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ABSTRACT 

ABSTRACT 

Once every three, four or even seven years, the Southeast trade winds 

which blow west-ward across the tropical zone of the Pacific Ocean, from 

the shores of South America towards the Asian land mass, weaken and 

sometimes even reverse their direction. This phenomenon is known as El 

Nino. Conversely, the climatic condition known as La Nina is 

characterised by unusually cold ocean temperatures in the equatorial 

Pacific, as compared to El Nino. Global climate anomalies associated with 

La Nina tend to be opposite to those of El Nino. 

A study of shrimp culture in Ecuador was carried out to analyse the 

temporal changes in pond water quality, phytoplankton composition and 

diversity, and bacterial composition and diversity in the intestines of 

cultured Litopenaeus vannamei in Ecuador. These parameters were 

studied in relation to their impact on the growth, survival and production 

in a semi-intensive shrimp culture farm situated in the Chone River 

Estuary, Ecuador. Five culture periods were studied during the climatic 

events of El Nino, La Nina and transition periods (1996 to 1999 ). 

Shrimp were stocked in ponds at 10 PL/m2. Pond management included 

pond drying, inorganic fertilisation, and feeding with a commercial pellet 

twice a day. 

The physicochemical characteristics of the pond water and the 

phytoplankton and bacterial counts were estimated at intervals of 7-15 

days of culture during each period of study. 

The concentrations of nitrite, nitrate, sulphide, ammonia, pH and 

suspended solids in the pond water in all ponds during the five culture 

periods fluctuated within ranges considered compatible with shrimp 
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ABSTRACT 

farming. Phosphorus, silica, temperature and salinity, however, showed 

significant differences during the five periods of shrimp culture, reaching 

sub-optimal levels during some culture periods. 

The species composition and diversity of phytoplankton was different 

during El Nino, La Nina events and transition periods, with a decrease in 

the diatom community and an increase in the cyanophytes algae 

community associated with changes in nutrients and nutrient ratios, and 

temperature, salinity is discussed. 

A low diversity of bacterial genera with a predominance of Vibrio spp., 

particularly V. harveyi and V. parahaemolyticus, was observed in shrimp 

intestines during disease outbreaks in the transition and La Nina periods 

associated with significant environmental changes in temperature and 

salinity. 

Shrimp performance was significantly different between El Nino, La Nina 

and transition climatic periods. Survival, feed conversion ratio and yield 

were better during El Nino periods because of the positive effects of 

higher pond water temperature and salinity ( 29°C and 28 psu ) on the 

shrimp stocks. 
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INTRODUCTION 

1. INTRODUCTION 

1.1 History of world shrimp farming 

HISTORY OF WORLD SHRIMP FARMING 

Shrimp farming traces its origins to Southeast Asia where for centuries 

farmers raised incidental crops of wild shrimp in tidally operated fishponds, 

as described by Schuster (1952) in Indonesia. 

Modern shrimp farming was born in the 1930s when Motosaku Fujinaga 

( Hudinaga ), a graduate of Tokyo University, succeeded in spawning the 

kuruma shrimp ( Marsupenaeus japonicus ), a species native to the East China 

Sea region. He cultured larvae through to market size in the laboratory and 

succeeded in mass producing them on a commercial scale. For more than 40 

years, he published papers on his work e. g. Hudinaga ( 1935,1942 and 1962). 

However a cool climate, a rugged coast and high costs mitigate against 

shrimp farming in Japan, so Fujinaga's achievements had limited impact on 

commercial aquaculture in his own country. 

During the late 1960s and early 1970s, researchers in France, China and 

Taiwan, witnessing the decline of commercial fisheries, began to investigate 

the potential of shrimp farming. In the South Pacific, French researchers at 

the Centre Oceanologique Pacifique in Tahiti, working with several penaeid 

species, including Marsupenaeus japonicus, Penaeus monodon and eventually 
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INTRODUCTION HISTORY OF WORLD SHRIMP FARbUNG 

Litopenaeus stylirostris and Litopenaeus vannamei ( species indigenous to the 

western hemisphere ), developed successful techniques for breeding and 

raising shrimp intensively in ponds. 

In China, researchers at the Yellow Seas Fishery Research Station discovered 

ways to grow large stocks of Fenneropenaeus chinensis, mainly in semi- 

intensive ponds. whilst at the same time in Taiwan, researchers at the 

Tungkang Marine Laboratory, working primarily with Penaeus monodon, 

developed techniques for farming this species intensively in small ponds, 

(Tookwinas, 1991). 

In the United States, the Department of Commerce ( DOC ) of the National 

Marine Fisheries Service assumed control of the Galveston Lab. DOC also 

funded the National Sea Grant College Program, which backed shrimp 

farming research at several coastal universities, including Texas A&M 

University, a leader in shrimp farming technology even today. The Sea Grant 

Program was also an early backer of shrimp virus research at the University 

of Arizona. The results from these investments in shrimp research have led 

to the development of an ultra-intensive growout system, as reviewed by 

Fast ( 1992 ), both within USA and in other countries, such as in Puerto 

Penasco, Sonora, Mexico. 
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INTRODUCTION SHRIMP FARMING IN ECUADOR 

As elements of the new shrimp farming technology emerged one by one, 

consultants, large corporations, feed companies and investors carried them to 

Latin America, particularly Honduras, Panama and Ecuador, where they 

teamed up with local entrepreneurs to build shrimp farms, hatcheries, feed 

mills and processing plants (reviewed by Lester, 1992 ). 

To summarize the evolution of shrimp culture from the global perspective, 

during the 1970s researchers and farmers tested dozens of penaeid species 

worldwide for their farming potential. In the process, they worked out 

breeding and spawning techniques for most of the preferred farmed species. 

Other research concentrated on growout technology, nutrition, disease 

identifications and health management. These early efforts laid the 

groundwork for an industry that expanded spectacularly for two decades 

before reaching a brief plateau by the early 1990s ( FAO, 2001 ), (Fig. 1.1). 

1.2 Shrimp farming in Ecuador 

By the mid 1970s, there were three large semi-intensive shrimp farms in 

Central America: Sea Farms, Maricultura and Agromarina de Panama. 

Shrimp farming also started up in Ecuador about the same time ( Sidall, 

Atchue and Murray, 1985 ), followed by Perü, but there were no shrimp 

farms in Venezuela or Colombia until the early 1990s. 
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In the mid-1970s, when fishermen and hatchery producers began supplying 

large quantities of juvenile shrimp to farmers, the production of farm-raised 

shrimp really took off. Shrimp farmers in Ecuador and over a dozen 

countries discovered that stocking, feeding and a pumped water supply were 

the keys to profit-making. A new industry was born. In some cases, the 

results were astounding. Large extensive farms in Ecuador recaptured their 

entire investment in the first year and sometimes from the first crop ( Olsen 

and Arriaga, 1989 ); small-scale intensive farms in Taiwan produced dozens 

of shrimp millionaires; and even semi-intensive government farms in China 

reaped untold profits from formerly unused land around the Gulf of Bohai, 

(Rosenberry, 1990 ). 

By mid-1975, even before the infusion of shrimp farming technology from 

USA, Ecuador was well on its way to becoming the leading producer of 

farm-raised shrimp in the western hemisphere. According to Hirono and van 

Eys (1990 ), the rapid expansion of the Ecuadorian shrimp industry could be 

attributed to many factors, including a favourable climate, availability of 

land, water rich in nutrients, an abundant supply of wild seed, cheap labour 

and high demand for shrimp in the world market. They defined three phases 

in the shrimp industry's development. 

1. A first decade, based on rudimentary extensive systems. 
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2. A" boom " era with expansion from 3,000 ha in 1977 to 100,000 ha of ponds 

in 1988 (Olsen and Arriaga, 1989; Rosenberry, 1990,1991,1992; FAO, 1992; 

Hirono and Leslie, 1992 ). 

3. A" survival phase ", of economic difficulties coupled with environmental 

problems ( 1989 ), which have increased production costs, thereby causing a 

reduction in revenue. 

