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A B S T R A C T

E xperim en ts  w ere c a rr ie d  o u t on  an  artific ial r e e f  located  in  th e  c en tra l A d ria tic  Sea (C onero  
P ro m o n to ry )  to  show  th e  feasib ility  o f  using  th e  subm erged  stru c tu re s  to  c u ltu re  m ussels 
{M ytilus galloprovincia lis  L am k ) a n d  oyste rs {O strea edulis  L . an d  C rassostrea  g igas  T hu n b erg ) 
in o p en  sea areas n o t su itab le  fo r tra d itio n a l I ta lia n  shellfish farm in g . N y lo n  ro p es w ere fo u n d  
to be best to co llec t m ussel seed  a n d  these  co llec to rs show ed  th a t m u sse l s e ttle m e n t ex ten d ed  
from  early  w in te r  u n til la te  su m m er. H ighest se ttlem en t in ten sity  w as o b se rv ed  in la te  sp r in g -  
early  su m m e r an d  from  th e  firs t 5 m  u n d e r  th e  sea surface. G ro w th , su rv iv a l an d  p ro d u c tio n  
o f  m ussels w ere in v estig a ted  f ro m  th re e  ex p erim en ta l sets. A  seasonal V o n  B ertalanffy  leng th- 
g row th  eq u a tio n  w as c o m p u te d  fo r  th is  species u n d e r fa rm in g  co n d itio n s . T h e  m in im u m  
com m erc ia l size (T L  =  50 m m ) w as a tta in e d  by  50%  o f  m usse ls  a f te r  5 m o n th s  o f  g row th. 
A fter 12 m o n th s  th e  to ta l p ro d u c tio n  w as a b o u t 7 kg o f  m ussels p e r  1 kg o f  seed. Special 
p lastic  co llecto rs w ere u sed  to  s tu d y  se ttlem en t a n d  to  o b ta in  o y ste r seed  fo r  su b seq u en t 
farm ing. O yste rs show ed  a  sh o r t p e r io d  o f  se ttlem en t, ex ten d in g  fro m  la te  su m m e r u n til early  
au tu m n . T h e  co llec to rs reco v ered  in  S ep tem b er co n ta in ed  th e  h ighest d en s ity  o f  seed . G ro w th , 
su rv iv a l an d  p ro d u c tio n  o f  O. edu lis  a n d  C. g igas  w ere e s tim a te d  fo r  1 year. F o r  each  
oyster species, a seasonal V on  B ertalanffy  g row th cu rv e  w as fitted  on  size-class d a ta . O. edulis 
show ed  slow er g row th  th a n  C. gigas, in  fact th ey  w ere m ark e tab le  (T L  >  60 m m ) a f te r  10 
an d  8 m o n th s  o f  fa rm in g  respec tive ly , w ith  a  p ro d u c tio n  o f  a b o u t 4 kg an d  7 kg p e r co llec to r 
after 11 m o n th s . D u rin g  th e  e x p e r im e n t p erio d s a  red u c tio n  o f  g row th  ra te , m o re  p ro n o u n ced  
fo r oysters th a n  fo r  m ussels, w as o b se rv ed  in  th e  w in te r  m o n th s .

The first artificial reef in the A driatic Sea was built in  1974, southeast o f the 
Conero Prom ontory, by the Istituto di Richerche sulla Pesca M arittim a (I.R.Pe.M.). 
It was designed and established to protect the coastal area against illegal trawling 
activities, to provide shelter for spawners and juvenile forms, and to supply bivalve 
larvae (mussels and oysters) w ith new substrate for settlem ent (Bombace, 1981).

In the following years investigations were conducted to  determ ine (a) the prac­
ticality o f this type o f artificial reef for suspended m ussel and oyster farming; (b) 
whether the productivity o f the reef increased; and (c) the potential for the culture 
o f bivalves in open seas no t suitable for traditional farm ing m ethods. W ith these 
aim s the artificial reef at Fregene, central Tyrrhenian (Ardizzone and Bombace, 
1983) and, later, the small experim ental reef at Portonovo, central A driatic (Fabi 
et al., 1985), were developed. In this paper the results o f experim ental shellfish 
farm ing on the Portonovo artificial reef since 1983 are described.

