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PALY:NOLOGICAL CLIMATlC PAST AND FUTURE OF 

MEDITERRANEAN LANDSCAPES 

D:;.ri;). f.-o-rtol::uù ìvlarcJ·,;.;tti 
i~.W.1.1.t•) -;.d Orte· i3-Aanico d-ò'll'Unìvf.'rsita <li lvlod"':El.. 

Surnmary "' 
Num"'r.:ous v:•.lyneologicr.l.l studies investig::\t-o- th<: .;>v.;.nt:.:. ,;.t 

n•-:dttE:rran~an !;)nd:::c::•.p"'s. Ti'1~ climatic-vegM.atiowJ.I ·::h::tng.;-~: d tlh?. 

p;~t.St c:~tn J:;~ reç()n:~t.l·ucWd t~y rne:;1.ns ~.)i p:~t..I-s-op:)lynolo:~;~··~;;,,l 

mv.;;~;tig<:tti·)m:. rt is possibh to recognize- the i~ature"' oi ~~ 

tn.;..jiterrane:)n 'Ng.,.tation çb<•.racwriz;;;<l bf marl(o;;.d dry pll::•.~:.;-:.:. ·)' 
dim::..te. ::•.t. b1st sin'~"' tlle lvless:inian (TJpper lvliocen':'!). 

!:n(ì'vVhdg.;, oi events relafhd to tlle p::..::;t c:~.n 8l>o prov~de 

lr:f,~ofm::•.tion on tl'!o;;. iutu.re. !t 'Nvu.l<l be very important t<• ::;tud;J 
8Je3.s ll'::.O'·N cll<~.nct:--ri:ed l;y a <lry climatr.< in order to fCJr(e:;:e;;

o:!im::•.tiç o~:~;illatiom:. as als<tgener~tted l)J' compiJ.ter predidjorr;. 
T11e poll.:n r;:;.m:; fròm :nt.-7restmg ::1r.,.::..s of WJ.<I;l ç;:t.n be 

;-;o)!lH:t.~(l t·:-r monitonng instruments ~:uch a:~ po!len-t.rap~: or 
·m~.tural trap~:" ~:ud.1 a~: moss polsters. It Vv'ouW l)t: int-a.;,sting to 
caJc:ul::•.t~ :~.n in(ie:: d mediterr<t.ne:~.ni:;:m on tlw t.ot.:tl peru.mt::q~e of 
r.·~·llens i•)I.I.Jì.:l. 

THE F·AST 
The scnem::tt.IC reG(ìll:::truaion of cltmati.; C)1:1ng.;.:;: lll tl'l~ 

. mo;.diterr<~.nean Jands·~ape may l>e carried ou.t on the lx:t~:is oi po!lo;:n 
.~.:·,::t!y~.is. P::llyn<Aogical re:::earcll sllOV-lS tlio& pa~:t veg.;-~~.tion ::t.n(J 
(on:;:;;:q uen t1;? t11 e p::•.st clim::•.t,;. .. Tl'!Oò' in terpi·;;;tJ. ti<)fl c·f p::t.lj'MJ.:;.gio::ai 

·:!:).t::.. r•.~q:.ures ::1 gl)oo:l tn•)Wl(ldge o!' U1e fH%·nt types oi veget::~.uon 

).nd Uktr meanmg in clo:;:e connection \·Vitll clir:-Jatk reatur.::~:. 
To .,;orredly cliwJ~.s tlle evolution oi climat.;; t.~)•.,,,r.~rd::: 

ruediterr~•.ne:,\.!1 conditions o.n ::t paljrnologk:::ll !)a:;.is, V·N mu.~:t givt~ :~•. 

'V·K;rt:mg d~ilmt.ion to v ... ·Int ts me~mt !);,' "nwdit.erranean:·, 1h'!1~n V·l': 

tal!: at'·~·ut ~h~ g.;oografical <•.ro;a •)i tll\~ lvlecliterra.n~an, tl'l0 prob!Hn 
•.A t11.;- diiierent ti-ò'goò-t:tt.iorn.l ~:t.~.ge2: aJi:;:es;· U'Jese ar& clw.r:~v;t.;;ri~.o;:·:l 

l::·y ;:iifferent pl::ult i·:)rmation~: and climatic fe::ttu.re~: V·liti·; J;;.o:d V·l·~t 
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.;,;.ndit.i,)n:::, often tlh· ::.it.:: <:oi ·"rirm,_nenze .;.colc·gk:he" (BatÀ;.l.:u1i 

r· . ..-!::~r·;lktti. l ç17.3), th~tt. ~·PP•-:!i).r in m<m;.r p<li;.-·t~ologi(:::•.! di::~;_sr::urr: .. Th"' 
·:t.H::•. :)v.;u!.).J>h? t<Jday ~·.r;: ,,,_buw:l::•.nt. lìut no t ;:,;:.n~·.u~:uve. 

