New dawn fades: returning to dark data amid a
zooplankton technology revolution
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New dawn fades: returning to dark data amid a

zooplankton technology revolution

 Traditional and developing methods: uses and limitations

Lombard et al. (2019) FMS

Giering et al. (2022) FMS
Ratnarajah et al. (2023) Nat Comms
Hill et al (2024) FMS
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Method

Large scale <) Small scale

Net-sampling

Research vessel acoustics

Predator diets/foraging indices

Behaviour,
Swarming,
migration

Recruitment
trends

Long-term
stock
trajectory

Large-scale
Distribution

Changing Food web
availability to | structure &
Predators function

Fisheries data: pop structure

Moorings, in situ instruments

Instrumented predators

Under ice observations

Gliders, AUVs

Lowered cameras

SCAR Kirill Expert
Group (SKEG)
Annual Workshop
2021: linking science
to krill fishery
management

https://scar.org/science/life/skeq

Hill et al. (2024) FMS



Method Large scale <4———m)p Small scale

Long-term Large-scale [Recruitment | Changing Food web Behaviour,
stock Distribution | trends availability to | structure & Swarming,
trajectory Predators function migration

Net-sampling

Research vessel acoustics _
Established methods:

Predator diets/foraging indices larger scale coverage

Fisheries data: pop structure

Moorings, in situ instruments

Instrumented predators

Under ice observations New technology:

smaller scale dynamics
Gliders, AUVs

Lowered cameras

Hill et al. (2024) FMS
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PML |2z [maging technology Is great for size-based approaches
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PML |2z~ Imaging technology Is great for size-based approaches
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PML | By Body size as a "master trait”

Body size helps to dictate rates of:

« Metabolism, feeding, growth

* Predator-prey mass ratio

 Movement, migration, aggregation ability
« Mortality, population increase

» Sinking, export efficiency
* etc etc




pmL e \What do biomass spectra tell us about energy flow?

Total biomass
or
abundance

Body size



pvL [z \WWhat do biomass spectra tell us about energy flow?

Total biomass
or
abundance

Steeper slope

!

Lower predator: prey mass
Lower trophic transfer efficiency

!

Less energy flow to fish

Body size



Slope of Normalised Biomass Size Spectra (NBSS)

~Body mass scaling coefficient

Trophic Transfer Efficiency

Slope of NBSS of metabolism

/ /
09,, (PPMR)

\

Predator-Prey Mass Ratio

From: Mehner et al. (2018) Ecology
Eddy et al. (2021) TREE



PML |tz Remarkable regularity of pelagic size spectra

Global total numbers of organisms
(in top 200 m) in equal logarithmic mass bins

Body wet mass (g Hatton et al. (2021) Sci Adv



PML |z Applications of size spectra: 1. response to climatic extremes
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Extreme weather Is projected to increase Iin future
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PML |z Applications of size spectra: 1. response to climatic extremes

This example is based on weekly monitoring
of our Plymouth L4 time series and traditional
microscopic identification
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NBSS = Normalised

Maud et al. (2018) Limnol Oceanogr
Biomass Size Spectrum Month Atkinson et al. (2021) Limnol. Oceanogr.



PML | ez Applications of size spectra: 1. response to climatic extremes

o Video plankton
recorder tow-yo
o | profiles in Bornholm
Basin, Baltic Sea just
after a storm
EY]
A et
a
)
O g
- 04.04 {0 05.04. Particle aggregation at
o | — 0404100804 depth after storm
B = mes 05.04. to 08.04.
| | | | |
('2 '1Aggregati091 factor 2
Disaggegration Aggregation

Rahl et al. (in review) Queries? please contact Saskia : sru@pml.ac.uk
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Applications of size spectra: 2. What drives pelagic food web efficiency?

