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Unexpected response of the seagR@asdonia oceanicéo
a warm-water episode in the North Western
Mediterranean Sea
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Diversité, évolution et écologie fonctionnelle marine, UMR 6540 CNRS, Parc scientifique et technologique de Luminy, case 901,
13288 Marseille cedex 9, France

Abstract

The response dPosidonia oceanicélLinnaeus) Delile to the warm-water episode of summer 1999 was studied by means of
the technique of lepidochronology. Study sites include three sites affected by the mass mortality event of benthic invertebrates
and one not affected. The results showed a significant decline in some parameters (hnumber of leaves and/or rhizome growth)
for the three sites affected by the mass mortality event for the year following the warm-water episode (1999-2000). A similar
decline was not observed for the unaffected site. The fact that high temperatures could have a negative impakbsitdei&p
oceanicanear its cold limit of distribution is an unexpected resiii.cite this article: N. Mayot et al., C. R. Biologies 328
(2005).

0 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
Résumé

Réponse inattendue de la magnoliophyte marine Posidonia oceanica a un épisode chaud en Méditerranée nord oc-
cidentale. La réponse dé?osidonia oceanicdLinnaeus) Delile a la période de réchauffement des eaux de I'été 1999 a été
étudiée par lépidochronologie. Les sites d’études comprennent trois sites affectés par I'événement de mortalités massives d'in-
vertébrés benthiques et un site non affecté. Les résultats montrent une diminution de certains paramétres (nombre de feuilles
et/ou croissance du rhizome) pour les trois sites touchés par les mortalités massives pour I'année suivant le réchauffement de:
eaux (1999-2000). Une diminution similaire n’a pas été observée pour le site non affecté. Le fait que les hautes températures
pourraient avoir un effet négatif, en profondeur, Basidonia oceanica proximité de sa limite froide de distribution, constitue
un résultat inattendWPour citer cet article: N. Mayot et al., C. R. Biologies 328 (2005).
0 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction 2. Materialsand methods

Lepidochronological analysis is based upon the

Posidonia oceanicdLinnaeus) Delile, a Mediter-  long term (up to centuries) persistence of leaf bases
ranean endemic marine Magnoliophyta, grows be- (‘scales’), after leaf shedding, along ttResidonia
tween the surface and 30-40-m depth and forms ex- oceanicarhizomes. Cyclic variations of scale thick-
tensive meadowii]. These meadows constitute a key N€SS aI(_)ng the_ rhizomes provide.an a.nnual signal that
ecosystem that plays a major ecological f@l&]. Ex- makes it possible to backdate biological parameters,
tensive meadows are restricted to warm waters, to the €-9- the number of leaves produced per year and the
exclusion of colder areas such as the Gulf of Lions annual rhizome growtil7-22] S_tudy sites were |o-
and the northern Adriatic Sea. The Provence Coast cated between the east of Marseilles and the Camargue
(France) is localized near this range lirfit. Ejli):]()i\;egggérlfirczna(:tegeztsih; I\cl’vvéi:)dégfc;:fgf m:];-
During the year 1999, exceptionally high seawa- Niolon (=22 m), Sausset-les-Pins-28 m), three a’r-
ter temperatures occurred between the end of AuQUSt a5 affected by the 1999 invertebrates mass mortality,
and the beginning of October from Liguria (Italy) gng Carra—23 m), an area not affectedrig. 1). The
to Provence (France). They were consistently above choice of these sites is due to their relative proximity

24°C at 20-30-m depth for almost two montf#. to each other, which limits the possible influence of
These high temperatures were associated with a massarameters other than temperature. Sampling was car-
mortality event of sessile benthic invertebrggs10]. ried out at the deep limit of the meadows (22—-31 m)

The western geographical limit of mass mortality since in this zone they usually do not undergo rela-
was located between Marseilles and the Camarguetively high temperatures for extended periods, and the

(Provence). seagrass is at the very limit of survival conditions, and
From in situ measurements, the upper lethal tem- therefore more sensitive to stress. _ _
perature limit of Posidonia oceanicas 29°C [11]. At each site, 15 orthotropic (erect) and plagiotropic

In addition, it develops healthy and extensive mead- (Creeping) shoots, with the underlying rhizomes, were
ows in areas where summer temperatures usually collected by SCUBA diving on 6 February 2003 for

reach 24-25C (e.g., Thyrrenian Sea, Sardinia, Cor- Niolon, Sausset-les-Pins and Carro and on 1 June
sica[12-14), i.e. nearly the same temperature as that 2004 for En-Vau. According to Perge@?], 15 shoots

observed in Provence during the 1999 warm-water are sufficient for lepidochronological analysis. For the
episode. According to Short and Necklds], an in-

crease in temperature, associated with global climate ‘\§l&; \a
change, should have a positive effect on warm water - Lo 8 -~
R

seagrasses. Furthermore, Zupo efH] established

a production model, in which the production rate of
Posidonia oceanicés directly linked to the tempera-
ture prevailing 3—4 months earlier. For these reasons,
a negative impact of the 1999 warm episode was un-
likely. In order to test this hypothesis, deBpsidonia
oceanicaoverlapping the geographic limit of the in- oy | (caiion of study sites: En-vau (1), Niolon (2), Saus-
vertebrate mortality everfs—10] were analysed using  set-les-Pins (3), Carro (4). Black areas show coasts where extensive
the lepidochronological methodis7—19] meadows oPosidonia oceanicare absenl].