!t is tmr.: .. xt;:tnt trJ d.=tfin(,' a. v-rorting hyp.:;.tll;.;-:::ts or~ 

lTl~dit.~rr.D.n;:anisrn .. in ,:.rd~r t.·? utlliz~ p8.l;.In<Jlogh:.al di;::tgr;~,.rrr::. t::. 
-:vt.Jeno: tlli~: dim::•.tk/•Jegetatk•nal <•.spect iii Sl.l.o~e~:sive tinH:::. 

Tht- <"ll:).r<:IO::V~m:t.k tl1:3.t mo:::t :;trongly ::,_f!"eo::t. the 
rn.;,diterran.;o:;\n •.:on(lihon is tl1e lor:g su.mmer-dry p·i•ri~;.d. Only 
.f.'l.:•.ni:::. :~~.da[..·t~(i te· tlli~:: conciiti<;.n r:::an ~;u.rt.·'iV-t:J. 

T111.1.::: V·/t: :;).t.t..-mpt;;.o:i t;) i in d (lry, in p::utio.tli:o.t- h•)t.-.::iry f..•erìc .. ·::~:. 

:::r•<:<:it.>:>. lndeed, th.::;1 c1"1"'.nge 3.cc< .. rding to tlle <:tge G·f t11e ~:equ.~nce 
iìut '-'.lways f-:,nov.; a l"lumid to a.rid t.ren\l. 

lyl::u1;,.' :::po.;;dali~:ts ha%· ::,_t.tempted to ide:1tif;.r tho.;; iir~:t 

,,,_ppe::•.ra.nce o! nwchtB~-r~m({•.n conditiom: ~~.:; COliKldir:g vm11 tl1B 

rà·)!"B of le~:~: mtense dry penc·c\8 or at l·s-ast a ye:)rly dry ~:e::t~:on, 

<:·1Jviously çorrespondìng v.·ith periods of increa~:.;,d tlh?nr:or.-·l"lyl·>u:; 
:3peò-2.s in tlle di::..gr::tm. S.:;me autll<X8 lmve placed it. ::1.t. U"1e p<):;:t
gt::•.•.::al climat!c V-l<:u-rmng (!l)Ilien, 19i'.:.4), V-l!"lereas ott1ers: :1t the 
F-"liù(:0nr2. (Suç~ 197 3, Crav~'.t.tt: an·:! Sue, 19{) l) or Pliù,/Pl'2.l:::tc·~x~n·:t 

t .. :..und.3.l";.' (Bert.:·I~!Jli lvlarcll,~tt.i .. and (\t.ll.;.rs 1979) 

Tl1e v;;;.ry (liiferent Umes :::ugge~:t .clima tic 1 plar,t ~-- 1.-V-".V~,s 

v-:ludt progre~:StVH;,' ~:el>.?.ct..ed veget::1tK•n::•.l formation::: :::U.d"L :3.::: 

:;:cl-lleropl"ll'll, c;vergrt-f:n fon:st::: 0r otllers requiring ::<. ç . .;:-o.m (!-2-gre(~ 
;)f V·letn,;.~:s, ri·~ll in ·"t,;.rtiary" pl.:tnts_ 