Global meta-analysis
of high-quality size
spectra

Helps understand how
temperature and
nutrient status jointly
control size spectra

o

t
|

10 15 20 25 30
Temperature (°C)

. 150°W 120°W 90°W 60°W 0° 30°E
Atkinson et al. (2024) Nature Comms

Ocean Data View



PML | ez At the largest scale, nutrient supply drives size spectrum slopes

Y= 006711 -0.01635x 1.0567 | No relationship between
adj ~ 0 .
P = 0.0067 (bootstrapped mean) Slze SpeCtrum Slope and
08 || ® <10samplings 08 temperature!
@) 10-100 samplings
. > 100 samplings
© 09 0 L -09 @
e, o
) » O
V) 7)) e ©
i 0 ®@
= 1.0 Z -1.0 & O
Cee ©
O ..
® @ ° ® ®
1.1 -1.1 O . (
o) o @ ~
@ fe
1.2 -1.2
-2 -1 0 1 2 0 10 20 30
Logso (Chl a concentration, mg Chl a m™) Temperature (°C)

Atkinson et al. (2024) Nature Comms



PML | Goomes™
-0.7
-0.8
Gentle size spectrum slopes:
Efficient energy transfer
-0.9 @
- Arendsee
O
® 9
Lake Ontario
-1.0
Steep size O
Spectrum: ® /Scotla Sea
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Slope of Normalised Biomass Size Spectrum

-1.2

Atlantic Drift

North Pacific

Gyre
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Less efficient energy transfer as chl a declines

Double effect from a reduction in phytoplankton:

1. Less food available at base of food web
2. Efficiency of transfer through food web declines

(i.,e. TROPHIC AMPLIFICATION of biomass declines

Atkinson et al. (2024) Nature Comms



PML | meeeee - Regularity of size spectra allows estimation of supportable fish biomass

We have measured

this part.........

10%

® Mgmmals
® Fi
® Zopplankton

Aujotrophs
@ Bagteria

Number of individuals (count)

10°

Body wet mass (g) Hatton et al. (2021) Sci Adv
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Implications for a warmer world

Phytoplankton

% Change (1990-1999 to 2090-2099)

80
-
40

Average results from an ensemble of 5 CMIP6 Earth System Models
Mid- latitudes: warming, increased stratification and
declining nutrient supply thought to reduce phytoplankton

Atkinson et al. (2024) Nat Comms



Implications for a warmer world

Phytoplankton Supportable fish biomass
% Change (1990-1999 to 2090-2099)
m 80
40
5 0

ol ] 40
‘- = g

A modest decline in phytoplankton amplifies into a
major decline in biomass of fish that this can support

Atkinson et al. (2024) Nat Comms



Implications for a warmer world

Phytoplankton Supportable fish biomass
% Change (1990-1999 to 2090-2099)

What would this small (7%) decline in phytoplankton biomass mean for fish?

SIZE SPECTRUM APPROACH - 19% global decline in supportable fish biomass
ENSEMBLES OF FOOD WEB MODELS - 29% decline in fish to a 2.4% increase

Heneghan et al (2019) PIO, Tittensor et al. (2021) NCC, Atkinson et al. (2024) N Comms
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wasee Taxonomic replacements may be unseen by size spectra
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Schmidt et al.(2020) Global Change Biology
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PML | e Atlantic-scale declines in multiple krill species: CPR data

. 1958-1967
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Edwards et al. (2021) Comms Biology



PML |z Various hypotheses for the changes we are seeing

Higher Fe and NO, Ve
Classic “efficient” food chain from
LARGE omega-3 fatty acid -rich diatoms, dlnos




PML |z Various hypotheses for the changes we are seeing

Higher Fe and NO, -
Classic “efficient” food chain from
LARGE omega-3 fatty acid -rich diatoms, dlnos

SMALLER producers,
Picoplankton

« - # Food transfer via:
Appendicularians, salps, other fine filterers
= F Heneghan et al. (2023) NCC