shoot sampling, a plastic bar (1 m) was laid flat on the 3. Results

meadow. The shoot nearest to the extremity was col-

lected. The bar was then relocated with the nearend at  For three out of the four sites (En-Vau, Niolon,
the sampling point, the direction of the bar being de- sausset-les-Pins), a significant decline of number of
termined from a random table. Again, the shoot near- |egves and growth rate of both rhizome types was ob-
est to the farthest extremity of the bar was collected. served for the year of leaf production 1999—2000 in
And so forth up to the last shoot. For each past year comparison with the previous (1998-1999) and the
(1998-1999 to 2000-2001), the number of leaves pro- following years (2000-2001f{g. 2, Table J). In con-
duced and the rhizome growth were noted. The years trast, no significant variation between the year 1999—
considered in this study, based upon the lepidochrono- 2000, the previous year and the following year was ob-
logical analysis are the years of leaf production (i.e. served at Carro. We compared these three years since
biological cycle; from October to October of the next records of the water column temperature were avail-
year). Statistical analysis involved ANOVA and post- able[4], together with the geographical range of inver-
hoc analysis (Newman—Keuls test) using Statistica 6.0 tebrate mass mortalit{p—8]. In addition, at the three

(StatsofP). sites concerned by the warm-water episode, the growth
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Fig. 2. Lepidochronological results for the orthotropic (erect) rhizomes at En-Vau, Niolon, Sausset-les-Pins and@Tdeannumber of

leaves produced an@) mean growth of rhizomes (mm) per year of leaf production. Error bars are 95% confidence intervals.




Table 1

Analysis of variance (ANOVA) between the year of leaf production
1999-2000, the previous and the following years, for the number
of leaves and the rhizome growth (mm), for orthotropic (erect) and
plagiotropic (creeping) rhizomes, at each site. Significant values are
in bold. (F: ANOVA factor, p: probability)

Number of leaves

The possibility that moderately high temperatures
could negatively affecPosidonia oceanicanear its
cold limit of distribution is a rather unexpected re-
sult. It is interesting to note that, according to Har-
tog [26], the optimum temperature foPosidonia
oceanicagrowth lies between 17 and 2Q, but this
assumption is not supported by experimental data.

Rhizome type Orthotropic Plagiotropic . . . .
P = P = grotrop The fact thatPosidonia oceanicaould be sensitive
L P to high temperatures, at least at its deep limit, could
En-Vau £r3l - Q0Ll £000 Q007 explain its relatively restricted distribution at depth in
Niolon 14189 Q000 8000 Q003 licotroohi dt t wat f ¢
Sausset-les-Pins 87 0013 15187 Q001 oligotrophic and transparent waters of some eastern
Carro 1713 Q200 Q118 Q890 Mediterranean regiong27] (e.g., 25 m at El Dabaa
Growth of rhizomes (Egypt) in a region not influenced by turbidity from
Rhizome type Orthotropic Plagiotropic the Nl!e river[28]; 34 m qt Ischia (Italy)29]; 32 m
at Salina Island (Tyrrhenian Sef80]; see alsd31,
F P F P .
32)). In contrast, in colder and less transparent waters
En-vau g612 Qo017 3933 Q042 of the northern Mediterranean Sd#gsidonia ocean-
Niolon 10581 Q001 3909 Q039 )
Sausset-les-Pins B8 0013 2160 0162 ica reaches deeper bottoms (e.g., 38 m at Port-Cros
Carro 1553 Q231 Q847 0453 (France[33]).

and leaf production values for the year of leaf produc-
tion year 1999-2000 were among the lowest values for
the 6-year study period (data not presented).

4. Discussion

At all sites concerned by the 1999 invertebrates
mass mortalityf6], Posidonia oceanicgrowth (num-

This result should be interpreted in the context
of the general regression of the lower depth limits
of Posidonia oceanicaneadows[34]. Interestingly,
the regression of the lower limit dfosidonia ocean-
ica meadows affects a large part of the northwestern
Mediterranean, including regions where the decline in
seawater transparency does not seem to be a likely ex-
planation. Contrarily to the invertebrate mass mortal-
ity [9], our results do not allow us to state that the 1999
high temperatures were the direct cause of a decline in
Posidonia oceanicgrowth. Clearly, a sporadic reduc-

ber of leaves produced and rhizome growth) was sig- tion of leaf and rhizome growths does not mean that
nificantly altered during the 1999-2000 year, i.e. the itinduces a regression of the lower limit. The possible
lepidochronological year following the warm-water negative effect of high temperatures could be indirect.
episode. This decline could not be linked to a flower- This would be consistent with the steady upward re-
ing event inducing a reduction of the number of leaves gression of the lower limif34] and the present-day
on the flowering shootf23,24] since no floral stalks  warming trend of Mediterranean watej%0,15,35—
(evidence of past flowering according [@2]) were 38]. Our results thus open up a new and unexpected
observed, a feature confirmed by divers. If we hy- line of research to shed light on the current regression
pothesize that high temperature is responsible for this of Posidonia oceanicaneadows, and their possible
weak growth, the reason could be the impact of the fate in the context of the warming up of the Mediter-
warm-water episode on carbohydrate storage within ranean Sea.

rhizomes. The warm-water episode took place during

the period (only during summer months) wiessido-
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