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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (Ŷ) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
KŶůǇ�ĐŽŵŵŽŶ�ƚĞƐƚƐ�ƐŚŽƵůĚ�ďĞ�ĚĞƐĐƌŝďĞĚ�ƐŽůĞůǇ�ďǇ�ŶĂŵĞ͖�ĚĞƐĐƌŝďĞ�ŵŽƌĞ�ĐŽŵƉůĞǆ�ƚĞĐŚŶŝƋƵĞƐ�ŝŶ�ƚŚĞ�DĞƚŚŽĚƐ�ƐĞĐƚŝŽŶ͘

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. &, ƚ, ƌ) with confidence intervals, effect sizes, degrees of freedom and W value noted 
'ŝǀĞ�W�ǀĂůƵĞƐ�ĂƐ�ĞǆĂĐƚ�ǀĂůƵĞƐ�ǁŚĞŶĞǀĞƌ�ƐƵŝƚĂďůĞ͘

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's Ě, Pearson's ƌ), indicating how they were calculated

KƵƌ�ǁĞď�ĐŽůůĞĐƚŝŽŶ�ŽŶ�ƐƚĂƚŝƐƚŝĐƐ�ĨŽƌ�ďŝŽůŽŐŝƐƚƐ�ĐŽŶƚĂŝŶƐ�ĂƌƚŝĐůĞƐ�ŽŶ�ŵĂŶǇ�ŽĨ�ƚŚĞ�ƉŽŝŶƚƐ�ĂďŽǀĞ͘
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Policy information about availability of computer code
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We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

WƌŽǀŝĚĞ�ǇŽƵƌ�ĚĂƚĂ�ĂǀĂŝůĂďŝůŝƚǇ�ƐƚĂƚĞŵĞŶƚ�ŚĞƌĞ͘

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

Michinobu Kuwae

2020/09/07
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size �ĞƐĐƌŝďĞ�ŚŽǁ�ƐĂŵƉůĞ�ƐŝǌĞ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ͕�ĚĞƚĂŝůŝŶŐ�ĂŶǇ�ƐƚĂƚŝƐƚŝĐĂů�ŵĞƚŚŽĚƐ�ƵƐĞĚ�ƚŽ�ƉƌĞĚĞƚĞƌŵŝŶĞ�ƐĂŵƉůĞ�ƐŝǌĞ�KZ�ŝĨ�ŶŽ�ƐĂŵƉůĞͲƐŝǌĞ�ĐĂůĐƵůĂƚŝŽŶ�
ǁĂƐ�ƉĞƌĨŽƌŵĞĚ͕�ĚĞƐĐƌŝďĞ�ŚŽǁ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ǁĞƌĞ�ĐŚŽƐĞŶ�ĂŶĚ�ƉƌŽǀŝĚĞ�Ă�ƌĂƚŝŽŶĂůĞ�ĨŽƌ�ǁŚǇ�ƚŚĞƐĞ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ĂƌĞ�ƐƵĨĨŝĐŝĞŶƚ͘

Data exclusions �ĞƐĐƌŝďĞ�ĂŶǇ�ĚĂƚĂ�ĞǆĐůƵƐŝŽŶƐ͘�/Ĩ�ŶŽ�ĚĂƚĂ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ�ĨƌŽŵ�ƚŚĞ�ĂŶĂůǇƐĞƐ͕�ƐƚĂƚĞ�ƐŽ�KZ�ŝĨ�ĚĂƚĂ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ͕�ĚĞƐĐƌŝďĞ�ƚŚĞ�ĞǆĐůƵƐŝŽŶƐ�ĂŶĚ�ƚŚĞ�
ƌĂƚŝŽŶĂůĞ�ďĞŚŝŶĚ�ƚŚĞŵ͕�ŝŶĚŝĐĂƚŝŶŐ�ǁŚĞƚŚĞƌ�ĞǆĐůƵƐŝŽŶ�ĐƌŝƚĞƌŝĂ�ǁĞƌĞ�ƉƌĞͲĞƐƚĂďůŝƐŚĞĚ͘�

