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Nature Positive as 
a global target

Ø Biodiversity is rapidly declining 
due to human activities

Ø Reversing the decline by 2030. 
(Nature Positive) set as a stepping 
stone towards the 2050 vision of 
“living in harmony with nature” 
(CBD 2010)

Ø Big challenges to overcome in 
order to achieve those targets
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Complexity of Ecosystems
in their structure and dynamics



Ecosystem structured as 
a huge, complex network

Caribbean food web
249 fish species, 3,313 interactions

(Opitz 1996)

Ø Ecosystem is built with many biological and 
non-biological entities and complex 
interactions between them

Ø Even assessing the present compositional 
state is a big challenge

Ø Developing methodologies for assessing 
ecosystem’s structure is essential for  
biodiversity conservation



Ø Non-linear state-dependent dynamics 
are common in nature

Ø Linear, equilibrium-based model may 
fail at predicting population dynamics 
across a wide range of animal taxa

Ø Better model, developed based on 
real data, needed to forecast and 
successfully manage the ecosystems

ARTICLESNATURE ECOLOGY & EVOLUTION

techniques40. As the number of time steps into the future increased, 
predictability declined exponentially, with one-third of time series 
predictable three time steps into the future (Table 1). This indicates 
that medium- or long-term (>2 years) prediction of nonlinear pop-
ulation dynamics may be limited and that only short-term predic-
tions are attainable with these methods6,14.

As the number of time steps into the future increased, time series 
with nonlinear dynamics declined exponentially in forecast skill6,14. 
Time series with linear-stochastic dynamics had a similar decline 
in forecast skill, yet overall they were not as predictable as nonlin-
ear dynamics. Similarly, this has been found in a large-scale analysis 
of fisheries time series using nonlinear forecasting6; it may indicate 
poorly resolved attractors and, therefore, strong linear-stochastic 
noise (average 1 − ρ = 0.47; Fig. 3). This suggests that no matter 
the species studied, the underlying systems may be hard to pre-
dict with these methods due to high-dimensional nonlinearity or 
linear stochasticity. In fact, these results mirror recent doubts over 
the feasibility of accurately predicting some complex ecological sys-
tems41,42. Despite these difficulties, we suggest that calculating the 
dimensionality and nonlinearity of time series may facilitate a better 
understanding of animal population dynamics and help build better 
models for prediction4,14,30,31. For example, if a system is governed 
deterministically by nonlinear, low-dimensional dynamics, a simple 
mechanistic model may capture the behaviour well; monitoring 
these few input variables in an ecosystem may then be realistic30. 
However, if a system is governed deterministically by high-dimen-
sional, nonlinear dynamics or stochastically by high-dimensional 

linear dynamics, the aforementioned models may fail and require 
a statistical autoregressive model or state–space reconstruction30,31. 
As such, we and others6,30 suggest using nonlinear forecasting to 
understand the complexity and predictability of a system, thereby 
building better-informed models.

Broader implications. We found that nonlinear dynamics were 
ubiquitous across a wide variety of animal taxa and related to 
faster-reproducing life-history traits. Previously, complex dynamic 
behaviours (for example, chaos) were met with scepticism and some 
have suggested that they are probably rare in animals9,10 or that only 
insects have the demography to allow these dynamics to emerge8,22. 
Additionally, this bias is reflected in the fact that linear, equilib-
rium-based model assumptions are the standard for most models 
of animal population management and conservation. However, our 
results suggest that nonlinear dynamics may be more common than 
previously thought; as others have suggested16,28,29, a methodological 
shift towards nonlinear, state–space models may be necessary for a 
wide variety of animals.

