
MFR PAPER 1112 

The Culture of the Mussel, 
Perna perna, and the 
Mangrove Oyster, Crassostrea 
rhizophorae, in Venezuela 

ENRIQUE F. MANDELLI and AMADO ACUNA C. 

ABSTRACT - The coastal areas of eastern Venezuela offer excellent 
opportunities for the culturing of mollusks, as suitable unpolluted growing 
areas with all the ecological requirements are available . Culture of the 
mangrove oyster, Crassostrea rhizophorae, and the mussel, Perna perna , 
in Venezuela was started in the early 1960's, using the successful Spanish 
raft techniques . In spite of initial promising results , oyster and mussel 
culture in this Caribbean region is now practiced on a small scale . Rapid 
growth and high yields are the characteristics of these cultures . Projected 
yields of 200-300 tons/ha/yr for C. rhizophorae and 1,000-1 ,200 tons/hal 
yr for P. perna were estimated . Studies on P. perna growth in relation 
to environmental parameters are presented and culture guidelines rec­
ommended. The future development of the industry is also discussed. 

INTRODUCTION 

I n the coasta l regio ns o f easte rn 
Ve nezuela the ma ngrove oy te r , Cras­
sostrea rhi zophorae Guilding, and th e 
mussel, Perna perna Linnaeus, a re 
wid ely di tributed in pro tected ma n­
grove a reas and rocky sho res, re pec­
livel y. These mollusk fi she ri e a re 
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re lati ve ly sma ll (Food a nd Agr iculture 
Orga ni zati on of th e U nited Nati o ns, 
1972) and ma inl y based on the har­
ve tin g of na tura l tocks whi ch in 
the case of the oy ters is do ne in a 
wasteful and de truc ti ve ma nner . 

The regio n offer the necessary 
pre requi sites fo r maricul tu re of th ese 
mollusks. Initi a l attem pt we re begu n 
in the earl y 1960's. Carvajal ( 1962) 
and Velez ( 1968) repo rted o n th e 
ex pe rime nta l culture of C. rhizo­
pho rae. A ndrew ( 1962), on the other 
ha nd , de c ribed th e encouragin g re­
sult o bta ined in th e culture o f th e 
mussel P. perna, as compa red to 
M ytilll s edlliis culture in S pain . H ow­
ever , in spite o f initi a l pro mi sin g 
results, aft er a decade th e cultur e of 
mollusks in ea te rn Ve nezuela rep­
resents a small -sca le ope rati o n o f un ­
ful fi ll ed po te nti a l. 

This pa pe r reviews th e current 
commerci a l and ex pe rim enta l effort 
to further deve lo p the mari cul tu re of 
C. rhi7..op horae and P. perna in east­
ern Venezuela. 

CULTURE AREAS 

Suitabl e growing a rea for mol­
lu ks in easte rn Venezuela are found 
within the in ho re regio ns of the 
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<III OYSTER RAFT 

• MU~SEL RAFT 

Figure 1.-Locallon and number of raft . for marl­
cullure operellon. In e .. lern Venezuele . 

sou theaste rn Caribbea n ea. Thi area 
is cha racterized by inten e upwe ll ing 
a lo ng th e coa t a nd in the Gulf of 
Ca ri aco . T he northern and outhern 
sho re of th e gu lf are dotted with 
protected inl ets, so me of them fringed 
with dense mangroves (Fig. I) , To 
the west in the Caribbean Sea there 
a re seve ra l potenti a l areas for mari­
culture, such as Mochi ma Bay and 
the G ul f of Sant a Fe. To the north , 
Ma rgarita Island offers excel lent eco­
logical conditions for oy ter culture . 
For example , La Re t inga Lagoon is 
a well protected area with many inlet 
lined wit h dense mangrove, their 
roots cove red with oy ter . Along th e 
nort hern shore of Sucre State be­
tween Manzani ll o and Morro del 
Puerto a nto lie extensive mu el 
growin g area w hich provide the eed 
fo r current m ussel mariculture . Mol­
lu k culture operations are localized 
now in the Gu lf of Cariaco and in 
La Resti nga Lagoon on Margarita 
Isla nd. 

