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The Molluscan Fisheries of Mexico

ERIC BAQUIERO C.

Centro Regional de Investigacion Pesquera
Instituto Nacional de la Pesca
A.P. 587
Campeche, Camp. Mexico

ABSTRACT

Over 100 molluscan species are landed in Mexico. About 30% are harvested on the
Pacific coast and 70% on the Atlantic coast. Clams, scallops, and squid predominate on the
Pacific coast (abalone, limpets, and mussels are landed there exclusively). Conchs and
oysters predominate on the Atlantic coast. In 1988, some 95,000 metric tons (t) of mollusks
were landed, with a value of $33 million. Mollusks were used extensively in prehispanic
Mexico as food, tools, and jewelry. Their use as food and jewelry continues. Except in the
States of Baja California and Baja California Sur, where abalone, clams, and scallops provide
fishermen with year-round employment, mollusk fishing is done part time. On both the
Pacific and Atlantic coasts, many fishermen are nomads, harvesting mollusks wherever they
find abundant stocks. Upon finding such beds, they build camps, begin harvesting, and
continue until the mollusks become so scarce that it no longer pays to continue. They then
look for productive beds in other areas and rebuild their camps. Fishermen harvest abalo-
nes, mussels, scallops, and clams by free-diving and using scuba and hooka. Landings of
clams and cockles have been growing, and 22,000 t were landed in 1988. Fishermen harvest
intertidal clams by hand at wading depths, finding them with their feet. In waters up to 5 m,
they harvest them by free-diving. In deeper water, they use scuba and hooka. Many species of
gastropods have commercial importance on both coasts. All species with a large detachable
muscle are sold as scallops. On the Pacific coast, hatchery culture of oysters prevails. Oyster
culture in Atlantic coast lagoons began in the 1950’s, when beds were enhanced by spread-

ing shells as cultch for spat.

Introduction

In 1990, fisheries production in Mexico (Fig. 1) was
1,461,105 metric tons (t) with a total value of 3,131,103
million pesos (US$1,043.7 million). Mollusks contrib-
uted only 98,771 t of the total (6.76%), with a value of
$45.09 million (4.32% of the total), but they are of
great importance to fishermen as a primary or alterna-
tive source of income. Fisheries statistics group more
than 100 species landed in the country into 11 catego-
ries: Abalone, conchs, and limpet (gastropods); clams,
mussels, oysters, cockles, scallops, and pen shells (pele-
cypods); octopus and squids (cephalopods); and shells.

About 30% of mollusk landings are from the Pacific
coast and 70% from the Atlantic coast, but the Pacific
coast leads in value (Fig. 2, 3). Abalone, limpets, and
mussels are landed exclusively on the Pacific coast,
while clams, scallops, pen shells, and squid predomi-

nate there. Conchs, oysters, and octopus predominate
on the Atlantic coast. Oysters, clams, and octopus lead
in production (Fig. 4), while oysters, octopus, and aba-
lone lead in value (Fig. 5).

Historical Uses of Mollusks

Mollusks were used extensively in prehispanic Mexico.
Their use as food is shown by the presence of many
shell middens along the Pacific and Atlantic coasts
(Sheng and Gifford, 1952; Lorenzo, 1955; Fieldman,
1969; Foster 1975; Reigadas et al., 1984). They were
also used as tools and jewelry (Suarez, 1977; Suarez,
1988; Luna, 1986). That mollusks were carried inland is
evident from offerings in the main temple of
Tenochtitlan (Prehispanic Mexico City). Later, they
were used by Indians in New Spain as food, ornaments,
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and medicine (Ancona and Del Campo,
1953; Del Campo, 1984). The manufac-
ture of handcrafts and jewelry from mol-
lusks continues to the present time.

Current Fishing Practices

Many fishermen are nomads, harvesting
mollusks along the coast wherever they
find them sufficiently abundant. Fisher-
men build temporary camps and then har-
vest mollusks until they become so scarce
that it no longer pays. The practice pre-
vails along most of the Pacific coast and
for marine species on the Atlantic coast.
Table 1 lists the number of fishing per-
mits by group and state, and the numbers
of boats and fishermen that might be en-
gaged in the shellfisheries. The number
of permits issued by each state is much
smaller than the number of boats and

U.S.A. Baja California
Baja California Sur
Sonora
Sinaloa
Nayarit
Jalisco
Colima
Michoacan
Guerrero

10 Oaxaca

11 Chiapas

12 Tamaulipas

13 Veracruz
4 14 Tabasco

15 Campeche

12 16 Yucatan
17 Quintana Roo

w
oA UnNAWN—

16
17

10 1

fishermen that actively harvest mollusks.
Except in the States of Baja California
and Baja California Sur, where abalone,
clams, and scallops provide fishermen with
year-round employment, mollusk fishing
is done only part time, even where harvesting coopera-
tives have been formed.

Fishermen harvest clams, abalones, mussels, and scal-
lops by free-diving and by using scuba and hookah.
They usually overexploit the stocks, except on the west
coast of Baja California. There, zones have been as-
signed to cooperatives, the members of which demand
that biologists assess their stocks.

Metric tons (thousands)

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 AVG

I paciFIC 22 GULF AND CARIBBEAN [ TOTAL

Figure 2
Mollusk landings from the Pacific and Atlantic coasts
of Mexico, 1979-88.

Figure 1
The coastal states of Mexico.

Abalone Fishery

The abalone, Haliotis sp., fishery is limited to the Pacific
coast of Baja California. Five of the eight abalone spe-
cies that inhabit the northeast Pacific coast share this
habitat (Table 2). They live on rocky bottoms from the
intertidal zone to 30 m, and are associated with beds of
giant kelp, Macrocystis sp., and other algae, including

Dollars (millions)
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Figure 3
Value of mollusk landings from the Pacific and Atlantic
coasts of Mexico, 1979-90.
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OYSTER 58%

LIMPET 4%

SHELL 41%
MUSSEL 23%

)

SCALLOP 32%

ABALONE 2%
SQUID 6%

CLAM 15% OCTOPUS 10%

Figure 4
Percent of volume landed by groups of Mexican mol-
luscan fisheries.
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SHELL 71%
26% S T

v ()

/' SQUID 4% Wmussa 13%
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CLAM 8%
CONCH 9%

Figure 5
Percent of value landed by groups of Mexican mollus-
can fisheries.

Pelvetia sp., Eisenia sp., Egregia sp., and Gigartina sp.
(Ortiz and Leon, 1988). Abalone compete for space
and food with sea urchins, Strongylocentrotus sp. (Palleiro
et al., 1988), turbo shells, Astraea sp. and Turbo sp., and
the giant keyhole limpet, Megathura crenulata. When
fishermen remove abalone, its space is occupied by
competitors (Baqueiro et al., 1980; Gusman, 1989).

Fishery History

Evidence from middens and other archaeological sites
show that Indians used abalone as food, tools, and
jewelry long before the Spanish arrived (Reigadas etal.,
1984). The Indians collected them from intertidal pools
using sharp stones, and pounded the meat to soften it
for eating.

The commercial fishery began when Chinese immi-
grants came to the United States. In 1880, they paid
$60/boat for fishing rights along the coasts of Baja
California and fishermen used hand rakes from small
boats to gather abalones. At the turn of the century,
when the Chinese were expelled from California, a
syndicate at Ensenada, Baja California, acquired all the
boats there and established the first Mexican abalone
fleet. Shortly afterward, some Japanese fishermen in-

Figure 6
Hard hat diver descending to harvest abalone. Photo-
graph by Erik Baqueiro C.

troduced free diving as a method to gather abalones.
They used barrels as floating devices to support them-
selves when at the surface. The Japanese controlled the
fishery until the beginning of World War II.

In 1930, hard hat divers began fishing for abalone
(Fig. 6), each collecting an average of 1,500 kg of
abalone/day. In 1937, the first fishing area with rights
for local fishermen was established, and in 1950 the
first cannery was built at Ensenada. Eventually, fisher-
men replaced hard-hat gear with scuba, and recently
have replaced scuba with hookah gear. Hard-hat diving
ended in 1980.

Present Status of the Fishery

In 1972, the government set aside abalones, pismo clams,
oysters, lobsters, and shrimp for fishing only by coop-
eratives, thus limiting access to them by private indi-
viduals. With the assistance of the Federal government,
34 cooperatives with 180 boats now actively fish along
the coast of Baja California. The catches are processed
in 12 local canneries (Fig. 7). A total of 30,000 people
are employed as fishermen and cannery workers and in
associated jobs.

The boats used for harvesting abalone are 4.9-6.7 m
(16-22 feet) long and are powered by 40-55 hp out-
board motors. The crew of each boat consists of a diver,
an oarsman who follows the diver, and a lifeline man
who tends the air hose and lifeline and takes up the
catch. Each diver is overweighted, wears boots, and has
a net bag kept open with a ring that hangs from his
weight belt (Fig. 8). The diver collects abalones using a
scraper and then places them in the bag. When the bag
is loaded, the diver releases his weight belt and the
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lineman hauls the belt and bag to the surface. The
diver can then ascend freely.

As with other mollusks, abalone production has var-
ied annually. It increased sharply in the late 1940’s and

reached 5,993 t in 1950. It fell to 1,220 t in 1952, but
then increased slowly to 3,461 t in 1956. Production was
nearly stable in the 1960’s at about 3,000 t. It began to
decline in the mid-1970’s and was only about 1,000 t in

Table 1
Permits, equipments, fishermen, cooperatives, and aquaculture enterprises in mollusk fisheries of Mexico for the year 1990.

Equipment Aquaculture
Permits Boats!  Cooperatives ~ Fishermen  Scuba Hookah Cooperative Private
Pacific coast
Baja California 126 2,245 14 3,093 1,335 20 i | 3
Baja California Sur 99 1,955 40 2,399 571 23 5 1
Sonora 284 2,738 51 5,165 47 15 13 8
Sinaloa 290 7,627 124 7,325 102 0 76 4
Nayarit 42 1,877 14 2,022 0 3 2 0
Jalisco 72 2,383 25 1,585 19 5 2 0
Colima 45 877 13 1,186 2 86 0 0
Michoacan 42 3,110 18 1,653 0 15 0 0
Guerrero 51 3,920 38 2,115 73 37 4 1
Oaxaca 95 2,531 36 2,802 3 30 2 0
Chiapas 79 4,599 33 3,534 4 25 4 0
Total 1,295 33,862 406 32,879 2,156 259 109 17
Gulf and Caribbean
Tamaulipas 147 5,004 37 2,732 0 0 1 0
Veracruz 133 14,600 59 8,634 6 13 2 10
Tabasco 29 5,420 34 1,988 0 1 0 4
Campeche 222 2,529 37 2,809 0 0 1 2
Yucatan 54 1,580 17 1,771 178 35 1 0
Quintana Roo 39 811 13 567 175 98 0 0
Total 624 29,944 197 18,501 359 147 5 16

Number of permits by groups.

Abalone Clams Squid Conch Oyster M. Cockle Octopus Total
Total 34 267 423 223 561 19 322 1,849
Pacific 34 210 379 109 381 19 92 1,225
Atlantic 0 57 44 114 180 0 230 624
Private 140 165 143 1 14 250 713
Social 34 119 234 67 560 5 64 1,083
Government 8 24 13 8 53

! Total number of boats registered for coastal fisheries.

Table 2
Commercial abalone of Mexico.

Percent of
Species Habitat! Exploitation? production Price Area of exploitation
Haliotis cracherodii R, Sl, Ow C 11 $4/kg Baja Calif. and Baja Calif. Sur
H. corrugata R, SI, Ow C 20 $4/kg Baja Calif. and Baja Calif. Sur
H. fulgens R, SI, Ow C 63 $4/kg Baja Calif. and Baja Calif. Sur
H. rufescens R, SI, Ow | 1 $4/kg Baja Calif. and Baja Calif. Sur
H. sorenseni R, Sl, Ow I 5 $4/kg Baja Calif. and Baja Calif. Sur

2 Exploitation: C=commercial, I=incidental.

! Habitat: R=rock substrate, Sl=sublitoral level, Ow=open waters location.