Prior research using similar datasets (for example, the Global 
Population Dynamics Database (GPDD)) have ignored observational 
uncertainty in animal population estimates, which has been shown to 
bias tests and estimates of ecological processes (for example, density 
dependence) leading to poor inference43. To account for uncertainty, 
we have eliminated potentially noisy datasets using informed filtering 
criteria (see Supplementary Information). Furthermore, EDM has 
been shown to be robust against observational noise44; regularization 
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Fig. 1 | Animal time series with linear or nonlinear population dynamics. a, Animal time series arranged by taxonomic class/superclass. b, Animal time 
series arranged by taxonomic order, where sample size!≥!5. Only predictable time series were used. The numbers in bold show the sample size.
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an approach to complexity with no master equations

Massive data and
data-driven approach



Making the invisible 
visible by data-driven 
approach
Ø Nonlinear causality test, based on 
dynamical theory, applied to 12-year 
monitoring data of fish

Ø Temporally varying interactions 
identified among 15 marine species

Ushio et al. 2015, Nature
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higher primary productivity during the summer that results in higher 
fish abundance20.

Community stability at each time point is evaluated by computing 
the dominant eigenvalue of the time-varying interaction matrix: this 
sequentially computed ‘local Lyapunov stability’ is hereafter referred to 
as ‘dynamic stability’ (see Methods). Our analysis reveals that dynamic 
stability varies in a non-random way (Extended Data Table 2); commu-
nity dynamics are mainly stable in the summer (that is, the dynamic 
stability is less than 1.0; Fig. 3a), and unstable in the winter (that is, the 
dynamic stability is more than 1.0; Fig. 3a). Sensitivity analyses show 
that dynamic stability is robust when including less abundant species 
in the analysis, as well as when incorporating observation errors in the 
census data (Extended Data Fig. 4 and Supplementary Information 
sections 3, 4). Finally, we find that the stable time period (dynamic 
stability <  1.0) contains smaller variations in population abundances 
than the unstable period (Extended Data Fig. 5 and Supplementary 
Information section 5), and this supports the proposition that  
population fluctuations reflect community stability in the Maizuru Bay 
fish community, given that the level of stochastic noise through time 
is relatively constant.

We identify two large-scale properties as being responsible for 
the fluctuation in dynamic stability (Fig. 4a–c; see also Extended 
Data Figs 6, 7): overall interspecific interaction strength and species 
diversity. Figure 4d shows that the dominance of weak interactions 
is the strongest driver of dynamic stability, with the largest absolute 

effect. Therefore, the co-occurrence of weaker interactions and stable 
conditions during summer (Fig. 3a, c) seems to reflect a true causal 
relationship. This provides empirical support for the theory that weak 
interactions are stabilizing14,22. The analysis also identifies species 
diversity (Simpson’s diversity index) as a stabilizing factor (Fig. 4c), 
supporting recent findings from manipulative experiments23 and 
addressing the long-standing question of how species diversity influ-
ences community dynamics1,11,23,24. Our results show that the Maizuru 
Bay fish community tends to recover faster from perturbations when 
species diversity is higher. In fact, higher species diversity seems to be a 
necessary condition for the dominance of weak interactions (Extended 
Data Fig. 8) and more stable communities (Fig. 4d). Because diversity 
seems to be a weaker driver of stability than interaction strength, it is 
likely that the latter is a more proximate driver of dynamic  stability. 
Further investigations drawing on additional observational time series 
could reveal whether and how different interspecific  interactions—
for example, diet choice, anti-predator defence and inter-habitat 
movement—are involved in the maintenance of the Maizuru Bay fish 
community.