CULTURE TECHNIQUES 

T he cu lture of mollu ks off the 
bottom by u ing pani h raft tech ­
niques ha been very ucce [ul In 
Ve nezue la. Both C. rhi~()pl/()/"(/e and 
P. perna are reared utilizing those 
technique, th ugh lightl y modified 
T he su pended or floating culture 
practice offer several advantage . 
It can be adapted to hall o\\ water. 
independentl} of the t) pe of bottom . 
and the cultured organism are pro­
tected from benthic predators. 10re­
o er. the water column \\ithin the 
euphotic zone can be convenlentl) 
utilized . 



Figure 2.-C m'zophora8 raft In La Re,tlnga 
Lagoon, Margarita 1,land . 
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figures are from f ur to five time 
a great a tho e reported for J apa ne e 
culture v. ith yie ld of 5 t n Ihal 
) r (R) ther anu Bardach. 196 1. 

The culture of mu e l a practiced 
111 enezuela re 'emble peration In 

Ihe hlghl, producti\e a li Ia n bay 
of northern pai n . lated pre\ iou I). 
Ihe manculture of P. pal/(/ i mainl 
localrzed In Ih e ulf of ariac near 

umana . I nili , I e \perimema l cu llUre 
\'ere e labli heu In Ihe aribbean 

ea along th e r ck hare near Caru -
pano. H owever. a c mbinati n f 

fac to r con pired against 
ucce f th e indu tr In lhat region . 

Raft were damaged b rough ea 
during th e \ ind y ea o n . a nd hea 
crop 10 e were pr du ed b) red tid e 

utbreal-. . 
The mariculture of P. perna in th e 
ulf of ariac involve th e f 110\ -

ing tep: Ju enil e mu e l . 2.5-3 .5 
cm In length. are a ttached to po ly­
propylene. to ' isal rope. o r to wooden 
ti I-. f gua taearo ( Bellrer;lI Clii/WI/-

ellS;") with ra o n ne ttin g be in g u cd 
to ho ld them in place unlil na tural 



attachm ent occur. Of the three ys­
tems in use, the o ne employing gua­
tacaro sticks is the most economical 
ince this wood is imperviou to 

attack by marine boring organi m . 
The stick or ropes , ranging from 4.5 
to 6.5 m in le ngth, a re hun g from 
raft varying from 7 X 5 m to 26 X 
16 m in s ize (Fig. 4). Small er rafts 
holding 200-300 ropes a re ea ier to 
opera te and maint a in . When mus e ls 
reach a s ize of about 4-5 cm in len gth , 
they are redi st ri buted o n addi tional 
ropes in order to prevent losse due 
to detachment and in order to mini ­
mi ze overcrowdi ng , thereby sti mu ­
la tin g growth . The harvestin g of th e 
mu sels takes place aft e r an 8- to 10-
mo period . The yie lds va ry according 
to the length of the ropes from 50 to 
80 kg pe r rope, with a lO X IO-m 
raft producing an average of from 10 
to 20 metric to ns of mu se ls. A pro­
jected yie ld of from 1,000 to 1,500 
to ns/ha/), r ha been e timated . Th e e 
projected yie ld a re from three to five 
times a hi gh a those reported by 
Spanish opera ti o ns (Ryth er a nd Ba r­
dach , 1968). 