‘ ’ S . .
Warm, stratified, Fe and NO, stress @ Everett et al. (in review)

’
1]




PML |z Various hypotheses for the changes we are seeing

Higher Fe and NO, -
Classic “efficient” food chain from
LARGE omega-3 fatty acid -rich diatoms, dlnos

Longer, less efficient food
chains from poor quality
picoplankton

* . ,/
=

Schmidt et al (2020) GCB
Atkinson et al. (2024) N Comms

’ .\ .
SMALLER producers, Food transfer via:

Picoplankton | ‘ w‘% \ Appendicularians, salps, other fine filterers

. Heneghan et al. (2023) NCC
£ 4 s 2 Everett et al. (in review)
Warm, stratified, Fe and NO; stress Ve |
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PMLzzt  The value of data mining and data compilation
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. The COPEPOD Project

A resource for plankton and ecosystems data and visualization tools.

Home = .4bout (main)
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N. 3 i 2a0n
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the plankton database time series and tools spatial fields and explorers taxonomic data and mfo
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Todd O’Brien: COPEPOQOD project is now 20 years old!

McEnnulty et al. (2021) Sci Data (zooplankton biomass)




PML | By The KRILLBASE project

KRILLBASE-abundance (krill and salp abundance~16,000 records, 1926-2016)

2000 Data in BAS Polar Data Center — see Atkinson et al. (2017) ESSD
Started in 1999 by A. Atkinson, E. Pakhomov, V Siegel
2005
KRILLBASE-length frequency
(Length, sex, maturity stage, >600,000 measured post-larval krill, 1926-2016)

Perry et al. (2019) PIO
2010 Data in BAS Polar Data Center http://apex.nerc-bas.ac.uk/f?p=198:1:0
2015 KRILLBASE-larvae (Abundance of krill larval stages, 1926-2016)
Data in Sl of Perry et al. (2019) PIO
AWR funding to write data paper and improve accessibility

KRILLBASE-mesozooplankton biomass

2020 2909 stations, 1932-2020 .
Data in Sl of Yang et al. (2022) L&O

WWF

SUPPORTING
INFORMED

C AVVR | ANTARCTICWILDLIFE  conservaTion
RESEARCH FUMND OF ANTARCTIC

2025v



http://apex.nerc-bas.ac.uk/f?p=198:1:0
http://apex.nerc-bas.ac.uk/f?p=198:1:0
http://apex.nerc-bas.ac.uk/f?p=198:1:0
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PML | fimatyere Lessons from histor

Well-documented people Mysterious centuries
(for their time)

Rameses Il (1303-1213 BC) King Arthur and the Dark Ages
Jesus of Nazareth (-4 BC-33 AD) Viking explorations
Joan of Arc (1412-1431 AD)

“Hey scribe....... write that down!!” “We thought we would remember this...”
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;6, my KRILLBASE experience

994
991
994

| Easiest data to compile:
* Old net sampling logsheets/paper records
« Data in papers, appendices, Supplementary Information

Hardest data to compile:

Data stored in databases

7'« Old electronically-stored data
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1920s, 1930s abundance

1970s population structure |

data in English data in Russian ok
, ‘,Z
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!461 =
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994

| Easiest data to compile:
o941 Old net sampling logsheets/paper records
551 ¢ Data in papers, appendices, Supplementary Information

Hardest data to compile:
« Data stored in databases
1”“1+ Old electronically-stored data

1] Parallel example: Krill acoustics data before the 1990s are very

1L challengmg to relate to modern blomass estlmates (NICO| 2018)
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pmL [z Circumpolar distribution of zooplankton carbon
| : ‘ -
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Yang et al. (2022)
Limnol Oceanogr



PML ez Massive total zooplankton biomass in Southern Ocean

Biomass density estimated in MPA planning domains (g C m2)
P = phytoplankton, M = mesozooplankton, K = Antarctic krill, S = salps

Total Carbon Biomasses

Mesozooplankton
67 million tonnes

30 million tonnes

1.7 million tonnes [y

Limnol Oceanogr




PML e Why IS Southern Ocean copepod research neglected?