Here we present a framework based on attractor reconstruction from 
observational time series that quantifies the dynamic nature of the 
community interaction network and provides an estimate of dynamic 
stability. Although the exact individual-level behaviour that gives rise to 
the interspecific effect cannot be addressed by this  analysis, the analysis 
does enable quantitative identification of the essential interactions that 
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Figure 3 | Time-varying stability, interaction strength and Simpson’s 
diversity index. a, The dynamic stability of the fish community. 
Dynamic stability is computed as the absolute value of the real part of the 
dominant eigenvalue of the interaction matrix at each time point. The fish 
community tends to recover from perturbations if the dynamic stability 
is lower than 1 (dashed line). b–d, Mean interaction strength (b), weak 
interaction index (median interaction strength:maximum interaction 
strength ratio; a lower ratio indicates increasing dominance of weak 
interactions) (c) and Simpson’s diversity index (d) of the fish community. 
White or grey shading delineate each 1-year interval (from January to 
December).
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Figure 4 | Causal influences between dynamic stability, interaction 
strength and Simpson’s diversity index. a–c, Convergent cross mapping 
between dynamic stability and properties of the interspecific interaction 
network (a, b), and Simpson’s diversity index (c). Solid lines indicate cross-
map skill (ρ) from dynamic stability to another variable, which represents 
the causal influence of that variable on dynamic stability. Shaded regions 
indicate 95% confidence intervals of 100 surrogate time series. Cross-
map skills (ρ) reported in a–c were all significant. d, Influences of mean 
interaction strength, weak interaction index and diversity on dynamic 
stability (n =  240 calculated partial derivatives for each index). Midline, 
box limits, whiskers and points indicate median, upper and lower 
quartiles, 1.5×  interquartile range and outliers, respectively. Note that 
smaller values of dynamic stability are indicative of stability (see Fig. 3 and 
Methods).
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S. pinguis → T. japonicus
T. japonicus → S. pinguis
T. japonicus → Aurelia sp.
H. tenuispinis → P. poecilepterus
P. poecilepterus → S. cheni
P. japonicus → P. sieboldi
T. trigonocephalus → C. gulosus
S. fuscescens → P. poecilepterus
G. punctata → P. zonoleucus
P. japonicus → T. trigonocephalus
R. ercodes → T. japonicus
P. zonoleucus → R. ercodes
P. zonoleucus → C. gulosus
P. zonoleucus → P. sieboldi
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Making the unpredictable 
predictable
Ø Recent modeling development enables 
ecological forecasting based on ‘big data’

Ø Nonlinear forecasting developed based on 
the 27-year twice-a-week monitoring data 
enabled predictions of recent algal blooms

McGowan et al. 2017, PNAS

consistent mechanistic relationships between chloro-
phyll-a and environmental drivers (Kim et al. 2009). In
some cases, mirage correlations have appeared for a per-
iod of time, only to later vanish (Fig. 1). Our results
demonstrate that blooms are nonlinear phenomena and
therefore such ephemeral correlations are to be expected.
Thus, they require an approach that addresses nonlinear
and state-dependent interactions among variables. Here
we use an empirical dynamic approach that determines
variable relationships as a function of position on an
attractor in a state space. We note that this approach dif-
fers fundamentally from linear methods that invoke the
term “state-space”, such as Kalman filters and MARSS
(Holmes et al. 2012, Hampton et al. 2013). These treat
different system components as having independent
effects, and model time-variation as being essentially

stochastic. While this can be useful for shadowing slow
change, it involves phenomenological fitting that is not
suitable for predicting rapid nonlinear change. These
linear methods would treat the transitions between
normal chlorophyll-a dynamics and bloom conditions as
random rather than the result of predictable ecological
mechanisms.
Studying the SIO pier datawith a nonlinear perspective,

however, provides a path for understanding the mecha-
nisms involved by identifying causal variables and their
meaningful combinations. In particular, the results are
consistent with the hypothesis that blooms in this region
arise in conditions that give dinoflagellates a competitive
edge over other phytoplankton – namely, when the water
column is stable and surface nutrients are depleted. These
conditions generally favor motile dinoflagellates, which
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Big data as a “weapon”
to tackle the ecological complexity
Ø Ecological systems are complex in their structure and dynamics
Ø We need a monitoring data ‘big’ enough to overcome the complexity
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ANEMONE:
the eDNA-based biodiversity 

monitoring network



Ø DNA extracted from environmental samples, or 
eDNA, can be used for biodiversity survey

