “bucket of water”

Miya et al. (2015)
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Environmental DNA metabarcoding Pacific

reveals local fish communitiesina
species-rich coastal sea
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Environmental DNA (eDNA) metabarcoding has emerged as a potentially powerful tool to assess
aquatic community structures. However, the method has hitherto lacked field tests that evaluate its
effectiveness and practical properties as a biodiversity monitoring tool. Here, we evaluated the ability
of eDNA metabarcoding to reveal fish community structures in species-rich coastal waters. High-
performance fish-universal primers and systematic spatial water sampling at 47 stations covering
~11km? revealed the fish community structure at a species resolution. The eDNA metabarcoding
based on a 6-h collection of water samples detected 128 fish species, of which 62.5% (40 species)
were also observed by underwater visual censuses conducted over a 14-year period. This method
also detected other local fishes (>23 species) that were not observed by the visual censuses. These
eDNA metabarcoding features will enhance marine ecosystem-related research, and the method will

. . .
potentially become a standard tool for surveying fish communities. M a Izu ru — N I S h I Bay

Over 18,000 fish species that use the sea for their reproduction and/or growth have been scientifically described!2.
At least 20% of species remain to be further described, and thus global marine fish diversity is a vital issue in
marine ecology®. In addition, local diversity is also a pivotal issue for the management, conservation, and eco-
logical understanding of marine ecosystems. For example, the spatial accumulation of local fish communities has
revealed biodiversity hotspots*®, and chronological accumulation has revealed the impact of industrial fishing
on both species and communities”®. However, investigating marine fish community structures is often difficult
because it is restricted by a lack of taxonomic expertise and requires extensive fieldwork. Moreover, there are
some marine areas in which it is difficult to observe fish communities (e.g. the deep sea). Therefore, ecological
and conservation research often requires costly surveys to examine a specific hypothesis and to reveal the species
diversity in specific areas. In addition, given that previous studies suggest that fishing>'* and environmental fac-
tors!! result in precipitous changes in community structure, rapid and continual investigations of marine commu-
nities are becoming increasingly essential.

A method that retrieves DNA from environmental samples has been used to explore aquatic organisms in
conservation and ecological studies'>'*. In such surveillances, genetic material shed by organisms, hereafter
referred to as environmental DNA (eDNA), is collected by filtering the water, and species-specific DNA sequences
are detected by polymerase chain reaction (PCR) or sequencing. Because this method does not require locating
and capturing target organisms during fieldwork, aquatic and semi-aquatic organisms can be detected nonin-
vasively!®'”. In addition, the detection performance of eDNA-based surveys may be higher than that of alterna-

tive surveillance methods (e.g. fishing and visual observations)!$-2!. Therefore, surveillance based on eDNA has N b f 1
222 and imvasive species, and alo to describe umber or species

been conducted to detect rare or endangered aquatic species

biodiversity??’. [ ]
‘The eDNA detection method will become more valuable and essential if it could reveal the entire fish diversity d d b D N A
in a given area®!. One approach to this end is metabarcoding combined with massively parallel sequencing. . ete Cte y e
One far-sighted study actually detected 15 fishes from seawaters by using two generic and four species-specific
(]
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» 2L water sampling from 47 stations covering 10km2 of Maizuru-Nishi Bay

» Detected from the 6H survey were 128 local fish species, which include
>60% of the 80 species observed in the past 140 diving surveys




How to maximize the potential merit

1. High-frequency eDNA Monitoring



Weekly monitoring with eDNA metabarcoding for >3 years

The amount of eDNA quantified for all detected fish species



Time-series of eDNA of 10 dominant species in Maizuru Bay

* 190, 381 (CIREE(E

Ushio et al. (2017)



Japanese anchovy
(Engraulis japonicus)

visual observation eDNA monitoring
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How to maximize the potential merit

2. Multi-site eDNA Monitoring



eDNA Monitoring of 567 coastal sites in 3 months

Date Started : 5 June, 2017

Date Completed : 30 August, 2017
Monitoring Sites : 567 sites

Northernmost: Soya Misaki (lat. 45.52°N)
Southernmost: Minami-lo Island (lat. 24.22°N)
Westernmost: Nosappu Misaki (long. 145.82°E)

Easternmost: Yonaguni Island (long. 122.68°E)

Number of people Joined : 114 (accumulated)



The top 10 species most frequently detected from the 567 sites

285 sites

284 sites

279 sites

279 sites

276 sites

Largescale Blackfish
XY+

Girella punctata 232 sites

Japanese black porgy
2054

Acanthopagrus schlegelii 229 sites

Japanese anchovy
NIDFADTY

Engraulis japonicus 191 sites

Japanese rock fish
X)NVE

Sebastes spp. 184 sites

Grass puffer
o920 |
Takifugu niphobles 179 sites

» 1,218 fish species of 136 family detected

Spotbelly Greenling
D3IX

Hexagrammos agrammus

Snake blenny
NEF VIR
Enneapterygius etheostomus

Surfperch
D=5 F3

Ditrema temmincki temmincki

Motleystripe rainbowfish
MIND
Halichoeres tenuispinis

Blenny
1VFVR

Parablennius yataber

> This is 43.5% of all Japanese “coastal” species (2,800 species)



eDNA provide a non-destructive tool for species-resolved
biodiversity monitoring of fish, enabling high-frequent or multi-
site biodiversity monitoring

eDNA monitoring provides “Big Data", which may provide more
information than the contemporary monitoring methods

We believe that eDNA monitoring will open a new era of data-
driven marine ecology

How the eDNA data should be analyzed is an open question,
given some weakness of eDNA monitoring (contamination,
dead/alive not distinguishable, unclear whether eDNA amount
reflects fish amount, spatial/temporal scale of monitoring
unclear)

eDNA is a "young” method and more study is required to
confirm its utility



The eDNA Society

v' The eDNA Society was founded on 27t April 2018 to promote the
eDNA science and its social implementation with an aim to realize the
sustainable use of ecosystem service.

v' The 1st Annual Meeting was held in Tokyo on 29th-30th September
2018 with 309 participants.