220

L 200 - -

o Antarctic krill papers

> 180 -

=

S 160 - /4

T 140 - V(

2 120 -

o

¢y 100 -

2 )

= 80 1 7

-

5 60 - b ‘( Copepods

@

2 407 ’;1 NP W

= 20 - e SalpsS. se
P AR et et
1970 1980 1990 2000 2010 2020

Year




PML e Why IS Southern Ocean copepod research neglected?

Number of WoS publications year’

220
e Antarctic krill ,-
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160 - (
140 -
yd

120 - “
100 ‘
80 - .f" ’
50 - b d Copepods
40 A ”ﬂ N7 WA
20 - ,*.w" Salps, se

AN 'k

0

1970 1980 1990 2000 2010 2020

Year

“Those few 1nvestigators who.... have
fought the tide of Antarctic krill
worship to ferret out some of the
essentials of copepod biology
....should be applauded for their
efforts because....it may turn out that
copepods are key to....trophic transfer

1n Antarctic waters”’

Conover and Huntley (1991) J Mar Sys



PML |tz BIg role of SO zooplankton in Carbon sequestration

Cavan et al. in review https://www.biorxiv.org/content/biorxiv/early/2023/10/17/2023.10.13.562177.full.

Circumpolar Antarctic krill
blue carbon stores
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https://www.biorxiv.org/content/biorxiv/early/2023/10/17/2023.10.13.562177.full.pdf

PML |tz BIg role of SO zooplankton in Carbon sequestration

Cavan et al. in review https://www.biorxiv.org/content/biorxiv/early/2023/10/17/2023.10.13.562177.full. Yang et al. in prep
i I i Mesozooplankton
Circumpolar Antarctic kril overwintering at depth
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https://www.biorxiv.org/content/biorxiv/early/2023/10/17/2023.10.13.562177.full.pdf

PML |tz BIg role of SO zooplankton in Carbon sequestration

Cavan et al. in review nhttps:/www.biorxiv.org/content/biorxiv/early/2023/10/17/2023.10.13.562177 full, Yang et al. in prep

Mesozooplankton
overwintering at depth

Global coastal vegetation Circumpolar Antarctic krill
blue carbon stores blue carbon stores

Ajeq

Mortality Respiration
~23 ~32
LIPID PUMP
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https://www.biorxiv.org/content/biorxiv/early/2023/10/17/2023.10.13.562177.full.pdf

Range shifts: multiple barriers in the Southern Ocean

 Data - scarce
* Models, reviews, speculation — super-abundant !!

Longitudes converge

Longitudes converge
Reduced growth season

Reduced growth season

Range shift problems? Range shifts possible Range shifts blocked?

4= /\d\vections into Arctic Northwards
2! Ekman drift

Arctic Antarctic
Ocean Seasona S \
migrations migrations
srupted? disrupted?

Antarctic
Polar range shifts are not a foregone conclusion




PML |z Ranges of Antarctic copepods have been resilient to warming

LI | Ranges in SW

' Atlantic sector have
changed little
despite warming
Disco_very era Con!mpory era
(1926-1938) (1996-2013)
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PML

s Krill did shift range, but it was during a pause in warming!
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PMLEzeKrill did shift range, but it was during a pause in warming!

—
a

Rapid — warming hiatus Warming hiatus
warming

Rapid warming

Sea surface temperature (°C)
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Sea Surface Temperature (°C)
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Krill adult and larval distributions jumped
1000 km upstream in a few decades,
and during a pause in warming
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Networked time series, data rescue, meta-analysis, “natural experiments”
Maximising what we already have — statistical power of huge datasets

Resilience/acclimation/adaptation to warming

Indirect temperature effects, many examples of resilience/nonlinearities
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