P o rto n o v o  is a sm all b ay  (ab o u t 2 ,2 0 0  m  in length  a n d  10 m  m a x im u m  d ep th ), w ith  rocky  shores 
a n d  san d y  b o tto m , w h ere  m usse ls  {M ytilu s galloprovincia lis  L am k .) a n d  oy ste rs  {O strea edu lis  L . an d  
C rassostrea g igas T h u n b erg ) g ro w  ab u n d a n tly  on  n a tu ra l banks. M usse ls , w h ich  rep re sen t the 
m a in  b iom ass, decrease  in n u m b e r  fro m  th e  tid a l level to  th e  b o tto m . T h ey  a re  g rad u a lly  rep laced  by  
oy ste rs  a t  d ep th s  o f  6 m . T h e  a n n u a l range o f  w a te r  te m p e ra tu re  is 4 -27°C , w ith o u t significant 
differences from  the su rface  to  th e  b o tto m  (A rteg ian i a n d  M o rb id o n i, p e rso n a l c o m m u n ica tio n ).

T h e  ex p erim en ta l re e f  is s itu a te d  a b o u t 0.5 m ile  offshore a t  a  d e p th  o f  a b o u t 10 m , o n  a  sandy  
b o tto m , an d  it rep resen ts  a “ s ta n d a rd  m o d e l”  from  w hich  o th e r  larger reefs a re  to  be  b u ilt. I t  consists  
o f  fo u r p y ram id s , each  o f  five specially  d esigned  concre te  blocks (2 -2 -2  m ), p laced  a t th e  c o m ers  o f  
a  square , ab o u t 2 0 -2 5  m  from  each  o th e r. T h e  top  b locks o f  th e  p y ram id s  arc  c o n n ec ted  by  steel w ires 
from  w hich  cy lindrical n y lo n  n e ts , full o f  m ussel seed , a n d  baskets o f  oy ste rs  a re  su sp en d ed  (Fig. 1).

M a t e r i a l s  a n d  M e t h o d s
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F igure 1. L o ca tio n  o f  th e  artific ial re e f  o f  P o rto n o v o  o ff  th e  eas t coas t o f  Ita ly  in  th e  cen tra l A d ria tic  
Sea. A rtificial re e f  show n  w ith  fo u r g roups o f  co n cre te  m o d u les  a rra n g ed  in squares (2 0 -2 5  m  o n  sides). 
P e rsp ec tiv e  v iew  o f  tw o concre te  m o d u les w ith  ny lon  rope  (N R ), ny lon  n e t (N N ), o y ste r co llecto rs 
(O C ) and  p lastic  b ask e ts  (PB) used  fo r m ussel and  o y ste r cultu re .

In  A pril 1983. ro p es o f  th ree  d ifferen t m a te ria ls  (ny lon , p las tic  an d  m anilla) w ere  tes ted  as m ussel 
seed  co llecto rs. N y lo n  p ro v e d  to  be th e  best m ate ria l fo r  th is  pu rp o se , because  h igh  d en s itie s  o f  young  
m usse ls  w ere o b se rv ed  o n  it a n d  it d id  n o t ro t (Fab i e t al., 1985). F ro m  M ay to  S ep tem b er 1984 an d  
from  Ju n e  1986 to  S e p te m b e r 1987, tim e  an d  d e p th  o f  m ussel se ttle m e n t w ere in v es tig a ted  m o n th ly  
b \  su sp en d in g  n y lo n  ropes ( 0 2 8  m m ) from  th e  sea surface to  th e  b o tto m . R o p es w ere ex a m in e d  2 
m o n th s  a f te r  im m e rs io n , by sa m p lin g  10 cm  per m e te r . A ll th e  yo u n g  m ussels w ere m easu red  to  th e  
m illim e te r  b e lo w .1