Tll·~ lov,·\H- dlf<)nologK~\l limits f('I' :~tu·.:lie::. on · the 
rned1terrane::t.n cond1t1on V·/:3.:3 the lat;.; !vhoo.;n;.; or f.i!e::;:::ini::\n, On tJH 
,)n.;- h3.ncl, Ule Messini<tn flora ts wntinu.ou:3 v-!itll tl"le pre::.s-nt 
situation, afl(l on the other there V·l:..ts a strong salin".: cri~;is V·?ith dry 

p•:riods a.nd avail@ilit}·' of 1~\rg.:.- neV·l ar-ò'as of land suital)Je for f.'l::•.nt 
:;:ettlemenr:::_ Tlle Jvles::::mian oc·~uned from ::\i>our_. 6.5· to ~).5• lv!Y b;;-i(•re 
pr•.;-:::ent (B.t>-rt,)lani lvlarchetti, 196&, 1976, 197<), 19òti::•., 19Z'At·, 
l (j05; Bertoiani Ivla.rclletti ancl Citi.\ .. 1975, f;ertol::tni lvlar<:hett.i ~~.n·:l 

lvlariotti. 19t•o). 
Hov-...:•,ter, tl"u::: l<)W<.1r lumt rm.r mdee<l IH ower l:·ecau:: . .;, : 

f:.essectn~ ( 1903) 11as descril)e(l at. least t.v.·o prevwu::: <lry p.:.-ri•x!s,. 
an<! tlle:::e lla·.·e been docurm.-nt:d ior soutllern France: in t.lle •:tarly 
Aquitanian (24~25lvlY \);.:fon: pre:::dlt)j.t1l<? ·:Jther ve17 -:ool ::uK! dry 
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f.,.;.ri6d. i·1as c::o.t.:tst..roi'ic c()Ji~:.;.qlj("Jìt<:s !or UHt mo;;.g::•.tl:ttirm:;d pl:}.n:s ·~·f 

th.;o upp~;:r b.nghianiS;;-rràvaii:,m, prior to t.he Tort.."lr:i:~.n/lv!t>:::sinian. 
Tl'l::> ::•.IJ.tlli)f nn.J:,;.:; :~. very mwr.;.stwg <!ts~.:u::.:::JC·n on m;;
rdat.ionsl:tip:3 \)etwes-n the mioc.;-n.,;; i:UKl presoi:nt d:OI.:J HNZI, 

h}'fJO:itli,;,ses ,)f! tl"!~ v,;,g.;otational stag<:s .:tnd t.he cau:::,;.~. ;;.-i tl'l;;.ir 
:;;tJ·::..t.iiic<!.t.ions and the pate;oclimatt6>. 

E;<::::.sedik (! 9<Y). pg. I 53) :::f:aw:3 tM ioll•::'IV·llng; 
"Sur b plan climati'ilue l'inl!.:rprét.::tt.lon de la ju:·:t::,position <le la 
:·:)n~ s€-rr!i ... ~~ri(le à ~;J.i::;on :::~cl1.s- .~.v~c l(:S autrt:-:;: zon'6-~; sup~.;r'i6-ure:3 d~ 
• . .:.;:~:;;t::•.tion n~·~·k:~:itu:tt dt.< f·;)rtes prédpitations ~:e .;onc(;it à p.:utir d,;. 
r:'1::,s:::e:;: nu.8.geus,;.s lw.mi<l,_s s·accmc!Kmt sur Ies re!lds: :;., p;o,n:r (!l

'100/500 m~t.rs-~: d'altitude (nEibulosiw 50:"t. .;,nvrrons) -s:t 
C·)mfY;om:ant h.< d.Hi,~it d~~: précipitations. C~tt.;. •>)11'1p,;.n·::aUon 

r~sult4.rt\it. de l:1 du;jJit?. ~n t!"~ l'dfa·~ement progre~:~:ii d ·un dim':'t. 
t:tumt(!e à pr4optt:~.r.Jùns .;.s:;;entJell;;>m€'nt e:;tlVI.:ts (clmE•.t (je t;.rpe 

".:t~;mtiqu.e") qui r.fgts~:;~dt au Pal~c·gifne !es ro;grr.:,rr:. ouest
.:tlJ.i'(lf."~ennes Ett tlletysi.;.nnEts vers l'individualb:ttion · -àpr~:<:•diqu~ 
d'un dirn::tt à s::(i:);(J sè,t11e. <le type sui)tJ·.::·pic:•L re:::pon~:::•.b!t? c!e 1:::1 

:•:ìiH :3emB.ride (:fl t •. ~.~,:~e::: pl<Hnes ;:..1.\ !vlioc.::ne <l::t.ns •.::ett.:; rriigwn. 
Cet.te ::tdar~t:.ttion des J\ìr~ts s~tmpervirent.e et do.::cidut~ à de:; 
,x.miitions cllmatiquo.::s partioJ.li&res (ilét·ulosit4) ::.,;-m))Je ::).voir 
nKI.J'(!Lto;;, sous un dim:;..t d>: t7·pe tran~:it~)ire. 1.:.~: ptiriode~: ~.,~di e~: 

nu·xèn,;.::: ? wmr.•ns b Z.-t!e~::;mt.z.n.: 