1981, but has been increasing slowly since then, reach-
ing nearly 2,000 t in 1988.

Abalone prices paid to fishermen increased sharply
until 1981 when they were nearly $70/kg. When the
peso was devaluated, prices fell sharply, and abalones
sold for only $2.25/kg in 1983. Later, prices rose to
about $4.95/kg in 1988.

Management and Regulations

One or two management directives have been applied
in the abalone fishery. From 1940 to 1972, the fishing
season was closed from January 15 to March 15. From
1972 to 1982, it was closed from 1 July to 31 August. In
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1982, the seasons were changed again. Based on growth
studies of different populations, closed seasons were
fixed locally, so that the species now has a different
minimum size in each area (Table 3).

Abalone Culture

Studies showed abalones were being overfished (Polanco
et al., 1988). The decline of production in the 1970’s
motivated the Federal government to construct an aba-
lone hatchery at Tortugas Bay on the west coast of Baja
California. Production of juveniles 2.5 cm long began
in 1985. The intent was to restock areas where natural
recruitment was poor. Since then, due to technical and
management problems, only a few thousand
abalones have been released each year.

ZONE Il

ZONE 1Nl E

ZONE IV

@ Hatchery
Cannery

Conch Fishery

Conchs have had commercial importance
recently in several states, as other species
have become scarcer (Fig. 9). From 1979 to
1988, landings ranged from 325 t to about
810 t (weight without shell). Landed value
was about $400,000 in 1984, but rose sharply
after 1986 to about $5.3 million in 1988.

In Baja California Sur, which leads the
nation in conch production, catches are
monospecific: species differ with location.
On the northern part of the Pacific coast,
the catch is directed toward the rockpile tur-
ban, Astrea turbanica, and wavy turban, A.
undosa, while on the southern portion of
that coast, it is directed towards the Pacific
crown conch, Melongena patula. In the Gulf
of California, the target species are Muri-
canthus nigritus and the pick-mouthed murex,
Hexaplex erythrostomus, both fished with baited
traps. Other species landed include the gi-
ant eastern Pacific conch, Strombus galeatus,
eastern Pacific fight conch, S. gracilior, and
granulated conch, S. granulatus, all of which
are fished by divers. The Pacific conch oc-
curs around protected islands, whereas the
fighting conch and granulated conch occur
in bays along the coast (Table 4).

Landings in the State of Chiapas are second
in importance on the Pacific coast, and sixth in
Mexico. They are comprised of Purpura pansa,

Figure 7

Baja California, showing location of abalone hatchery, canneries, and

relative abundance of main species of abalone (Haliotis sp.).

found on rocky shores, and several species of

Murex, which are harvested with baited traps.
On the Atlantic coast, landings records of

queen conchs, Strombus gigas, began in the
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Figure 8
Hookah diver collecting abalone. Photograph by Erik
Baqueiro C.

1950’s when the towns of Cosumel and Isla Mujeres, in
the State of Quintana Roo, were opened to tourism. In
the 1970’s, exports began to the United States, which
soon became the main market, leaving only a small
portion for domestic consumption and tourists. Queen
conch landings reached a peak of 350 t in 1976 when
there were about 325 fishermen whose annual catch
was about 1 t each. In 1978, the catch fell to 200 kg/
fisherman and has since fallen even further, while the
number of fishermen increased to 850 by 1983 (Polanco
et al., 1988; Quijano, 1988).

In 1984, only 26% of the conch production in
Quintana Roo was comprised of queen conchs. The
milk conch, S. costatus, comprised 70% of the catch,
and the West Indian shank, Xancus angulatus, and
knobbed whelk, Busycon carica, comprised most of ‘he
remainder (De la Torre, 1984).

On the Gulf of Mexico coast, landings are multi-
specific, with Busycon sp. dominating in Tamaulipas,
Veracruz, and Tabasco, while the milk conch domi-
nates in Campeche and Yucatan. Production in Yucatan
has fallen to such an extent that in 1989 the government
banned conch fishing. In Campeche, the maximum sus-
tainable yield of conchs is 750 t a year, an amount that has
been reached since 1984 (Baqueiro et al., 1991).

Aquaculture Development and Prospects

Efforts have been made to culture the queen conch,
which has a planktonic larval period of 18-26 days. A
laboratory was outfitted to produce juveniles for re-
stocking depleted beds in Quintana Roo (Baqueiro,

Metric tons Dollars (millions)
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Bl R H il
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Figure 9
Annual conch production from Mexico, 1979-88.

Table 3
Minimum size and closed season for the five species of
abalone on the four fishing zones. (Shell length in mm.)

Zone Yellow Blue Red Black White
1 140 150 165 120 140
11 135 145 165 120 135
1 130 140 120 130
v 110 120 120 110

Closed season

| 1 July-30 Nov.
11 1 Aug-31 Dec.
111 1 Aug-31 Dec.
v 1 Sept.-31 Jan.

1991). From 1984 to 1987, the laboratory reared and
liberated 25 thousand juveniles whose length was about
25 mm. However, in 1987, hurricane Gilbert damaged
the laboratory and the rearing ended.

Limpet Fishery

Fishermen land two species of limpets. One is the key-
hole limpet, which is attached to rocks in beds of giant
kelp in Baja California Sur. Fishermen sell it as a substi-
tute for abalone. The other limpet is the top shell,
Ancistromesus mexicanus, which occurs on rocky shores
with heavy seas, from the states of Sonora to Oaxaca.
Catches of keyhole limpets are listed in landings sta-
tistics as “others” or with the rockpile turban, as both
are canned. Most limpets taken at Sonora are also
canned. Limpets from other states are consumed fresh
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Table 4
Commercial conchs and limpets of Mexico.
Percent of
Species Habitat! Exploitation? production Price Area of exploitation
Conchs
Astraea turbanica R, SI, Ow C 90 $3/kg Baja Calif. and Baja Calif. Sur
A. undosa R, SI, Ow C 10 $3/kg Baja Calif. and Baja Calif. Sur
Busycon carica S, Md, R C $4/kg Tamaulipas to Quintana Roo
B. canaliculatum S I $4/kg Tamaulipas to Quintana Roo
B. candelabrum SI I $4/kg Tamaulipas to Quintana Roo
B. coarctatum S1 I $4/kg Tamaulipas to Quintana Roo
B. contrarium S1 C $4/kg Tamaulipas to Quintana Roo
B. perversum S1 C $4/kg Tamaulipas to Quintana Roo
B. spiratum " I $4/kg Tamaulipas to Quintana Roo
Cassis madagascariensis " C $4/kg Yucatan and Quintana Roo
C. tuberosa " C $4/kg Yucatan and Quintana Roo
Charonia variegata " C $4/kg Tamaulipas to Quintana Roo
Fasciolaria princeps S, Md, R, SI C 20 $4/kg Baja Calif. to Oaxaca
F. tulipa " C $4/kg Tamaulipas to Quintana Roo
F. lilium " C $4/kg Tamaulipas to Quintana Roo
Hexaplex erythrostomus S, Md, R, SI C 40 $4/kg Baja Calif. to Oaxaca
Melongena corona " C $4/kg Tamaulipas to Quintana Roo
M. melongena Md, M, I-S1 C $4/kg Tamaulipas to Quintana Roo
M. patula S, M, Sl C 60 $3/kg Baja Calif. and Baja Calif. Sur
Muricanthus nigritus S, Md, R, SI C 60 $4/kg Baja Calif. to Oaxaca
Pleuroploca gigantea " C $4/kg Tamaulipas to Quintana Roo
Pomasea patula Md, Mp, Fw C $4/kg Veracruz
Strombus alatus " I $4/kg Tamaulipas to Quintana Roo
S. costatus " C,0 $4/kg Yucatan to Quintana Roo
S. galeatus S, Md, Sl C 80 $4/kg Baja Calif. to Oaxaca
S. gallus " I $4/kg Tamaulipas to Quintana Roo
S. gigas S, Md, SI C,0 $4/kg Yucatan to Quintana Roo
S. gracilior S, Md, SI CpP 60 $4/kg Baja Calif. to Oaxaca
S. granulatus S, Md, Sl Cp 40 $4/kg Baja Calif. to Oaxaca
S. peruvianus S, Md, SI I $4/kg Baja Calif. to Oaxaca
S. pugilis " CPp $4/kg Tamaulipas to Quintana Roo
S. raninus " I $4/kg Tamaulipas to Quintana Roo
Xancus angulata " C $4/kg Tamaulipas to Quintana Roo
Limpets
Ancistromesus mexicanus R, Sl, Ow C,0 100 $4/kg Nayarit to Guerrero
Megathura crenulata R, SI, Ow C 100 $4/kg Baja Calif. and Baja Calif. Sur
! Habitat: substratum: S=sand, Md=mud, R=rock, Mp=macrophyt, M=mangrove; level: I=intertidal, Sl= sublitoral; location: Ow=open
waters, Fw=fresh water.
2 Exploitation: C=commercial, O=overexploited, P=potential, I=incidental; Pr=protected.

and are available locally or in markets in the cities of
Ixtapa and Acapulco.

From 1979 to 1988, landings of limpets have ranged
from 180 t in 1982 to only 1 t in 1988. Their landed
value increased from $2,000 in 1979 to $37,500 in 1986.

Management and Regulations
The taking of conchs and limpets is open to all fisher-

men, except in Quintana Roo where permits are issued
only to cooperatives.

Clam and Cockle Fisheries

Fishermen harvest clams and cockles intensively in
only a few states. The largest quantities are landed in
the States of Baja California Sur, Baja California, and
Sinaloa on the Pacific coast; and Campeche on the
Atlantic coast (Fig. 10). This group includes clams of
several families, with species of the family veneridae
being the most important, and cockles of the genus
Anadara (Table 5). Clams and cockles constitute 15%
of the quantity and 8% of the value of all mollusks
landed.
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On the Pacific coast, fishermen harvest the red clam,
Megapitaria aurantiaca, and black clam, M. squalida, from
Baja California to Chiapas; the two comprise as much as
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Figure 10
Mean annual clam landings in coastal states of Mexico.

70% of clam production. They are usually harvested
with Dosinia ponderosa. Though the three have different
sediment preferences, sometimes they occur in the same
general areas (Baqueiro, 1979). The mangrove cockle,
Anadara tuberculosa, inhabits mud between roots of the
red mangrove, Rhizophora mangle, in mesohaline areas.
The cockle is harvested extensively from Baja Califor-
nia Sur to Chiapas.

On the Atlantic coast, the principal clam produced is
the Atlantic rangia, which occurs in muddy bottoms in
low salinity estuaries from Chesapeake Bay to Campeche.
Clams that fishermen harvest occasionally from sandy
bays and open high salinity waters are the gaudy san-
guine, Asaphis deflorata; tiger lucine, Codakia orbicularis;
southern quahog, Mercenaria campechensis, and the cross-
barred venus, Chione cancellata.

