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Abstract
The effective utilization of invasive African catfish introduced for aquaculture and
local promotion of Zapata swamp area, Cuba were discussed. The ecological traits
of the catfish, mainly growth, age, sex ratio, maturity and food habits at Zapata
swamp were investigated. To determine whether the catfish meat product was
acceptable to Cuban people, a fish preference survey and tasting of some fish
products were conducted. In addition, we observed the situations of fishing,
processing and serving at a restaurant and operated a small-scale practice for this
production. Together with the results, it demonstrated the high potential of the
catfish in the Zapata swamp as a human food, but there are still plenty of problems
to be addressed. To elaborate an active plan for promotion of the project, a scientific
approach to many different fields - 'especially natural conservation, aquaculture and
food science, and education for the workers about food hygiene and processing
techniques -' is essential.
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1. Introduction
The Republic of Cuba is one of the Central
American countries located in the northern
Caribbean Sea beside the Gulf of Mexico. The
economy of Cuba used to rely on the socialist
countries. However, because of the collapse of the
Soviet Union and dissolution of the COMECON
(Community for Economic Cooperation) in 1991,
Cuban society was suddenly depressed resulting

in a severe shortage of food. Subsequent U. S.
legislation on the Cuban embargo further depressed
the Cuban economy. The government being particularly concerned with the minimum safety net,
adopted the policies of a food program, and then
distributed the food ration cards, particularly
targeting socially vulnerable groups in society.
Furthermore the government promoted an urban
agriculture to produce vegetables and tubers
without using chemical fertilizers and pesticides
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but using natural insecticides and compost, because
of the policy of no chemicals used in the modern
agriculture available in Cuba (Pfeiffer, 2010). The
urban agriculture so-called "the organoponicos"
carried out by the people living in cities has supplied the products directly to the people in cities
with minimum transportation related costs. The
successful transition towards a sustainable society
in Cuba has been an attraction for several decades
and is introduced by many related webpages and
books including those in Japan (Yoshida, 2002).
The graduate school and research division of
"Kuroshio science" were established in Kochi
University in 2004. "Kuroshio", one of the great
currents in the world, greatly influences on the
,
human
culture of people, climate, natural resources,
and the community of plants and animals in the
many Southeast Asian countries. The aim of Kuroshio science is to study the sustainability mechanism of nature with people in the Kuroshio region
through analyses of literature and field observations,
and to look for new aspects of sustainable natural
. human society for the future.
and
The Cuban society has been selected as a model
towards a sustainable society in progress, and the
first field observations were made there in 2005.
We found there were several problems including
an uncontrolled propagation of transplanted
aquaculture of catfish (Clarias spp.). This caused
a critical disappearance of endemic fish species
such as Cuban gar (Manjari, Atractosteus tristoechus) in natural water environments. Since then,
we have focused on the invasive catfishes and
looked for a possible solution.
In contrast to the success of agriculture mentioned above, animal protein production did not
recover until the mid-2000, because no effective
system was developed, such as the organoponicos
(Pfeiffer, 2010). In 1999, a plan was drawn to
introduce the catfish as a candidate for animal
protein for human beings. At first, approximately
2,000 of African catfish Clarias gariepinus were
received for scientific investigation from Malaysia.
This species has advantages over other catfish
species in aquaculture, because of its high growth
rate and large weight of mature fish (reaching up
to 60 kg). In the same year, 14 millions juveniles
of two species of catfish, C. gariepinus and a
macrocephalic Asian catfish, were imported from
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Thailand for commercial use (Garcia and del Valle,
2006).
Over the last a few decades, four catfish species
including C. gariepinus have been cultured commercially. In the Clara Villa province, in the center
of the main island, there are three aquaculture farms
for catfish, tilapia and the other fish. Technological
developments for culture of catfish were implemented until 2004, and commercial production was
started in 2007. The total production of catfish in
these farms reached about 500 t in 2008 (Pinera,
2009). In connection with these activities, a national
aquaculture center was established in Santa Clara,
the main municipality of Clara Villa Province in
2009 (Rvta.ACPA, 2009).
On the other hand, catfish (mainly C. gariepinus)
which have escaped from aquaculture facilities
have now been found in a large number in natural
environments throughout the country. Reasons for
the possible escape of C. gariepinus might be due
to heavy rains prepared by hurricanes Michelle,
Isidore and Lily in 2001 and 2002 (Grogg, 2009).
The uncontrolled propagation is caused by the
various characteristics of catfish such as omnivorous feeding, fast growth and highly tolerance for
meteorological conditions (Medero and Campbel,
2008). In some fresh and brackish water areas in
Cuba, C. gariepinus has already become the major
top predator and the biodiversity has been threatened by voracious catfish species. "Cienaga de
Zapata National Park", one of the Ramsar sites,
has also been affected by this problem (Garcia and
del Valle, 2006).
2. Invasion of alien catfish in the Zapata swamp
The Zapata Biosphere Reserve, one of the nature
reserve sites established by the federal government
and recognized under the UNESCO's Man and the
Biosphere (MAB) Programme, encompasses the
entire peninsula of Zapata and the near coast lying
the south of the Matanzas Province (Fig. 1). This
is a National Park area mostly composed of marsh
and mangrove regions (4,520 km2) which is the
largest protected area in the Caribbean. Many
species of plants and animals, including some fish
species such as Manjuari (Cuban gar A.
tristoechus) inhabit this region (Kirkconnell et al,
2005). In 2001, a catfish species, possibly C.
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gariepinus, was first observed in the Lagoon of
Treasure (Laguna del Tesoro) and Hatiguanico
River of the Zapata swamp. Within several years,
it has dispersed over the entire protected area
(Grogg, 2009). Actually, numerous individuals of
catfish were confirmed by our diving observations
into the canal near the Lagoon of Treasure in 2005.
At the same time, some fish and blind shrimp
inhabiting the swamp decreased their number
concomitantly. Yamamoto et al. (2012a) tried to
clarify the basic ecological characteristics of the
catfish in the Zapata swamp for two years after
2007.

