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Abstract (max 250 words)

Recent changes in oceanic plankton are being reported at unprecedented rates. Most changes are
related to environmental factors and many were identified as driven by climate, either through
natural cycles or by anthropogenic effects. However, the separation of both effects is difficult
because of the small size of most observational series. Moreover, some changes are related to
trends and cycles while others were perceived as system shifts, often synchronized over large spatial
scales. Here, studies on observational series of plankton, with the focus in the N Atlantic, are
reviewed. Two main quasi-synchronic shifts in species assemblages were identified: one in late
1980’s and a most recent one in the first decade of the new millennium. While the origin and extent
of most shifts vary locally, their synchronization seems to confirm the lagged response of plankton to
changes in warming and in large-scale climatic factors. Changes in species abundance patterns are
generally related to the strength of currents, but also to non-linear effects of warming, the latter
particularly affecting species in regions near the limits of their thermal niche. Indeed, most of the
changes are attributed to trade-offs between different biological strategies. Taken together, the
reviewed case studies indicate a lagged biological response to variations in the local environment
driven by large-scale climate forcing. The challenges for the interpretation of future changes include
the consideration of local changes in a wider regional context, variations in species life-traits and
possible top-down effects of plankton predators
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Major reorganization of plankton assemblages lags behind climate change across ocean basins.
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Content

* trends, cycles and shifts

* recent decadal variability: plankton in the N Atlantic
* synchronicity and time lags

* causes: climate, local environment, biological factors
e other modifiers: extreme events



Objective:

To review the current knowledge on multidecadal
changes in plankton, with the focus in the N Atlantic
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plankton series: examples
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seasonality: hydrography & plankton
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seasonality: phenological changes Stn. E2CO
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seasonality: phenological changes
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seasonality: phenological changes
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year-to-year variability: example
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trends:
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cycles & regime shifts
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cycles: quasy-decadal examples Stn. E2CO

A Coruna
300 00
02 .
= 200 A £
c
E | F-04 g
5 7] | I o
- 06 E
100 A ‘ 1 ! §
I
] v ’ !| |ETF II— 08 <
¥ ﬂlk,r w:
0 T T T T —10
1989 1992 1995 1993 2001 2004 2007 201 0 201 ’% zo-r 6
25 40
2{] T L 00 t_};
= E
= Af S
o 40 ©
1.0 1 £
0
B Q
0.5 - 58 g
00 +—* e ' - 120
1989 1992 1995 1998 2001 2004 2007 2010 2013 2016
. N 72 N N
T~ 7 N 7 N 7
10 yr 10 yr 10 yr

1989-2016 (28 yr)

Bode et al. (2019) doi:10.1007/s10236-019-01278-y



https://doi.org/10.1007/s10236-019-01278-y
https://doi.org/10.1007/s10236-019-01278-y
https://doi.org/10.1007/s10236-019-01278-y
https://doi.org/10.1007/s10236-019-01278-y
https://doi.org/10.1007/s10236-019-01278-y
https://doi.org/10.1007/s10236-019-01278-y
https://doi.org/10.1007/s10236-019-01278-y

regime shifts

Regime shifts are abrupt changes between - climate

contrasting, persistent states of any complex —— Ocean
= Biology

SySte m 0 DeYoung et al. (2008) doi:10.1016/j.tree.2008.03.008

~ alternation between stable states

Abrupt Community Shifts (ACS)
Abrupt Ecosystem Shifts (AES) > ecosystems

Beaugrand (2015) doi:10.1098/rstb.2013.0264

no stable states required
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example regime shifts
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example regime shifts
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*How many regime shifts?
*Are they synchronized?

a

since 1960




N Atlantic plankton regime shifts Ve .
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* plankton
* observational studies with continuous time-series > 10 yr
* at least one major shift identified
 four major subregions:

* North East

* Central East

* North West

* Central West




N Atlantic plankton regime shifts
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N Atlantic plankton regime shifts