Fishermen harvest intertidal clams and cockles by
hand at low tide. At wading depths, fishermen feel for
the clams with their feet and collect them. In deeper
water, up to about 5 m, fishermen harvest them by free-
diving using fins and mask. In yet deeper water, they

Table 5
Commercial clams and cockles of Mexico.
Percent of
Species Habitat! Exploitation? production Price Area of exploitation
Clams
Asaphis deflorata Mp, S, Md C,0 $2/kg Veracruz to Quintana Roo
Chione californiensis S, I-S1, Pw C 20 $4/kg Baja Calif. to Sonora
C. cancelata " CpP $2/kg Tamaulipas to Yucatan
C. gnidea S, SI P 60 1¢/each Baja Calif. to Chiapas
C. subrugosa S, S1 C.Pp 40 1¢/each Baja Calif. to Chiapas
C. undatella S, I-S1, Pw C 80 $4/kg Baja Calif. to Sonora
Codakia orvicularis " C.P $2/kg Veracruz to Quintana Roo
Dosinia ponderosa S, SI P 10¢/each Baja Calif. to Chiapas
Glycymeris gigantea S, S1 P 1¢/each Baja Calif. to Chiapas
Laevicardium elatum S, Sl P 1¢/each Baja Calif. to Chiapas
Megapitaria aurantiaca S, Sl C 60 10¢/each Baja Calif. to Chiapas
M. squalida S, SI C 40 10¢/each Baja Calif. to Chiapas
Mercenaria campechensis Mp, S CP $2/kg Tamaulipas to Yucatan
Peryglypta multicostata S, Sl P 1¢/each Baja Calif. to Chiapas
Polimesoda carolineana " C,p $2/kg Tamaulipas to Campeche
Rangia cuneata Md, CI (] $2/kg Tamaulipas to Campeche
R. flexuosa " P 32/kg Tamaulipas to Campeche
Tivela byronensis S, SI P 1¢/each Baja Calif. to Chiapas
T. stultorum S, I-S1, Ow C 100 $2/kg Baja Calif. and Baja Calif. Sur
Trachycardium sp. S, S1 P 1¢/each Baja Calif. to Chiapas
Ventricolaria isocardia S, S1 P 1¢/each Baja Calif. to Chiapas
Cockles
Anadara grandis S, Sl I 1¢/each Baja Calif. to Chiapas
A. multicostata S, Sl 1 1¢/each Baja Calif. to Chiapas
A. tuberculosa M, Md, I © 100 1¢/each Baja Calif. to Chiapas
! Habitat: substratum: S=sand, Md=mud, Mp=macrophyt, M=mangrove; level: I=intertidal, Sl= sublitoral; location: Cl=coastal lagoons,
Pw=protected waters, Ow=open waters.
2 Exploitation: C=commercial, O=overexploited, P=potential, I=incidental.




use scuba and hookah. To locate the clams, the divers
use a hand tool which they punch into the bottom. This
forces nearby clams to issue a jet of water and sand. The
divers see the jets and dig out the clams, then put them
in net bags. When the bag is filled, the lineman hauls it
to the surface with a line. In contrast to diving for
abalone, clam divers use fins and are not heavily
weighted (Fig. 11).

Landings and value of clams and cockles have been
growing. From 1979 to 1981 fishermen landed about
8,000 t annually, but by 1988 they landed about 22,000
t. Annual landings fluctuate as beds become overfished.

Mussel Fishery

Fishermen harvest mussels on the Pacific and Atlantic
coasts, but statistics are collected only on the Pacific
coast (Table 6). On the Atlantic coast, they are in-

Figure 11
Scuba diver probing for clams. Photograph by Erik
Baqueiro C.
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cluded with clams in the few areas where they are
harvested.

Production on the Pacific coast is from Baja Califor-
nia and Baja California Sur where blue mussels, Mytilus
edulis, and California mussels, M. californianus, grow.
Fishermen also harvest a small quantity of Mytella strigata
from coastal lagoons in the state of Guerrero (Table 6).
From 1979 to 1988, mussel production fluctuated widely
from about 850 t in 1981 to 190 t in 1984, while their
value has been increasing from about $2,000 in 1985 to
nearly $50,000 in 1988. Most mussels from the Baja
California States are shipped fresh to the United States,
and a small portion is also canned locally. Those from
Guerrero and the Atlantic coast are eaten locally and
some are occasionally shipped to Mexico City.

Scallop and Pen Shell Fisheries

All mollusks harvested only for their adductor muscle
are considered as scallops (Table 7). At one time, pen
shells, Pinna sp. and Atrina sp., from the Pacific coast
were the only species of the group. But as they became
scarce and U.S. demand for scallops increased, all spe-
cies with a large detachable muscle have been sold as
“Callo de almeja.”

In recent years, the mother of pearl oyster, Pinctada
mazatlanica, and the western wing oyster, Pleria sterna,
have been harvested for their muscles, even though
they have been under protection for over 20 years. The
pen shells Pinna rugosa and Atrina rigida are still har-
vested along the coasts of the Pacific and Gulf of Cali-
fornia. Next in importance to pen shells are the rock
scallops Spondillus calcifer and S. princeps and, finally,
Pecten bogdesii and Argopecten circularis. In the Gulf of
California states of Sonora, Sinaloa, and the Californias,
where scallops are in a great demand, additional spe-
cies have been harvested (Fig. 12, 13, 14). Production

Table 6
Commercial mussels of Mexico.

Percent of

Species Habitat! Exploitation® production Price Area of exploitation
Choromytlus paliopunctatus R, 1, Ow P $4/kg Sonora to Chiapas
Geukensia demissa Md, I P $4/kg Camp. and Yucatan
Modiolus capax R, SI, Ow P $4/kg Sonora to Chiapas
Mytella strigata Md, I, Cl Cc 100 $4/kg Sonora to Chiapas
Mytilus californianus R, I-S], Ow C 80 $2/kg Baja Calif.

M. edulis R, I-SI, Pw C 20 $2/kg Baja Calif.

2 Exploitation: C=commercial, P=potential.

I Habitat: substratum: Md=mud, R=rock; level: I=intertidal, Sl= sublitoral; location: Cl=coastal lagoons, Ow=open waters.
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Table 7
Commercial pen shell and scallops of Mexico.

Percent of
Species Habitat! Exploitation? production Price Area of exploitation
Pen shell
Atrina rigida S, SI, Ow (6] $4/kg Campeche and Yucatan
A. maura S, S1, Ow C,0 50 $4/kg Baja Calif. to Sinaloa
Pinna rugosa S, SI, Ow C,0 50 $4/kg Baja Calif. to Sinaloa
Scallops
Argopecten circularis Md, Mp,I-SI C 100 $4/kg Baja Calif. Sur
Lyropecten subnudosus S, Sl, Ow I $4/kg Baja Calif. Sur
Pecten vogdesi S, SI, Ow C,0 $4/kg Baja Calif. Sur
Spondylus calcifer R, SI, Ow (6] 80 $4/kg Baja Calif. Sur
S. princeps R, SI, Ow O 20 $4/kg Baja Calif. Sur
Pearl oysters
Pinctada mazatlanica R, SI, Ow Pr $4/kg Baja Calif. to Oaxaca
Pteria sterna R, SI, Ow Pr $4/kg Baja Calif. to Oaxaca

! Habitat: substratum: S=sand, Md=mud, R=rock, Mp=macrophyt; level: I=intertidal, Sl= sublitoral; location: Ow=open waters.
2 Exploitation: C=commercial, O=overexploited, I=incidental, Pr=protected.

Figure 12
Lifeline man unloading a bag of scallops. Photograph
by Erik Baqueiro C.

increased from only about 1 t in 1981 to nearly 2,000 t
in 1986, then was about 500 t in 1987, and 900 t in 1988.

Aquaculture Development and Prospects

Bivalve culture in Mexico dates from the beginning of
this century when the pearl oyster, Pinctada mazatlanica,
was cultured at Baja California Sur from 1904 to 1919
(Baqueiro and Castagna, 1988). Oyster larvae were col-
lected from the plankton, and juveniles were placed on
the bottom for growth and natural pearl formation.
The oysters were grown for their nacre and pearls,

while the meat was eaten by the workers and their families.
Since the begining of this century, fishermen have har-
vested pearl oysters by diving in shallow water (Fig. 15).

In the 1970’s, the Federal government created an office
of aquaculture. Except for some previous efforts to de-
velop oyster culture, this marked the first time that atten-
tion was paid to resources with aquaculture potential.

A laboratory was constructed at La Paz, Baja Califor-
nia Sur, to develop bivalve culture methods, and an-
other laboratory was built for producing spat of the
Pacific bay scallop, Argopecten circularis. In 1985 a labo-
ratory in Kino Bay, Sonora, spawned and grew larvae of
the pen shell, Pinna rugosa, using the methods of Felix
et al. (1978) and Arizpe and Felix (1980). Using the
methods of Loosanoff and Davis (1963), workers condi-
tion adult bivalves for spawning and rearing their lar-
vae. They grow the juveniles in fenced pens.

Oyster Fishery

Mexico now has six oyster species of commercial impor-
tance (Table 8). Crassostrea palmula, C. corteziensis, and
C. iridescens are native to the Pacific coast, and the
mangrove oyster, C. rhizophorae, and the eastern oyster,
C. virginica, are native to the Atlantic coast. The sixth
species, the Pacific oyster, C. gigas, has been introduced
to the north Pacific states for culture. C. iridescens grows
on rocky coasts exposed to heavy wave action, C.
corteziensis grows on mangrove roots and other hard
surfaces in coastal lagoons with freshwater runoff, and
C. palmula grows on exposed intertidal rocks and man-
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Figure 13
Workers shucking scallops. Photograph by Erik Baqueiro C.

groves that have little influence from freshwater. The
eastern oyster inhabits mesohaline waters and grows
mainly on shells and other hard objects in coastal la-
goons and intertidal canals. It forms beds where there
is little siltation. The mangrove oyster grows on man-
grove roots in high salinity zones on the coast of the
Yucatan peninsula.

Fishery History

Mexicans have eaten oysters since prehispanic times.
Middens of oyster shells are present in many places
along the Pacific coast from Baja California to Chiapas,
but are scarce along the Atlantic coast from Tamaulipas
to Campeche (Sheng and Gifford, 1952; Lorenzo, 1955;
Fieldman, 1969; Foster 1975; Reigadas, et al., 1984).
They are also common in inland middens. Considered
a food for kings, they were brought fresh to Moctezuma
at Tenochtitlan (Del Campo, 1984).

Opyster fishery data comprise the oldest fishery records
in Mexico. From 1940 to 1953, national annual produc-
tion averaged 7,277 t, of which 23% were sold as raw
shucked meat. From 1952 to 1963, national production
averaged over 15,000 t (Ramirez and Sevilla, 1965). From
1979 to 1988, production ranged from 37,000 t to 58,000 t,
while value ranged from $0.5 million to about $11 million.

Fishing methods have not changed since early times.
Fishermen gather them at low tide using a sharp tool.
Where the oysters lie in subtidal beds, the fishermen
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Figure 14
Mean annual scallop and pen shell landings in coastal
states of Mexico.

harvest them by hand (Fig. 16) or with tongs, from
small boats powered with outboard motors. They can
use large open boats to take the catch to port (Fig. 17).

Present Status of the Fishery
Fishermen harvest oysters in every coastal state, but

most are produced by Tamaulipas, Veracruz, Tabasco,
and Campeche—the four states bordering the Gulf of
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Mexico (Fig. 18). Oysters were one of five mollusks
reserved for cooperative fishermen until 1992, when
the government passed the new fishery law. Of the
88,015 fishing cooperatives in Mexico, 561 had permits
to gather them.

Management

The only management regulations for oysters involve
two species. Fishermen cannot harvest eastern oysters

from May 15 to July 30, or C. iridescens, from July 15 to
November 15. The minimum length for both is 8 cm.
Other species are managed locally, but this has resulted
in mismanagement and depletion of stocks.

Aquaculture Prospects

On the Pacific coast, hatchery culture prevails. Four
laboratories produce spat of Pacific oysters for com-
mercial culture. Though their combined production

Figure 15
Divers harvesting mother of pearl oysters. Photograph by Gaston Bives.

Table 8
Commercial oysters of Mexico.
Percent of
Species Habitat! Exploitation?® production Price Area of exploitation
Crassostrea corteziensis M, I, Cl C 100 $1/bushel Sonora to Chiapas
C. gigas I, Cl C 100 10¢/each Baja Calif. to Sinaloa
C. iridescens R, I-SI. Ow & 80 $1/bushel Baja Calif. Sur to Oaxaca
C. palmula R, M, I, Ow 1 $1/bushel Sonora to Chiapas
C. rhizophorae M, I, Pw I $1/bushel Campeche to Quintana Roo
C. virginica R,/Sh,1,/Cl C $1/bushel Tamaulipas to Campeche
Ostrea fisheri R, I-SI, Ow G 20 $1/bushel Baja Calif. Sur to Oaxaca

waters, Ow=open waters.
2 Exploitation: C=commercial, I=incidental.

