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CASE STUDIES AND REVIEWS
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ABSTRACT

l .  The ana lys is .  by  meuns o f  l ine  t ransec ts .  o f  a  Purur r tu r iccu  L luvu Íu  (Ant l - rozoa:  ( ìo rgonacea)
popr.r lat ion lbrnring a fìrcies ol- the Mediterraneun conrl l ìgenous comrnunìty r long the Portofìno
Prornon lory  (L igur ian  Sca.  I ta ly )  cv idcr - rccd  a  h igh  pcr  cent  o l ' l es ìons  in f l i c tec l  to  the  s r ì rs r ru i r ln
cocr . rcnchyme by  anchor ing  and 1 ìsh ing  ac t i r r t ies .

l .  This dan-ragc l ì tvours thc developnrent ol 'aggregates of epibionls (rnainl l '  hyclroids and
blyozoans) which leads to grealer mechanical slrcss thloush incrcascd rcsistancc ol- thc colonies to
\vltcr Irovclrcrtt ;  where polychuetes ancl nemutocles colonize t l-re clenuded skelelon. their hLrr lorr ing
ac t iv i t y  weakens the  co lony .

3 .  I r t . s i tu t i ssueregr ' r re l r r t ro r r t -xpr - r in rcn tssLrcccs tcd tha taggregat iono l 'ep ib io r r tscanc leve lopon lv
i l-  thc injuries lesult .  f ìom contirruing abrasror-r.

21. Injurics causcd by anchoring and l ìshing can therefbre be consiclered the r-na.ior causc of
rncrrtal i ty ol- Pururrturiu'u t luytrtu in the Portofìno Pror.r-rontorl ' .

5. I 'urutuuri t t 'u t ' lurutu re-colonizes experimental ly denuded areas slowly ancl colonics takc rnany
years lo reach the size of cxisl ir-rg individr.rals and can be ciarnaged eusi ly by l ìshing ancl anchoring.

6. Special protection is neecled lbr this key spccics ol- Mcditcn'ancan coral at Portol ' inc)
P lon ton tory ,  wh ich  is  p roposed as  a  Na lura l  Mar ine  Purk .  r  1997 John Wi ley  &  Sons,  L tc l .

Aqttut ic (.otr, :crr:  Mtrr.  Frt.sl tv. l -r 'o.n.r '1..  Vol. 7. 253 262 (1997)
No.  o f  F igures :  4 .  No.  o f  Tab lcs :  l .  No.  o l -  Re lèrences :  3J .

INTRODUCTION

ln the Western Mcdi tcr ranean,  anthozoans account  Íbr  up to 95% of  thc tota l  b iomass in cora l l igenous
communi t ies (Gi l i  and Garc ia,  l9 t l5)  and thc gorgoni t ìns can character ize ent i re lac ies of -  thc c i rca l i t tora l
arrd bathy i r l  b iocoenosis (Weinberg.  1980;  Gi l i  and Ros,  1985).  Purutr tur iccu t luyuÍu (Risso.  l l ì26)  is  a
st ructur ing kcy-species of  the cora l l iger . rous b iococnosis and,  due to i ts  at t ract ive shape.  impressive s ize
(H> l50cm),  and densi ty  (up to 70 colonie 'snr  r . ; .  i t  contr ibutes great ly  to  the aesthet ic  va lue of  the
Medi tcr rancan underwater  landscape (Harmel in and Mar inopoulos,  I  994) .

Data on i ts  d is t r ibut ion (Rossi ,  t965:  Weinberg.  1978;  Pci rano and Tuncsi .  1989;  Pei rano and Sassar in i .
199 I ). growth, l iactal arrangernellt (Burlando et ul., 1991), population structure and sccondary prodr-rction
(Mist r i  a t  u l . ,1992; .  Mist r i  and Bcrganin i ,  1993;  Mist r i  and Ceccherel l i .  1994;  Coma cr  u l . .  l995t t :1995b)
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arc available, but few studies have dealt with other aspects of its l i fe history such as rnortality (Hannelin
and Mar inopoulos.  1994;  Coma and Zabala,  1994) and recru i tment .  Massivc morta l i t ies.  the causes of
which are sti l l  uncertain, have contributed to the reduction of Mediterranean populations of'this spccics
(Rivoire, 199 l; Bavestrello el ul, 1994'). The development of epibionts, such as fi larlentous algae ar.rd
mucil lage during the summer season, mainly in the Southern Tyrrhenian Sea, may play a negative role.