From 1978 onwards, the increased availability of material inputs for the 

industry such as formulated shrimp feed, abundant shrimp seed brought 

about by the occurrence of favourable warmer oceanographic conditions (El 

Nino 1982-1983 ), as well as the ready availability of financial support 

provided by the oil boom in Ecuador, encouraged the investment in shrimp 

pond operations during the first years of the 1980s. By 1983, cultured shrimp 

came to be the second most important export product in the country 

( Arellano, 1983 ), making Ecuador one of the world's leading producer of 

cultured shrimp (The World Bank, 1991). 

Olsen and Arriaga ( 1989 ) suggested that the slight decline in shrimp 

production between 1984-1985 could be attributed not only to the 

interruption of wild larvae supply caused by cooler post-El Nino conditions, 

but also to the non-declaration or smuggling carried out by shrimp 

processing plants over the southern Peruvian frontier. This was due to the 
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difference in the exchange rate between the official and the free market dollar 

imposed by government regulations which lasted until 1986. 

Ecuador exported eight to ten million pounds ( 3,636 - 4,545 mt) of shrimp 

per year, 99% of it being boat-caught. In comparison shrimp farms produced 

only 50,000 to 100,000 pounds per year ( 22,727 - 45,454 mt ). 

1.3 Global Production Trends 

In 1985, world production of farm-raised shrimp ( whole weight) hovered 

around 200,000 mt, which was about 10% of total world supply of shrimp of 

around two million metric tons per annum. About 75% of it was produced in 

Southeast Asia. In 1987, the United States National Marine Fisheries Service 

released a new estimate of farmed shrimp production for 1986, suggesting a 

much higher production that year of about 300,000 mt. It was obvious that 

the industry was going through a rapid growth phase in the mid 1980s, but 

statistical recording at that time could not keep up with the rate of change. 

In 1988, the world's shrimp farmers produced an estimated 576,000 mt of 

shrimp. China ( 199,418 mt ), Indonesia ( 77,785 mt ), Ecuador ( 74,480) and 

Thailand ( 55,633 mt ) were the leading producing countries, followed by the 

Philippines, Taiwan and Vietnam ( FAO, 2001).. 
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The industry also witnessed its first major production crash in the period 

1987-90. Hundreds of small intensive shrimp farms on Taiwan's west coast 

suddenly experienced unexplained stock mortalities. In a single year, 

production dropped from roughly 80,000 mt to only 20,000 mt, ( Lin, 1989 ). 

After the collapse of the Taiwanese intensive shrimp farming in 1987-88, 

Taiwanese entrepreneurs carried their knowledge and technology to other 

parts of Asia, especially the Philippines, Indonesia and Thailand, and to 

several spots in the western hemisphere, including Brazil, the Dominican 

Republic and Texas, in the United States. In Thailand, which already had a 

long history of shrimp farming dating back to the 1930s ( Teinsongrusmee, 

1970; Macintosh and Phillips, 1992 ), the Taiwanese technology found fertile 

territory ( Patmasiriwat et al., 1999 ). Suddenly, there were thousands of 

small, intensive shrimp farms in Thailand, and in 1992, Thailand became the 

world's leading producer of farm-raised shrimp, producing 139,884 mt that 

year ( FAO, 2001). 

In the early 1990s, several new countries developed sizable shrimp farming 

industries. In the eastern hemisphere, Vietnam, India and Bangladesh 

became major producers for the first time and in the western hemisphere, 

Honduras ( 3,269 mt ), Mexico ( 4,371 mt) and Colombia ( 6,000 mt ), became 

significant producing countries, ( FAO 2001). 

The more established shrimp producing countries began facing a new reality 

in the early 1990s. Production of farm-raised shrimp in China had grown 
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quickly from about 100,000 mt in 1986, to about 200,000 mt in 1991. Then in 

1994, China's shrimp production crashed to about 63,000 mt. A virus appears 

to have been the culprit, but industrial and domestic pollution around the 

Gulf of Bohai probably also played a role. In addition, China's ponds were in 

low-lying areas, making it difficult to clean the pond bottoms between 

harvests. The Chinese practice of feeding live molluscs, insects, and 

agricultural and fishery wastes to the shrimp may also have encouraged the 

spread of pathogenic viruses ( Primavera, 1998 ). 

Other countries also experienced crashes in shrimp production at about this 

time, including Indonesia, Philippines, Thailand and Vietnam, when too 

many intensive farms became concentrated in one area. For example, the 

northern coast of Java, Indonesia's main island, supported thousands of 

shrimp farms during 1991, (Anon, 1996 ). Similarly, intensive shrimp farms 

on Negros Island, the Philippines, went through dramatic fluctuations in 

production until many decided to adopt less intensive farming strategies 

( Platon, 1999 ). In Thailand in the early 1990s, hundreds, if not thousands, of 

shrimp farmers went out of business just south of Bangkok ( Flaherty, 1995; 

Dierberg and Kiattisimkul, 1996; Stevenson, 1997 ). The local waters 

became so polluted that they would no longer support cultured shrimp, even 

at much reduced stocking levels. 

The effluent from intensive farms overwhelms the carrying capacity of the 

local receiving waters. With time, the effluent backs up into the farming 
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INTRODUCTION GLOBAL PRODUCTION TRENDS 

areas causing a phenomenon known in the industry as "self-pollution". 

( Macintosh and Phillips, 1992 ). The farms have little choice but to utilise 

the inferior water. This stresses the shrimp, making them more susceptible to 

viruses. Viruses can also kill in high quality water, but they are much more 

likely to reach pathological levels in the rich organic waters of intensive 

shrimp ponds, ( Yuan et a1., 2000; Corea and Jayasingue, 2001). 

This phenomenal development of shrimp farming over the last 25 years is 

illustrated globally, and by the major producing countries, in Fig. 1.1 and 

Table 1.1 respectively. Current annual production stands at around 1 million 

mt, which is equivalent to about one third of the total world shrimp supply. 

Farmed shrimp represents < 1% of global fisheries production by weight and 

accounts for 10% of the global fisheries export value. 

The global geographical distribution of shrimp and prawn output is highly 

skewed towards Asia. Six of the top ten shrimp producing countries were 

Asian ( Fig. 1.2 ), accounting for 75% of global production, compared with 

14% for Latin America. 

Thailand the world's largest producer in 1994, saw its production decrease 

from a peak of 265,000 mt that year to around 227,000 mt in 1997. India and 

the Philippines also reported similar decreases during this period. China's 

shrimp culture showed evidence of recovery and between 1994 and 1998 

output increased from a low of 63,000 mt in 1994 to reach 143,000 mt in 1998. 

Ecuador, dominates farmed shrimp production in Latin America, and in 1998 
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accounted for 80% of the total Latin American production, or 144,000 mt, 

followed by Mexico ( 23,000 mt ), Panama ( 10,000 mt ), Honduras ( 8,000 mt) 

and Colombia ( 7,400 mt) (Table 1.1). 

1.4 Shrimp species in aquaculture 

By species, the giant tiger shrimp ( Penaeus monodon ) is the major farmed 

shrimp species contributing around 52% of total global farm production 

( Fig. 1.3 ). This species dominates production in Thailand, Indonesia, India 

and Philippines. In contrast, China cultures the fleshy prawn, Fenneropenaeus 

chinensis due to its tolerance of lower water temperatures. 

The Pacific white shrimp, Litopenaeus vannamei (Penaeus vannamei ( Boone) ) 

( Perez-Farfante and Kensley, 1997) is native to the Pacific coast of Central 

America and South America ( from Mexico to Perü ). This species is the 

leading farm-raised shrimp in Ecuador, and everywhere else in Latin 

America, accounting for 90 % of the cultured shrimp production in the 

country ( Fig. 1.3 ). 