ENVIRONMENTAL 
FACTORS AND 
MUSSEL CULTURE 

Durin g th e 1972-73 season a stud y 
was carried out o n th e growth of 
P. perna mu els from a n ex pe ri ­
me ntal raft in close relation with some 
enviro nme nta l parame ters. The flu c­
tua tin g ph ysiocoche mical a nd bi o­
chemical properties of the seawater 
at th e s ite of the culture were tent a­
tivel y u ed to formu la te general guide­
lines for mu el culture in the Gulf 
o f Cari aco. The gulf is a nea rl y iso-
ha line body of water ; thu a linit 
at the experi ment a l ite ranged from 
36.47 to 36.78 0/00 during the experi­
mental peri od . The seawater te mpera­
ture for the a me. peri od varied from 
24.2 ° to 28 .2°C at the surface and 
from 21 .6 ° to 27 .7 °C at th e depth of 
the rope length (6.5 m). Upwelling 
period in the gu lf were cl ea rl y evi­
denced b the tempe ra ture. oxygen. 
and nutrient di tributio n data . 

In te rms of primary o rga nic prOduc­
ti o n the Gulf of Ca ri aco can be de­
cribed as a n upwelling prov in ce 

(R th e r . 1969). In th e tudi ed a rea. 

pri ma ry organic production ra nged 
from 0 . 1 to 2.34 g C/m2/day, repre­
senting a potential yie ld of 235 g 
C/11l2hr for a water column 10 m 
deep . Two different production sea-
on were di stingui shed . From J anu ary 

throughout August , upwellin g in th e 
gu lf maintained high levels of prima ry 
organic producti o n. During th e Sep­
tembe r-December peri od , however, 
production levels declin ed (Fig. 5). 
Productio n during both ea o n wa 
re lated to the prevailin g winds in th e 
area . Th e standin g crop was do min at­
ed by di a toms in the hi ghl y producti ve 
peri od a nd by J.1 -fla ge ll ates th e rest 
of the year , whi le din o fl agellates pre­
do minated in the trans iti o n peri od . 

The ex perime nta l mussel culture 
was start ed in August 1972. The shell 
length of th e eed used had a moda l 
cl ass of 35-38 mm . Ju venil e mu sel 
were att ached to 300 sisa l rope at 
a densit y of a bout 3,000 per rop e. 
Mo nthl y growth ra te were det e r­
mined by samplin g from nin e ropes 
di stributed a lo ng a nd across th e raft. 
The procedure consi ted of samplin g 
60 mu el per rope at three diffe rent 
depths with a to ta l sa mpl e of 540 
specimen collected each mo nth . In 
Figure 6 are hown th e mo nthl y 
mode of she ll growth . body weig ht 
ga ins, and conditi o n index. During 
the ex pe rim ental pe ri od, rapid growth 
of th e mu els co inc ided with the end 
of the 1972 upwellin g eason , fo ll owed 
by mi ni mum grow th from October 
to December, 1972. The latter period 
showed low leve l of primary organic 
production. Growth picked up in 
January 1973 afte r the onset of th e 
new upw elling eason and was main­
ta ined at a con ta nt level until harve t­
in g time in April 1973. The pa tt e rn 
of P. perna growth was s imil ar to th at 
re po rt ed by Carvaja l ( 1969) and Velez 
and Martinez (1967) working wi th 
mu se ls in th eir natura l habi tat. 

Regardin g the spawn ing of thi s 
species. Carvaja l' work offe rs evi­
dence tha t th e proce s takes place 
within th e upwellin g period. Spawning 
wa apparentl y tri ggered by a sharp 
seawater temperat ure drop of 3--1 °C. 
During the present s tud , pawning 
of the mu se l in th e experimental 
raft wa not noticed . A commercial 
opera ti o n in th e ame general area . 
however, repo rt ed P. perllll spa .... ni ng 
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in the Jun e-Jul y period ( R. Ma rtinez, 
per . commun.). 