Thc cliff of Portofino Promontory (Ligurian Sea) is an oligocene puddingstone which rcaches down to a
dcpth of  approximately  50m (Tor torrese.  1958.  l96 l ;  Morr i  e t  a | . ,  1986).  A large P.  c loyuÍu populat ion l ives
bctwcen 20 and 50m deep (Bavestre l lo  et  u l . .1994).

This area is  very busy.  especia l ly  wi th d iv ing and coasta l  spor t  f ish ing ( t ro l l ing,  cnst ing.  j igg ing)  dur ing
the summer. Morcover gil l  nets, traps and 'palarniti '  (a type of long-lining) are employed (Lrp to I geari clay
pcr l0 hectare). There is also a very large incidence of anchoring. Observations suggcst that all these
activit ies sccm to have a strong irnpact on thc upper l iìyers of the benthic communities.

In the Car ibbean,  the epib ios is  on gorgonians,  assumed as a resul t  o f  mechanical  in jur ies (Baycr .  1973).  is
particularly significant. Although the init ial damage involves srnall portions of the coenenchymc, it rray
have devastating effects leading to a lower number of reproductive, trophic and defensive polyps and a
major  a l terat ion in  the anatomo-physio logical  in tegr i ty  of  the ent i re colony (Wahle,  1980,  1983).  Epib iont
development is hindered by coenenchyme regeneration which tends to cover the denuded skeleton (Lang da
Si lvc i rat  and van' t  Hof ,  1917;  Wahle,  1983;  Theodor,  1967;  Bavestre l lo  and Boero,  1986).

In contrast to tropical gorgonians, in which asexual reproduction contributes to the n.raintenance ol the
population structurc (Jackson et ul., 1985), P. clavata shows exclusively a yearly synchronous sexual
reproduction (Corna et ol.. l995tr, 1995b). This species is charurcterized by a low metabolism and slow
turnover  (Mist r i  and Ceccherel l i .  1994) and,  consequent ly ,  damage to the colony in tegr i ty  can be morc
significant.

Along the North-Eastern cliff of the Portofino Promontory (Ligurian Sca. NW ltaly), a rich P. t ' luyuta
population shows a general state of disease with high percentages of branches without cocnenchyrnc and
large complex etggregations of epibionts settl ing on these portions. Moreover. several fallen colonies can bc
lound at the foot of the cliff. with sti l l  viable portions of coenenchymc not yet covered by sediments.

The ainr of this study was to cvaluate the extent of epibiosis on P. (lorctÍd colonies l iving along the
Portofino Promontory cliffs, its role in the colonies' rnortality and the abil ity of the coenenchyma to
rcgenerate after wounds caused by fishing gear and anchoring. E,xperirncntal tests were also conducted on
the capabi l i tv  of  th is  sDecies to reset t le  in  areas where i t  had been ar t i f ic ia l lv  rcmovcd.

MATERIALS AND METHODS

Epib ios is  was asscssed on l4 colonies col lected on the c l i f f  o f  the Portof ino Promontory ( I r igurc l )  in  Ju ly
1993. After the inspection in the laboratory, all the sessilc organisms were identif ied at specific level. and
their per cent presence evaluated (Table l).

The involvement of f ishing gear was evaluated by counting the colonies enveloped by l ines or ncts along
four different vertical transects within the gorgonian populirt ion.

To investigate the regeneration abil ity of P. t ' lavato, f ive colonies were artifrcially wounded with lesions
(5 cm long) along the axis, and then the subsequent coenenchyme growth periodically documcnted by
photos.

The recruitment capacity ol P. r ' luvtttu was tested experimentally by removing all colonies in July 1992,
f rom a 70x 50cm area at  35m depth on the Portof ino Promontory (San Frut tuoso Bay)  wi th in a
population with an average density of 20 colonics m l. After four years. the colonies settled in this arca
were collnted. collected and measured.

r  l 997 . l ohn  W i l ev  &  Sons .  L t c l t lquut i t  Cort .scrr :  Mur.  Frcsh:r .  Ecos.r ' . t t . .  Vol .  7.  2.5.1 )62 (1991)
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Figure L The Portof ino Promontory.  Arrow incl icates thc sarnpl ing area

RESULTS

Diving observations have shown that gorgonian colonies are seriously damaged by fishing activit ies which
can affect the coenenchyme. This action is significantly increased by fish which, trying to escape from the
hook, entangle the gorgonian with the fishing l ine. Severe damage is also caused by lost f ishing gear, which
may affect tens of colonies, through their continuing abrasive action. The stretched lines, under the action
of sea currents. mechanically excoriate the coenenchyme as long as the l ines are cast (Figure 2(a) (d)).