Ø The eDNA metabarcoding enables revealing 
biodiversity from a “bucket of water”

Ø The quick, non-invasive survey method enables 
multi-site, frequent monitoring of biodiversity

Credit: Nature Metrics

Environmental DNA (eDNA) metabarcoding 

Environmental DNA and 
what it has brought to us 



Ø A network for eDNA-based fish diversity 
monitoring founded in 2019

Ø Every survey conducted with the “standard 
protocol” provided by The eDNA Society

Ø The eDNA samples are frozen and 
preserved for future analyses

The eDNA monitoring network:
ANEMONE

As of 01/06/2022
861sites
4,298 surveys
885 fish species



Ø 長浜：益田 玲爾／潮見 美咲（京都大学・舞鶴水産実験所）
Ø 音海：益田 玲爾／潮見 美咲（京都大学・舞鶴水産実験所）
Ø 今津：清野聡子（九州大学・環境社会部門）
Ø 芥屋：清野聡子（九州大学・環境社会部門）
Ø 対馬：清野聡子（九州大学・環境社会部門）
Ø 五島：清野聡子（九州大学・環境社会部門）
Ø 浅虫：熊野 岳／阿部 広和（東北大学・浅虫海洋生物学教育研究センター）
Ø 滝浜：太齋彰浩（サスティナビリティセンター）
Ø 七重浜：笠井亮秀（北海道大学・水産科学研究院）
Ø むつ関根：笠井亮秀（北海道大学・水産科学研究院）
Ø 備瀬：岡 慎一郎（沖縄ちゅら島財団）
Ø 嘉陽：岡 慎一郎（沖縄ちゅら島財団）
Ø 西表：梶田 忠（琉球大学・熱帯生物圏研究センター西表研究施設）
Ø 瀬戸内海西：堀 正和（水研機構・水産資源研究所）
Ø 樋合海岸：逸見 泰久（熊本大学・くまもと水循環減災研究教育センター）
Ø 厚岸湾：仲岡 雅裕／鈴木 一平／山本 麻衣（北海道大学・厚岸臨海実験所）
Ø 大槌湾：峰岸有紀（東京大学・大気海洋研究所国際沿岸海洋研究センター）
Ø 白浜：後藤 龍太郎（京都大学・瀬戸臨海実験所）
Ø 隠岐臨海：吉田 真明／西崎政則（島根大学・隠岐臨海実験所）
Ø 能登：鈴木 信雄／小木曽正造（金沢大学・能登臨海実験所）
Ø 佐渡：安東 宏徳／下谷 豊和（新潟大学・佐渡臨海実験所）
Ø 牛窓：坂本 竜哉／濱田麻友子／齊藤和裕（岡山大学・牛窓臨海実験所）
Ø 菅島：五島 剛太／福岡 雅史（名古屋大学・菅島臨海実験所）
Ø 館山：清本 正人（お茶の水大学・館山臨海実験所）
Ø 浜松：菊池 潔／藤田 真志（東京大学・水産実験所）
Ø 下田：笹倉 靖徳／柴田 大輔（筑波大学・下田臨海実験センター）
Ø 式根島：笹倉 靖徳／柴田 大輔（筑波大学・下田臨海実験センター）
Ø 釧路：長谷川夏樹（水研機構・水産技術研究所 釧路庁舎）
Ø 宮古：八谷光介（水研機構・水産技術研究所 宮古拠点）
Ø 神栖：佐藤允昭（水研機構・水産技術研究所 神栖庁舎）
Ø 横浜：堀 正和（水研機構・水産資源研究所 横浜庁舎）
Ø 荒崎：堀 正和（水研機構・水産資源研究所 荒崎施設）
Ø 百島：伊藤 篤（水研機構・水産技術研究所 百島拠点）
Ø 下関：阿部真比古（水研機構・水産大学校 生物生産学科）
Ø 長崎：清本節夫（水研機構・水産技術研究所 長崎庁舎）
Ø 新潟：濱岡秀樹（新潟県水産海洋研究所 本所）
Ø 八戸：田中義幸（八戸工業大学 生命環境科学科）
Ø 富津：石井光廣（千葉県水産総合研究センター東京湾漁業研究所）
Ø 美波：中西達也（徳島県農林水産総合技術支援センター水産研究課美波庁舎）
Ø 指宿：猪狩忠光（鹿児島県水産技術開発センター）
Ø 高松：山本昌幸（香川県水産試験場）
Ø 山口：國森拓也（山口県水産研究センター内海研究部）
Ø 宮崎：中西健二（宮崎県水産試験場）
Ø 伊予：石田稔 （愛媛県農林水産研究所水産研究センター栽培資源研究所）
Ø 南三陸：太齋 彰浩（サスティナビリティセンター）・阿部 拓三／鈴木 将太（自
然環境活用センター）