1 " T o  m easure the m illim ete r  b elow "  is th e  usual w ay to ind ica te th e  type o f  a p p r o x im a tio n  u sed  by  us fo r  m easurem ents . It m eans  
for ex a m p le , all th e  sp ec im e n s  o f  length  b etw een  3 m m  a n d  3 .9  m m  are con sid ered  a s  i f  th ey  are 3 m m  long.
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F igure  2. D ensity  o f  m usse ls  (n u m b e r  p e r  10 cm  o f  rope , 0  28 m m ) se ttled  on  ny lon  ro p es a t  th ree  
d ifferen t d e p th  ranges. P o in ts  re fe r  to  th e  d a te s  o f  co llec to r recovery .

E xperim en ta l m ussel fa rm in g  c o m m en ced  in A pril 1983, w h en  n y lon  ro p es w ere im m ersed  to  o b ta in  
m ussel seed. T h is  w as h a rv e s te d  in N o v e m b e r  o f  th e  sam e year an d  tra n sfe rre d  in to  cy lin d rica l nylon 
n ets (44 m m  m esh  size). T hese  n ets w ere th e n  su sp en d ed  from  th e  steel w ires be tw een  p y ram id s, 
ab o u t 2 -3  m  from  th e  b o tto m . D u rin g  th e  first cu ltu re  ex p e rim en t only  o n e  “ se t”  w as im m ersed . 
G ro w th  w as follow ed from  A pril 1983 u n til M ay 1985. T h ese  m ussels w ere th in n e d  o u t a n d  tran sfe rred  
in to  cy lind rica l n y lo n  n e ts  w ith  a larger m esh  (68 m m ) only  once, in sp rin g  1984. D u rin g  th e  second  
cu ltu re  ex p e rim en t tw o  m ussel se ts w ere fo llow ed (from  M ay 1984 u n til Ja n u a ry  1986) to  tes t the 
in fluence o f  th e  n u m b e r  o f  th in n in g  o p e ra tio n s  on  m ussel g row th  (Fabi et a l., 1986). F o r  each  ex p e r­
im en t, m ussel sam ples w ere  ta k e n  m o n th ly  a n d  all th e  live  m ussels w ere w eighed (TW : T o ta l W eight) 
an d  m easu red  to  th e  m illim e te r  b e lo w ' (TL: T o ta l L ength). T h e  size frequency  d is tr ib u tio n s  w ere 
analyzed  by  th e  N O R M S E P  P ro g ram  (A b ram so n , 1971), to  sep ara te  th e  “ fa rm e d ”  m ussel p o p u la tio n  
from  th e  su b seq u en t new se ttle m e n ts  o f  seed. T h u s  all th e  re p o rte d  values o f  m ussel leng th  a n d  w eigh t 
refe r to  g row th  o f  th e  fa rm ed  p o p u la tio n . A seasonal V on  B ertalanffy  leng th -g row th  e q u a tio n  (G asch u tz  
e t al., 1980) w as c o m p u te d  fo r  each  cu ltu re .