Replication �ĞƐĐƌŝďĞ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ƚĂŬĞŶ�ƚŽ�ǀĞƌŝĨǇ�ƚŚĞ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŽĨ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂů�ĨŝŶĚŝŶŐƐ͘�/Ĩ�Ăůů�ĂƚƚĞŵƉƚƐ�Ăƚ�ƌĞƉůŝĐĂƚŝŽŶ�ǁĞƌĞ�ƐƵĐĐĞƐƐĨƵů͕�ĐŽŶĨŝƌŵ�ƚŚŝƐ�
KZ�ŝĨ�ƚŚĞƌĞ�ĂƌĞ�ĂŶǇ�ĨŝŶĚŝŶŐƐ�ƚŚĂƚ�ǁĞƌĞ�ŶŽƚ�ƌĞƉůŝĐĂƚĞĚ�Žƌ�ĐĂŶŶŽƚ�ďĞ�ƌĞƉƌŽĚƵĐĞĚ͕�ŶŽƚĞ�ƚŚŝƐ�ĂŶĚ�ĚĞƐĐƌŝďĞ�ǁŚǇ͘

Randomization �ĞƐĐƌŝďĞ�ŚŽǁ�ƐĂŵƉůĞƐͬŽƌŐĂŶŝƐŵƐͬƉĂƌƚŝĐŝƉĂŶƚƐ�ǁĞƌĞ�ĂůůŽĐĂƚĞĚ�ŝŶƚŽ�ĞǆƉĞƌŝŵĞŶƚĂů�ŐƌŽƵƉƐ͘�/Ĩ�ĂůůŽĐĂƚŝŽŶ�ǁĂƐ�ŶŽƚ�ƌĂŶĚŽŵ͕�ĚĞƐĐƌŝďĞ�ŚŽǁ�ĐŽǀĂƌŝĂƚĞƐ�
ǁĞƌĞ�ĐŽŶƚƌŽůůĞĚ�KZ�ŝĨ�ƚŚŝƐ�ŝƐ�ŶŽƚ�ƌĞůĞǀĂŶƚ�ƚŽ�ǇŽƵƌ�ƐƚƵĚǇ͕�ĞǆƉůĂŝŶ�ǁŚǇ͘

Blinding �ĞƐĐƌŝďĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�ŝŶǀĞƐƚŝŐĂƚŽƌƐ�ǁĞƌĞ�ďůŝŶĚĞĚ�ƚŽ�ŐƌŽƵƉ�ĂůůŽĐĂƚŝŽŶ�ĚƵƌŝŶŐ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�ĂŶĚͬŽƌ�ĂŶĂůǇƐŝƐ͘�/Ĩ�ďůŝŶĚŝŶŐ�ǁĂƐ�ŶŽƚ�ƉŽƐƐŝďůĞ͕�
ĚĞƐĐƌŝďĞ�ǁŚǇ�KZ�ĞǆƉůĂŝŶ�ǁŚǇ�ďůŝŶĚŝŶŐ�ǁĂƐ�ŶŽƚ�ƌĞůĞǀĂŶƚ�ƚŽ�ǇŽƵƌ�ƐƚƵĚǇ͘

Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description �ƌŝĞĨůǇ�ĚĞƐĐƌŝďĞ�ƚŚĞ�ƐƚƵĚǇ�ƚǇƉĞ�ŝŶĐůƵĚŝŶŐ�ǁŚĞƚŚĞƌ�ĚĂƚĂ�ĂƌĞ�ƋƵĂŶƚŝƚĂƚŝǀĞ͕�ƋƵĂůŝƚĂƚŝǀĞ͕�Žƌ�ŵŝǆĞĚͲŵĞƚŚŽĚƐ�;Ğ͘Ő͘�ƋƵĂůŝƚĂƚŝǀĞ�ĐƌŽƐƐͲƐĞĐƚŝŽŶĂů͕�
ƋƵĂŶƚŝƚĂƚŝǀĞ�ĞǆƉĞƌŝŵĞŶƚĂů͕�ŵŝǆĞĚͲŵĞƚŚŽĚƐ�ĐĂƐĞ�ƐƚƵĚǇͿ͘�

Research sample ^ƚĂƚĞ�ƚŚĞ�ƌĞƐĞĂƌĐŚ�ƐĂŵƉůĞ�;Ğ͘Ő͘�,ĂƌǀĂƌĚ�ƵŶŝǀĞƌƐŝƚǇ�ƵŶĚĞƌŐƌĂĚƵĂƚĞƐ͕�ǀŝůůĂŐĞƌƐ�ŝŶ�ƌƵƌĂů�/ŶĚŝĂͿ�ĂŶĚ�ƉƌŽǀŝĚĞ�ƌĞůĞǀĂŶƚ�ĚĞŵŽŐƌĂƉŚŝĐ�ŝŶĨŽƌŵĂƚŝŽŶ�
;Ğ͘Ő͘�ĂŐĞ͕�ƐĞǆͿ�ĂŶĚ�ŝŶĚŝĐĂƚĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�ƐĂŵƉůĞ�ŝƐ�ƌĞƉƌĞƐĞŶƚĂƚŝǀĞ͘�WƌŽǀŝĚĞ�Ă�ƌĂƚŝŽŶĂůĞ�ĨŽƌ�ƚŚĞ�ƐƚƵĚǇ�ƐĂŵƉůĞ�ĐŚŽƐĞŶ͘�&Žƌ�ƐƚƵĚŝĞƐ�ŝŶǀŽůǀŝŶŐ�
ĞǆŝƐƚŝŶŐ�ĚĂƚĂƐĞƚƐ͕�ƉůĞĂƐĞ�ĚĞƐĐƌŝďĞ�ƚŚĞ�ĚĂƚĂƐĞƚ�ĂŶĚ�ƐŽƵƌĐĞ͘

Sampling strategy �ĞƐĐƌŝďĞ�ƚŚĞ�ƐĂŵƉůŝŶŐ�ƉƌŽĐĞĚƵƌĞ�;Ğ͘Ő͘�ƌĂŶĚŽŵ͕�ƐŶŽǁďĂůů͕�ƐƚƌĂƚŝĨŝĞĚ͕�ĐŽŶǀĞŶŝĞŶĐĞͿ͘��ĞƐĐƌŝďĞ�ƚŚĞ�ƐƚĂƚŝƐƚŝĐĂů�ŵĞƚŚŽĚƐ�ƚŚĂƚ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�
ƉƌĞĚĞƚĞƌŵŝŶĞ�ƐĂŵƉůĞ�ƐŝǌĞ�KZ�ŝĨ�ŶŽ�ƐĂŵƉůĞͲƐŝǌĞ�ĐĂůĐƵůĂƚŝŽŶ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ͕�ĚĞƐĐƌŝďĞ�ŚŽǁ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ǁĞƌĞ�ĐŚŽƐĞŶ�ĂŶĚ�ƉƌŽǀŝĚĞ�Ă�ƌĂƚŝŽŶĂůĞ�
ĨŽƌ�ǁŚǇ�ƚŚĞƐĞ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ĂƌĞ�ƐƵĨĨŝĐŝĞŶƚ͘�&Žƌ�ƋƵĂůŝƚĂƚŝǀĞ�ĚĂƚĂ͕�ƉůĞĂƐĞ�ŝŶĚŝĐĂƚĞ�ǁŚĞƚŚĞƌ�ĚĂƚĂ�ƐĂƚƵƌĂƚŝŽŶ�ǁĂƐ�ĐŽŶƐŝĚĞƌĞĚ͕�ĂŶĚ�ǁŚĂƚ�ĐƌŝƚĞƌŝĂ�
ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ĚĞĐŝĚĞ�ƚŚĂƚ�ŶŽ�ĨƵƌƚŚĞƌ�ƐĂŵƉůŝŶŐ�ǁĂƐ�ŶĞĞĚĞĚ͘

Data collection WƌŽǀŝĚĞ�ĚĞƚĂŝůƐ�ĂďŽƵƚ�ƚŚĞ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĞ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ŝŶƐƚƌƵŵĞŶƚƐ�Žƌ�ĚĞǀŝĐĞƐ�ƵƐĞĚ�ƚŽ�ƌĞĐŽƌĚ�ƚŚĞ�ĚĂƚĂ�;Ğ͘Ő͘�ƉĞŶ�ĂŶĚ�ƉĂƉĞƌ͕�
ĐŽŵƉƵƚĞƌ͕�ĞǇĞ�ƚƌĂĐŬĞƌ͕�ǀŝĚĞŽ�Žƌ�ĂƵĚŝŽ�ĞƋƵŝƉŵĞŶƚͿ�ǁŚĞƚŚĞƌ�ĂŶǇŽŶĞ�ǁĂƐ�ƉƌĞƐĞŶƚ�ďĞƐŝĚĞƐ�ƚŚĞ�ƉĂƌƚŝĐŝƉĂŶƚ;ƐͿ�ĂŶĚ�ƚŚĞ�ƌĞƐĞĂƌĐŚĞƌ͕�ĂŶĚ�ǁŚĞƚŚĞƌ�
ƚŚĞ�ƌĞƐĞĂƌĐŚĞƌ�ǁĂƐ�ďůŝŶĚ�ƚŽ�ĞǆƉĞƌŝŵĞŶƚĂů�ĐŽŶĚŝƚŝŽŶ�ĂŶĚͬŽƌ�ƚŚĞ�ƐƚƵĚǇ�ŚǇƉŽƚŚĞƐŝƐ�ĚƵƌŝŶŐ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ͘