! Habitat: substratum: R=rock, M=mangrove, Sh = shell; level: I=intertidal, Sl= sublitoral; location: Cl=coastal lagoons, Pw=protected




has reached 42.5 million spat per year, many coopera-
tives have to import spat from U.S. hatcheries. Cultchless
Pacific oysters are grown on rafts and long lines from
Baja California to Sinaloa. Culture of this oyster has
also been introduced in Guerrero and further south.

Baquiero C.: The Molluscan Fisheries of Mexico 13

Another hatchery, in the town of San Blas, Nayarit,
produces C. corteziensis spat to compliment natural sets
(Alanis, 1982). C. corteziensis is grown in trays or on the
bottom in States from Colima to Chiapas. The seed comes
from hatcheries or is collected naturally on oyster shells.

Figure 16
Fisherman gathering oysters from a subtidal bank. Pho-
tograph by Erik Baqueiro C.

Figure 17
Boatload of oysters on its way to a landing port. Photograph by Erik Baqueiro C.
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Figure 18
Mean annual oyster landings in coastal states of Mexico.
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Figure 20
Value of mollusk exports in Mexico, 1979-88.
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Figure 19
Volume of mollusk exports in Mexico, 1979-88.

Oyster culture in Atlantic coast lagoons began in the
late 1950’s and early 1960’s, when beds were enhanced
by spreading shells as cultch for oyster larvae. Such
enhancement is responsible for about 10% of oyster
production from Tamaulipas and Campeche, 20% from
Veracruz, and 90% from Tabasco (Polanco et al., 1988;
Garcia and Mendoza, 1988). In addition, some inten-
sive culture was begun using the Japanese method of
string culture. This method was abandoned in the late
1960’s, but was recently begun again with success.

Shells

Shells are an important part of mollusk fisheries. The
main shell producers are Baja California and Baja Cali-
fornia Sur (Fig. 19). Annual landings in Mexico aver-
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Figure 21

Mean annual shell landings in coastal states of Mexico.

age about 100,000 t valued at $100,000. They contrib-
ute substantially to the export trade (Fig. 20, 21).

Squid and Octopus Fisheries

Fishermen catch squid in all coastal states, but there is
an established fishery only in the north Pacific states
(Table 9). At Baja California, Sonora, and Sinaloa, a
fleet of multipurpose ships, equipped with electric
blocks, employ lines and jiggers and light attractors to
catch squid at night. In all other states, squid are an
incidental catch of shrimp trawlers. Catches from the
Pacific coast consist of the giant squid, “Dosidiscus gi-
gas,” which has cyclic fluctuations of abundance. Pro-
duction from the Atlantic coast consists mainly of Loligo
paelei (Fig. 22).
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Figure 22
Mean annual squid landings in coastal states of Mexico.
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Figure 23
Annual octopus landings in Mexico, 1979-89.

Table 9
Commercial octopus and squid of Mexico.

Percent of
Species Habitat! Exploitation? production Price Area of exploitation
Octopus
Octopus bimaculatus R, SI Gl 80 $2/kg Baja Calif. to Chiapas
O. digueti R, SI ClI 20 $2/kg Baja Calif. to Chiapas
0. maya R, SI, Ow C 90 $2/kg Tamaulipas to Yucatan
O. vulgaris and Pw C 10 $2/kg Tamaulipas to Yucatan
Squids
Dosidiscus gigas Ow C $3/kg Baja Calif. to Chiapas
Loligo pealei Pelagic ! ClI $3/kg Tamaulipas to Yucatan

2 Exploitation: C=commercial, I=incidental.

! Habitat: substratum: R=rock; level: Sl= sublitoral; location: Pw=protected waters, Ow=open waters.

The octopus fishery is well developed only in
Campeche and Yucatan, with a minimum contribution
from the Pacific coast states. Octopus vulgarisis the main
species landed from Tamaulipas to Tabasco, while Octo-
pus maya is the main species from Campeche and
Yucatan. Though production has been stable, averag-
ing about 6,000 t annually (Fig. 23), prices have risen
sharply since 1984.

Fishery History

The earliest record of octopus catches dates from only
1949, when fishermen landed 50 tons. In 1960 they
landed 307 t, and by 1969, 2,038 t. Landings declined
sharply, however, in 1970 to 1,108 t.

In most states, fishermen capture octopi by diving or
by using a hook during low tides. But in Yucatan and
Campeche, where intensive fisheries exist, diving and
use of hooks are prohibited. The catches there are
made from outboard motor boats that drift while trawl-
ing six to eight baited lines. The bait is half a crab or a
live crab. When the octopus attaches to the crab, the
fisherman pulls it aboard.

Uses of Mollusks

In Mexico, clams and cockles are usually eaten raw on
the half-shell, or in cocktails or salads. Sometimes the
red clams, M. aurantiaca; and the black clam, M. squalida,
are shucked, chopped, prepared with other ingredi-
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ents, and broiled in their shells. The Atlantic rangia,
cross-barred Venus, and other small clams are used for
soups and cooked dishes with rice or spaghetti.

Opysters are eaten in cocktails or on the half-shell. In
addition, a tiny quantity (0.1% of landings) is smoked
and canned in Tamaulipas and Tabasco.

Shells for export are mainly the mother of pearl or
nacre for cosmetics, clam shell for buttons, and aba-
lone shell for jewelry. In Mexico, shells are used as
poultry feed, building material, handcrafts, jewelry, and
souvenirs (Fig. 24, 25).

Figure 24
Handcrafts made from mollusk shells. Photograph by Erik Baqueiro C.

Figure 25
Jewelry made from mollusk shells. Photograph by Erik Baqueiro C.
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ABSTRACT

Mollusks are harvested on both coasts of Nicaragua. On the Atlantic coast, the species
harvested are marshclams, Polymesoda sp.; coquina clams, Donax denticulata and D. striata;
Caribbean oysters, Crassostrea rhizophorae; and some gastropods. Market demand is weak and
most mollusks are eaten by the harvesters and their families. On the Pacific coast, the black
ark clam, Anadara tuberulosa, is the most important mollusk harvested, and it is sold whole
and in cocktails in nearly every town and city in the west. Other species include beanclams,
D. dentifer; chitons, Chiton stokesi; and conchs, Strombus galeatus. On both coasts, nearly all
harvesting is by hand; no rakes or dredges are used. The primary vessel used is the dugout
canoe, which is propelled by paddles, sail, or outboard motor.

Introduction

Nicaragua lies at about the mid-way point of Central
America (Fig. 1), with Honduras, El Salvador, Guate-
mala, and Belize to the north, and Costa Rica and
Panama to the south. It is the poorest of these underde-
veloped countries, with an annual per capita income of
$425 (Anonymous, 1995). The eastern half of Nicara-
gua has about 10% of the country’s population of 4
million people (Anonymous, 1995); the western half
has the rest. Mollusks are harvested on both the Atlan-
tic (Caribbean Sea) and Pacific coasts. On the Atlantic
coast, subsistence fishing predominates, while on the
Pacific coast, commercial sales are more extensive.
The presence of shell middens on the Atlantic coast
suggests that mollusks have been harvested for a great
many years. Among them are marshclams, Polymesoda
sp.; coquina clams, Donax denticulata and D. striata; Car-
ibbean oysters, Crassostrea rhizophomel; and the gastro-
pods Strombus gigas, Melongena corona, and M. melongena.

Species harvested on the Pacific coast include black
ark clams, Anadara tuberculosa; beanclams, D. dentifer;
chitons, Chiton stokesi; and giant eastern Pacific conchs,
S. galeatus. Black ark clams are by far the most important,
since they are sold in central markets and along streets,
and black clam cocktails are sold in most restaurants and
many food stands in the western part of the country.

Nearly all mollusks are harvested by hand; no rakes
or dredges are used. The most common type of boat
used is the dugout canoe, which averages about 4.5 m
long. Scuba divers harvest most of the gastropods on
both coasts. No species now are cultivated, though oys-
ter farming was tried without success. Mollusks are rarely
exported, owing to low production, uncertified beds,
and a lack of production and transportation facilities.

Nothing heretofore has been published about
Nicaragua’s mollusk fisheries, and no government sta-

! This species may actually be Crassostrea virginica. Its classification
remains unsettled.
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Figure 1
Mollusk fisheries are active on the Atlantic (Caribbean Sea) and Pacific coasts of Nicaragua.

tistics on total annual mollusk landings have ever been
collected. In addition, no previous formal surveys of
the mollusk fisheries were made, little biological study
has been made of any mollusks, and local people have
little knowledge of fishing practices elsewhere.

Habitats

The Atlantic coastline, about 460 km long, is indented
with six shallow, muddy estuaries, the largest of which
are Laguna de Perlas and Bahia de Bluefields. The
coast is otherwise fairly straight and smooth. Many riv-
ers flow eastward across Nicaragua’s broad eastern low-
lands, termed the Costa de Miskitos, into the estuaries
and ocean. The tidal range is 0.75 to 0.9 m. Mangroves,
Rhizophora sp., are present in the estuaries, but are

much less extensive than in the smaller Pacific coast
estuaries and mixed with other large plants. The estuar-
ies contain large quantities of marshclams (30-40 mm
long). In the surf zone along the Atlantic coast, co-
quina clams, D. denticulata (25 mm long) and D. striata
(25-40 mm long), are abundant. Oysters are abundant
only in Bahia de Bluefields.

The Pacific coast, about 300 km long, is straight and
mostly smooth, and similar in appearance to the Atlantic
coast. Several small muddy estuaries, mostly lined with
mangrove swamps (Fig. 2), indent the northern coast.
The tidal range is from 1.8 to 3.4 m. Black ark clams occur
only in the mangrove swamps and are found in mud
bottoms among roots and under the leaf cover of the
trees. The clams grow to a length of about 65 mm. Loud
pops can be heard every minute or so in the swamps,
which probably are the sounds of snapping shrimp.
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Figure 2
The edge of a mangrove swamp in Estero Padre Ramos, with dugout canoe tied to
a tree: black ark clams are present in the mud. The canoe was used by three
harvesters. Photograph by C. L. MacKenzie, Jr.

Beanclams occur near the sediment surface in sandy,
intertidal, sheltered zones of the same estuaries inhab-
ited by black ark clams, and they grow to a length of
about 38 mm.

No mollusk harvesting takes place along the Pacific
coast from Puerto Sandino to San Juan del Sur. Shel-
tered by land on three sides, but exposed on the east,
the port of San Juan del Sur is bounded by rocks and
rock cliffs along both sides of its wide entrance. It has a
gradually sloping sand beach about a kilometer long on
its west side, with restaurants lining it. The port has one
large dock on its south side, just beyond the beach.
Chitons are present on the large rocks and rock faces at
the base of the steep cliffs that line the entrance to the
port. Chitons range to at least 130 mm long. They
usually occupy shady areas under ledges during the
day, crawling around at night to feed. At night, during
low tides, many are exposed in the intertidal zone.
Giant eastern Pacific conchs are found on ocean bot-
toms beyond the port and in the Gulfo de Fonseca to
the north.

Shell Middens

Shell middens left by ancient peoples are present on
the Atlantic coast. The senior author examined two of
them at Punta de Masaya on the west shore of Bahia de

Bluefields, about 2 km south of the city of Bluefields
and about 50 m inland from shore. Each is roughly an
acre in area and about 25 cm deep. Their shells consist
of marshclams, with some brown crown conchs, M.
melongena, scattered among them. In 2 hours of dig-
ging, a crew of three local men found one clay artifact
of early origin. They said that other middens in the
vicinity have many clay artifacts of native origin, but of
unknown age. Various other middens along the coast
contain shells of oysters, cockles, coquinas, and gastro-
pods (Ramirez Arthurs?).