In Ju ly  1986 ex p e rim en ta l o y ste r c u ltu re  w as s ta rted  w ith  th e  im m ers io n  o f  special p las tic  co llec to rs 
o f  the “ P leno  m u ltitu d e s”  ty p e  (60 - 60 • 8 cm ) each  h av in g  a collecting  surface o f  1.4 m 2. T h ey  w ere 
fixed ab o u t 60  cm  from  th e  b o tto m , on  tw o iron  stru c tu res  p laced  a t th e  ce n te r  o f  th e  reef. T o  study  
o>ster g ro w th  u n d er fa rm in g  co n d itio n s , size frequency  d is tr ib u tio n s  a n d  n u m b e rs  o f  o y ste r  seed 
se ttled  on  th e  co llec to rs w ere  reco rd ed  in  S ep tem ber, O c to b e r and  N o v e m b e r  1986. In  N o v e m b e r  
1986 o y ste r seed w as h a rv e s te d  from  n in e  co llecto rs a n d  tran sfe rred  in to  66 p las tic  b ask e ts  ( 0 3 0  cm ) 
w ith  10 m m  sq u a re-h o les , w h ich  w ere su sp en d ed  from  th e  steel w ires betw een  th e  p y ram id s; 35 young  
oyste rs w-ere p u t in to  each  b ask e t. F ro m  N o \ e m b er 1986 u n til O c to b e r 1987 severa l b ask e ts  w ere 
reco v ered  a b o u t every  2 m o n th s : th e  to ta l leng th , w id th , th ick n ess an d  to ta l fresh  w eigh t w ere m easu red  
fo r all th e  live sp ec im en s o f  O. edu lis  a n d  C. gigas. In  Ju n e  1987 it w as n ecessa ry  to  ch an g e  the 
im m ersed  b ask e ts  because  th e ir  sq u a re  open ings w ere o b stru c ted  b} s ilt an d  yo u n g  m ussels. A t the 
sam e tim e  th e  n u m b e r  o f  o y ste rs  per basket w as red u ced  to  23 specim ens. T h e  sam e o p e ra tio n  w as 
rep ea ted  in S ep tem b er 1987, w hen  on ly  17 oy ste rs  w ere p u t in to  each  basket. F ina lly , to  investiga te  
th e  tim e  o f  se ttlem en t fo r th e  tw o  fa rm ed  species, 10 oyste r seed  co llec to rs w ere im m ersed  m o n th ly  
from  M a \ un til O c to b e r 1987 a n d  reco v ered  a t 2 m o n th  in tervals.

M ussel Settlem ent.— The average density o f mussel seed found on nylon rope 
collectors at three different depth ranges (0-3, 4 -6  and 7-9 m) from  August 1986

R e s u l t s
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F igu re  3. L englh-frequency  d is tr ib u tio n s  o f  m ussel seed  se ttled  on ny lon  ro p es (m usse l n u m b e r  refe rs 
to  10 cm  o f  rope).

until Septem ber 1987, is shown in Figure 2. The m ain settlem ent season extended 
from April to July. The highest density o f seed was recorded on the collectors 
im m ersed in April and recoverd in June, w ith a m axim um  of 2,833 specimens 
(per 10 cm of rope) at 1 m  under the sea-surface and a m inim um  of 1,190 
specim ens at a depth o f 9 m. No seed was observed on the collectors recovered 
in October, Novem ber and Decem ber 1986. O n the collectors recovered in M arch 
1986, after 3 m onths at sea, the seed was characterized by a higher abundance o f 
individuals in the size range 1-4 m m , than in the size range <  1 m m  (Fig. 3), thus 
suggesting the existence o f an early settlem ent o f low intensity in w inter m onths. 
These results are in agreem ent with the m onthly C ondition Index values estim ated 
for mussels cultivated in the same area from  D ecem ber 1984 until Janury 1986 
(Fabi et al., 1986) which, showed that spawning started in early w inter through 
late spring. Sim ilar data were reported by several authors for the A driatic (Pog- 
giani, 1968; Hrs-Brenko, 1980; Valli, 1980; Ceccherelli and Barboni, 1983).

T ab le  1. C u m u la tiv e  p ercen tages o f  m ussels se ttled  on  n y lo n  ro p es a t d ifferen t d ep th s

M onth 3 87 6 .8 7 7 84 7 ,8 7 8 /8 4 8 86 8 87

D ep th
(m )

1 18.0 16.0 13.5 17.0 31.9 25 .0 30.3
2 42.2 27.9 28.7 33.8 51.8 46.5 47 .4
3 52.1 40.3 39.6 46 .4 64 .0 59.3 58.2
4 60.6 55.1 49 .9 57.9 72.3 69.2 66 .9
5 68.5 62.2 62.0 70.5 80.9 78.5 73.2
6 80.1 69.8 73.2 78.6 87.9 86.0 79.1
7 85.9 84.5 82.6 89.4 94.2 90.7 88.0
8 94.0 93.3 89.7 94 .4 96.7 96.5 95.6
9 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Figure 4. P ercen tages o f  m ussels se ttled  a t d ifferen t d e p th s  in h igh  d en s ity  m o n th s  (circle) an d  low 
d en s ity  m o n th s  (square).