Ø 冠着橋（千曲川）：田中健太（筑波大・菅平高原実験所）
Ø 大明神沢：田中健太（筑波大・菅平高原実験所）
Ø 菅平湿原：田中健太（筑波大学）
Ø 霞ヶ浦湖心：松崎慎一郎／今藤夏子／中川惠（国立環境研
究所・霞ヶ浦コアサイト）

Ø 苫小牧幌内川：岸田治／杉山弘（北海道大学・北大苫小牧研
究林）

Ø 檜山天の川：奥田篤志（北海道大学・北大苫小牧研究林（檜
山））

Ø 中川琴平川：福澤加里部／馬谷佳幸（北海道大学・北大中川
研究林）

Ø 雨龍太釡別川：内海俊介／坂井励（北海道大学・北大雨龍研
究林）

Ø 和歌山古座川：中村誠宏／菅野由莉（北海道大学・北大和歌
山研究林）

Ø 天塩八線川：小林真／早柏慎太郎（北海道大学・北大天塩研
究林）

Ø 京都大学和歌山研究林：長谷川尚史／淺野善和／長谷川敦
史（京都大学・京大和歌山研究林）

Ø 標茶：小林和也（京都大学・京大北海道研究林）
Ø 福岡演習林：榎木勉（九州大学・九州大学演習林）
Ø 宮崎演習林：久米朋宣（九州大学・九大宮崎演習林）
Ø 北海道演習林：智和正明（九州大学・九大北海道演習林）
Ø 芦生：石原正恵／古田卓（京都大学・京都大学芦生研究林）
Ø 千歳川（ふ化場上）：荒木仁志（北海道大学・農学部）
Ø 千歳川（水族館橋）：荒木仁志（北海道大学・農学部）
Ø 千歳川（長都大橋）：荒木仁志（北海道大学・農学部）
Ø 千歳川（千歳川橋）：荒木仁志（北海道大学・農学部）
Ø 相模川串川：長谷部勇太（神奈川県環境科学センター）
Ø 神奈川県：長谷部勇太（神奈川県環境科学センター）
Ø 宍道湖・中海：高原輝彦

Weekly to seasonal monitoring 
at the 77 fixed stations 
(55 coastal, 22 freshwater)

 2 

which a one-time survey at 528 sites covering the whole Japanese archipelago identified 1,220 species 
(unpublished data). In 2018, multi-time surveys (weekly to seasonal) were conducted at sites using the 
same methodology.  

In 2019, a research project, “Regime Shift in Coastal 
Ecosystems: Empirical Approach Based on 
Advanced Monitoring and Non-Linear Dynamical 
Theory (JP19H05641; 2019-2024)”, was initiated 
with funding by the Japan Society for the Promotion 
of Science. An aim of the project was to detect and 
provide mechanistic understanding of regime shift, an 
abrupt and irreversible change in ecosystems caused 
by environmental changes, based on multi-site 
timeseries data of fish community. MiFish-based 
eDNA metabarcoding was selected as a tool for 
frequent monitoring of fish communities at multiple 
sites. The methodology developed in the former 
wide-area survey conducted in 2017-2018 was 
implemented. The eDNA monitoring network was 
named as All Nippon eDNA Monitoring Network 
(ANEMONE) in 2019. 