individuals. The maximum total lengths were 112
cm for male and 109 cm for female, and the
minimum of 24.5 cm for male and 19.5 cm for
female, although there was no significant
difference in the total length (TL) between males
and females at the 5% meaningful error using the
Student's t-test. Approximate relationships
between the TL and the body weight (TW) were
TW = 0.0091TL 2.9153 for male (R2 (coefficient
of determination) = 0.9722, N = 274) and TW =
0.0068TL 2.9948 for female (R2 = 0.9825, N =
127). Age structure varied from 0 to 8 years of
age (Fig. 2), showing the highest share in four
years for males (24.4%) and three years for
females (20.8%). The growth of total length
approximated by the logistic and the von
Bertalanffy equations gave a better fitting in the
logistic equation as follow.

Fig.1. Location of Zapata Peninsula and the places
mentioned in the project
A: Habana (capital)，B: Jagüey Grande,
C: Playa Larga, D: Playa Girón, E: Cayo Ramona,
F: Hatiguanico River, G: Laguna del Tesoro
: highway (A1),
: swamps,
: rivers and canals

Based upon field observations from the end of
October, 2007 to the middle of November, 2008 at
the irrigation canal located at the east of Lagoon
of Treasure using a gill net (mesh size: 55-90mm),
longlines, and fishing, it was observed that the
sexual ratio (male individuals/ female individuals)
of 2.16 was obtained with a highest of 5.94
(October - November, 2007) and the lowest at
1.39 (June, 2008) using the total catch of 401

Fig.2. Growth curve of catfish population the
caught in Zapata swamp (Yamamoto et al., 2012a).
A: male, B: female. Diamond spots show the total
length of each individual.
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Male: Lt = 113.9 / {1 + exp [ -0.45 ( t - 3.47 ) ] }
Female: Lt = 121.6 / {1 + exp [ -0.38 ( t - 4.01 ) ] }
t , age in year; Lt, total length (cm) at t years
The estimated maximum total length using the
above mentioned equations was obtained as 113.9
cm for males and 121.6 cm for females.
Both male and female catfish gave the highest
GSI values ((weight of reproductive organ)/(total
body weight - weight of reproductive organ)) in
June (male: GSI = 0.14 ± 0.19, N = 63, female:
GSI = 2.19 ± 2.58, N = 46), compared with two
months of March and November (Fig. 3).

Fig.3. Seasonal changes in gonad-somatic index
(GSI) of the catfish caught in Zapata swamp
(Yamamoto et al., 2012a).
Solid line shows changes in water temperature.

According to the criteria for ovary maturation by
Yal in et al. (2001), the proportions of female
catfish with ripe ovaries (stage 3- stage 6) were
34.4% in March, 59.1% in June and 8.1% in
November. These results suggest that the gonad
maturation occurs in the mid rainy season in the
Zapata swamp. Among the captured catfish (N =
308), 67.9% of individuals had nothing in their
stomach (N = 209). In the others (N = 99), the
stomach contents were quite different depending
on the fish sizes (Fig. 4). In the stomachs of small
size catfish (N = 15, TL < 50cm), detritus (46.7%),
plants (40.0%) and mollusks (20.0%) were found.
The proportion of detritus in stomach content
drastically decreased in the large size catfish (TL
= 50-80cm: 8.3%, TL > 80cm: 0%). On the other
hand, fish and turtles were found in the stomachs
of middle and large size catfish. In some cases,
Cuban killifish Cubanichthys cubensis and
plastron of Cuban slider Trachemys decussate,
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endemic animals and juvenile catfish were found
in the stomach.

Fig.4. Occurrence frequency of prey items
found in the stomach of the catfish caught in
Zapata swamp (Yamamoto et al., 2012a).
A: small ( < 50 cm in TL, N = 12), B: middle
( 50 < x < 80cm in TL, N = 18), C: large
( > 80 cm, N = 6)
The mean total lengths of 6 year old catfish,
possibly C. gariepinus, were 85.1 cm for male and
88.8 cm for female in the Zapata Swamp. These
are obviously larger than the ones found in the
other areas, those ranging from 52.2 cm - 72.6 cm
for males and from 53.0 cm - 72.8 cm for females
(Buruton and Allnson, 1980, can der Waal and
Schoonbee, 1975, Yal in et al, 2002). These results
suggest that the growth rate of catfish in the Zapata
Swamp is relatively high. Together with its omnivorous feeding habits, the catfish is no doubt a
threat animal in the aquatic ecosystem of the Zapata
Swamp. Kirkconnell et al. (2005) have pointed out
various ecological threats in the Zapata Swamp,
and proposed necessary protections and managements, but they have not mentioned the species