10 
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INTRODUCTION SHRIMP FARMING AND SUSTAINABILITY 

1.5 Shrimp farming and sustainability 

In recent years considerable concern has been raised with respect to the 

sustainability of shrimp farming worldwide. The sustainability issues 

affecting shrimp culture are well known and numerous, ( Table 1.2 ) and 

include, the siting of shrimp ponds in mangrove areas impairing the habitat, 

coast line protection and other valued ecological functions of mangroves and 

depriving local communities of their traditional use of mangroves; exceeding 

the waste assimilation capacity of creeks and near-shore coastal waters; over- 

utilisation of fresh water aquifers; affecting wild shrimp stocks through seed 

and brood stock collection, and the removed of other non-target stocks as a 

by-catch; obstruction of access to communal resources by coastal 

communities; nutritional, socio-economic and cultural impacts of conversion 

from agricultural multi-crops to shrimp culture; and the ecotoxicological risk 

of chemicals used in aquaculture. From the perspective of shrimp farmers 

and the shrimp industry, a primary concern has been the production and 

income losses associated with disease outbreaks, and an inability to control 

the spread of diseases, as has been seen in Taiwan, P. R. China, Ecuador and 

Thailand. 

In Ecuador, shrimp culture began in the southern part of the country as an 

extensive practice, using enclosed ponds located behind belts of mangroves. 

Subsequently it continued along the coast to cover salt flats, clear-cut 

mangrove and agricultural areas ( Doumenge, 1989; Valdivieso et al., 1992 ), 
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INTRODUCTION SHRIMP FARMING AND SUSTAINABILITY 

but remained principally close to river mouths. With increasing 

development, there was a tendency towards semi-intensive systems of 

production. Weidner and Rosenberry ( 1992 ) report " harvests have 

increased from 5 mt in 1979 to over 70,000 mt by 1990 ". Shrimp farming is a 

year round activity but the warm, wet season is generally regarded as better 

for shrimp rearing due mainly to the fact that wild post larvae are more 

abundant and seem to be more resistant to disease than in the cool dry 

season. 
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Table. 1.2. Sustainability issues of shrimp farming worldwide 

Issue (s) Author (s) 

Environmental aquaculture pollution Chua et al., 1989 

Sustainability shrimp mariculture Olsen and Arriaga, 1989 

Environmental impact coastal GESAMP, 1991 

Culture pond critical review Primavera, 1993 

Chemical pollution Primavera et al., 1993 

Natural resource degradation Flaherty and Karnjanakesorn, 1995 

Code of conduct, regulate use of chemicals FAO, 1995 

Water management regimes, abate the 
environmental impact. Hopkins et al., 1995 

Ecotoxicological, chemicals Redshaw, 1995 

Mangroves as filters Robertson and Phillips, 1995 

Coastal mangroves Macintosh, 1996 

Ecological, social impacts Barraclough and Finger-Stich, 1996 

Sustainability aquaculture Pillay, 1996 

Impacts shrimp aquaculture Dierberg and Kiattisimkul, 1996 

Design of sustainable pond-bases Sandifer and Hopkins, 1996 

Pollution, wetlands Sansanayuth et al., 1996 

Environmental, antibacterial drugs Weston DP, 1996 

Environmental sustainability Boyd, 1997 

Environmental sustainability Beveridge et al., 1997 

Ecotoxicological, pesticides Castillo et al., 1997 

Environmental sustainability Barg and Phillips, 1997 

Sustainability shrimp aquaculture Clay, 1997 

Chemicals in coastal aquaculture GESAMP, 1997 

Policies for sustainability shrimp culture FAO, 1998 

Environmental shrimp aquaculture Boyd and Clay, 1998 

Environmental, chemicals OECD, 1998 

Coastal environmental Phillips, 1998 

Policies for sustainability shrimp culture FAO, 1998 

Sustainability tropical shrimp farming Primavera, 1998 

Sustainability shrimp farming Phillips and Barg, 1999 

Environmental, chemicals Boyd and Massaut, 1999 

Antimicrobial resistance WHO, 1999 

Aquaculture development NACA, FAO, 2000 

Aquaculture fisheries supplies Naylor et al., 2000 
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INTRODUCTION SHRIMP FARMING AND SUSTAINABILITY 

Shrimp farms are now commonly semi-intensive, ( Fig. 1.4 ) (use of fertilisers 

combined with supplemental feeding, intermediate stocking, occasional 

pumping of water and yields of 1-2 tons / ha / yr ); and intensive systems 

are scarce ( high stocking density, formulated complete feeds, aeration and 

water pumping with yields of more than 3 tons / ha / yr ). A one-phase or 

two-phase production cycle is utilised. With the two-phase cycle, the 

juvenile shrimp are stocked in nursery ponds and then, several weeks later, 

transferred to growout ponds. With the one-phase cycle, the nursery ponds 

are eliminated, and the shrimp are stocked directly into growout ponds, after 

having spent a short period in an acclimation tank. Farms usually produce 

three crops a year. 

Fig. 1.4 Diagrammatic illustration of a typical semi-intensive shrimp 
farm in Ecuador. 

Before 1997 and during recent years different diseases affecting shrimp 

production have been reported in Ecuador (1 ahIe1.1, Fig. I. 2 ). In this 

context, bacterial diseases due mainly to Vibrio species were often associated 

with low survival rates in hatchery or growout conditions. Larval mortalities 
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associated with the presence of V. harveyi have been reported in L. vannamei 

( Morales, 1992; Zherdmant, 1996; Robertson et at., 1998 ). Vibrio species 

such as V. alginolyticus, V. damsela, V. parahaemolyticus, V. vulnificus and V. 

penaeicida, ( Mohney et al., 1994; Vandenberghe et al., 1999), and other 

bacterial (Krol, et al., 1991; Freiler, et al., 1992; Siavichay, 1996; Solis, 1996; 

Jimenez et al., 1997; Intriago, 1998; Peeters et al., 1999 ) and viral diseases 

outbreaks ( Browdy, et al., 1993; Jimenez et al., 1999,2000 ) have been 

observed in nursery or growout ponds of L. vannamei ( Lightner, 1983; 

Lightner, 1992; Lightner et al., 1992 ). 

Prior to the arrival of white spot syndrome virus (WSSV) in Ecuador in the 

second half of 1999, Taura syndrome virus ( TSV ) was the biggest killer 

(Lightner and Redman, 1992; Jimenez, 1992; Brock et al., 1995; Brock et al., 

1995; Lightner et al., 1995; Lightner, 1996b; Overstreet et al., 1997; Intriago 

et al., 1997; Lotz, 1997; Mari, et al., 1998; Hasson et al., 1999; Soto et al., 

2000 ). Shortly after stocking, WSSV can kill from 40 to 90% of the postlarvae 

in a shrimp pond. Although Taura syndrome virus may have been present 

in the background for years, it officially arrived on the shrimp farming scene 

in Ecuador in June 1992, near Guayaquil. It hit several farms and then 

disappeared until March 1993 when it returned as a major epidemic, killing 

farm-raised shrimp throughout the Gulf of Guayaquil. Dubbed " Taura 

Syndrome " because it was first reported on farms along the Taura River, an 

area about 25 kilometers southeast of Guayaquil, it is also called "Little Red 
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Tail" (La Colita Roja ) because the tail fan and body of affected shrimp turn 

pale pink. 

The main histopathological TSV lesions consist of multifocal areas of acute 

necrosis of the cuticular epithelium and subcutis of the exoskeleton, gills, 

appendages, foregut, and hindgut as revealed with hematoxylin and eosin- 

phloxine staining. The cuticular lesions contain karyorrhectic nuclei and 

numerous variably sized eosinophilic to basophilic cytoplasmic inclusion 

bodies, giving them a characteristic "peppered" or 'buckshot"appearance 

( Lightner and Redman, 1994; Lightner et al., 1995; Lightner, 1996a; Hasson 

et al., 1995; Hasson et al., 1997 ). 

Nowadays, Ecuadorian shrimp farms face another virus that arrived from 

Asia, the White spot syndrome virus (WSSV ), ( Nunan, et al., 1998; Alday, 

1999a; Alday, 1999b; Calderon, et al., 1999; Boyd, et al., 1999; Jory and 

Dixon, 1999 ). 