 

The eDNA-based Monitoring System for Biodiversity 
– ANEMONE 
ANEMONE is an eDNA-based biodiversity monitoring 
network covering coastal and pelagic ocean zones, rivers, 
and lakes. Fieldwork, including water sampling, 
filtrations and recording environmental variables such as 
temperature and salinity, are conducted mainly by 25 
institutions, including 14 universities and 9 
national/prefectural research institutes, most of which 
belong to Japan Long Term Ecological Research 
Network (JaLTER), Japan Fisheries Research and 
Education Agency (FRA) and Japanese Association for 
Marine Biology (JAMBIO). Mountain Science Center, 
University of Tsukuba provides ready-to-use sampling 
kits to the monitoring sites, which send back eDNA 
filtration samples in return. The received samples are 
sent to Kazusa DNA Research Institute, where DNA is 
extracted from the collected samples, amplified and 
sequenced following the common protocol, which 
follows the protocol provided by The eDNA Society (the 
protocol available to public at the society’s website, 
https://ednasociety.org/en/). The sequence data is sent to 
Tohoku University and translated into occurrence data, 
revealing species-level identity at the highest level of 
taxonomic resolution, by using Claident, a high-
throughput analysis pipeline for metabarcoding data 
(http://www.claident.org). As of March 2022, we have 
77 fixed monitoring stations in operation, of which 55, 
18 and 4 are of coastal, river and lake ecosystems, 
respectively (Fig. 2). The monitoring frequencies vary 
from weekly to seasonal. Since 2017, more than 5,000 

Fig. 2 The fixed monitoring stations 
that currently conduct frequent eDNA 
surveys. 

Fig. 3 The website of ANEMONE DB. 



eDNA metabarcoding survey 
conducted at 528 sites 

Date Started：5 June, 2017

Date Completed：30 August, 2017

Monitoring Sites：528 sites

Northernmost: Soya Misaki (lat. 45.52°N)

Southernmost: Minami-Io 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)

Wide area observation 
Ø MiFish-based eDNA survey at 528 sites 
conducted in 3 mo.

Ø 1,218 fish species, 236 families detected

Pacific herring [ニシン]
(Clupea pallasii)

Japanese anchovy [カタクチイワシ]
(Engraulis japonicus)

Round herring [ウルメイワシ]
(Etrumeus teres)

Japanese sardine [マイワシ]
(Sardinops melanostictus)

Silver-stripe round herring [キビナゴ]
(Spratelloides gracilis)Dotted gizzard shad [コノシロ]

(Konosirus punctatus)

源利文益田玲爾笠井亮秀 宮正樹荒木仁志 清野聡子近藤倫生



Ushio et al. (2017, MBMG)

Metabarcoding and Metagenomics 2: e23297

https://mbmg.pensoft.net
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Figure 5. Dynamics of the total fish eDNA (a), Japanese anchovy (Engraulis japonicus; b) and Japanese jack mackerel (Trachurus 
japonicus; c) quantified by qMiSeq and qPCR. Solid and dashed lines indicate the number of eDNA copies quantified by qMiSeq 
and qPCR, respectively. Note that the copy numbers of total fish eDNA were normalised to have zero mean and unit variance.

quantification of eDNA from only one fish species in a 
single experiment, this method is much more efficient 
compared with qPCR. In addition, this method can take 
effects of PCR inhibition into account. Although it should 
be mentioned that fish eDNA copy numbers are still only 
a rough index of fish biomass/abundance (or population 
size) and this problem should be addressed in a future 

study (e.g. estimating taxon-specific correction factors 
is a promising direction; see Krehenwinkel et al. 2017), 
these results show that eDNA metabarcoding with the in-
clusion of internal standard DNAs can be a promising tool 
to monitor fish biodiversity. This method will improve the 
efficiency of obtaining data and may contribute to more 
effective resource management and ecosystem monitoring.