Overall, tl1e~:e remarl~s ar11 valicl for t.lie lvlessinian, for whi<:l'1 tlìe 
l'iypotl:tesis .:)f v.:eget8.tiom1l stoges of tliìs typ~ liaV'3' bo.::~n adv;JJK~d 

(B'->'rt.ol:::o.ni M::tfdk•tti, 1960, 1975, 1976; 13-;>cquet, 11~l<::kll.;;r: <md 
K1.:h·r, 1976). 

[n svutl·1;;rn !t;:tly, tlle mE;Ssinian l~,y;;,rs ·)f Siqly ~:i':c·w tl'lt; 

·~tar t -A tt1<?. forrnapon of a meditt;rr;:~.no.::an sllrulis. lvl::o.riotti { 19\3 7, 

p l d t'i! 9, p;~. 7 1) p~ints out tll.:< V·lidening of tlle pe-n;&nt;,•.ge~; o! t li e 
veg.;.tation at progre:;sivew ;:c.u.ng;;..r tlm&s in tl10 !:~.yer::: ,:.f Er::o.cloiia 
lvlinoa (.6.grigentc-, Haly) 

.Progres~:ing t,:;.v{.j.rcls pr.;.sent' times, palynological stJJ.dle~: 

!i::t v~ b<ò>en ca.rried out N1 some samples collect-"'~j by Uie l::r.te Pn>f. 
~~rgro V~nzo in a ~:~qu.;:.rice t11at seems t:· èontam r..11B conventJonal 
Plio-Pbistocen-i liound::try ~\t Ls- Castella in Calabria (Bert.olam
Ivl;;,.rçh~tti, 197')) .• "'.t tlN I·:JV·ler levels, tt1e fl·:or<~. is impov.;.ristJ.;>•;I liy 

U1e pre·;ious m;.;t.rl:..:d climatk COIKliti(;ns. E::r.dl sp;;·ctnun pre:::ent::: 



tv,ro 'Jo2.g;;otatiNKti i)i!it=o:. Tli;:. i).Js::ti Oli-<~ ri;-~Of(l~: Cli<tng;;,~: frvrn '-'· 
m-1.dit!:rntni1J.n ·m~v::diìa-g::..riga" to a st$-ppe veg"!tatiOI1 .. ::md t.lien 
p~r!'l:1Jn ~VOIUT.J(•l1 to a llgllt [(11"6-St <A tlHHitOplijl')l.\:2- l"J:1f<!'vV'<.:·(~2: 

· (i~•ll~, Ju:;.o:larr::, C:..rpin~ etc.). T!ie upp11r b'i!lt c-:•mpn:;;~r:! ::1 

.:;omf-<-r·)U$ for€-::t .. ·, .. ,·ith r.•redorrùnant pin~·s .. fonn"'d ~luring tll'i' dri,;.r 
::•. n d v t.:•. nn f.• 'i' !"i ')•:i. 

.. 
THE FUTURE 

This tvpic i$ 11a.rdH to dis.:US$. One han·j i t is bas"'·:l on m<•.ny 
çiimati·; fe::1tures fron1 in:;tntnh:ntal data tJ1at :;..r.;-.. ll?pvtl't-6-t.k:~ll;.· 

proJ<:";kd mto th;;; future. On tlw otl't•.:r nane! :"- uw.tt..;;;r of some 
Irfti ... :Jr·t.~tn..:.~ i:;. Uì~ ~~hoi~t? o! tli~ dtii·~r~nt tillds of r.-·~!yt1<Ji·:J~;Ic;~'.t 

·::tudh:> suJtable ior t11e purpos.;.. 
We lw.ve con~:id-?red t11e dim~1tic v'lJ.'.f'i:S wiiJI ::•. l''i'<•.rl·/ 

~:unmv;>r dr}' ne:;:;: i:~~vourmg tlle . .;-~:t;).!)l_lsnment ol ::1 mo:-c!ItHnuh<ln 
v,;g-?tational con<liti?n. Tller;;.i'c•re, we mus•t try tj.) fine! ic.·rcasts on 
clirrw.tic tr~mh among th.;. cli.matological jX!pers ami id.:.ntiry U1.;. 

warmer and dry.;.r pr~dict.ed P!rio<ls. 
1h:r: must a!S!) co:)I'IS!(IH tM pa:;t veg'iit:B.tion~.l f~::ttu.r;;,:; t'1St!! i.;;··:! 

in tl':e polk·r: diagnos1s to f·:>rca~:t t11e future be!iaviour of tnovm 
:o•.r'iias tc·'Nar·js future clirm.tk cl'!anges. 