White spot syndrome virus (WSSV )has caused high mortalities in many 

species of penaeid shrimp and other aquatic crustaceans ( Lightner, 1996a; 

Lo et al., 1996; Maeda et al., 1998) throughout the world. Disease attributed 

to this virus was first observed in eastern Asia during 1992-1993 ( Huang et 

al., 1994; Inouye et al., 1994; Nakano et al., 1994; Chen, 1995 ). The disease 

spread very rapidly, and by 1996 it had had severe impact on most of the 

shrimp farming regions of Asia ( Flegel, 1997 ), including Japan ( Inouye et 

al., 1994; Takahashi et al., 1994 ), Thailand ( Wongteerasupaya et al., 1995 ), 
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China (Huang et a1., 1995 ), India ( Hameed et al., 1998) and Korea (Park et 

al., 1998 ). Subsequently, WSSV spread to many countries of the western 

hemisphere. In the United States, WSSV was first recorded in Texas in 1995 

( Lightner, 1996a ); and later found in South Carolina in 1997 and 1998 

(Lightner, 1999 ). 

In many penaeids, the clinical signs of WSSV disease are the appearance of 

white spots inside the carapace and a reddish discolouration of the body. 

Histological analysis reveals distinct hypertrophied nuclei in the cuticular 

epithelial cells, connective tissue cells, and hemocytes ( Lightner, 1996a ). 

WSSV is an enveloped, rod-shaped virus, containing double-stranded DNA 

( Wang et al., 1995; Wongteerasupaya et al., 1995 ). It is large, 70-150 nm X 

275-380 nm (Wang et al., 1995; Durand et al., 1996 ), and extremely virulent; 

mortalities in affected shrimp stocks can reach 100% within 3-10 days 

(Lightner, 1996 b ). 

At the present time there are no medications to treat shrimp viruses, but 

management techniques have evolved which lessen their impact. Diseases 

represent the biggest obstacle to the future of shrimp farming in Ecuador 

(personal observation) - 

During 1997 and 1998 ( El Nino event ), the production of pond reared 

shrimp reached highs record of 109,090 and 114,993 mt respectively, 

( Fig. 1.5 ). In contrast, no publications were found describing the conditions 
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INTRODUCTION SHRIMP FARMING AND SUSTAINABILITY 

in water quality or other parameters, such as phytoplankton or bacterial 

analysis during the shrimp production cycles in 1996-1997-1998-1999, ( La 

Nina and El Nino events). 

Considerable variation in shrimp pond water quality is evident in relation to 

a number of operational conditions associated with the husbandry of 

Litopenaeus vannamei ( stocking density of shrimp larvae into the ponds and 

the start of feeding, water resource, water exchange and farm management ) 

and climate factors ( e. g. rainfall ). Water quality requirements are based on 

the results of aquatic toxicity test. These test measure the responses of in 

aquatic organisms to defined quantities of specific compounds ( APHA 

1989). Maintaining water quality means keeping the concentration of harmful 

substances in water low enough so that they do not adversely affect behavior 

and physiology of the cultured organisms. 

Some part of the nitrite-nitrogen in the rearing ponds came from the 

oxidation of ammonia by bacteria such as Nitrosomonas spp. Nitrite-nitrogen 

is toxic to shrimp at concentrations higher than 1.0 mg/L, ( Chiu, 1988 ) 

while shrimp larvae ( PLlo ) are only resistant to nitrite-nitrogen 

concentration below 0.36 mg/L ( Tookwinas, 1984 ). Crustaceans show 

decreased resistance to nitrite during their moulting periods. Chen and Lei 

( 1990 ) have suggested a safe level of 3.8 mg/L nitrite-N for P. monodon 

juveniles. However, sub-acute or chronic exposure to nitrite levels as low as 2 
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to 3 mg/L can damage the gills, causing changes to the shrimp's normal gill 

colour (Lightner, 1988 ). 

Nitrate is a primary nutrient in the shrimp pond environment. Diatoms are 

the dominant algae in brackish waters of moderate to high salinity. 

According to Boyd ( 1989 ), diatoms require large amounts of nitrogen and 

this contributes to nitrate being a more important limiting nutrient than 

phosphorus. Nitrate is generally regarded as non-toxic to shrimp, as it has 

been reported that even at concentrations of 200 mg/L of nitrate-N shrimp 

can grow normally ( Wickins, 1981 ). 

The ammoniacal nitrogen content in the shrimp pond can be divided into 

two forms: unionised ammonia (NH3) and ionised ammonia (NH4 ). The 

ammonium ion is not toxic to shrimp since it cannot penetrate through the 

cell membrane of shrimp. The ammonia content depends on the pH, the 

temperature and the salinity of the water in the ponds. The ammoniacal 

nitrogen in a shrimp pond is derived from the decomposition of organic 

matter, such as that from left over feed, the decomposition of dead plankton, 

and the excretion of shrimp. 

Ammonia affects the growth rate of shrimp by decreasing the oxygen 

transportation capacity in the blood. The ammoniacal nitrogen content 

should no be more than 0.1 mg/L, ( Mohanty and Mohanty, 2001 ). The 

growth rate of shrimp is lower if the ammoniacal nitrogen is high. At a 

concentration higher than 0.1 mg/L, the growth rate will decrease by 60-70%, 
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while a concentration of 0.4-2.0 mg/L is acutely toxic to shrimp (Hernandez- 

Herrera et al., 1999 ). 

Phosphorus is an important element for the growth of phytoplankton. The 

form of phosphorus that phytoplankton are able to utilize approximates to 

the inorganic orthophosphate form. Most of the orthophosphate is 

precipitated and absorbed by the bottom of the shrimp pond. Phosphorus in 

water can be precipitated easily at an acidic pH by reacting with ferric and 

aluminium to form ferric phosphate and aluminum phosphate. At a basic 

pH, it will react with calcium to form tricalcium phosphate. Therefore, the 

concentration of usable phosphate for phytoplankton depends on the 

decomposed rate of organic matter in the water, as well on the precipitation 

and photosynthetic rate of phytoplankton. According to Boyd ( 1992 ), the 

average concentration of total phosphorus in an unfertilised shrimp pond is 

around 0.026 mg/L, while those receiving applications of fertilizer show 

phosphate levels of around 0.175 mg/L. 

Weathering of rocks and soil produces dissolved silica, either by direct 

dissolution from amorphous silica, or by reaction with other acids (C02). 

More important is the role of estuaries and river plumes in the biological part 

of the silica cycle. Many such systems are highly productive and, due to the 

high concentrations of silica, diatoms are a main component of the 

phytoplankton. The biological part of the silica in microalgae leads to 

interaction with other nutrient elements (N, P ), (Yusoff, 2001). 
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Hydrogen sulphide is produced by bacteria in anoxic waters, silts and muds, 

especially where organic loadings are high, such as in heavily stocked 

shrimp ponds. Hydrogen sulphide accumulates on the pond bottom and 

turns the soil black. It exists in two forms in the water, HS- ( ionised sulphide 

ion) and H2S ( unionised hydrogen sulphide ); the H2S form is toxic to 

shrimp. In well oxygenated waters, sulphide is oxidised rapidly to sulphate. 

Thus, the best way to stop hydrogen sulphide being formed is to maintain a 

well oxygenated and mixed system, especially close to the sediments. 

The water pH will also affect the sulphide content ( Boyd, 1989,1990; 

Chanratchakool et al., 1995 ). According to Chiu ( 1988 ), the relationship 

between hydrogen sulphide levels safe for shrimp and pH in ponds under 

semi-intensive operation are < 0.004 mg/L (pH 6-7); < 0.007 mg/L (pH 7-8) 

and < 0.04 mg/L (pH 8-9 ). A hydrogen sulphide concentration of 1.3 mg/L 

can cause shock, paralysis and eventually the death of shrimp ( Kongkeo, 

1990). 

Total suspended solids, the portion of total solids retained by a filter, include 

a wide variety of materials, such as silt and decaying plant and animal 

matter ( Boyd, 1989 ). High TSS can reduce the amount of light passing 

through the water, causing a reduction in photosynthesis. Reduced rates of 

photosynthesis lead to less dissolved oxygen being released into the water by 

plants. Suspended sediments can also clog the gills of shrimp, reduce their 

growth rates and decrease their resistance to disease. Suspended clay 

particles are considered undesirable in shrimp ponds ( Chiu, 1998 ). 