Masuda (unpublished data)

Ø Weekly MiFish-based eDNA monitoring of 
fish diversdity at Maizuru site since 2015

Ø The data well-captured the seasonal changes, 
including the winter ”spike” of anchovy 
population

Tracking the species dynamics

https://mbmg.pensoft.net
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Figure 6. Quantitative and multispecies fish eDNA time series in Maizuru Bay, Japan. Time series of eDNA of 10 dominant 
fish species. In the eDNA analysis, two Takifugu species were detected as dominant species and were designated Takifugu sp1 and 
sp2. A representative sequence of Takifugu sp1 is highly similar to that of T. niphobles/T. snyderi (>99% identity). A representative 
sequence of Takifugu sp2 is identical with that of T. pardadalis/T. xanthopterus/ T. poecilonotus (100% identity). Different colours 
indicate different fish species. The numbers of eDNA copies were normalised to have zero mean and unit variance.
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ANEMONE’s Strategy
making everyone involved via ‘open’ monitoring



Ø Professional skills not required to be an 
ANEMONE Survey Node

Ø Easy-to-start manual and sampling kit 
enables field survey with the minimum 
supervision by professionals

ANEMONE Hub

ANEMONE Nodes
fixed & temporary sites

(2) Water sampling & filtering
OPEN
DATA

(4) wet & dry analyses
(1) sampling 
manual & kit

(3) samples
(5) data

ANEMONE System
to make everyone involved



① ③ ⑨ ⑩

④⑤⑧ ⑥
⑦

⑮ ⑯⑬

②

⑪

⑫ ⑭

⑲⑱

① ゴム⼿袋（4セット）
② カートリッジ（2個）
③ 注射筒（2本）
④ パラフィルム（2枚）
⑤ キャップ2種類（2個ずつ，計4個）
⑥ 保存液（⼩型チューブ⼊り，2個）
⑦ スポイト（2個）
⑧ サンプル番号⽤シール（2枚）
⑨ 保冷剤（2個）
⑩ 保冷バッグ
⑪ クリップ（2個）
⑫ ロープ（15m）
⑬ 腕章（シール）
⑭ 調査記録⽤紙
⑮ クリアファイル
⑯ マニュアル
⑰ 安全ピン
⑱ ゴミ袋
⑲ ペーパータオル（5枚）
⑳ チャック付き袋（⼤中⼩1枚ずつ）
21. クロネコヤマトの送り状（写真にはありません）

⑤

④ ⑥

⑦

④〜⑧と の拡⼤図
⑧

送付物の確認 3がついているものは開封しないでください

⑰ ⑳

⑰

⑰

① ③ ⑨ ⑩

④⑤⑧ ⑥
⑦

⑮ ⑯⑬

②

⑪

⑫ ⑭

⑲⑱

① ゴム⼿袋（4セット）
② カートリッジ（2個）
③ 注射筒（2本）
④ パラフィルム（2枚）
⑤ キャップ2種類（2個ずつ，計4個）
⑥ 保存液（⼩型チューブ⼊り，2個）
⑦ スポイト（2個）
⑧ サンプル番号⽤シール（2枚）
⑨ 保冷剤（2個）
⑩ 保冷バッグ
⑪ クリップ（2個）
⑫ ロープ（15m）
⑬ 腕章（シール）
⑭ 調査記録⽤紙
⑮ クリアファイル
⑯ マニュアル
⑰ 安全ピン
⑱ ゴミ袋
⑲ ペーパータオル（5枚）
⑳ チャック付き袋（⼤中⼩1枚ずつ）
21. クロネコヤマトの送り状（写真にはありません）