The per cent of colonies entangled by fishing l ines or showing damage decreases with depth: the highest
valucs i ire found in shallow weìters (20 30 m) where smaller colonies l ive and a low density occurs (Figure 3).

Several epibionts settle on the stripped branches, forming large aggregates. A check-list of the
collected sessile epibionts is given in Table 1. Hydroids (Garveia cri.scu, Obelia dit 'hotonra) are the first to
colonize the denuded branches, but they are then replaced quickly by stronger competitors, l ike various
species of bryozoans (Turhic'ellepora uvit 'uluri.s, Bugulu /ulva), serpulids (F'i lograna spp.), and the horny
sponge, Pleruplt,.sillu spinifèra (Figure 2(c), (d)). Pareryfhropotlittnt t'orulloirlcs, when prcsent, can
constitute large colonies. Among macroalgae, Dictl.,ofa dichotoma is dominant during the summer. In
thcse aggregates. a complex vagile fauna, mainly composed of amphipods and harpacticoids. feeds on
the trapped detritus.

Another type of association due to abrasion is that of polychaetes and nematocles which erode the axial
skeleton forming sn-rall crevices at the colony base, which become occupied by ophiuroids. Their burrowing
activity produces a weakening of the skeleton and possible detachment of the colony. At the base of the
cliff. below fhe Purrununcerr population. many detached colonies can be fouùcl (0.46*0.3 coloniesm l).

Sorne are cornpletely buried by sediments and totally denuded (about l0%), others show small portions of
l iving cocncnchyma (Figure 2(e)). These colonies show a different aggrcgation of epibionts compared with
those living on the cliff: in particular small specirnens of the sponge Cltondril lu nut'ulu and numerous
spirorbids were settled on the skeleton. Completely detached colonies with no obvious signs of damagc tc-r

r  l 997 . l ohn  W i l cv  &  Sons .  L td Aquu t i t  Co t t t L ' r t ;  Mu r .  F r c . s l t t .  É - r z , r r ' . s1 . .  Vo l . 7 .251  261  ( l qq7 )
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arc rcportecl  in boic i  wi th.  in br l rckets.  their  pcr  ccnt  f rcqucucv on l , l  colonies.

RHODOPHYTA
P,sc trtlo I i t lt oph.t l I trrrr sp.
[' t'.r.s.s r t r t r t c I i u,s t 1 t r u t t t u r i u ( G nr c l. )

PHAEOPHYTA
I)  i c  l . r t t t  t r  t l i  <  l to t t tu tu  (H Lrds . )
H u I o1t t a r i.; / i I i c i ttu Kirtt.

F O R A M I N I F T J R A
Glohigerina sp.

P O R I I -  E R A
P lcrup 11'si lla s pi ni / era
(Schu l tzc .  l t i i 78)
1).r',rirlca sp.

C N I D A R I A .  H Y D R O Z O A
(.uttt l tunuluriu l t i r tcl ; . ; i  Aldcr. 185ó

I:t t t le t t  dr i  t t t t t ,ql  ont( 'ru l  rutt
P icard .  1952
I:rrdcrrt lr iurrt  cu1ti I Iura Alder. I l l -56
Eult rtdr itrrrt u t' ntu I unl
Tichomirot l  l l l l ì7
I lut l trr t tr i rurr tunto.\t tnt (L..  l75l l)
Ohcl iu hidartr uta (Clarkc. I l ì75)
Olu' l iu r l ic l totoruu (L. 1758)
Gurtcia grisea
Molz-Kossc'rw'ska. I  905
Ilultci trrrt  Í t ' rrcl l tr tu Hincks. l l l6 I
H u It'c i ttttt rtrt'I i Í t'r r utu'tur r
Wc ismann.  l f , i8J
Iì  i  l t '  !  |  u rn sc t '  p( t t , t  (  Hassal l .  I  l l48)
Bittrcr iu lc.r/r1.r Wri_sh1. I859
Ilorr r gu i rt r i | | i u ru nt 0.\(
(Var . r  Bcncden.  1844)

C N I D A R I A .  A N T H O Z O A
Pu rc r.t' t lt ro potl i tuu c or u I loida.s
( P a l l a s . 1 7 6 6 )

N E M A T O D A  n . c .