26 



INTRODUCTION SHRIMP FARMING AND SUSTAINABILITY 

Shrimp are sensitive to changes in salinity in their culture environment. The 

preferred salinity range is highly dependent on the species concerned. 

Litopenaeus vannamei survives and grows well in intermediate salinities (20 

psu ), ( Huang, 1983; Barlett et al., 1990; Ponce-Palafox et al., 1997 ). 

Temperature influences the distribution, abundance and development of 

aquatic organisms. Temperature also influences other parameters important 

in aquaculture, including the dissolved oxygen level and the unionised 

ammonia and sulphide concentrations ( Boyd, 1990 ), as well as the 

nutritional requirements, feeding, growth and digestion rate of the cultured 

species ( Hilton and Slinger, 1982; Fast, 1985 ). 

Wyban et al. ( 1995) suggested that temperature optima for highest growth 

are size-specific and decrease as shrimp size increases. For small shrimp 

( <5 g ), temperature optima may be greater than 300C, while for large 

shrimp, the temperature optimum is about 28°C. Lester and Pante ( 1991 ) 

considered that penaeid shrimp pass through three stages: (1) larvae 

adapted to oceanic salinities and surface temperatures; (2) juveniles 

adapted to estuarine and coastal temperature patterns and; (3) adults which 

are adapted to oceanic salinities and bottom temperatures. The reported 

temperature ranges for the successful growth and survival of juveniles of L. 

vannamei under laboratory conditions are 28 - 30 °C ( Ponce-Palafox et al., 

1997) 
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The optimal pH for shrimp in rearing ponds is 7.5 - 8.5 ( Boyd, 1989,1990 ). 

The growth rate of shrimp is low at pH 4-6( acidic pH ), or 9- 11 (basic 

pH ). If the pH is lower than 4 or higher than 11, shrimp will die. The pH will 

also affect the ammonia and sulphide content of the pond water. If the pH is 

high, the ammonia content will be high as well, and ammonia may be toxic 

to shrimp, ( Boyd, 1989,1990; Chanratchakool et al., 1995 ). 

Phytoplankton play an important role in maintaining water quality by 

affecting nutrient concentration and bacterial numbers ( Chien, 1992 ) that 

are essential in shrimp farm management to ensure optimal growth and 

survival of shrimp. Farmers often stimulate phytoplankton blooms by 

adding organic or inorganic nitrogen and phosphorus. The blooms shade the 

shrimps, prevent the growth of benthic algae, maintain oxygen levels, reduce 

ammonia levels and provide a food source for zooplankton and other 

invertebrates which are eaten by shrimps. Algal blooms may benefit shrimp 

indirectly through their effects on other trophic levels. Manzi, et al., ( 1977 ) 

suggested that algal production of bactericides may promote shrimp growth 

through the reduction of adverse bacteria. Dominant bacterial species have 

been shown to change in response to fluctuations in the algal community and 

the types of organic matter released from algae (Painting, 1989 ). Changes in 

algal populations have also been correlated with fluctuations in protozoans 

and larger zooplankton ( Landry et al., 1984; Roman et al., 1988; Bjornsen et 

al., 1989 ). These complex interactions between algae and other components 

of the microbial community compound the difficulties in designing studies 

28 



INTRODUCTION SHRIMP FARMING AND SUSTAINABILITY 

to identify the relative importance of different microbial groups in relation to 

shrimp production, ( Bratbak and Thingstad, 1985 ). 

While the role of phytoplankton in maintaining water quality has been 

studied in shrimp ponds ( Carpenter et al., 1986; Lumare et al., 1987; 

Ziemann et al., 1992; Hopkins et al., 1993; Cortes Altamirano et al., 1995; 

Burford and Glibert, 1999 ), researchers have not sampled seasonally to 

determine how the phytoplankton biomass and community composition 

change, and their relationship to shrimp survival and production. 

Quantitative studies with a longer time horizon, which would yield insights 

into strategic aspects of water quality management, such as seasonal effects 

on pond dynamics, are scarce ( Tucker and van der Ploeg, 1993; Seok et al., 

1995; Lorenzen et al., 1997; Cowan et al., 1999 ) 

The microbial community have major roles in pond culture, particularly with 

respect to productivity, nutrient cycling ( Moriarty et al., 1983; Moriarty, 

1986a, b; Anderson, 1987; Fry, 1987; Moriarty and Pullin, 1987; Moriarty, 

1990a, b; Allan et al., 1995; Moriarty, 1997 ). The microbial community can 

positively affect shrimp production through direct and indirect provision of 

nutrients for the target crop. Microorganisms can also benefit water quality 

and has been shown to significantly enhance shrimp growth ( Leber and 

Pruder, 1988; Moss et al., 1992,1995; Moss and Pruder, 1995 ). The 

significance of these benefical processes depends upon factors such as the 

pond management strategy, the shrimp and the pond age. In addition to a 
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direct nutritional benefit, pond water affects both the abundance and species 

composition of microflora in shrimp hindguts. Gut flora may enhance 

shrimp growth and survival by contributing exogenous enzymes out 

competing pathogenic bacteria and supplying essential compounds lacking 

in the shrimp's diet, (Moss et al., 2000,2001). 

Descriptive studies are a necessary pre-cursor to sensible experimentally 

manipulative analyses of ecology. In addition, in many fields that have not 

developed manipulative experimental methodologies, descriptive studies 

have retained relatively high status. Properly designed, carefully analysed 

tests of hypotheses about patterns, therefore, deserve appropriate recognition 

as part of the spectrum of experimental ecology. Critical tests of logically 

derived hypotheses about ecological patterns are valid as experimental 

science, including studies that are observational (or mensurative) rather than 

manipulative. Well-planned, logically constructed observational, studies to 

test coherent a priori hypotheses have the same logical content as any 

experimental manipulation. There is no lack of agreement that the primary 

purpose of ecological investigation is to understand and explain natural 

phenomena, therefore, the resultant patterns of distribution, abundance, 

diversity and interactions of species ( Underwood, 1996; Underwood et al., 

2000 ). Since aquaculture is basically a managed ecological process, it is 

essential to consider the underlying ecological principles involved in 
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aquaculture, as this may help to understand and contribute to the solution of 

problems facing shrimp farmers. 

1.6 Study objectives 

The present study was designed originally to monitor, during the different 

seasons around the year ( the wet summer season and the cool dry season ), 

the trends in water quality, phytoplankton and bacterial composition and 

diversity in commercial semi- intensive shrimp culture ponds and to assess 

how these fluctuations could affect the farmed shrimp performance in terms 

of the growth, survival and production of Litopenaeus vannamei. However 

unforeseen climatic events associated with El Nino and La Nina phenomena 

occurred in Ecuador during the study, which had a dominating influence on 

the conditions for shrimp culture. 

1.6.1 Specific objectives 

1.6.1.1 Obtain records of fluctuations in physicochemical water quality 

parameters from consecutive periods of shrimp culture. 

1.6.1.2 Analyze the fluctuation in phytoplankton composition and diversity 

during the different culture periods. 

1.6.1.3 Analyze the fluctuation in composition of bacterial diversity (e. g. total 

heterotrophic aerobic bacteria (THAB ) and presumptive Vibrio ( PV) from 

the intestines of L. vannamei, during the different culture periods. 
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1.6.1.4 Analyse statistically the fluctuations mentioned above in relation to 

shrimp performance and recommend more sustainable management 

practices especially to reduce disease outbreaks by opportunistic pathogens 

caused primarily by adverse environmental changes. 