⑤

④ ⑥

⑦

④〜⑧と の拡⼤図
⑧

送付物の確認 3がついているものは開封しないでください

⑰ ⑳

⑰

⑰

Ready-to-use ANEMONE survey kit 



3．保存・封⼊

1. カートリッジの排出孔（海⽔が出る⼝）がキャップでふさがれてい
ることを確認します。2. スポイトで、チューブから保存液を吸います（⼀度に全部は吸えま
せん）。

271
2

注意点︓スポイトを落としたり、なくしてしまったら、注射筒で保存液
を⼊れます。（38ページ参照）

2．採⽔・ろ過

12.余ったバケツの海⽔を陸側に
捨て、調査記録⽤紙にチェックを

⼊れ

て、バケツ採⽔の回数を記録しま
す。

13.新しく海⽔を採⽔します。同
じカートリッジで、採⽔1回ろ過

200mL（3〜12）の作業を合計
で5回繰り返し、1Lの海⽔をろ過

す

ることを⽬指します。

14. 5回⼿前でも、途中でピスト
ンが硬くて押せなくなったら、そ

こで

終了です。必ず、ろ過量をmL単
位で調査記録⽤紙に記録します。

15.カートリッジ1本分のろ過が
終わったら、保存・封⼊に進んで

くだ

さい。2本⽬のろ過は、1本⽬の
保存・封⼊が終わってからです。

134 1313
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Manual with many visuals for eDNA beginners



Video manual



Ø Professional skills not required to be an 
ANEMONE Survey Node

Ø Easy-to-start manual and sampling kit 
enables field survey with the minimum 
supervision by professionals

ANEMONE Hub

ANEMONE Nodes
fixed & temporary sites

(2) Water sampling & filtering
OPEN
DATA

(4) wet & dry analyses
(1) sampling 
manual & kit

(3) samples
(5) data

ANEMONE System
to make everyone involved



Citizens as essential observers
Ø Curiosity-based choice of survey sites by citizens
Ø Providing good opportunities for citizens to learn 
about biodiversity at their locals

Ø Data quality non-distinguishable from those by 
professional scientists
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Ø eDNA survey using the Japan-Australia 
regular routes of shipping company

Ø 158 species detected from 8 sites in 2021
Ø Providing an opportunity for private 
companies to contribute for biodiversity 
monitoring

Industrial sector involved in 
the ANEMONE monitoring
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ANEMONE Database 
for Open Data

Ø ANEMONE DB, the dedicated database, made 
available on 2 June 2022

Ø Freely and publicly accessible and no usage 
restrictions 

Ø Professional scientists contributing to the 
monitoring has 6-month data usage priority 

https://db.anemone.bio

https://db.anemone.bio/


Detecting the change 
in species distributions
with ANEMONE data

Ø Estimating the fish distribution using the 
2017-2020 ANEMONE data

Ø Trends of distribution center moving 
toward North detected
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Ø Consortium of 12 institutions including 
industry, government, and academia initiated 
on 1 July 2022

Ø Major Targets - Achieving Nature Positive 
through development of eDNA and 
establishment of self-sustainable eDNA 
monitoring network

Ø The first call for participant soon

Consortium established for 
ANEMONE’s better contributions 
to Nature Positive

TARGET 1
Achieving 

Nature Positive

TARGET 2
Development of 
eDNA research

TARGET 3
Self-sustainable eDNA 
monitoring system
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SUMMARY
1. Data-driven approach based on ‘ecological big data’ can 

be a powerful approach to understand and conserve the 
complex ecosystems  

2. Environmental DNA has a potential to provide a massive 
monitoring data of biodiversity

3. ANEMONE is an eDNA monitoring network aiming to 
provide the massive, publicly accessible data with 
everyone’s help

4. In 2022 ANEMONE DB and ANEMONE Consortium 
established for better contribution to Nature Positive
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How will it be in 2030?