ENTOPROCTA
Pcd i t  t ' l l i t tu  r r ln r ra  (Pa l las .  177 l )

B R Y O Z O A
( '  a  I  l cporu  puur  i  t  osu  (Auc t1 .  )

(28 %, )
(14"1,)

(42"1,)
( l ' \ ' l

( 10001, )

F r o t t t I i p o r u vi r r u ( o.\ u
( L a m o u r o u x .  l 8 2 l  )
Hippodiplosiu sp.
Scrupocclluriu rcl)îun.\ L.. | 75tì
St rupocel luriu .\(ruposu L.. I 7-51ì
Bttgulu / i t l ru Ryland. 1960
lùrgtrlu sp.
C t' | | u r i a :; u I i c o r tr o i dc.t
Audou in .  1826
C c I lur iu .f is t ulo,ya Ar.rctt.
Adctttrcllu tulveti
(Canu & Bass le r .  l9 -30)
Tur hi cc I lc pora uvi c u I ari s
(Hìncks .  l8 ( r7 )
Nolcllu gigurrÍt,u
(Prenant  &  Bob in .  l9 -56)
Sc r tc I lu .st'p t t' n Í r i ott u I i.t
( H a r m c r .  1 9 3 3 )
St lr i : orrtut'c I lu uur i ctrluÍu
(Hassa l l .  18 ,12)
Est lurr ir tu t ' t r lguri . : ;  (Moll .  I  l l03)
,4(,1(u tt ' r t t t( t t l (r
( Landsborough. I  lJ-52)
At' tctr ,sictt  (Couch. l8,1zl)
PettÍttporu sp.
Bcutr iu tuugcl larr lcrr (BLrsk" 1 852)
Plugioeciu put itru (L.rnlitck. I 8 I 6)
Tultttliporu liliut t'u (Pallas. I 766)
l ,s t  l tu r i r tu  r r r Igur i . ;  (Mo l l .  I  801)

M O L L U S C A .  B I V A L V I A
ptcriu f i i r t tr tdt,  (L. l7-58)
Arcu  nr ruc  L .  1758 ( juv . )
L i n t u  l i n t u  ( L .  1 7 5 8 )
Hiurt ' l lu urtt icu (L. 1767)
('/r/arr.r'.i sp.
Spottd.rlus guL'dL'roptr.t L. I 75lJ

A N N E L I D A .  P O L Y C H A E T A .
S E R P U L O I D E A
Scrptrlu venttit trlttri.s L.. l16l
F-ilogruttu sp.
ProÍulu sp.

E C H I N O D E R M A T A .
O P H I U R O I D E A
Atrt plr i 1t lto I i.s sq uunt u Í 0
(Dcl lc Chi.r1c. I  1328 )
0 ph io t lrr i.r /iug i I i.s
(Ab i ldgaard .  1789)

(l "ri)

( l ' 1 ' I � )
(t 4,1,'u\
( I ,1,)'1, )
(3 _5 91, )
(14,h)

(  14, Ì ,  )
(2 I '�ri, )

( l,l'li, )

(51 " /o)

(14y ' � , , )

( 14,)i, )

(l4,1;,)
(J u,',,)

0('/;)
17f \ i l
(7 " i t)

( l 4 , , 1 , )
(1 "/ , ,)

( 1 l o )
(7" , i )

(2l i , l ,  )
(1' �1;)

(42"i")
(  1 5 ' %  )

(7"i i)
(l oio )

(.7 u/n)

(35?1,)
( l ' l% , )

(51 "/,,)
(l "ri')

(2 I ,fi, )

(2 I ,)1, )
(28,L )

(21 ' )1 , )
(l, i i)

( 2 l o l , )
(28 'U,  )

(7 l '1")
( t1"h)

( 14 t ,  )
( | 4"/i')
( ' /%')

( l  4 ' / o )

( .1" /o)

(21 ,1,  )

( r 5 % )

( '7' /u)
(21, \ , )

(.7'�\ ')

t  l i ) 97 . l ohn  W i l cy  &  Sons .  L td lquul i t  Crr t . ; t ' r r ' .  l l lur .  Fr t ' . t l t t r .  E. ' . ) . \ t ' , r1. .  Vol .  7.  251 261 (1997)
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coenenchyme have been observed along the cliff, suggesting detachment due to a single physical event such

as an anchor dragging.
A fast coenenchyme regenerltt ion was noted with in ,t i lr, l  experimental observations (Figure 4). All the

artif icially stripped coenenchyme had newly formed in about I month, indicating a growth ratc of 0.15

0.2cm day l. When the coenenchyme is stripped off, the expansion and contraction rates of polyps in the

isolated portions of the colony become iìsynchronous (Figure 4(b)).