1.6.1.5 Overall, to gather a time series of pond environmental data that could 

be used for the later development of a primary simulation model, ( Andrew 

and Mapstone, 1987 ), e. g. to examine the dynamics of selected nutrients in 

semi intensive shrimp culture (for example N: P ratio, silica, phosphorus, 

nitrogen) under different conditions of temperature, salinity, and the pond 

phytoplankton community (relative abundance of diatoms, cyanophytes, 

green algae). 
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2. STUDY SITE AND CLIMATIC FEATURES 

2.1 Study site 

The study site was a commercial shrimp mangrove forestry farm ( owner 

Maria Laura) culturing Litopenaeus vannamei . It is located at the Chone River 

estuary, L. 0° 40.13 S, L 80° 20.25 S, Manabi Province, Ecuador, where a total 

shrimp farming area of 5,545 hectares has been developed, ( Fig. 2.1 ). Manabi 

Province, in which the project was located, is the third largest of Ecuador's 21 

provinces in terms of population, containing 10% of the country's population 

of 11 million. About 40% of Ecuador's gross national product ( GNP ) is 

accounted for by fisheries, oil, agriculture, and forestry. The Province of 

Manabf is one of the main centres of fisheries industries, accounting for 

approximately 10% of Ecuador's total fisheries products. It is especially 

known for its production of shrimp for export. 

2.2 Climatic features 

The estuary of the Chone River (Fig. 2.2) has a tropical climate defined by 

differences in rainfall throughout the year corresponding to 95 % of the 

annual precipitation during the wet summer season from December - 

January to April ( Stevenson, 1981 ). In contrast, 5% or less of the yearly 

precipitation occurs during the dry season, which extends from May through 
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November. In the wet season, the coastal seawater is characterised by low 

salinity and high temperatures, while the dry season features high salinity 

and low temperatures. 

A coupled oceanic and atmospheric interaction, known as El Nino and La 

Nina events, can change this normal pattern by producing intervals of higher 

or lower than normal temperatures and salinities, ( Figs. 2.3 and 2.4 ). 

The ENSO (El Nino/ Southern Oscillation ) cycle refers to the coherent, 

large-scale fluctuation of ocean temperatures, rainfall, atmospheric 

circulation, vertical motion and air pressure across the tropical Pacific. Thus, 

it represents a coupled ocean-atmosphere phenomenon centred in and over 

the tropical Pacific. The scale of these fluctuations is quite vast, with the 

changes in sea-surface temperatures typically spanning a distance of more 

than one-quarter the circumference of the globe, and the changes in tropical 

rainfall and winds spanning a distance of more than one-half the 

circumference of the earth. 

During La Nina episodes, drier than normal conditions are generally 

observed along coastal Ecuador and north-western Perü. La Nina episodes 

also contribute to large-scale temperature departures throughout the world, 

with most of the affected regions experiencing abnormally cool conditions. 

Some of the most prominent temperature departures include cooler than 
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normal conditions along the west coast of South America and parts of central 

America. 
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Sea surface temperatures in the tropical Pacific Ocean are monitored by data 

buoys and satellites. The National Oceanic & Atmospheric Administration 

( NOAA) operates a network of 70 data buoys along the equatorial Pacific 

that provide important data about conditions at the ocean's surface. The data 

are complemented and calibrated with satellite data collected by NOAA's 

Polar Orbiting Environmental Satellites, NASA's TOPEX / POSEIDEN 

satellite and others. 

The El Nino and La Nina phenomena are extreme phases of a naturally 

occurring climate cycle referred to as The El Nino/Southern Oscillation. Both 

terms refer to large-scale changes in sea-surface temperature across the 

eastern tropical Pacific. Usually, sea-surface readings off South America's 

west coast range from the 16°C to 21°C, while they exceed 26°C in the "warm 

pool" located in the central and western Pacific. This warm pool expands to 

cover the tropics during an El Nino event; whereas during an La Nina phase, 

defined as cooler than normal sea-surface temperatures in the tropical Pacific 

ocean that impact global weather patterns, the easterly trade winds 

strengthen and cold upwellings along the equator and the West coast of 

South America intensify. Sea-surface temperatures along the equator can fall 

as much as 3°C below normal. 

The system oscillates between warm ( El Nino ) to neutral or cold (La Nina ) 

conditions. El Nino events occur irregularly at intervals of 2-7 years, 
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although the average is about once every 3-4 years. They typically last 12-18 

months, and are accompanied by swings in the Southern Oscillation (SO ), 

like an interannual " see - saw " in tropical sea level pressure between the 

eastern and western hemispheres. During El Nino, unusually high 

atmospheric sea level pressures develop in the western tropical Pacific and 

Indian Ocean regions and unusually low sea level pressures develop in the 

south-eastern tropical Pacific. SO tendencies for unusually low pressures 

west of the date line and high pressures east of the date line, have also been 

linked to periods of anomalously cold equatorial Pacific sea surface 

temperatures ( SSTs) sometimes referred to as La Nina. 

According to the National Centers for Environmental Prediction, NOAA, this 

century's previous La Ninas began in 1903,1906,1909,1916,1924,1928,1938, 

1950,1954,1964,1970,1973,1975,1988 and 1995-1996. These events 

continued typically into the following spring. Since 1975, La Ninas have been 

only half as frequent as El Ninos. 

In Ecuador, the El Nino current brings warmer surface water (29 - 30 °C) to 

the eastern boundary of the Pacific Ocean ( Cucalön, 1984 ). According to 

Garcia, (1983 ), Ecuadorian coastal waters are influenced by tropical surface 

waters (T > 23 °C, S< 33.5 O/oo ) from the North and subtropical surface 

waters (T < 21 OC, S> 34.5 0/00) from the South, converging in a transitional 

front known as the Equatorial Front, whose circulation depends on the 
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seasonal wind regime. In this respect, Cucalön ( 1989 ) indicates that during 

the summer the front is weakly formed, or displaced to Perü, and in its place, 

a narrow southward coastal flow of warm (25 - 27 OC ), low salinity (33 - 33.8 

0/00) water from the Panama Bight persists along the Ecuadorian coast. In 

contrast, Cucalön notes that the front is clearly evident in Ecuadorian waters 

during winter, when the south-east winds are strong, bringing the cold 

upwelled saline waters from the " Humbolt " or " Peruvian current " toward 

the Ecuadorian coast. 

La Nina events have occurred more intensively in the tropical Pacific after 

January 1996 ( CDB 1993 - 2002 ), ( Figs. 2.5 and 2.6 ). Cooler than normal sea 

surface temperature ( SST )-1.5 °C anomaly, were recorded on the coast of 

Ecuador ( Nino region 1+2 ), which also affected the Chone River estuary. 

From August to December 1996, cooler SST's were recorded in the Chone 

River estuary, coinciding with a cool episode for the eastern equatorial 

Pacific ( CDB, 1995-1996 ), ( Fig. 2.7 ). During the years 1999 - 2000, this 

phenomenon was repeated and the anomaly temperature was on average 

-1.3O ( CDB, 1993 - 2002 ), ( Figs. 2.6 and 2.8 ). 

In contrast, an El Nino event occurred during most of 1997 and the first half 

of 1998, ( Figs. 2.9 and 2.10 ). More than normal warm oceanographic 

conditions, +3.0 °C anomaly ( CDB, 1997-1998 ) and very high rainfall 

increased the Chone River outflow and contributed to a decrease in salinity 
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in the inner part of the estuary, thereby affecting the shrimp farms located 

in this area. 
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STUDY SITE AND CLIMATIC TAn(RES 

Source: hil: tl : i` vw, Q -t oa ov, n) I hIM' 11 ýIr Old ýýt . mot 05, )h 'ImIll., html 

Fig. 2.8. Sea Surface Temperature anomalies °C 
. 

Climate Diagnostic Bulletin 1999. Colour scale 
shows deviation in SST from normal on 26/12/99 during a La Nina event. 

Source: Ali %y\v\\., J, /(Jim/sst o[r, old_ssj st_'-) dnin1. Shtnl 
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Fig. 2.7. Sea Surface Temperature anomalies "C 
. 

Climate Diagnostic Bulletin 1995-1996>. Colour 
scale shows deviation in SST from normal on 29/12/96 during a Transition Nii a- Nino event. 



Fig. 2.9 Sea Surface Temperature anomalies "C. Climate Diagnostic Bulletin 1997. Colour scale 
shows deviation in SST from normal on 25/05/97 during an El Nino event. 

Source: hlt;,;: vv %%%%, I,. n; ý, i , line al_'Iý'; 
_'I1_: 

>l Iil 

Fig. 2.10 Sea Surface Temperature anomalies `'C 
. 
Climate Diagnostic Bulletin 1998. Colour scale 

shows deviation in SST from normal on 24/05/98 during an El Nino event. 