Atlantic Coast Fisheries

Clams, oysters, and gastropods are harvested year-round.
The government sets no harvest regulations, nor does it
provide sanitary controls over marketing, or require a
harvesting or marketing license.

Bivalves

Marshclams—Marshclams (called “cockles” locally) are
harvested in all but one estuary along the coast, includ-

2 Ramirez Arthurs, S. 1995. Fisherman advisor, Bluefields. Personal
commun.
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ing Laguna Bismuna, Laguna Pahara, Laguna de
Wounda, Laguna de Perlas, and Bahia de Bluefields.
The exception is Laguna de Krukira. It contains
marshclams, but is polluted, so no one can safely eat
them (Ramirez Arthurs?). Marshclams usually are abun-
dant, more so in sand than in mud bottoms, and most
are 20-50 mm under the surface (Burga®). They also
are common in oyster beds (McCrae?).

Native Nicaraguans, from Laguna Bismuna to La-
guna de Perlas, regularly harvest marshclams. Families
eat the clams as often as 15 days a month year-round
(Ramirez Arthurs? Rigby®). The harvesters. mostly
women and children, paddle or sail in dugout canoes
to the clam beds, which are 60-90 cm deep at low tide.
Stepping out onto the bottom, they simply feel for the
clams with their fingers and put them in buckets or
sacks. Each typically harvests about four 4-gallon buck-
ets of marshclams in 3 hours (Wilson Hudson®). In
contrast, individuals harvest them only once every 1-2
weeks in Bahia de Bluefields where they eat oysters
daily instead (Wilson Hudson®).

To prepare marshclams for the table, housewives first
boil them in a small amount of water until the meats fall
out to be collected for use in various recipes. They
sometimes are placed in a bowl of water before being
boiled, so they will pump out the sand from their mantle
cavities (Rigby®). When sold for human consumption,
the clam meats are cooked and placed in plastic bags
that hold a little more than a pint. But the market for
them is limited and sales are minute (Ramirez Arthurs?;
Rigby®). The clams also are used as fish bait (Vogel’).

Coquina Clams—Along nearly the entire Atlantic coast,
people in small, scattered villages harvest coquina clams
(called “ahis” and “coquinas” locally). Most often women
and children, but sometimes men, wade into 30-60 cm
of water in the gentle surf zone at low tide and harvest
them with shovels (Ramirez Arthurs?); or, if only a
small quantity is needed, they simply stir the sand with
their hands and gather them (Howard?®). They use shov-
els to scoop the sand and clams into mesh sacks or
mesh baskets, then rinse them to flush out the sand. A
good catch with a shovel is 3-5 sacks of coquinas in 30
minutes of harvesting. The best harvests are made after
an easterly storm (Ramirez Arthurs?).

% Burga, E. 1995. Fisherman-farmer, Masaya Point, Bahia de
Bluefields. Personal commun.

4 McCrae, R. 1995. Rama Key, Bahia de Bluefields. Personal commun.

5 Rigby, R. 1995. Biologist, Haulover, Pearl Lagoon. Personal
commun.

5 Wilson Hudson, D. 1995. Boat repairman, Bluefields. Personal
commun.

7 Vogel, J. 1995. President, Oceanic, Oceanus De Nicaragua, S.A.,
Reparto San Juan, Managua. Personal commun.

8 Howard, J. 1995. Pearl Lagoon. Personal commun.

Fishermen take the coquinas home, usually to boil
whole with vegetables in a pot. The meats rise, while the
shells and any sand remain at the bottom of the pot,
and the liquid, clam meats, and vegetables are dipped
off to be eaten. Cooks often dump the shells and sand
out the windows of their homes (Petuch?). A typical
family eats coquinas about 10 days a month (Ramirez
Arthurs?).

Oysters—Oystering is concentrated in Bahia de
Bluefields. Oysters also occur in estuaries to the north,
such as Laguna Bismuna, Laguna de Pahara, and La-
guna de Perlas, but are scarcer in these locations and
are not harvested to any extent (Ramirez Arthurs?). In
Bahia de Bluefields, oysters have been harvested from
several beds for a great many years, shells have never
been returned, and yet supplies have remained ad-
equate. Natural setting and growth of oysters so far
appears to at least equal the harvesting losses.

No one has studied the oysters, but Elick Burga®, a
local fisherman-farmer, believes stingrays (family
Dasyatidae) eat some, but that boring gastropods do
not. The harvested oysters are 50-75 mm long and are
in clumps; barnacles, undersized oysters, and a few
ribbed mussels are attached to them. Oysters also occur
on hard surfaces along shorelines of the bay.

Oysters are harvested in beds 60-90 cm deep at low
tide. The principal harvesters are native Nicaraguans,
mostly women and teenage girls, from Rama Key (Fig.
3). They travel to the oyster beds, about 2 km from
Rama Key and 8 km south of Bluefields, in dugout
canoes (1-3 people in each). The canoes are paddled
or sailed, the sails consisting of a sheet of cloth or black
plastic. Wearing rubber boots, commonly about 30 cm
high, or rubber sandals, the harvesters stand in the
beds and pick up the oysters with one hand, while
holding onto their canoes with the other. Some wear
gloves, while others go bare-handed. In any one day,
10-15 canoes with 23-35 people are harvesting oysters
(Fig. 4). Each person gets 2-3 bushels of oysters in
typically 3 hours of harvesting. The total daily harvest
from the bay is about 70-75 bushels. While the females
are harvesting mollusks to eat at home, the adult males
go after fish, shrimp, turtles, lobsters, and gastropods to
sell.

The harvesters return home with their oysters, put
them on the kitchen floor, and, with the help of other
female family members, shuck a sufficient quantity of
meats to last a day or two (Fig. 5), leaving the rest for
later use. Women also cook the oysters (Fig. 6) and toss
the shells onto large piles near their homes (Fig. 7).
Oysters, eaten every day, are the main source of animal

9 Petuch, E. 1995. Florida Atlantic University, Boca Raton, FL. Per-
sonal commun.
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Figure 3
Some homes of native Nicaraguans on Rama Key, where people are dependent on
oyster harvests for daily food. Photograph by C. L. MacKenzie, ]r.

Figure 4
Group of Rama Key dugout canoes with people harvesting oysters on a bed in
Bahia de Bluefields. Photograph by C. L. MacKenzie, Jr.

protein here. They are considered a good food and do Some oyster meats are sold, but the market is very
not cost anything, as is true for marshclams and co- small. The meats are put in plastic bags or plastic bottles,
quinas wherever they are harvested (Ramirez Arthurs?). both of which hold a little more than a pint, or in gallon
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Figure 5

by C. L. MacKenzie, Jr.

plastic bottles. The containers of meats
are then put in buckets and, with no de-
lay, are taken by canoe to Bluefields, which
has a population of about 50,000 (Atily
C.1%). Each family’s children peddle the
uniced oysters to hotels, door-to-door
along the streets of Bluefields, and at the
local airport to passengers from Managua,
the capital (Fig. 8) (Chang!!). The oys-
ters sell for US$0.65/bag and US$6.45/
gallon. Opyster sales are highest in No-
vember and December (McCrae?), but
otherwise are slow. Meats not sold are
discarded before they spoil. Oysters are
never sold in the shell.

At least one man in Bluefields goes
oystering on Sundays. He puts his har-
vests of 2-3 bushels of oysters under his

A native woman shucks oysters in her home on Rama Key. Photograph house and opens them on orders. He

usually sells 1.0-1.5 gallons of oyster meats

Figure 6
A native woman shows her preparation of oyster soup.
Ingredients include oysters, flour, onions, coconut milk, wa-
ter, and black pepper. Photograph by C. L. MacKenzie, Jr.

a week and spreads the shells to fill low
marshy areas near his house.

Many locals believe the bay water and
oysters near Blueficlds are contaminated, because un-
treated sewage is discharged into the bay (Briceno!?).
No studies of water quality are available, however, and
no established sanitary controls are practiced when
oysters are opened in fishermen’s homes.

A Japanese national once attempted to develop oys-
ter culture in the Laguna de Perlas, but a freshwater
flood killed the oysters and the project was abandoned
(Martinez Casco'3).

Gastropods

A gastropod fishery exists along the Atlantic coast of Nica-
ragua as an adjunct to the spiny lobster, Panulirus argus,
harvest by scuba divers. The gastropods are gathered in
quantity with the lobsters only when a market exists for
them. The harvesting proceeds along most of the coast
from near shore to a distance of about 65 km offshore.
On any weekday throughout the year, from 800 to
1.000 divers are working. They operate from three types
of boats: 1) industrial boats from 18 to 55 m long, 2)
sailboats, and 3) artisanal boats. The industrial boats,
which land at the ports of Puerto Cabesa, Corn Island.

10 Atily C., M. A. 1995. Delegado De Gobernacion (RAAS), Bluefields.
Personal commun.

Il Chang, R. 1995. University of Maryland Field Station, Laguna de
Xiloa, Managua.

12 Briceno, M. 1995. Fisherman, G-18, Managua. Personal commun.

13 Martinez Casco, S. 1995. Director, Centro De Investigacion De
Recursos Hidrobiologicos, Managua. Personal commun.
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Figure 7
Piles of oyster shells outside homes on Rama Key. Photograph by C. L.
MacKenzie, Jr.
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and El Bluff, can carry as many as 20 dories each. Each
dory carries a diver and a tender. The tender follows
with the dory as the diver harvests. The dories go out
from industrial boats each morning in different direc-
tions, and crews harvest all day at depths from 3.5 to 15 m,
the shallowest being near various keys scattered along the
coast, particularly in the north. The industrial boats re-
main at sea for 12 days at a time. They ice the lobster and
freeze the gastropod catches (Ramirez Arthurs?).

Sail boats (12-14 m long), artisanal boats (dugout
canoes 3.7-9.0 m long), and fiberglass boats about 7.6
m long (called “pongas” locally) leave from various
ports (Ramirez Arthurs?; Cassells'?), including Bluefields
(Wilson Hudson®). The pongas sometimes tow 2-3 dug-
out canoes, each with a diver and tender (Wilson
Hudson®), and harvest in the same waters as the indus-
trial boats (Ramirez Arthurs?).

The gastropods harvested include queen conchs, S.
gigas; high-spired crown conchs, M. corona; and brown
crown conchs, M. melongena. Conchs (called “weelks” locally)
also are taken around numerous keys at wading depths
(Ramirez Arthurs?). The gastropods are kept mostly for
home use, but sometimes a few are sold locally (Chang!!).

Pacific Coast Fisheries

As is true on the Atlantic coast, mollusks are harvested
year-round. The Federal government has only recently Figure 8
Children offer bags of oyster meats for sale at the

14 Cassells M., R. 1995. Consejo Regional Automonio Atlantico, Sur, Bluefields airport. Photograph by C. L. MacKenzie, Jr.
Bluefields. Personal commun.
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regulated the Pacific coast mollusk fishery. The excep-
tions are a recent regulation (that is somewhat ignored)
prohibiting fishing for black ark clams from 15 August
to 30 September, to give the clams some time to repro-
duce and grow (Camacho Bonilla'®), and a 45 mm
minimum length rule for the clams, passed in 1995.

Bivalves

Black Ark Clams—The most important estuaries for
black ark clams (called “conchas negras” locally) are
Estero Real, Estero Padre Ramos, Bahia de Corinto
(Puerto de Esparta and Puerto el Baruito), and Puerto
Sandino, though the clams also occur in a few smaller
estuaries in this region. The fishermen (called
“concheros” locally) who harvest the clams are usually
males and range in age from 8-year-old boys to the
elderly. On any day, about 30 fishermen harvest the
clams in Estero Real, 60 in Estero Padre Ramos (Fig. 9),
30 in Bahia de Corinto, 10 in Puerto Sandino, and
perhaps 30 in all the smaller estuarics combined, for a
total of about 160.1°

The fishermen live in tiny villages or isolated homes
along the estuaries. The houses have roofs of thatch or
corrugated, galvanized metal sheets, and walls of thatch or
wood. Roads to the villages are unpaved, and motor vehicles
have difficulty traversing them during rainy periods.