O ur investigations also showed that mussel density generally decreased with 
depth and over 60% o f specimens were always found in the first 5 m  below sea 
level (Table 1). The regression analysis, applied to the percentages o f the mussels 
settled on the collectors against depth, showed that, a t tim e of m axim um  settle­
m ent (June-July), the density decreased gradually and a linear regression has 
proved to be the best function to fit the experim ental data (Fig. 4). On the contrary, 
during the m onths o f low settlem ent (for example August), the density o f seed 
decreased w ith an exponential trend at depths o f 2 or 3 m  from the sea surface.

M ussel Growth. — Our previous investigations have shown that mussel growth was 
only slightly influenced by the different frequencies o f thinning (Fabi et al., 1986), 
so that data from the two sets o f  the second culture experim ent were pooled 
together. Figure 5A shows the seasonal Von Bertalanffy length growth curves for 
the two culture experiments. For the first culture experim ent (April 1983-M ay
1985) the growth coefficients were: Loo (mm) =  86.66, K  =  1.10, t0 =  0.40, C = 
0.48 and ts =  0.54. Values for the second culture experim ent (May 1984-January
1986) were: Loo (mm) =  84.46, K  =  1.30, t0 =  0.49, C =  0.50 and ts =  0.52.

Grow th rate as well as tem perature showed a sim ilar trend in the two inves­
tigated periods (Fig. 5): a com parable reduction in growth in length was observed 
during w inter m onths as shown by the two coefficient values C and ts. A corre­
sponding slackening was also observed in  growth in weight.

Twelve m onths after transferring the seed from  collectors into the cylindrical 
nylon nets, the shell length o f the farm ed population increased from  37 ±  3 m m  
(TL ±  SD) to  71 ± 6  m m  in the first culture (N ovem ber 1983-N ovem ber 1984), 
and from  42 ±  3 m m  to 70 ±  6 m m  in the second (N ovem ber 1984-N ovem ber 
1985) for an average m onthly increase o f about 3 mm.
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Figure 5. (A) S easonal V o n  B ertalanffy  leng th  g ro w th  cu rves fo r  m ussels o f  the 1st c u ltu re  e x p e rim en t 
(em pty  circle) a n d  o f  th e  2 n d  c u ltu re  e x p e r im e n t (so lid  circle). (B) M o n th ly  average  to ta l w eight. (C) 
T e m p era tu re  tren d  on th e  b o tto m  (A rteg ian i a n d  M o rb id o n i, u n p u b lish e d  data).
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F igu re  6. D en s ity  (n u m b er o f  sp e c im en s p e r  d m 2) o f  O. edulis  (em p ty  circle) a n d  C. g igas  (so lid  
circle) se ttled  on  th e  collectors. P o in ts  refe r to  th e  d a te s  o f  co llec to r recovery .

M ussel M ortality and Production. — Large differences in survival rate (ratio o f  the 
num ber o f mussels recovered each m onth  to the initial average num ber used) 
were observed through the experim ental periods. But average losses were 25%. 
These survival fluctuations seemed independent from the im m ersion time. After 
5 m onths o f farming the total production was about 4 kg o f  which com m ercial 
specimens were 2.4 kg. After 12 m onths a total production o f about 7 kg was 
obtained. No significant production increase was obtained from  each culture after 
the second winter o f farming, because o f slackened w inter growth and spawning.

Oyster Settlement. — For both species a short period o f  recruitm ent was recorded 
from July to October 1987, w ith the highest num ber o f specimens from  the 
collectors im mersed in July and recovered in Septem ber o f  the sam e year (Fig. 
6). In 1987 spat o f O. edulis outnum bered C. gigas in all samples (Table 2), 
whereas the abundance o f the two species was practically the same on the collectors 
im m ersed in 1986. For both species there was less settlem ent in 1986 than in 
1987. But the two species reached a greater average length in 1986 than in 1987. 
Large differences o f  settlem ent density over the years have also been reported for 
O. edulis in the G ulf o f  Lion (west M editerranean Sea) and along the French 
A tlantic coasts (Paquotte and M oriceau, 1986).