Source: ILL h:, wncýe.. J( II<ý. ur; mj rtlim t�I; A d_ , týý>t k)7, N, mtniatrd., i( 
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3. MATERIALS AND METHODS 

3.1 Study Design 

3.1.1 Selection of shrimp ponds 

STUDY DESIGN 

Data on water quality, phytoplankton, bacterial populations and shrimp 

production were collected from five shrimp culture periods ( production 

cycles ), during prevailing La Nina and El Nino events and the intervening 

transition periods. These are designated periods 1-5, as follows: 

First period of shrimp culture ( Period 1 ): from November 1996 - March 

1997, transition La Nina- El Nino, where temperature anomalies were from - 

1.5 °C to +1 O (Fig. 3.1). 

Second period of shrimp culture ( Period 2 ): from February - June1997, El 

Nino, where temperatures anomalies ranged from - 0.5 °C to +3 °C 

(Fig. 3.2 ). 

Third period of shrimp culture ( Period 3 ): from July 1997 - January 1998, 

El Nino, where temperatures anomalies ranged from +3 OC to + 3.5 °C , 

( Fig. 3.3 ). 

Fourth period of shrimp culture ( Period 4 ): from September 1998 - 

February 1999, transition El Nino- La Nina. Temperatures anomalies ranged 

from + 0.5 °C to - 0.5 °C in this period (Fig. 3.4 ). 
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Fifth period of shrimp culture ( Period 5 ): from March 1999 - June1999, La 

Nina. Temperature anomalies were from 0 °C to - 1.5 °C (Fig. 3.5 ). 

Temperature data were recorded in the selected shrimp ponds during the 

five shrimp culture periods. The measurements were taken from each pond 

in situ ( see section 3.3.1) 

For the first, second and third periods of shrimp culture (November 1996 to 

January 1998 ), sampling data were obtained from six shrimp ponds. 

From September 1998 to June 1999, representing the fourth and fifth periods 

of shrimp culture, the data were collected only from five shrimp ponds. 

General information on the temperature anomalies for Nino region 1+2, 

during the five shrimp culture periods, were taken from the NOAA, Climate 

Prediction Center ( Maryland, USA ), which provides monthly atmospheric 

and sea surface temperatures indices. 

49 



Fig. 3.1. 

November 1996 - March 1997. 
Source: hlý -, st sst 9798 animated i 

ho«s 

50 

deviation in SST from normal during shrimp culture Period 



Fig. 3.2 Sea Surface Temperature anomalies T. Climate Diagnostic Bulletin. Colour scale shows 
deviation in SST from normal during shrimp period Period 2: 

February - June 1997. 

Source: ht :; ý_liin"�l , Irlold_sst/sst_9798 animated. 
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Fig. 3.3 Sea Surface Temperature anomalies "C. Climate Diagnostic Bulletin. Colour scale shows 
deviation in SST from normal during shrimp period Period 3: 

July 1997- January 1998. 
Source: hap: 111,11)/k II III, ti>Ao1ri old--ti » 97"8 alllllldlt'd. }; 1l 
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Fig. 3.4 Sea Surface Temperature anomalies "C. Climate Diagnostic Bulletin. Colour scale shows 
deviation in SST from normal during shrimp culturePeriod 4: 

September 1998 - February 1999. 

Source: ý. nr i i. IIni "l ,, Ire Ad ý-, t 8 
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Fig. 3.5 Sea Surface Temperature anomalies °C. Climate Diagnostic Bulletin. Colour scale shows 
deviation in SST from normal during shrimp period Period 5: 

March 1999 - June 1999. 

Source: htt1': / i www. t J(. noaci. t'Ov/ Illdpi L lLni/ sst olrj old sst/sst 10-N 'inim., html 
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3.2 Pond design and Operation 

3.2.1 Pond design 

POND DESIGN AND OPERATION 

The ponds were 0.9 - 1.2 m in water depth with a surface area of 6.0 ha (150 

x 400 m ). There were two inlet water cement gates, 1.5 m in width, and one 

oulet water cement gate, 2.0 m in width, to promote water circulation. The 

channels were suitably positioned for effective water drainage and flushing. 

3.2.2 Pond bottom treatment 

Between crops, the pond bottoms were dried and the upper 10 cm of 

substratum tilled to allow for further oxidation of reduced substances and 

mineralization of organic matter by bacteria. When the soil pH was below 

7.0, agriculture limestone was added to increase pH, following the 

p-nitrophenol buffer method for the lime requirements of pond muds, 

( Pillay and Boyd, 1985; Boyd, 1990; Boyd and Daniels, 1993 ), and also to 

kill fish, crabs and others burrowing organisms to prevent water leakage 

through holes. 

3.2.3 Pond water preparation 

Seven days before the beginning of the culture cycle, the ponds were filled 

with water and fertilized with Nutrilake 20TM (N03 21%, Na 20%, B 0.035%, 

Mg 0.15%, K 0.37%) at a rate of 13 kg/ha and superphosphate at 20 kg/ha. 

During the culture period, additional fertilization was applied at a rate of 7 

kg/ha of Nutrilake 20TM and 2 kg/ha of superphosphate twice a week when 
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the water transparency was higher than 40 cm ( as determined by Secchi 

disk ). 

3.2.4 Shrimp stocking 

Each pond was stocked with white shrimp ( Litopennaeus vannamei ) 

postlarvae ( reared from wild naupli ) at a density of 10 PL /m2, fifteen days 

old. The postlarvae were hatched in the facilities of LABGAR at Bahia de 

Caräquez, a commercial shrimp hatchery, and transported to the shrimp 

farm. 

3.2.5 Pond management 

After 15 days of culture, a4- 5% daily water exchange was made. Ponds 

were not aerated during the shrimp culture cycles. Shrimp were fed twice a 

day (at 07: 00 h and 16: 00 h) with a formulated shrimp diet ( protein content 

26 % by weight) using 6 feed trays/ha. Feeding began during week 3 at a 

rate of 10 % of shrimp biomass per day. In weeks 4 and 5, the feeding rate 

was reduced to 5%, and then further reduced to 3% for the rest of the culture 

period. 

For growth estimation, ten random samples were taken from each pond with 

a knotted monofilament cast net ( 1.8 m radius ) every week and one 

hundred shrimp were weighed individually to the nearest 0.1 g in a 

CASBEETM balance (Model MW120 ), and their mean weight calculated. 
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3.2.6 Shrimp harvesting 

POND DESIGN AND OPERATION 

At harvest, ponds were drained and the shrimp captured in a net bag 

attached to the outside of the outlet gate as water drained from the pond on 

the outgoing tide. The entire crop was weighed en masse and subsamples of 

individual shrimp were weighed to determine their mean final weight, 

instantaneous growth rate, feed conversion ratio, yield and survival. 

Instantaneous growth rate ( IGR) was calculated for each pond from the 

following equation ( Cushing, 1968) : 

IGR = [100 x In (Final weight / Initial weight)] / Days of culture. 

Feed conversion ratio (FCR ), a measure of the weight of shrimp produced 

per kg of dry food supplied, was calculated as: 

FCR = Total dry feed consumed / Total wet weight gained. 

The FCR varies depending on the stocking density, quality of the feed and 

the size at which the shrimp are harvested, but ideally it should not be higher 

than 2.0 

Yield was calculated as the total biomass of shrimp harvested ( kilograms ) 

per hectare of pond water surface. 

Survival percent was calculated as: 
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Survival ( %) = Mean number of stocked shrimp X 100 
Mean number of shrimp harvested ( MNSH ) 

where MNSH was calculated as total biomass shrimp / mean final shrimp 

weight. 

3.3 Water Sampling and Analysis 

3.3.1 Water sampling 

Water sampling and measurements were conducted every week between 

08: 00 and 10: 00 hours. Temperature and salinity was measured in situ at a 

depth of 20 cm below the water surface using a mercury thermometer and a 

refractometer respectively. 

Four, 1 litre subsamples at a depth of 30 cm below the water surface from 

near the inlet gate, the middle of the pond and near the outlet gate, were 

taken from each pond. A3 litre pooled water sample was transported in 

polypropylene bottles on ice to the laboratory and analysed one hour after 

the collection time. 

