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A: Changes in the Western and Eastern
Mediterranean ecosystems, at the end of the 1980s

B: Intriguing parallelisms of shifts in all European
marine ecosystems, during the same period

C: Examples of similar shifts in other world-ocean
basins

D: Significance of synchronous regime shifts
E: Next STeps Alessandra Conversi — Regime Shifis
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What are regime shifts?
- abrupt changes (within a few years)

* encompass a multitude of physical properties
and ecosystem variables

» often resulting in a new system state
* non linear phenomena

They hold particular relevance in the marine
realm, because they can involve all trophic
levels of marine food webs and the associated
biogeochemical cycles.
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1970 -2005

 total copepod abundance (ind. m-3), Gulf of Trieste, North Adriatic (NA),

Eastern Mediterannean (monthly)

the northern/central Adriatic mucilage events time series (episodes)
the northern Adriatic red tides fime series (episodes)

the Adratic Sea anchovy stock biomass (yearly; 1976-2001)

zooplankton abundance (ind. m-3), Ligurian Sea (LS), Western Mediterranean
(weekly, 1966 - 1993)

ST (°C), and SLP (hPa) [CNR] Gulf of Trieste, Adriatic (winter) => LOCAL
T (°C) [iCOADS], and SLP (hPa) [NCEP] NW Med Sea (winter) => REGION

°C), [iCOADS] and SLP (hPa) [NCEP] Mediterranean (winter) => BASIN
emisphere Temperature (NHT) index (°C) (winter)=> HEMISPHERE

ntic Oscillation (NAO) index (winter) => HEMISPHERE
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Changes in copepod
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Also the chain of red tides - mucilage events in the northern
Adriatic Sea is centered around 1987.
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Mean increase in zooplankton abundance is
228%, mainly gelatinous

Zooplankton
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All t-tests indicate significant differences in T1 vs T2
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Longitude, deg. E
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+ Surface circulation changes around 87, also different wind and
precipitation regimes (MODEL: Demirov and Pinardi, 2002);

. >Ionian gyre reversed in the summer of 1987 from its "usual” cyclonic
state fto an anticyclonic pattern (MODEL: Pinardi et al. ,1997; Korres et al., 2000),
returned to normality in 1997 (OBSERVATIONS: Poujol and Larnicol, 2005)

The largest modification in the Mediterranean is the Eastern
editerranean Transient, the shift in deep water formation in the
tern basin from its usual source in the southern Adriatic to a new

e in the Aegean Sea, which also started at the end of the 1980s

et al., 1996; Malanotte-Rizzoli et al., 1999; Lascaratos et al., 1999; Josey, 2003;
l., 2007. Gacic et al 2010).
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Gacic et al 2010 and Civitarese et al 2010 propose a feedback
mechanism (named the Adriatic-Tonian Bimodal Oscillating
System - BiOS) between variations in the thermohaline
properties of waters formed in the Southern Adriatic and the
K Tonian circulation, and propose it modulates the Adr ecosystem

If this hypothesis is correct, we should find
ecosystem changes in the late 90s - early 2000s
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To test the regime shift
hypothesis as a step change
in mean level, we have used a
parametric method based on
sequential t-test analysis of
regime shifts (STARS),
modification by Rodionov and
Overland (2005).

Cut-off lenght = 20
Probability level = 0.01

Same results on Ligurian
zooplankton
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Conversi et al, Plos One 2010

Shifts in the mean for TOT COP, 1970-2005
p = 0.01, cutoff length = 20
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But this period of time is peculiar
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shows tfiat in other
Europedn seas far-
_reaching changes in
The Bah‘ic;_Sed t+he marine
' ecosystems are
happening around
the end of the
1980s:

f} A Ilfergwe review

The North Sea

The Mediterranean Sea

The Black*‘:_§e'ia£ 3

;_ i
_ These changes _have already beqn
' identified ‘as:regime" ts, but
aave hot been consndere’ To DE assqc,la ed




Abundance (ind. m-3)

80 -

60

40

20

0

1974 1978 1982 1986 1990 1994 1998 2002 2006

So far, yet so close

a; :'-- =B ’
T __“:3;.

i

eo0 _Pseudocalanus elongatus

§o§§

- 73 %, p<0.05

1995 2000
Conversi et al.JGR 2009




N — O
L g v
”\w \l/
A~ >V
RO =
s N
J“ \.JJ |“J
IJ,J [N e
A T,
\) =
— N
3 J)
) -5
f/;v N
dJ

ubstantial

0
)

quip

.
A

will

intzrnational collaborations

this

g

rityin

Ve



A

Arz inzy syncnronous?



BAVEBOGEANS ForesightiVWorish
P =’ " o A%
_— QCQOHHLLMQUr’g, LSl Jovzimoze 20068

Cansortium for European Research on Ocean Ecosystems under Anthropogenic and Natural Forcings

Multi-basin comparisons
Moellmann et al, 2011, Biol. Letters
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Conclusions: Significancz of

synenronols rzgimz snifrs

* Regime shifts have been identified for decades,
in separated basins - what is new is the fact
that, in some cases, they seem to co-occur

* In most cases, initially regime shifts have been
linked to eutrophication, pollution, overfishing

*+ Co-occurring regime shift can provide key
elements for distinguishing the above drivers
(balsir)l-related) from climate forcing (global
scale

* Their study can provide a new vision on the
extent of climate forcing on shaping ecosystem
variability
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