15 Camacho Bonilla, M. G. 1995. Departamento de Fauna Silvestre,
Ecologo R.R.N.N., Managua. Personal commun.

16 Personal communication with various native fishermen.

Atlow tide, fishermen paddle to the mangrove swamps
in dugout canoes, though some go in 7.6-m fiberglass
boats with 15-25 hp engines. They tie their boats to
mangrove trees, walk into the swamps over the roots in
their bare feet, then bend down and feel with their
fingers for the clams in the mud between the roots (Fig.
10). The clams seem to be most abundant in small
pools of water interspersed in pockets over the mud; no
other clam species are harvested in the swamps.!® Fish-
ermen sometimes camp for up to 4 days near good
harvesting sites that are some distance from their homes
(Torrentel).

Catches range from 10 to 40 dozen clams/person/
tide, and fishermen retain them in cloth sacks (Fig. 11).
Most harvested clams range from 45 to 65 mm long.
Some fishermen have ignored the 15 August-30 Sep-
tember closure and continue harvesting, while others
switch temporarily to seining shrimp larvae to sell to
local shrimp farms.!6

When fishermen return home, they usually set aside
a dozen clams for themselves, bag the rest, and then
walk them to a dealer (Fig. 12) or a main market to sell
them. Many harvest clams one day and sell them the
next. In 1995, the fishermen were paid from US$0.26—
0.39/dozen for the clams, the largest clams bringing
the highest prices.'® An average price of US$0.325/
dozen would bring the fishermen US$8.13 for a day’s
harvest of 25 dozen. Trucks deliver the clams to mar-
kets in towns and cities.

17 Torrente, L. 1995. Fisherman, Puerto Sandino. Personal commun.
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Figure 9
Villagers in Jiquilillo, all but the youngest of whom harvest black ark
clams. Photograph by C. L. MacKenzie, ]r.




The peak demand period for black ark clams is dur-
ing holidays, especially Easter, but they are eaten year-
round. Whole clams are sold in central markets and
along streets, where customers pay US$0.65-0.77/dozen
for them. In restaurants and roadside stands, the clams
are served as black clam cocktails, or “coctel de conchas
negras” (Fig. 13). The clams can be opened by being
held in a person’s hand and forcing a knife between the
shells, or using a “mechanical” knife (Fig. 14). Each
clam has a large amount of shell liquor which is dark
brown, nearly black. The orange meat and liquor are
served together with added lime juice as a cocktail in a
cup or on the half-shell. Either 6 or 12 clams comprise a
serving,'® the smaller one selling for about US$1.95. A
hotel restaurant in Managua sells a cocktail with 12
clams and chopped onions for US$4.50.

Beanclams—Fishermen harvest beanclams (called
“Almejas” locally) at low tide by stirring the sand with

Figure 10
A woman harvests black ark clams between the roots of
mangrove trees in Estero Padre Ramos. On the same
day, her husband gill-netted fish. Photograph by C. L.
MacKenzie, Jr.
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their hands to bring the clams to the surface, and then
picking them up and putting them in sacks. Fishermen’s
families commonly eat all the beanclams harvested.
They usually boil the clams and mix the meats with
scrambled eggs;'® the meats also are consumed with
milk (Montealegre!®).

Some beanclams are sold, and they can be found in
several fish markets in Managua. The markets pay deal-
ers US$0.65/pound, and sell them for US$1.30/pound;
a pound has from 20 to 25 whole clams. Markets some-
times cook the clams and sell the meats in a frozen 0.25-
pound package for US$1.56. Managua residents often
eat beanclams in paellas (Martinez Casco'3). The de-
mand for beanclams is small, as is the fishery.

Giant Ark Clams—Giant ark clams, A. grandis, often are
found by fishermen in the Gulfo de Fonseca in the
north and off the coast of San Juan del Sur in the south.
Called locally “Casco de burro” or, literally, hoof of the
mule, they are as long as 15 cm when harvested. Fisher-
men sell the meats and shells, which are used as ash
trays, separately.!®

Oysters—Small numbers of oysters occur in places such
as the Gulfo de Fonseca and around San Juan del Sur,
but not in sufficient quantity to have much commercial
value. A number of years ago, a second Japanese na-
tional attempted to introduce the Pacific oyster,
Crassostrea gigas, to the Gulfo de Fonseca, but the planted
oysters did not reproduce and they died (Martinez
Casco'3).

Gastropods

Chitons—From 30 to 50 fishermen in San Juan del Sur
go after chitons (called “cucarachas” locally) during
low tides, mostly at night. They walk from their homes
to the harvesting sites, where they use a flashlight to see
the chitons and a knife to pry them off the rocks (Fig.
15). The harvested chitons, which range from 38 to 130
mm long, are retained in small sacks.'®

Upon returning to their homes, the fishermen use
the knife to shuck the meats, putting them in a dish and
discarding the shells. In a night, each fisherman gets
15-20 pounds of meat, whereas in the daytime he gets
much less. A fisherman harvests about 85 pounds of
meat (about 2,000 chitons) a week. Most of the meat is
sold to dealers who take it to towns and cities but
sometimes also to local restaurants for resale. Fisher-
men are paid US$1.56-$1.95/pound for the meat.!6

18 Montealegre G., O. 1995. Hotel Consiguina, Chinandega. Per-
sonal commun.
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graph by C. L. MacKenzie, |r.

Figure 11
A woman and her two daughters, taking a break from harvesting black
ark clams in Estero Padre Ramos, hold their clams in a sack. Photo-

Figure 12
A dealer in Jiquilillo counts the black ark clams she has purchased
from harvesters. Photograph by C. L. MacKenzie, Jr.

Giant Eastern Pacific Conchs—In the Gulfo de Fonseca,
lobster fishermen often find giant eastern Pacific conchs
(called “cambuste” locally and pronounced “cambutay”)
in their gear. They eat the conchs, which grow to a
length of about 20 ¢cm, themselves. Fishermen used to
harvest the conchs by snorkel diving along the south

shore of the Gulf and sell them to dealers across the bay
in El Salvador. The conchs have since become scarcer,
and this practice has been abandoned.!®

Fishermen in San Juan del Sur scuba dive for conchs
commercially on grounds as far as 800 m offshore.
Crews of four divers each work from 7.6 m fiberglass
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Figure 13
Ice chests with black ark clam cocktails in a roadside stand. The sign on
the left, “vuelve a la vida,” roughly translates to “restore vigor”; the one on
the right advertises clam and shrimp cocktails. A cocktail with six clam
meats sells for 15 cordobas = US$1.93. Photograph by C. L. MacKenzie, Jr.

Figure 14
Before being opened, black ark clams must be scrubbed of mud. The knife
and block are used to open the clams. Photograph by C. L. MacKenzie, Jr.

boats propelled by outboard motors. Two of the divers
descend and gather conchs, while the others remain in
the boat. Each crew gets 200-300 conchs every 2 days
working from 7 a.m. to 3 p.m. Some crews bring in the
conchs whole, while others bring in only the meat so
they will have less volume to handle.'®

Snorkel divers from San Juan del Sur also go after
conchs. A diver can get as many as 30 conchs/day if the
water is clear over a concentration of conchs. Each
snorkel diver gets about 300 pounds of conch meat/
month to sell to restaurants along the coast, where it is
served in cocktails and serviche.!®
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Figure 15
A mollusk harvester in San Juan del Sur holds a knife
used to pry chitons from rocks. Other types of common
knives also are used. Photograph by C. L. MacKenzie, Jr.

Shell Uses

The shells of mollusks harvested for food are used to a
small extent, but most are discarded. Some jewelry is
made in Puerto Cabesa and Bluefields using mollusks,
such as the West Indian topsnail, Citarium pica (Fig. 16)
(Atily C.1% Gutierrez!?; Ramirez Arthurs?). Elsewhere,
people who harvest variously colored coquina clams
sometimes string the shells for necklaces or paste them
onto paper in various designs, for ornaments (Howard®).
On Corn Island, queen conch shells are used to deco-
rate porches (Chang'!; Hooker?). Marshclam shells

19 Gutierrez, P. P. 1995. Tienda Y Taller de Artesania, Bluefields.
Personal commun.

20 Hooker, O. 1995. Cook, South Atlantic Hotel 2, Bluefields. Per-
sonal commun.

sometimes are used to decorate the surfaces of cement
walkways (Fig. 17) (Howard®) and to fill in low areas
(Ramirez Arthurs?). Opyster shells often are used to
make roads, fill in low areas (McCrae?; Rigby?), and
make cement (McCray de Ramacy?!). Some shells of
freshwater clams have been taken from Lago de
Managua; chicken farmers use them for hardening egg
shells (Camacho Bonillal®).

The Future

Interest in developing Nicaraguan mollusk fisheries con-
trasts sharply on the two coasts. On the Atlantic coast,
local leaders (McCrea?; Ramirez Arthurs? Rigby?;
Vogel”) regularly discuss possible ways to preserve natu-
ral resources and to enhance fishermen’s incomes by
commercializing production of estuarine mollusks. Com-
mercial clam and oyster harvesting would have to be
carefully controlled, because it could deplete the food
supply of the locals. Besides, uncontaminated waters
would have to be identified for harvesting, and sanitary
processing and handling would have to be assured.

No one knows the size of marshclam stocks, and no
one has estimated how many could be taken without
depleting them. A company based in Managua has plans
to process the clams on the Atlantic coast (Vogel”), but
to obtain a sufficient supply, it might have to encourage
harvesters to use rakes or dredges.

Increasing oyster production would require much
effort. Oyster supplies in Bahia de Bluefields could be
increased by spreading shells beyond the borders of
existing beds; this has never been done. The harvesting
waters would have to be tested and certified, as would
waters where marshclams were harvested for commerce.
A shucking plant with a cold room to hold oyster meats
also might be constructed. Transporting the meats in
the warm climate to distant markets under refrigera-
tion would be difficult and expensive: Quantities would
likely be small, refrigerated transport now is unavail-
able, and, though it is a port for airplanes and boats,
Bluefields does not have any roads leading from it. The
meats might be canned as an alternative to refrigerat-
ing meats. After this, markets would have to be found.

Market testing has been underway. During October
1995, the Rama Key natives shipped 50 gallons of oyster
meats to Jamaica as a trial to develop a market demand
there. A market exists for oysters in Costa Rica, but
transporting them there is difficult (McCrae?).

In contrast, interest in enhancing mollusk fisheries
on the Pacific coast is nil. The likely expansion of

21 McCrae de Ramacy, F. 1995. Fisherman, Rama Key, Bahia de
Bluefields. Personal commun.
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Figure 16
Earrings and a bracelet made from West Indian topshell, Cittarium pica (top), are
displayed in a shop in Bluefields.

shrimp farming is a threat to the black ark clam fishery.
New shrimp farms would remove some existing man-
grove swamps along shores and eliminate the clam
habitat.

Traditional Nicaraguan Mollusk Recipes

The principal daily foods of most Nicaraguans are rice
and beans. On the Atlantic coast, they also eat plant
roots, plantain, fish, mollusks, shrimp, turtle, red meat,
chicken, and fruits. In the west, many people subsist
almost entirely on rice and beans, with plant roots and
plantains included (Levie, 1985). When they can afford
animal protein, they eat red meat (Cook??). Fish and
other seafood, except for black ark clams, rarely are
eaten in inland towns and cities. Adult males along the
Pacific coast consider clams, such as beanclams and
black ark clams, to be aphrodisiacs.