Red tid e o utbreak. which regul ar ly 
occur in th e Gulf of Cariaco, are a 
consta nt threa t to the uccessful farm­
in g of mu e l . To ci te a specific ca e, 
in Augu t 1972 a red tide patch 
d eve lo ped in a loca li zed area of th e 
gulf a nd de troyed th e entire mu el 
crop of ix commercia l raft . Appar­
entl y the re was a concen tration of 
din oflage ll ate in the bay followed b} 
a windle s period . It wa not deter­
mined whether mus e l mortality oc­
curred due to the toxicity of the ph -
topla nkter o r by oxyge n depl e ti o n 
when th e tandi ng crop decayed. At 
the s it e of th e experimenta l culture 
o n the same occasion we found th e 
sta nding ph ytop lank ton crop domi ­
na ted by dinoflagellate not reaching 
red tide densit y. A simi lar type of 
ph ytop la nkto n di tribution in th e 
Gu l f of Cari aco was de termined in 
previou year (E. Reye . ms. in prep .). 

o nsid erin g the limit a ti o n of th e 
accumul ated in formation, the follow­
ing recommenda ti n are proposed to 
minimi ze adverse environme nt a l con­
ditions: Fir t. th e April-May period 
i a propiti ous time to start P. perna 
cultures. Three factors support thi 
rationale- good. hea lthy eed i avai l­
able, tran plant of juveni le mussel 
will take place during the high pro-
ductivit y ea on . and the mu el 
wi ll reach th e low productivity period 
in good ph ys iol ogical condition even 
if pawning occur by June or July . 
Second , mu els hould be harvested 
between March and April of the 
fo ll owi ng year after th e on et of the 
upwelling ea on . 

FUTURE OUTLOOK 
It mu t be under tood that current 

mollu k culture in ea tern enezuela 
cannot be considered true manne 
farming . Ju veni le mu el are remo\ed 
from their nat ura l habitat and placed 
in favorable environment until the~ 

reach marJ...etable ize . Wild oyster 
larvae, on the ot her hand . are allo .... cd 
to e t in man-made CUllCh matenal . 
a nd are reared under partl al l) on­
tr o ll ed condition . In both ca\c 
man ' aim ha been to i mpro\ e nat­
ural growing conditIons b) upprc~­

ing overcrov.ding and encouragIng 
the rapid gro\\lh 01 the mollu,J... 
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tured P . perna mu .. el. (Augu.t 1972 through 

April 1973) . 

Mo t of the current commerci a l 
operation have a low production 
capacity and a re run by mall opera­
tors. Mussel production through cul­
ture practice reached o nl y 9..+ metric 
to n in 197 1 and 187 metric to ns in 

1972 . 0 far thl production ha been 
ab orbed b} Internal marl-ets and ha~ 
yie lded reao.onable profit Further 
e ' pan ion of the Indu tr} can onl} 
be ba ed on a dependable ~ urce f 
eed . In thi regard. unregulated e'\,­

plonatl on of P. pernll banI- i b und 
to limit future culture demand\. on-
equentl}. hatcher} peratlon or the 

in tallation of larvae collecting rafts 
will be nece ar}. I neither ca e. 
higher capi tal in e tment and opera­
ti o na l co ts will po s lbl y curtail de­
vel pment. ultures of . rhi::..ophorae, 
appare ntl freed from eed limitatio n . 
pre ent o th er problem . The rapid 
growth of thi 0 ter under controll ed 
conditi o n produce pecimen of ma r­
ketable ize but cha racte ri zed by very 
thin a nd brittle he ll needing careful 
ha ndling . Further tud y i required to 
solve th e e a nd other problem . Thu , 
re ea rch prioritie hould inc lude im­
pr vemen t of culturing techniques . 
controlled production of seed and 
even hybridization (Menzel, 1971) . 
From a commercial tandpoint it i 

Figure 4.-P. perna relt In the Gull 01 Cerleco 
ares . 

uncertain to what e\tent C. rI,i ~o­
p/wrae and P. palla an compete 
""lIh other. more \aluable. pecle In 
the ultimate anal} I the e\pan IOn 

f both Internal and e.\ternal marl-et 
for the e spe Ie ""III be th e determin­
ing factor In the future de\elopment 
of tht Indu tr}. 
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