V·l<,; do not tno'N if tlhi p::J.l'iiop::o.lynologic::..l (ì::t\a ::tv:~ilabh r;) 

.jat€- ::1re suffictent to p;;.rform compu.t.l;)-r proJectlons. 
l n a gE<ner:::tl view, t1'1er.s- are toc!ay many prct•ie1n~: c!ue ·te; 

.:•.tm<::q)h,;ric pollutants (su·~t' as C02 ), ~~ t.Jpic Jwv-;evo.;;r tlwt has ·n(·t 
met v;itJ1 ~h'l(iespreati (;eonsensus. 

Da.nl:sg::•.::t.rd ( 1 904) report.s tlì<1.t 6-13 thous::mc! ;r-:::..r:;: from 
nov,, the distribution of surnmer inS(•lation m tl'te nortli.;.m 

h~mi~:pMr.;.o will lead to cooling7relat.;.od events, ~:u.o:ll a~: gl::1;:i..;;r 
::o.dv:mc~. Tlle S:otme autlK·I' cit.es from iWlJa ancl B€!rger a predktk·n 

. •ìf a cool<:~r ·~lurn.r..e V·titlun 3000-6000 ye::•.r:;:, ::vxorcllng to :;1.11 
.;>rnplri~~dly de:;:ign€'d a~:trc-nc-mic climat il1(l~:-:. D~\ntsga<trd qu.:-~:t.i•)n::: 

'vVI'le-t.hH tl'te d imati·~ tn1n~ition ì·Viil llappen .;d,)ruptly or gr~•.d ll.ally. 

He l>~U~vB-:~ tlJ:jt th~ fut~\re ~)! il~tçl:;!tivu çi'i'p-;<n\ls 6n lliiltl,\nd ii\w;i 
'~l'lthJ'6t)o~"lll~ lll'lpacti, and point:ì out tMt, 

... ,rn;.ul·~: inlpact may result in a climatk· Vv'::trming t.hrougb tl1-ii 
n.::tt fev-t c.;;nt.uries, vmicli mar overcomp•~nsate the f<)r.;,s.;;.:::d)!o:;, 
naw.ral O)!)long ·.vit!iin tlt~ same perhxl arld fNrMp:~ for s€'~terai 



·:~nturi"'s b~y·<:•n•:l: it. if int...,.nsr: .:md sust.:dn~d. t.h~ Vl<u-rning 
rmgiìt l)>i! a tltr~::..t.. i or diif~rent r\~<\~:ons.. tt) . t.ll.;; o::ontinu.f.d 
~:-:EtBnce <,f U1e Green!::md and tlle '•N est .".nt::•.rtl•.; l·~e :::ne.;,ts. 

Flc·lln ( 197 ;3.), in <!b~us:~ing Ui·~ dif!erent c~~u:::t::s (A dlln-3.ti(: 

(l"!ang~:~ (.~~stron(,rnic, t.~rj:~~stri:~dì ::;tat~s, 

·• : .. , ··;·:'": need al:::o a re,;orient"ltiOn of prioritie::: k•r funditig :::çi.;,ntifk 
rs-:::HtrdL On tlle n3!: of dl:~ph:::tsmg our co!le::•.gu.~s !rr)Irt 

.:o.:::tr<,not:.·.y: we ::n·e forc•::d to !iv-e- (ancl ~h·.;; are rau.ltip!ying 
i)IJfsei,les) O:•ll U1is pl::tnet . .Here w.;; M'N to !<Jo:··t ::•.bea<:! 8.t ;.r.ll 
p·)~:stbh: d::..ng.;,r::: iirst. Tl"le [. .. ):::~:ibility <A ~~ :;:rtift oi pl::o.ndaq .. 