Timing /ŶĚŝĐĂƚĞ�ƚŚĞ�ƐƚĂƌƚ�ĂŶĚ�ƐƚŽƉ�ĚĂƚĞƐ�ŽĨ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ͘�/Ĩ�ƚŚĞƌĞ�ŝƐ�Ă�ŐĂƉ�ďĞƚǁĞĞŶ�ĐŽůůĞĐƚŝŽŶ�ƉĞƌŝŽĚƐ͕�ƐƚĂƚĞ�ƚŚĞ�ĚĂƚĞƐ�ĨŽƌ�ĞĂĐŚ�ƐĂŵƉůĞ�ĐŽŚŽƌƚ͘

Data exclusions /Ĩ�ŶŽ�ĚĂƚĂ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ�ĨƌŽŵ�ƚŚĞ�ĂŶĂůǇƐĞƐ͕�ƐƚĂƚĞ�ƐŽ�KZ�ŝĨ�ĚĂƚĂ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ͕�ƉƌŽǀŝĚĞ�ƚŚĞ�ĞǆĂĐƚ�ŶƵŵďĞƌ�ŽĨ�ĞǆĐůƵƐŝŽŶƐ�ĂŶĚ�ƚŚĞ�ƌĂƚŝŽŶĂůĞ�
ďĞŚŝŶĚ�ƚŚĞŵ͕�ŝŶĚŝĐĂƚŝŶŐ�ǁŚĞƚŚĞƌ�ĞǆĐůƵƐŝŽŶ�ĐƌŝƚĞƌŝĂ�ǁĞƌĞ�ƉƌĞͲĞƐƚĂďůŝƐŚĞĚ͘

Non-participation ^ƚĂƚĞ�ŚŽǁ�ŵĂŶǇ�ƉĂƌƚŝĐŝƉĂŶƚƐ�ĚƌŽƉƉĞĚ�ŽƵƚͬĚĞĐůŝŶĞĚ�ƉĂƌƚŝĐŝƉĂƚŝŽŶ�ĂŶĚ�ƚŚĞ�ƌĞĂƐŽŶ;ƐͿ�ŐŝǀĞŶ�KZ�ƉƌŽǀŝĚĞ�ƌĞƐƉŽŶƐĞ�ƌĂƚĞ�KZ�ƐƚĂƚĞ�ƚŚĂƚ�ŶŽ�
ƉĂƌƚŝĐŝƉĂŶƚƐ�ĚƌŽƉƉĞĚ�ŽƵƚͬĚĞĐůŝŶĞĚ�ƉĂƌƚŝĐŝƉĂƚŝŽŶ͘

Randomization /Ĩ�ƉĂƌƚŝĐŝƉĂŶƚƐ�ǁĞƌĞ�ŶŽƚ�ĂůůŽĐĂƚĞĚ�ŝŶƚŽ�ĞǆƉĞƌŝŵĞŶƚĂů�ŐƌŽƵƉƐ͕�ƐƚĂƚĞ�ƐŽ�KZ�ĚĞƐĐƌŝďĞ�ŚŽǁ�ƉĂƌƚŝĐŝƉĂŶƚƐ�ǁĞƌĞ�ĂůůŽĐĂƚĞĚ�ƚŽ�ŐƌŽƵƉƐ͕�ĂŶĚ�ŝĨ�
ĂůůŽĐĂƚŝŽŶ�ǁĂƐ�ŶŽƚ�ƌĂŶĚŽŵ͕�ĚĞƐĐƌŝďĞ�ŚŽǁ�ĐŽǀĂƌŝĂƚĞƐ�ǁĞƌĞ�ĐŽŶƚƌŽůůĞĚ͘

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description �ƌŝĞĨůǇ�ĚĞƐĐƌŝďĞ�ƚŚĞ�ƐƚƵĚǇ͘�&Žƌ�ƋƵĂŶƚŝƚĂƚŝǀĞ�ĚĂƚĂ�ŝŶĐůƵĚĞ�ƚƌĞĂƚŵĞŶƚ�ĨĂĐƚŽƌƐ�ĂŶĚ�ŝŶƚĞƌĂĐƚŝŽŶƐ͕�ĚĞƐŝŐŶ�ƐƚƌƵĐƚƵƌĞ�;Ğ͘Ő͘�ĨĂĐƚŽƌŝĂů͕�ŶĞƐƚĞĚ͕�
ŚŝĞƌĂƌĐŚŝĐĂůͿ͕�ŶĂƚƵƌĞ�ĂŶĚ�ŶƵŵďĞƌ�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ƵŶŝƚƐ�ĂŶĚ�ƌĞƉůŝĐĂƚĞƐ͘