The influence o f the position o f collectors on oyster settlem ent was shown, both 
in 1986 and 1987, by the higher num ber o f specimens that settled on the m ore 
external collectors ( ls t-2 n d  and 9 th-10th) o f  each pile rather than the central 
ones. This trend m ight be partially explained by the reduced water circulation 
am ong the central collectors. M ore oysters settled on the lower than on the upper 
surfaces o f the collectors. The m aterial o f  collectors was highly selective. In fact, 
am ong bivalves, only oysters and som e specimens o f the A nom idae family had 
settled on them; mussel settlem ent was very rare.

Oyster Growth. —Oysters have an irregular shell with high variability in length, 
width and thickness. Analysis o f  the m easurem ent data, taken on our samples, 
proved shell length to be a good param eter to follow to determ ine the growth o f
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T ab le  2. D en sity  (n u m b e r  o f  oy ste rs  p e r  d m 2), percentages o f  a b u n d a n c e  a n d  average  T L  o f  O. edu lis  
(O ) an d  C. g igas (C ) se ttled  on  th e  co llec to rs in  d ifferen t m o n th s

Month
9,86 8 87 9/87 10/87

S pecies O C o C o C O c

C o li .
1° 2.49 2.19
2° 0.91 1.22 2 .03 0.66 4 .0 0 2.54 0.78 0 .16
5° 0.76 0 .96 1.70 0.38 2.91 2.19 0 .76 0 .18
6° 0.68 1.00 — — — — — —

9° 1.08 1.09 1.59 0 .39 2 .96 2.36 1.23 0 .76
10° 1.59 2.04 - - — - - -

% 47 53 79 21 58 42 72 28

T L  (m m ) 18.00 18.47 10.04 9.57 9 .28 8.45 10.44 9 .86

both species. Therefore the average lengths derived from the m onthly size-fre- 
quency distributions o f O. edulis and C. gigas, obtained in the period June 1986- 
October 1987, were used to com pute the param eters o f the seasonal Von Berta­
lanffy growth equation for each species. G row th values for O. edulis were: Loo 
(mm) =  76.85, K  =  1.53, t0 =  0.68, C =  1.02 and ts =  0.55. For C. gigas they 
were: Loo (mm) =  86.00, K  =  1.63, t0 =  0.72, C =  1.13 and ts =  0.56.

After 2 m onths o f growth on the collectors, the two species did not present any 
im portant difference, but, in the subsequent m onths, C. gigas showed a faster 
growth rate (Fig. 7). In 11 m onths o f growth in the suspended baskets, O. edulis 
grew from an average length o f 31 ±  9 m m  (N ovem ber 1986) to 67 ±  8 m m  
(October 1987). During the sam e tim e C. gigas grew from 34 ± 1 1  m m  to 75 ±  
7 mm.

Both species showed an identical rem arkable reduction in  growth in length and 
weight during w inter m onths. This fact was reflected in the C coefficients o f the 
Von Bertalanffy length growth equations which reached very high values (5:1), 
much higher than in mussels.

Oyster M ortality and Production. — In Novem ber 1986, after 4 m onths o f growing 
on collectors, a m ortality o f 12% was estim ated for O. edulis and C. gigas. A 
further 20% was lost because o f  m anipulation during the transfer from collectors 
to farming baskets, so that a total average num ber o f 257 specimens for the two 
species was obtained per collector.

After 7 m onths o f suspended growth (N ovem ber 1986-June 1987) an average 
m ortality o f 3% was estim ated for the whole period. As this m ortality was observed 
in all the recovered baskets, it m ight be due to any possible dam age suffered by 
specimens during the transferring operation. An additional m ortality (up to 6%) 
was observed during sum m er m onths, probably due to a reduction o f w ater flow 
within the baskets because o f fouling and siltation. No differences o f m ortality 
have been evidenced between O. edulis and C. angulata. Production from oyster 
farming excluding these m ortality  values was estim ated as 4 kg o f O. edulis and 
7 kg o f C. gigas per collector for 11 m onths o f growth.