Atlantic Coast

A stew of Jamaican origin, called “rundown,” frequently
is made. It contains plantains, plant roots, coconut
milk, and fish or clams (marshclams) (Hooker?").

22 Cook, H. L. 1995. Aquaculture Services, Inc., Apartado 137,
Chinandega. Personal commun.

Serviche is made with raw shellfish meat (usually cut
into little pieces, if from a conch) or fish with lime juice,
tomato, onions, salt, and black pepper. It is left to mari-
nate for about 2 hours. If left for an extended period, the
citrus juice breaks down the meat too much (Hooker?’).

Oyster soup at Rama Key is made with oysters, sliced
bananas, Irish potatoes, tomatoes, coconut juice, water,
and pepper (McCrae?).

Western Nicaragua

The locals prepare black ark clams in various ways: 1)
on the half-shell, 2) chopped up raw with lemon juice
and such other condiments as tomatoes and onions,
and served in a cup (black clam cocktail), 3) clam meat
and rice, and 4) clam patties (clams mixed with corn or
wheat flour and eggs and then cooked).!®

When a housewife purchases black ark clams, she
washes the mud off the shells, opens them, chops the
meat, and adds bell pepper, chili pepper, onion, to-
mato, and lemon juice to the meat and shell liquor.
This is eaten as a side dish.!®

Beanclams can be prepared by boiling the meats with
rice in the same water, continuously until little water is
left. The result is extra flavorful rice. The beanclams
also are used in paella, soup, and cocktails.'®

Giant eastern Pacific conchs usually are boiled, their
meat is chopped up, and then mixed with rice.!®
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Figure 17
Marshclam shells decorate a walkway at Rama Key.

Photograph by C. L. MacKenzie, Jr.

Literature Cited

Acknowledgments

1995. World almanac and book of facts 1995. Funk and

Anonymous.

Special thanks to Michael F. McCoy for making several

arrangements and for working as an interpreter of fish-

Wagnalls Corp., Mahwah, N.J., 975 p.

ermen. Thanks also to Alvaro Armas and Reinaldo Ulloa
Juarez, who helped as interpreters and guides. Many

people kindly provided information. Their names are

listed in the footnotes.

Levie, A.

Nicaragua the people speak. Bergin and Garvey Pub-

lishers, Inc., Mass., 198 p.

1985.



History, Present Condition, and Future of the
Molluscan Fisheries of Panama

JANZEL ROGELIO VILLALAZ G.
JUAN ANTONIO GOMEZ H.

Centro de Ciencias del mar y Limnologia
Universidad de Panama
Panama City, Panama

ABSTRACT

In Panama, the Pacific calico scallop, Argopecten ventricosus; mangrove oyster, Crassostrea
rhizophorae; edible oyster, Ostrea iridescens; littleneck clam, Protothaca asperrina; grand ark
clam, Anadara grandis; and queen conch, Strombus gigas, have been harvested for food, and
the pearl oyster, Pinctada mazatlanica, mainly for pearls. Most scallop meats and pearls have
been exported, while the other species are eaten locally. The calico scallop occurs only in
the Gulf of Panama, and in the 1960’s, about 300 metric tons (t) were landed annually.
During 1981-84, landings were 1.5-26 t, but they increased to 41 tin 1985 and to 2,050 t in
the first half of 1986. Fishermen harvested the scallops with shrimp boats 13 m long, and
small boats 5 m long. Since then, the scallops have become scarce. Shells of the grand ark
clam once were used by Indians to make knives. The mangrove oyster and queen conch are
harvested on the Caribbean side of the Isthmus of Panama. The pearl oyster was harvested at
least as early as the 16th century, when the Spanish began to collect pearls. Between 1900
and 1940, earnings from pearl oysters were high. Annual exports were 700 t (2 million oysters)

annually. During the 1940’s, the oysters became scarce, apparently from overfishing.

Introduction

The shellfisheries of Panama (Fig. 1) have utilized the
Pacific calico scallop, Argopecten ventricosus; mangrove
oyster, Crassostrea rhizophorae; edible oyster, Ostrea
iridescens; littleneck clam, Protothaca asperrima; grand
ark clam, Anadara grandis; and queen conch, Strombus
gigas, for food, and the pearl oyster, Pinctada mazatlanica,
mainly for pearls. The scallop meats and pearl oysters
have usually been exported, while the other species are
eaten locally.

Habitat

The Pacific side of the Isthmus of Panama is 1,780 km
(1,100 miles) long, but most shellfishing takes place in
the Gulf of Panama (Fig. 2). All fisheries there are
influenced by oceanographic conditions that vary sea-
sonally. During the dry season (January-March), a dis-
tinct upwelling of deep water brings cold (about 20°C),
nutrient-rich water into the Gulf which stimulates an
increase in phytoplankton (Glynn, 1972). The upwelling
does not occur during the wet season (April-Decem-

ber), when the seawater reaches about 30°C and the
phytoplankton density is low. The seasonal changes
affect the life cycles of many marine organisms, includ-
ing molluscan shellfish, squid, shrimp, and anchovies.

Pacific Calico Scallop Fishery

The Pacific calico scallop (Fig. 3) is the most abundant
pectinid in the Panamic province of the Pacific Ocean
(Keen, 1971). It ranges from Cedros Island in Baja Cali-
fornia to Puerto Paita in Peru, in depths of 1-135 m. In
Panama, it occurs only in the Gulf of Panama on mud-
sand bottoms that have large amounts of scallop shells.
The scallop has a life span of 2 years and has a maximum
shell height of 6.0 cm (2.3 inches). In 1986, scallop beds
were found in the Gulf near San Miguel (Rey) Island,
Tortola Island, Tortolita Island, Veracruz Beach, Farallon
Beach, and in Parita Bay (Arosemena and Martinez, 1986).

The scallops are subjected to predation and are para-
sitized. Scuba divers have observed portunid crabs, gas-
tropods, octopuses (Fig. 4), starfish, and rays preying
on juvenile and adult scallops. In 1977, Iverson (1978)
found a heavy infestation of a larval stage of a digenetic

33
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The Gulf of Panama, with important areas mentioned in text.

trematode and a minor infestation of a cestode in the
scallops’ adductor muscle. The parasites are not harm-
ful to humans.

Fishery History

The Panamanian Government’s first official scalloping
statistics in the 1960’s showed that several boats harvested
about 300 metric tons (t) of scallops annually (Arosemena
and Martinez, 1986). Statistics were not gathered again

until 1975, when the Direccion de Recursos Marinos (a
branch of the Secretary of Commerce in charge of admin-
istration of marine resources) reported that 6.9 t of scal-
lop meats (adductor muscles) worth $5,696 were exported.
In 1976, exports of scallop meats totalled 143 t worth
$351,026, but no scallops were available for harvest in
1977. The scallop fishery resumed in 1982 when 26 t of
meats were harvested, but in 1983 and 1984 meat exports
fell to 3.9 t and 1.5 t, respectively (USDOC, 1979).

The scallop fishery expanded dramatically in 1985 and
1986. Scallops were harvested from Veracruz Beach to
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Figure 3
The Pacific calico scallop, Argopecten ventricosus.

Farallon Beach, at depths from 3 to 20 m. In 1985, scallop
meat exports reached 41 t, and during the first 6 months
of 1986 scallop exports were 2,050 t, worth $10 million
(Anonymous, 1987). Fishermen harvested the scallops
using shrimp boats about 13 m (42 feet) long (Fig. 5), and
small boats 5 m (16 feet) long (Fig. 6, 7). In 1986, 20
shrimp boats had licenses for scallop fishing. They used
large nets (Fig. 8), whereas the small boats used dredges
pulled by hand. The small boats, with crews of three and
powered by outboard motors of 25 or 40 hp, could each
harvest about half a bushel of scallops in 20 minutes of
dredging or about 20 bushels a day. A catch of 20 bushels
yielded about 136 kg of meats. Puerto Caimito was a major
landing port for the small scallop boats (Fig. 2), having
about 300 of them (Arosemena and Martinez, 1986).
About 400 people (fishermen, divers, shuckers, middle-
men, drivers, and assistants) worked in the scallop fishery.

Fishery Conflict

The shrimp boats and small boats sometimes had con-
flicts, and the crews of the small boats claimed that the
shrimp vessels were depleting the scallop beds. To re-
solve the conflict, the Direccion de Recursos Marinos
ruled that shrimp vessels were excluded from scallop
fishing within 4.5 km (3 miles) of the coast.

Figure 4
The octopus, Octopus chierchae.

Processing

In 1985-86, the shrimp vessels brought whole scallops
to Puerto Vacamonte to sell to large companies, whose
workers shucked them in processing plants. The small-
boat fishermen brought the scallops ashore to beaches
or ports, where crews of shuckers (“peladores”) re-
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moved the adductor muscles and packed them in plas-
tic bags that held 3.5 kg. Another group, the middle-
men, sold the meats to exporting companies (freight-
ers) for $6.30/kg. The fishery provided nearly 35,000
jobs (Anonymous, 1987). The income distribution
among different workers was 70% for fishermen, 17.5%
for shuckers, and 12.5% to middle men (Gaceta
Financiera, 1986). Most scallop meat was sold to the
United States; air shipments from Panama docks to
U.S. retail outlets took less than 48 hours.

Figure 5
Panama shrimp boat, about 13 m (42 feet) long.

Current Condition of the Fishery

The Gulf of Panama’s scallop fishery has totally col-
lapsed, and fishermen have switched to catching fish
and shrimp. The collapse is attributed to several causes:
1) The short life span of the scallop, 2) predation, 3)
overfishing, 4) interannual oceanographic variations in
El Nino which adversely affected recruitment, and 5)
deterioration of the environment caused by pollutants
(Villalaz, 1992).

According to Villalaz (1992), the large scallop pro-
duction in 1985 and 1986 resulted from good oceano-
graphic conditions, a large settlement of scallop seed,
and a low density of predators. However, in 1985 the
predators increased rapidly and, after 1986, killed most
of the scallops.

The Future

The scallop fishery will again reach 1985-86 produc-
tion when 1) A strong upwelling brings a water tem-
perature of 20°C and a high density of plankton, 2)
scallop larvae set in large numbers, 3) predators are
scarce. If a high density of scallops is reached again, the
Direccion de Recursos Marinos and the U.S. National
Marine Fisheries Service suggest three areas of action:
Quality control, marketing, and monitoring of the fish-
eries. Quality control must include good storage and

Figure 6
A small boat, about 5 m (16 feet) long, used for dredging scallops.
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sanitary conditions on boats and good sanitary condi-
tions in processing plants. Marketing should include
sales in Europe and new techniques for cooking scal-
lops such as frying them. Monitoring of the scallop
fishery must include: 1) Collection of oceanographic
and fisheries data, 2) an ecological study of natural

beds and the scallop’s reproductive cycle, 3) establish-
ment of fishing licenses for boats and types of nets, and
4) creation of a temporal ban in specific areas either by
weight or shell height, according to the scallop repro-
ductive stage. The Centro de Ciencias del Mar y
Limnologia at the University of Panama has been inves-
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Figure 7
A small scallop boat, used with a crew of three and powered by an outboat motor of 25—

Figure 8
Doors and part of net on shrimp boat used for harvesting scallops.
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tigating possible aquaculture techniques which can pro-
vide scallop seed for depleted beds.

Mangrove Oyster Fishery

The mangrove oyster, Crassostrea rhizophorae, grows in-
tertidally on the roots of the mangrove tree, Rhizopiora
mangle, on the Caribbean side of the Isthmus of Panama.
Itis routinely harvested and eaten locally. The Panama-
nian Government tried culturing the species in
Archipiélago of Bocas del Toro between 1979 and 1980
using methods developed in Cuba (MCI, 1980). It was
found that oysters could be grown there, but it was too
expensive to transport them to markets afterward and
the program did not develop.