Research sample �ĞƐĐƌŝďĞ�ƚŚĞ�ƌĞƐĞĂƌĐŚ�ƐĂŵƉůĞ�;Ğ͘Ő͘�Ă�ŐƌŽƵƉ�ŽĨ�ƚĂŐŐĞĚ�WĂƐƐĞƌ�ĚŽŵĞƐƚŝĐƵƐ͕�Ăůů�^ƚĞŶŽĐĞƌĞƵƐ�ƚŚƵƌďĞƌŝ�ǁŝƚŚŝŶ�KƌŐĂŶ�WŝƉĞ��ĂĐƚƵƐ�EĂƚŝŽŶĂů�
DŽŶƵŵĞŶƚͿ͕�ĂŶĚ�ƉƌŽǀŝĚĞ�Ă�ƌĂƚŝŽŶĂůĞ�ĨŽƌ�ƚŚĞ�ƐĂŵƉůĞ�ĐŚŽŝĐĞ͘�tŚĞŶ�ƌĞůĞǀĂŶƚ͕�ĚĞƐĐƌŝďĞ�ƚŚĞ�ŽƌŐĂŶŝƐŵ�ƚĂǆĂ͕�ƐŽƵƌĐĞ͕�ƐĞǆ͕�ĂŐĞ�ƌĂŶŐĞ�ĂŶĚ�
ĂŶǇ�ŵĂŶŝƉƵůĂƚŝŽŶƐ͘�^ƚĂƚĞ�ǁŚĂƚ�ƉŽƉƵůĂƚŝŽŶ�ƚŚĞ�ƐĂŵƉůĞ�ŝƐ�ŵĞĂŶƚ�ƚŽ�ƌĞƉƌĞƐĞŶƚ�ǁŚĞŶ�ĂƉƉůŝĐĂďůĞ͘�&Žƌ�ƐƚƵĚŝĞƐ�ŝŶǀŽůǀŝŶŐ�ĞǆŝƐƚŝŶŐ�ĚĂƚĂƐĞƚƐ͕�
ĚĞƐĐƌŝďĞ�ƚŚĞ�ĚĂƚĂ�ĂŶĚ�ŝƚƐ�ƐŽƵƌĐĞ͘

Sampling strategy EŽƚĞ�ƚŚĞ�ƐĂŵƉůŝŶŐ�ƉƌŽĐĞĚƵƌĞ͘��ĞƐĐƌŝďĞ�ƚŚĞ�ƐƚĂƚŝƐƚŝĐĂů�ŵĞƚŚŽĚƐ�ƚŚĂƚ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ƉƌĞĚĞƚĞƌŵŝŶĞ�ƐĂŵƉůĞ�ƐŝǌĞ�KZ�ŝĨ�ŶŽ�ƐĂŵƉůĞͲƐŝǌĞ�
ĐĂůĐƵůĂƚŝŽŶ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ͕�ĚĞƐĐƌŝďĞ�ŚŽǁ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ǁĞƌĞ�ĐŚŽƐĞŶ�ĂŶĚ�ƉƌŽǀŝĚĞ�Ă�ƌĂƚŝŽŶĂůĞ�ĨŽƌ�ǁŚǇ�ƚŚĞƐĞ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ĂƌĞ�ƐƵĨĨŝĐŝĞŶƚ͘

We used sediment core samples to detect marine fish DNA and track decadal- to centennial-scale variability in DNA concentration. Marine anoxic sediments are
identical to do this because fish DNA is expected to be preserved well in such a bottom environment. Target species are Engraulis japonicas, Sardinops 
melanostictus, and Trachurus japonicus, which are dominant species in the study area. 

We examined the utility of sedimentary DNA techniques to reconstruct “abundance” of macro organisms, which remains to be defined. We dated the cores, 
DNA extraction from the sampeles, four replicates for each quantitative PCR sample. To detect decadal to centennial-scale 
variability in the records, we performed general additive models (GAMs) for the DNA concentration dynamics in fish species with Gaussian distribution.