n~: ... :t ç.~ntu.ry has ~;C· :::i.-rlou.s •::onsequ(:nce:;; for llttrn:3.rnt.;.r .. t.tr:~t 'l·l~ 

fe.-.,. ::.peci::•.li:::t::: ~~r~ ind.,..;-J horrifi.;-d by su..:ll prosr-·<:<•;t:: .. Stili. i t is 
not tùo· l::•. te to V)n:::,id•iir" counl..ermti<tSUf'iiS in ::•. ·~onç':!!'t·~d df•)ft.. in 
Nd;;or t<) ::•.'·/Oh:! mt:::.;;ry ~.w:t h.min.;; irA· pr•>IX•.t•l;.r rnc•r€- no.n :,o 
[)•iil'Goé:llt •)f rm.1ntind, V.lllilS' tl'l'~ •:)tJ':.;.r ,30 or )0 p0rcent. m::1y 
p.:;-rh.:.y:: b'iinS>fit rr5'm su<::l1 c!'Jang.;- ... 

But n•)',·'l. :-;:;m::o.ining ~n our pt1net. l.et's se.e V·ll·1at çm1 l::o;;.- done u:::ing 

. T.;. ('t)t.3.in ;). pal;mological image d toclay, 1t V·lould 
important t,:) ::.t.ucly area~: no··.:·t c!Eir~:.ct.:ri:E?d 

.Jf)l/mediterranei:Ul clirm•.te. Tllis imùge can !)e ot)tain;:;d ti"tl'ougli 

r:::•.tural po!!l?.r: traps Ci)lìSt:>ting of mo:;s polsters (Hetm, 1962, 1970, 
197Ia ·, 1971 b). Tllis met..ho<l allows t.o maKe tran:;.ects tl'trougl1 
;;,.rb(lte<.\l a.nd n·::Ort-<•.rtxoreal formations along on.;;- or more ~:.;;-gments. 
Pef!K1ps. it is fu.tufistk t:) exped to bo;; i).J)[f. to repe:;•.t. ti:!&. tralised::: 
:n ii::.;-d po~;ttwn m :;ucce~::::tve ;.1ears, :'1.t a rea:;on~ll)l;;o tnt..:rV::d"·· to 
iollo··,'! tik vana;tlon ·Ji wgetation rel<ll:e·j to clilm.t~.::. Tl'tough tl'H::: 

migllt be plausibl~ f•)r ~'trt~.!l climatic cttang&s, it i~; unn:.).'::on~o.l:·l<ii for 
l::uw: d::3.rtg% '-Niti't ~im<?.~:p::tns ')'.ttside our reacll. .".1:::.;::. Jlo:/t.~ tlw.t tlle 
natu.ré.l.! .;.voiutlo:;n oi pl::•.nt c•.JrcHntuutJ>:::> c<m milu;;,n.x• Ut•~it' fu.t.:_,_re 
cùnlp():~lt.ion. 

J·.;loniV.Jr netv·lN·t::: u.sing sp·xe-t.r<•.ps, tllat ::•.r;:, being applied 
nt,)re and mor>: in It~:-.1;.'. li't<ty !)e ·utiliz;;,d tr.:o p.;-rtorm :::un .. ey::: ::•.n<l 
prov1de d<d:.a sl.l.ital)le for computo&r ;;.!a!)OEttton. P€•l'l'l:,,.p:; <ll~~oi 
rneditt:rraneanism coul(i be estB.I)!iSlNd •in t.ll.;- lX1Si::: oi tlle tot:~! '----------------
-.,;.r·';!o~l·-, ... "' ·1· pv'll"'ll'· ~··=·-Jl·r·<· ~-·d Tl'IJJ·=· tll"' ··11··~t '·J· r.·l'oJ·it ·=·r."',,·;:.·:· '•rtd !..-.l t_. ... .~. V..;:, .... v ... .:,. ......... ! ..... vv . . . ..~, ... ._.,v ) 0:. . ....... _r.,.\_. .,..<J .:,, 
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.;d::.·/ th.;; nun'il)~r of gr:~.in:;; of -&::>.cll. U'1at ma.y b;·.:•.r :;•.gricullural 
si:;mfio:~::.JK.;; :-"l:;•.te.J to pr(..•(!u,;tivity, mu.:::t !)•.;> r.;.ç')t'(i,;;d. 

BlJ.t. r).;Jrll::tps V·H: ar€" ~::hpping lntAJ ::~ç!~nce ih~t.!O!"L 
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