The recolonization experiment has shown the diff iculty of this species rc-establishing. At thc start of the

experiment 23 colonies with a height ranging from 5 to 45 cm were detachcd from the study area. After four

years,  only  two new colonies,5 and 7cm high,  wcre observed.

DISCUSSION

Fishing activit ies and anchors can ciìuse serious injuries to every type of hard bottom community. In

particular, gorgonians, the main erect organisms characterizing the benthic communities along

Mediterranean cliffs, are severely damaged by these activit ies as are benthic organisms in other protected

areeìs (Balduzzi et al., 1994)
On the Portofino Promontory, it is concluded that the major cause of mortality in Parunturiceu t ' lut 'oÍa is

clamage to the colonies by fishing l ine, followed by the attachment of numerous epibionts. This

phenomenon leads to a drastic change in the mechanical structure of the colonics in two main ways: (i) the

tunnels dug in the skeleton medulla due to polychaetes and nematodes severely wcaken the skeleton which

is more l ikely to break; (i i) the wcakening of the bearing structure is exacerbated by colonies becoming

more resistant to water ntovement owing to the epibiont [ìtìsses. The branch shape and density in

gorgonians are known to be a compromise between the need to maximize fi l tration efficiency through the

finest possible mesh and the colony's mechanical resistance to water friction (Kòhl, 1984). Yoshioka and

Yoshioka (1991) repor ted breakage of  the ax ia l  skeleton as one of  the main causes of  morta l i ty  among

Caribbean shallow-water gorgonians in physically highly disturbed habitats. Moreover, the occurrence of

an abundance of epibionts can hinder water circulation among polyps, leading to the death of colony

port ions (Mist r i ,  1994).
In case of momentary and minor injuries, gorgonians irre citpable of rapidly healing the wound by

inhibit ing fouling growth through the fast growth of a new coenenchyme. The same has been observed in

other  octocorals  (Riegl  and Riegl ,  1996).  Conversely,  in  the case of  more extensive danlage.  p ioneer ing

species, such as hydroids, settle quickly and are replaced by bryozoans which can no longer be removed by

thc newly growing coenenchyme.
Although P. r ' lavutu appears to be the gorgonian species which makes the highest invcstment in sexual

rcproduction in terms of number of miìture oocytes produced per polyp (Coma et ul., 1995b). clearance and

colonization cxperiments have shown re-population to be extremely slow. [n addition, this is irnportant in

the context that the facies characterized by this species represents the climatic status of exposed cliffs in thc

Mediterranean corall igenous, reached after a complex pattern ol successional stages and a very large time

span (Mist r i  i ìnd Bergamini ,  1993;  Mist r i  and Ceccherel l i ,  1994).
In compliance with recent regulations in severnl countries for the protection of corall igenous biocoenosis

in re lat ion to the establ ishment  of  mar i r . re parks.  f ish ing is  a l lowed only wi th f ixed f ish ing gear,  l ike
'palamiti ' . The investigations conducted on P. t ' lut,ala in the Portofino Promot.ttory, which is the site of a

planne<J marine park (Diviacco ct ul., 1992), have shown evidence of the damaging eflècts ol palamiti

f ishing gear on the upper biocenotic layer. With time. these elfects are l ikely to havc a greatcr impact on the

community. Consequently, bclore such lìsheries are pcrmitted inside a marinc park, thcir potential impact

on the benth ic  communi t ics must  bc fu l ly  assesscd.

c 1997 . lohn Wi ley & Sons.  Ltc l
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ccntra l  branchcs Lt l -  a Purunrtr r i r tc  colony.  ur t i l ìc ia l l l '  s t r ippccl  o l ' i ts  cocnenchyrre.  a.  l ìcginninu
I  ntonth l i t tcr .  Asyncronous poiyp expansion at  both s ides of  thc in. jury can bc obscrvcd (b) .

AqtruÍ i t  ( - t t r ,scrv;  Mur.  Frc:htr .  Etost . : t . .  Vol .  7.  2-53 )62 (1997\

Figur-e 4.  I ì .cgcncrut ion cxper- i rncnt  on
ol '  cxpcr inrcnt .  b.  l5 c lay-s latcr  and c,

r  1997  John  W i l cy  &  Sons .  L td .
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