We collected six core samples for DNA analysis. Samples were sectioned at an interval of every 1 cm or 2 cm for the 50 cm core and 110 cm core length.
Sample size N=3 from three time series is enough to obtain time-slice averages and track decadal or centennial scale variability in DNA concentration.
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Data collection �ĞƐĐƌŝďĞ�ƚŚĞ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĞ͕�ŝŶĐůƵĚŝŶŐ�ǁŚŽ�ƌĞĐŽƌĚĞĚ�ƚŚĞ�ĚĂƚĂ�ĂŶĚ�ŚŽǁ͘

Timing and spatial scale /ŶĚŝĐĂƚĞ�ƚŚĞ�ƐƚĂƌƚ�ĂŶĚ�ƐƚŽƉ�ĚĂƚĞƐ�ŽĨ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ͕�ŶŽƚŝŶŐ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ĂŶĚ�ƉĞƌŝŽĚŝĐŝƚǇ�ŽĨ�ƐĂŵƉůŝŶŐ�ĂŶĚ�ƉƌŽǀŝĚŝŶŐ�Ă�ƌĂƚŝŽŶĂůĞ�ĨŽƌ�
ƚŚĞƐĞ�ĐŚŽŝĐĞƐ͘�/Ĩ�ƚŚĞƌĞ�ŝƐ�Ă�ŐĂƉ�ďĞƚǁĞĞŶ�ĐŽůůĞĐƚŝŽŶ�ƉĞƌŝŽĚƐ͕�ƐƚĂƚĞ�ƚŚĞ�ĚĂƚĞƐ�ĨŽƌ�ĞĂĐŚ�ƐĂŵƉůĞ�ĐŽŚŽƌƚ͘�^ƉĞĐŝĨǇ�ƚŚĞ�ƐƉĂƚŝĂů�ƐĐĂůĞ�ĨƌŽŵ�ǁŚŝĐŚ�
ƚŚĞ�ĚĂƚĂ�ĂƌĞ�ƚĂŬĞŶ

Data exclusions /Ĩ�ŶŽ�ĚĂƚĂ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ�ĨƌŽŵ�ƚŚĞ�ĂŶĂůǇƐĞƐ͕�ƐƚĂƚĞ�ƐŽ�KZ�ŝĨ�ĚĂƚĂ�ǁĞƌĞ�ĞǆĐůƵĚĞĚ͕�ĚĞƐĐƌŝďĞ�ƚŚĞ�ĞǆĐůƵƐŝŽŶƐ�ĂŶĚ�ƚŚĞ�ƌĂƚŝŽŶĂůĞ�ďĞŚŝŶĚ�ƚŚĞŵ͕�
ŝŶĚŝĐĂƚŝŶŐ�ǁŚĞƚŚĞƌ�ĞǆĐůƵƐŝŽŶ�ĐƌŝƚĞƌŝĂ�ǁĞƌĞ�ƉƌĞͲĞƐƚĂďůŝƐŚĞĚ͘

Reproducibility �ĞƐĐƌŝďĞ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ƚĂŬĞŶ�ƚŽ�ǀĞƌŝĨǇ�ƚŚĞ�ƌĞƉƌŽĚƵĐŝďŝůŝƚǇ�ŽĨ�ĞǆƉĞƌŝŵĞŶƚĂů�ĨŝŶĚŝŶŐƐ͘�&Žƌ�ĞĂĐŚ�ĞǆƉĞƌŝŵĞŶƚ͕�ŶŽƚĞ�ǁŚĞƚŚĞƌ�ĂŶǇ�ĂƚƚĞŵƉƚƐ�ƚŽ�
ƌĞƉĞĂƚ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚ�ĨĂŝůĞĚ�KZ�ƐƚĂƚĞ�ƚŚĂƚ�Ăůů�ĂƚƚĞŵƉƚƐ�ƚŽ�ƌĞƉĞĂƚ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚ�ǁĞƌĞ�ƐƵĐĐĞƐƐĨƵů͘

Randomization �ĞƐĐƌŝďĞ�ŚŽǁ�ƐĂŵƉůĞƐͬŽƌŐĂŶŝƐŵƐͬƉĂƌƚŝĐŝƉĂŶƚƐ�ǁĞƌĞ�ĂůůŽĐĂƚĞĚ�ŝŶƚŽ�ŐƌŽƵƉƐ͘�/Ĩ�ĂůůŽĐĂƚŝŽŶ�ǁĂƐ�ŶŽƚ�ƌĂŶĚŽŵ͕�ĚĞƐĐƌŝďĞ�ŚŽǁ�ĐŽǀĂƌŝĂƚĞƐ�ǁĞƌĞ�
ĐŽŶƚƌŽůůĞĚ͘�/Ĩ�ƚŚŝƐ�ŝƐ�ŶŽƚ�ƌĞůĞǀĂŶƚ�ƚŽ�ǇŽƵƌ�ƐƚƵĚǇ͕�ĞǆƉůĂŝŶ�ǁŚǇ͘