Other Edible Oysters

Other edible oysters, which include mainly Ostrea
iridescens and, to a lesser extent, O. columbiensis, have shells
with a rugose texture outside and that are white with
purple spots inside. They are harvested on rocky bottoms,
especially in intertidal zones and set gregariously in beds.

Littleneck Clam Fishery

The littleneck clam, Protothaca asperrima, ranges from
the Gulf of California to Peru. Its rugose shell has a
maximum height of 37 mm (1.5 inches). It inhabits
muddy-sandy beaches such as Playa Bique (Arraijan),
Playa Leona (Chorrera), and Chepo, and is harvested
in all three areas. Fishermen also harvest another clam,
Chione subrugosa, but its numbers are small, compared
with P. asperrima. Clams are harvested daily for sale to
local markets and restaurants.

Grand Ark Fishery

The grand ark clam, Anadara grandis, occurs in man-
grove areas in the Gulf of Panama. Before Europeans
arrived in the Americas, Indians used its shells as knives,
as described by Lothrop (1937) after an archeological
study at Sitio Conte, Cocle. Today, this clam is exported
to other countries of Central America, where is con-
sumed in “seviche.”

Queen Conch Fishery

The queen conch, Strombus gigas, occurs on the Carib-
bean side of Panama. The San Blas Indians harvest and

cat conchs in Bocas del Toro, Colon, and the Archi-
pelago of San Blas. Recent overfishing has caused a
large stock decline (Uribe, 1988).

Local Preparation of Edible Mollusks

In Panama, people eat scallops and oysters in a tradi-
tional dish called “seviche” Raw scallop adductor
muscles or raw oysters are soaked in lemon juice and
onions for 24 hours and then eaten. Scallops are also
cooked in rice, pastas, and soups, or fried with butter.
The littleneck clam is served in several dishes, often
with rice and pastas.

Pearl Oyster Fishery

The pearl oyster, Pinctada mazatlanica, has a heavy brown-
to-gray shell and a maximum shell height of 10-12 cm
(4-4.75 inches) (Fig. 9). It ranges along the Pacific
coast from Baja California to Peru (Keen, 1971). In
Panama, this oyster occurs in the Gulfs of Chiriqui and
Panama on rocky bottoms, where it attaches by a byssus.
It is not gregarious (Galtsoff, 1950).

The earliest fisheries for pearl oysters were reported
in the 16th century, when the Spanish, including Vasco
Nunez de Balboa, collected pearls in the Gulf of Panama.
Before the arrival of Europeans, Indians commonly
harvested oysters by diving. They ate the meat, but did
not use the pearls. The Spanish harvested the oysters
from small row boats and sail boats called “bergantins.”
A small boat could be built from a single tree and carry
as many as eight people (Camargo, 1983). At first the
Spanish employed Indians to dive for pearl oysters, but
disease and poor food reduced their numbers. By the end
of the 16th century, African divers had replaced the Indi-
ans, as they had more resistance to tropical diseases.

Spain’s monarchy levied several taxes on products
brought from the New World, including pearls. Pearls
from Panama were sold in Santo Domingo (Dominican
Republic), and the European cities of Seville, Venice,
Amberes, Nuremberg, Hamburg, and Lisbon (Camargo,
1983). During the 17th century, prices for pearls de-
clined when some countries began to produce imita-
tion glass “pearls.” During the 18th century, the Span-
ish continued extracting pearls from oysters and they
employed 400 divers and 230 boats for the work in
Panama.

In 1812, an estimated 500 persons harvested oysters,
receiving a total income of 35,000 pesos. Panama de-
clared its independence from Spain in 1821 and imme-
diately joined Colombia. The oyster fisheries contin-
ued, but in 1855, the industry declined when many
divers left oystering and went to work building the
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Figure 9
The pearl oyster, Pinctada mazatlanica.

Trans-Isthmian Railroad. When that construction ended,
oyster harvesting was resumed. Soon thereafter, over-
fishing in the Gulf of Panama prompted a shift to
harvest them in the Gulf of Chiriqui.

In 1903, Panama peacefully separated from Colom-
bia. The oyster harvests continued, and from 1900 to
1940, earnings from the pearl oysters were high, with
exports declining only during World War II.

The first fishery regulations were issued by Panama
President Belisario Porras in 1913, at which time four
main companies and many small groups were harvest-
ing oysters. The largest company owned two large 100 t
vessels. Each of these large vessels had an auxiliary fleet
of 10 small boats about 10.5 m (35 feet) long, with
crews of 10, including the crew, divers, and inspectors.
Divers were paid $1.25 for each quintal (100 pounds)
of oysters harvested, and some harvested as much as 7
quintals a day. The fisheries were active year-round,
and oysters were harvested around several islands in the
Gaulfs of Chiriqui and Panama, including Cébaco, Coiba,
Taboga, Otoque, Pacheca, Saboga, Chapera, Pedro
Gonzalez, and San Miguel (Rey) (Fig. 1, 2).

During the 1940’s, pearl exports began to decline
(Fig. 10). Although the causes were never documented,
some people claimed the Japanese poisoned the beds,
while others blamed overfishing. Paul S. Galtsoff, who
studied the oyster beds in 1950, did not believe poison-
ing caused the decline because it would have affected
many species, not just oysters. He also ruled out dis-
eases and parasites, though he found that Nematopsis
and Bucephalus were present; and he ruled out deterio-
ration of the bottom, because the divers who collected
the oysters did not damage the bottom.
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Figure 10
Total income and weight per year of the pearl oyster,
Pinctada mazatlanica, in Panama, 1906-60. Data (to
1948) from Galtsoff (1950) and annual bulletins pub-
lished by the Department of Statistics of the Republic
of Panama.

When the Panamanian Government showed him data
indicating that annual oyster exports had been 700 t
(2,000,000 oysters with an average of 350 g each) since
1925, Galtsoff (1950) concluded that overfishing was
the main reason the oyster industry failed. To restore
the fishery, he recommended that further fishing be
banned and oyster research be started. Similar overfish-
ing of oysters had been reported in the 16th century,
and it forced the cessation of oyster fishing for many
years.
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ABSTRACT

The native mussel, Mytilus californianus, has been gathered for human consumption for
centuries. Middens as old as 8,890 years have shells comprised of mussels, abalone, limpets,
and snails. Fishermen have harvested M. californianus from rocky shores, using simple tools.
Landings reached a peak between 1968 and 1981, when average annual production was 430
metric tons. Most mussels were processed in canneries. Two mussel species, Mytilus
californianus and the exotic M. galloprovincialis, now have good potential to be cultured in
Baja California. The first attempts to culture both species were made in the 1970’s. A
company now is culturing M. galloprovincialis, using longlines 200 m long. Seed is collected
on rope collectors, then attached to ropes at a rate of 2 kg/m, and hung on longlines. The
seed is thinned after 1-2 months and is harvested for market at a length of 6-7 cm, at 7-8
months. The culture has been fairly successful, but will require further development
because of the exposed condition of the bays in Baja California. A recovery of M. californianus
beds, an appropriate technology for M. galloprovincialis (using specific machinery), and the
possibility of using M. capax in the Gulf of California suggest a promising future for the

mussel fishery.

Introduction

The State of Baja California is located on the peninsula
of the same name in northwestern Mexico. It borders
California on the north and the State of Baja California
Sur (parallel 28°) on the south (Hernandez, 1975;
INEGI, 1987) (Fig. 1). Abundant natural beds of bi-
valve mollusks, including mussels, occur along its 1,129
km coast, which represents 11.6% of Mexico’s total
coastline (Bassols, 1961; Ruiz, 1978). Two species of mus-
sels, Mytilus californianusand M. galloprovincialis, have good
economic potential (Garcia and Reguero, 1987).

M. californianus has been gathered for human con-
sumption in Baja California for centuries (Linik, 1977;
Tellez, 1987). The fishery for this mussel now continues
on a small scale for local markets. The first attempts to
culture both mussel species were made at the end of
the 1970’s to found a new industry and conserve the
natural M. californianus beds which were heavily ex-
ploited for sales to the cannery industry from 1967 to

1981. One private company is culturing M. gallopro-
vincialis using submerged longlines, with good results,
and another company is preparing to culture them.
This paper describes the history of the fishery and
culture of M. californianus and M. galloprovincialis and
offers recommendations for the future.

Habitat

M. californianus, locally named “choro,” is found in
dense aggregations along the Pacific coast of Baja Cali-
fornia from the U.S. border to Bahia Magdalena in the
south. It primarily inhabits the middle and low inter-
tidal areas of exposed rocky shores, but is found to
depths of 12 m (Fitch, 1953; Berry, 1954; Bernaldez,
1987). In the area of abundant mussel beds between
Jatay and El Rosario, the water temperature ranges
from 13°C to 17°C, the salinity is around 33.5%o0 (Salas
and Garcia, 1987; Fernandez and Aldeco, 1981), and
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Figure 1
Baja California, Mex., showing locations mentioned in the text. The mussel fishery
area is from Jatay to El Rosario, and the mussel culture area is in Bahia de Todos Santos.

the tidal range averages 2.0 m (Gutierrez and Gonzalez,
1989). Upwellings of cold Pacific water, rich in nutri-
ents throughout the year and with a maximum intensity
during spring and summer (Roden, 1971; Amador, 1975;
Torres, 1982), support good growth of organisms
(Dawson, 1951).

M. galloprovincialis apparently was introduced acci-
dentally to southern California from Europe many years
ago (McDonald and Koehn, 1988). Beds of this mussel
are not abundant, but aggregations occur on submerged

structures like cliffs, boulders, etc., and on exposed
rocky shores, but mainly in pools in association with M.
californianus.

Characteristics
M. californianus has a good survival rate combined with

good growth, and its thick shell offers resistance to
predators and allows for mechanical cleaning. It is in
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marketable condition during the entire
year because it lacks a pronounced sea-
sonal spawning cycle, instead spawning at
low intensity throughout the year. This
mussel is not particularly tolerant of silt-
ation and low salinity. Thus, it does not
survive well where they occur. In culture
tests, it has settled in only sparse numbers
on artificial collectors (Yamada and Dun-
ham, 1989).

Associates and Predators

Several species are associated with the M.
californianus beds on the exposed rocky
shores. The most common are the leaf
barnacle, Pollicipes polymerus; balanus,
Megabalanus californicus; keyhole limpet,
Fissurella volcano; ribbed limpet, Collisela

Figure 2
Conchero (shell midden) in a cave of Las Rosas, Ensenada, B.C.

digitalis; polychaete worms, such as
Phragmatopoma californica; emarginate

dogwinkle, Nucella emarginata; circled rock snail, Ocenebra
circumtexta; and isopods, Cirolana harfordi and Idotea
(Pentidotea) montereyensis. Species of Gelidium, Egregia,
Corallina, and Gigartina are common algae (Chi and
Garcia, 1983; Dittman and Robles, 1991). M. gallopro-
vincialis often occurs with M. californianus, but its abun-
dance in exposed rocky shores is limited because it has
a relatively weak attachment and slow growth in ex-
posed habitats (Ricketts et al., 1968; Harger, 1970; and
Haderlie and Abbott, 1980).

The most important predators are the neogastropod,
Acanthina lugubris, and the starfish, Pisaster ochraceus
(Suchanek, 1978; Salas and Oliva, 1983). Snails (Roperia
poulsoni, Nucella emarginata, and Ceratostoma nuttalli),
intertidal crabs, and shore birds also prey upon small
M. californianus (Haderlie and Abbott, 1980). The com-
mensal crab, Fabia subquadrata, is found living within
the mantle cavity of mussels (Haderlie and Abbott,
1980; Chi and Garcia, 1983; Salas and Oliva, 1983).
Trematodes (possibly Proctoeces) and the protozoan
Haplosporidium also have been found in M. californianus
(Chi et al., 1981). Studies have not been made of the
associates of M. galloprovincialis under culture condi-
tions in Baja California.

History of the Fishery

People have eaten mussels and other intertidal mol-
lusks in coastal areas <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>