C o n c l u s i o n s

The experim ents carried out on the Portonovo artificial reef showed that set­
tlem ent o f mussel seed occurred from early w inter until late sum m er, reaching
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Figure 7. (A) Seasonal V o n  B ertalanffy  leng th  g row th  cu rves fo r  O. edu lis  (em p ty  circle) an d  C. 
gigas  (so lid  circle). (B) M o n th ly  average  to ta l w eigh t fo r  th e  tw o  o y ste r species. (C) T e m p e ra tu re  
tren d  on  th e  b o tto m  (A rteg ian i an d  M o rb id o n i, u n p u b lish e d  data).
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the highest intensity in late spring-early sum m er. From  a com m ercial point of 
view, this period appears to be the best for the im m ersion o f collectors which 
should be placed at depths o f 1 to 5 m, where the highest settlem ent density was 
obtained. Thus seed collected in sum m er could be harvested at the beginning o f 
autum n and transferred into the nylon nets for the subsequent growing period. 
Mussels harvested during the subsequent autum n (average T L  = 7 0  mm), after 
1 year o f growth, would produce the best yield for the farmer. Beyond 1 year 
winter reduction in growth rate and emission o f gam etes will result in an insig­
nificant weight increase. M oreover the possibility o f  losing a part o f  the potential 
production due to w inter storm s m ust be considered.

The first attem pts to collect oyster seed on artificial collectors and to farm  it in 
suspended baskets gave satisfactory results. Oysters showed a shorter period of 
settlem ent than mussels, extending from late sum m er until early autum n. The 
possibility o f later settlem ent was not investigated. Oyster seed attached to  the 
collectors should be harvested within 3-4 m onths to  avoid shell deform ation and 
an eventual m ortality caused by crowding. This period could vary from  year to 
year according to the total length reached by the oysters. The harvesting o f young 
oysters from collectors caused some damage and high m ortality, despite this, 
overall production from each collector was high (m ore than 250 oysters• collec­
to r-1)-

Ostrea edulis showed a slower growth in length and in weight than C. gigas 
reaching the com m ercial size (in Italy it is 60 m m  TL) 2 m onths later than C. 
gigas, which already in July 1987 had an average T L  of 64 m m . During w inter 
m onths both species showed an identical decrease in growth rate, m ore so than 
the mussels. O bstruction o f the holes o f baskets as a consequence o f mussel 
settlem ent and siltation may increase the m ortality, especially in late sum m er 
m onths. Thus it would be necessary to clean o r change the baskets m ore than 
once during the same season. This inconvience m ight be reduced by putting the 
oysters into baskets with larger holes.

These experim ents have confirmed the possibility o f utilizing this type o f ar­
tificial reef not only for fish attraction and for protection against illegal trawling, 
but to recycle the large am ount o f energy present in  eutrophic water such as that 
o f the A driatic Sea, where, in the absence o f solid substrates, this would be lost. 
The artificial reefs provide these substrates, m aking it possible to develop a great 
biom ass o f  bivalves. The realization o f suitable structures for farming inside these 
reefs and the introduction o f rational breeding m ethods allow better exploitation 
o f these resources to obtain a m ore select product. Currently the farm ing tech­
niques described in this paper seem to be the m ost reliable for the realization o f 
shell farms in open sea along the Italian coasts.

From  a com m ercial point o f view, large-scale realization o f these farm s could 
satisfy the high shellfish dem and o f the Italian m arket and, at the same time, it 
would represent a different way o f managing the coastal area and o f employing 
part o f the fishing effort m ore rationally. In fact several associations o f fishermen 
have recently applied for the new artificial reefs. Som e of these (in particular four 
in the A driatic Sea) are already under construction with European Economic 
C om m unity and Italian G overnm ent funds.
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