Blinding �ĞƐĐƌŝďĞ�ƚŚĞ�ĞǆƚĞŶƚ�ŽĨ�ďůŝŶĚŝŶŐ�ƵƐĞĚ�ĚƵƌŝŶŐ�ĚĂƚĂ�ĂĐƋƵŝƐŝƚŝŽŶ�ĂŶĚ�ĂŶĂůǇƐŝƐ͘�/Ĩ�ďůŝŶĚŝŶŐ�ǁĂƐ�ŶŽƚ�ƉŽƐƐŝďůĞ͕�ĚĞƐĐƌŝďĞ�ǁŚǇ�KZ�ĞǆƉůĂŝŶ�ǁŚǇ�
ďůŝŶĚŝŶŐ�ǁĂƐ�ŶŽƚ�ƌĞůĞǀĂŶƚ�ƚŽ�ǇŽƵƌ�ƐƚƵĚǇ͘

Did the study involve field work? Yes No

Field work, collection and transport
Field conditions �ĞƐĐƌŝďĞ�ƚŚĞ�ƐƚƵĚǇ�ĐŽŶĚŝƚŝŽŶƐ�ĨŽƌ�ĨŝĞůĚ�ǁŽƌŬ͕�ƉƌŽǀŝĚŝŶŐ�ƌĞůĞǀĂŶƚ�ƉĂƌĂŵĞƚĞƌƐ�;Ğ͘Ő͘�ƚĞŵƉĞƌĂƚƵƌĞ͕�ƌĂŝŶĨĂůůͿ͘

Location ^ƚĂƚĞ�ƚŚĞ�ůŽĐĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƐĂŵƉůŝŶŐ�Žƌ�ĞǆƉĞƌŝŵĞŶƚ͕�ƉƌŽǀŝĚŝŶŐ�ƌĞůĞǀĂŶƚ�ƉĂƌĂŵĞƚĞƌƐ�;Ğ͘Ő͘�ůĂƚŝƚƵĚĞ�ĂŶĚ�ůŽŶŐŝƚƵĚĞ͕�ĞůĞǀĂƚŝŽŶ͕�ǁĂƚĞƌ�
ĚĞƉƚŚͿ͘

Access and import/export �ĞƐĐƌŝďĞ�ƚŚĞ�ĞĨĨŽƌƚƐ�ǇŽƵ�ŚĂǀĞ�ŵĂĚĞ�ƚŽ�ĂĐĐĞƐƐ�ŚĂďŝƚĂƚƐ�ĂŶĚ�ƚŽ�ĐŽůůĞĐƚ�ĂŶĚ�ŝŵƉŽƌƚͬĞǆƉŽƌƚ�ǇŽƵƌ�ƐĂŵƉůĞƐ�ŝŶ�Ă�ƌĞƐƉŽŶƐŝďůĞ�ŵĂŶŶĞƌ�ĂŶĚ�
ŝŶ�ĐŽŵƉůŝĂŶĐĞ�ǁŝƚŚ�ůŽĐĂů͕�ŶĂƚŝŽŶĂů�ĂŶĚ�ŝŶƚĞƌŶĂƚŝŽŶĂů�ůĂǁƐ͕�ŶŽƚŝŶŐ�ĂŶǇ�ƉĞƌŵŝƚƐ�ƚŚĂƚ�ǁĞƌĞ�ŽďƚĂŝŶĞĚ�;ŐŝǀĞ�ƚŚĞ�ŶĂŵĞ�ŽĨ�ƚŚĞ�ŝƐƐƵŝŶŐ�
ĂƵƚŚŽƌŝƚǇ͕�ƚŚĞ�ĚĂƚĞ�ŽĨ�ŝƐƐƵĞ͕�ĂŶĚ�ĂŶǇ�ŝĚĞŶƚŝĨǇŝŶŐ�ŝŶĨŽƌŵĂƚŝŽŶͿ͘