B East
B Wwest

== North East

== North West
Central East

== Central West

% 1960s

1970s

1980s 1990s

2000s

2010s

North

Central

25 studies

@'
S
&
$

Ssalpnis #

SaIpnis #



SynCh rOniCityZ Northern hemisphere

f@aﬁ@\wg\g

3.5
s20 1960-1988 _ _
5 33 time series
5 2.5
1989-2005 1
520 ! shifts
=N . 1960-2005 (46 yr)
3 1.5 7 19891990
" . e R NT J]
Pacific Decadal Oscillation Acrctic Oscillation i | | i )
6 : ! ! 1 L
19601988 1989-2005 1 :
< > < i : ;
1 7 r1o o gl R B
09 § ;
= Log 35 o
E L 2 _EO = | R o ORI A
& ] =
z | e Az, | W —
B 05 258 i i
= [0 % g )| TN S G |
2 L 03 ?,; S 4
£ L 0.2 E |
| o1 2 - T
ke 0 l '
€ % £ 2 & 2 § B s 3 . ' .
E 2 & B E B &2 s 1940 1950 1960 1970 1980 1990 2000 2010 2020
year year

Beaugrand et al. (2015) doi:10.1098/rstb.2013.0272



https://doi.org/10.1098/rstb.2013.0272

CausSes.

biology

trophic interactions

competition

local factors

climate

winds water masses

g
7z

nutrients

warming  5in

plankton magnitude

years



N Atlantic plankton regime shifts: drivers
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life traits

Lauderia annulata
Skeletonema costatum
Bacteriastrum delicatulum
Chaetoceros decipiens
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diatoms
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climate-related shifts
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Bode et al. (2020) doi:10.3390/0ceans1040014
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life traits
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locally-related shifts
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herbivores

omnivores
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Bode et al. (2020) doi:10.3390/0ceans1040014
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llfe traits: size phytoplankton abundance Stn. E2CO
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life traits & competition

Atlantic Ocean
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niche
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Houliez et al. (2021) d0i:10.1016/j.pocean.2021.102558
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thermal effects:

(a)

1.0
o 0.8
g
E 06+
_-_C; L
— 04
% I
2 02}
i L cold
0

N

thermal niche

abundance

1.0

oo e
~ e O

0.6
0.5

relative abundance

2
o

th

rmal gradient

Ts

1
‘ THV
1
\
|

5 10 15 20 25 30
sea-water temperature (°C)

temperature

35

40

—_
-

index of abundance

L)
—

s7
lfhu/aﬁbh

1.0

0.8

0.6}

0.4}

i d)

0.2
/ s gy ] 1988
GG L DO XN (p<0.01)

0 p T
1950 1960 197

0 1980 1990 2000 2010

(arb. units)
s

> s |
<
=

first principal component

8 L . | L I
1950 1960 1970 1980 1990 2000 2010
year

Beaugrand (2015) doi:10.1098/rstb.2013.0264



https://doi.org/10.1098/rstb.2013.0264

warming and synchronicity: = ., seeoss

correlations with SST
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predicting shifts:

MacroEcological Theory on the Arrangement of Life
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METAL shows that species’ responses to climate are connected and explained by the interplay between a species’
ecological niche and climate-induced environmental changes at different organizational levels and spatial scales.
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predicting shifts:

species shift climatic shift
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extreme events:

Shift magnitude and extent
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extreme events: El Nino

Mediterranean Sea

45°N

’ s satellite-chlorophyll

39°N 1

36°N 7

33°N 1 R2
R1 1
30°N T - : :
0° 8°E 16°E 24°E 32°E
0
50
So.
=
2 'g :
b ' s
Dl A A A
£, AT A 5
2 N / v 8. ~ VN T
@ - 4 ]
'12997 2000 2002 2005 2007 2010 2012 2015 . R T T B " - S S, P = FEeeEh
98 00 02 04 06 08 10 12 14 98 00 02 04 06 08 10 12 14 98 00 02 04 06 08 10 12 14
Time (vears)
1998-2015 (18 yr) Saharan dust fertilization?

Basterretxea et al. (2018) d0i:10.1016/j.rse.2018.05.027



https://doi.org/10.1016/j.rse.2018.05.027

new approaches
examples

Beaugrand & Kirby (2018) doi:10.1146/annurev-marine-121916-063304

e

* predictions from macroecological theory: warming
. . . . w Houliez et al. (2021) d0i:10.1016/j.pocean.2021.102558
* functional traits & niche vs. species

—~  Pecuchet et al. (2020) doi: 10.1111/ecog.04643

* multi-trophic trait dynamics

° direct anthropogenic impacts: e.g. fisheriesﬁ Perala et al. (2020) doi:10.1371/journal.pone.0237414

* extreme event impacts: e.g. teleconnections, heatwaves

\ Basterretxea et al. (2018) doi:10.1016/].rse.2018.05.027
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