Disturbance �ĞƐĐƌŝďĞ�ĂŶǇ�ĚŝƐƚƵƌďĂŶĐĞ�ĐĂƵƐĞĚ�ďǇ�ƚŚĞ�ƐƚƵĚǇ�ĂŶĚ�ŚŽǁ�ŝƚ�ǁĂƐ�ŵŝŶŝŵŝǌĞĚ͘

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used �ĞƐĐƌŝďĞ�Ăůů�ĂŶƚŝďŽĚŝĞƐ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ƐƚƵĚǇ͖�ĂƐ�ĂƉƉůŝĐĂďůĞ͕�ƉƌŽǀŝĚĞ�ƐƵƉƉůŝĞƌ�ŶĂŵĞ͕�ĐĂƚĂůŽŐ�ŶƵŵďĞƌ͕�ĐůŽŶĞ�ŶĂŵĞ͕�ĂŶĚ�ůŽƚ�ŶƵŵďĞƌ͘

Validation �ĞƐĐƌŝďĞ�ƚŚĞ�ǀĂůŝĚĂƚŝŽŶ�ŽĨ�ĞĂĐŚ�ƉƌŝŵĂƌǇ�ĂŶƚŝďŽĚǇ�ĨŽƌ�ƚŚĞ�ƐƉĞĐŝĞƐ�ĂŶĚ�ĂƉƉůŝĐĂƚŝŽŶ͕�ŶŽƚŝŶŐ�ĂŶǇ�ǀĂůŝĚĂƚŝŽŶ�ƐƚĂƚĞŵĞŶƚƐ�ŽŶ�ƚŚĞ�
ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ�ǁĞďƐŝƚĞ͕�ƌĞůĞǀĂŶƚ�ĐŝƚĂƚŝŽŶƐ͕�ĂŶƚŝďŽĚǇ�ƉƌŽĨŝůĞƐ�ŝŶ�ŽŶůŝŶĞ�ĚĂƚĂďĂƐĞƐ͕�Žƌ�ĚĂƚĂ�ƉƌŽǀŝĚĞĚ�ŝŶ�ƚŚĞ�ŵĂŶƵƐĐƌŝƉƚ͘

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s) ^ƚĂƚĞ�ƚŚĞ�ƐŽƵƌĐĞ�ŽĨ�ĞĂĐŚ�ĐĞůů�ůŝŶĞ�ƵƐĞĚ͘

Authentication �ĞƐĐƌŝďĞ�ƚŚĞ�ĂƵƚŚĞŶƚŝĐĂƚŝŽŶ�ƉƌŽĐĞĚƵƌĞƐ�ĨŽƌ�ĞĂĐŚ�ĐĞůů�ůŝŶĞ�ƵƐĞĚ�KZ�ĚĞĐůĂƌĞ�ƚŚĂƚ�ŶŽŶĞ�ŽĨ�ƚŚĞ�ĐĞůů�ůŝŶĞƐ�ƵƐĞĚ�ǁĞƌĞ�ĂƵƚŚĞŶƚŝĐĂƚĞĚ͘

Mycoplasma contamination �ŽŶĨŝƌŵ�ƚŚĂƚ�Ăůů�ĐĞůů�ůŝŶĞƐ�ƚĞƐƚĞĚ�ŶĞŐĂƚŝǀĞ�ĨŽƌ�ŵǇĐŽƉůĂƐŵĂ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�KZ�ĚĞƐĐƌŝďĞ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ƚŚĞ�ƚĞƐƚŝŶŐ�ĨŽƌ�
ŵǇĐŽƉůĂƐŵĂ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ�KZ�ĚĞĐůĂƌĞ�ƚŚĂƚ�ƚŚĞ�ĐĞůů�ůŝŶĞƐ�ǁĞƌĞ�ŶŽƚ�ƚĞƐƚĞĚ�ĨŽƌ�ŵǇĐŽƉůĂƐŵĂ�ĐŽŶƚĂŵŝŶĂƚŝŽŶ͘

We did not performed field observtion, so there is no description for timing. Spatioal scale of the core collections was about 600 m.

There is no data excluded from the analyses.

We collected DNA concentration data using quantitave PCR. 

We collected undisturbed core sediments during the cruise for coring survey in early to mid summer. All core samples were chilled immediately.   

Core samples were collected at 33°16'N, 131°32'E, at the innermost part of Beppu Bay. Water depth for each core site was 70 m.

We accessed using a vessel with compliance of Japan Coast Guard Law and permits of the fisheries cooperative association around Beppu Bay 
(2017/5/25, 2018/4/2).

There was no disturvance during the field works.

The similar trends in DNA concentration for three core time-series verifiy the reproducibility.