3.3.2 Water analysis 

Laboratory determinations of pH were made with a standardised WTW pH 

meter; total ammonia ( NH3+NH4+ ) by the phenol-hypochlorite method 

(Strickland and Parsons, 1972; Golterman et al, 1978 ); nitrate (NO3) by the 
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cadmium reduction method ( Grasshoff, 1964 ; Wood, Armstrong and 

Richards, 1967, Strickland and Parsons, 1972); nitrite ( N02 ) with 

sulphanilamide ( Shinn, 1941 ; Strickland and Parsons, 1972 ; Mackereth et 

al. 1978 ); dissolved reactive phosphorus (DRP ) by molibdate reaction in an 

acid medium ( Strickland and Parsons, 1972 ); silica ( Si02) using a silico- 

molibic complex ( Strickland and Parsons, 1972; Koroleff and Grassoff, 

1983); total suspended solid (TSS ) by the photometric method ( Hach, 1992: 

method 8006 ) after filtration through a standard GF/F glass fibre filter; and 

total sulphide (H2S+HS+S2- ) using the methylene blue method ( Mackereth 

et al., 1978 ; Golterman et al., 1978 ; Frevert, 1980; Fonselius, 1983; Parson et 

al., 1984 ). 

The data resulting from the analysis of total ammonia were corrected for to 

convert un-ionised ammonia which varied according to the pond's water pH, 

temperature and salinity ( Trussell, 1972; Bower and Bidwell, 1978 ). The 

data obtained for total sulphide were converted similarly to un-ionized 

sulphide according to the pond's water pH and temperature ( Boyd, 1990 ). 

3.4 Phytoplankton analysis 

Four 1 litre subsamples from the inlet gate, the middle of the pond and the 

outlet gate were taken weekly from each pond using a sterile plastic bottle, 

20 cm immersed below the water surface. A final 1 litre pooled sample was 

fixed with Lugol ( Uthermohl, 1958 ) and the organisms counted in a 
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sedimentation chamber. Table 3.1 lists the taxonomic references used to 

identify each phytoplankton group. 

Table 3.1 A lists of the taxonomic references used to identify each 
phytoplankton group. 

Plankton group Area covered Author(s) 

Algae Perl. Aldave, 1989 

Diatoms Argentina. 
Bastida and Stupak, 
1979 

Algae Worldwide Bourrelly, 1970 

Cyanophita Worldwide Desikachary, 1959 

Diatoms Australian & New 
Zealand 

Ferguson, 1961 

Phytoplankton, general 
Guayas River, 
Ecuador Guzman, 1993. 

Phytoplankton, general Ecuador 
Jimenez and Pesantes, 
1978 

Diatoms 
Guayas River, 
Ecuador Jimenez, 1983 

Diatoms 
Chone River, 
Ecuador Mariduena, 1991 

Phytoplankton, general 
Ecuador and Gulf 
Panama. Marshall, 1970 

Phytoplankton, general Chile Parra et al., 1982 

Dinoflagelates Ecuador Pesantes, 1983 a, b 

Algae Worldwide Prescot, 1968 

Phytoplankton general Chile Rivera et al., 1973 

Microalgae Venezuela Varela et al., 1983,1985 

Diatoms Worldwide Weber, 1971 
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3.5 Bacteriological analysis 

Every 20 days during each period of the shrimp culture study, five 

subsamples of 30 shrimp in their intermoult stage from each pond were 

removed, pooled and a final sample of 30 shrimp was weighed. To reduce 

the risk of external contamination while removing their intestines, the 

shrimp were washed and sterilized with 0.002% ( w/v ) iodine. The 

intestines of the 30 shrimp were removed, pooled, weighed and one gram of 

the intestinal material homogenized aseptically. A series of ten-fold dilutions 

of pooled intestines sample was made using sterile saline ( 0.5% NaCl 

solution, w/v for samples taken between 4- 20 psu and 2.0% NaCl for 

samples > 20 psu ) as dilutions blanks, and 0.1 ml from each dilution was 

plated in triplicate on agar by the spread method. 

The commercial brands of "marine agar" developed from the work of 

Oppenheimer and Zobell (1952 ) are now considered too high in nutrients 

despite their continued widespread use for the isolation of bacteria from 

estuarine invertebrates ( West, 1988; Austin, 1988,1989,1993 ). As an 

alternative a variety of low-nutrient media, mostly of which are not currently 

available as commercial preparation, have been developed for use in 

estuarine and coastal marine environments ( Goulder, 1976 ; Väätänen, 1977 

; Weiner et a1., 1980; Austin, 1993 ). 
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Total heterotrophic aerobic bacterial counts were made using the estuarine 

agar preparation devised by Weiner et al. ( 1980 ). The medium was 

prepared by the addition of 112.22 g marine broth ( Difco® ) and 15 g 

bacteriological agar to 1000 ml of filtered water collected at the site of sample 

collection. The mixture was boiled for 1 min then autoclaved for 15 min at 

121°C. 

Viable counts of Vibrio were enumerated using thiosulfate-citrate-bile salt 

sucrose ( TCBS ), ( Difco® ). For the enumeration of total bacteria and 

presumptive Vibrio, the inoculated plates were incubated at 27 OC in the dark 

for 4 days and 48 h, respectively. The colonies were then counted and 

recorded as colony-forming units per gram (CFU/g ). 

To analyze the composition of the heterotrophic aerobic bacterial population 

from each sample, 30 bacterial isolates were selected from Weiner agar 

containing 30 - 200 colonies. A grid with 30 cross lines was placed at the 

bottom of the Petri dish, and the colonies located on the crossing, or on the 

one nearest to it in two random quadrants, were selected for identification. 

The isolates were then purified and stored on plates on Weiner agar at room 

temperature in the dark. 

All the isolates were then identified using the Biolog MicroPlates® system 

(BIOLOG, Hayward, CA, USA). In the Biolog® test, bacteria are precultured 

on a Biolog Universal Growth@ agar plate, ( Fig. 3.6 ). 
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Fig. 3.6 Selected bacteria isolated from Weigner agar are precultured in Biolog Universal Growth agar. 

The bacteria were swabbed from the surface of the agar plate and suspended 

to a specified density in innoculating fluid. 

One hundred and fifty il of the bacterial suspension was then pipetted into 

96 wells of the MicroPlate and incubated at 30°C for 4- 24 hours () 

4re 
Ilk 

Fig. 3.7 The innoculation of bacterial suspension into the wide variety of pre-selected carbon sources 
in the MicroPlate. produces a characteristic pattern called a metabolic "fingerprint". 
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Based on the Biolog® identification guidelines, the similarity index must be 

at least 0.5 to be considered an acceptable identification, () Some 

isolates could not be identified by this system and these were analyzed 

further according to Bergey's manual of determinative bacteriology, ( 

). 

3.6 Analysis of data 

3.6.1 Diversity indices 

The number of species in a community of animals, plants or microorganisms, 

and their relative abundances are the basis of describing the community as 

"simple", "complex" or "dominated by one or a few species", each of which 

refers to the general diversity term. It is a function of two elements, one being 

the number of species ( richness) and the other the proportional distribution 

of the individuals among the species i. e. how abundance is partitioned 
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of the individuals among the species i. e. how abundance is partitioned 

among the species. This aspect has been called equitability ( evenness ). 

Species richness and equitabilty can be measured over a number of sampling 

units from a site of defined area. 

Indices of diversity were applied to the microbial and phytoplankton data 

collected to assess the variation in composition during the five different 

periods of culture study. 

3.6.1.1 Indices of information content 

The mathematical theory of information provides an index that is useful as a 

measure of the possibilities of choice. Margalef ( 1957,1958 ) expressed 

diversity as the information content per individual (H ); the units of H are 

bits. 

H=1 /N(log2(N! /nl! n2!...... ns! )) 

S 

= 3.321928 /N 
(10gw 

N! - 
loglo ru! 

i =1 

where N is the total number of individuals and ni, n2 ....... ns are the 

respective number of individuals of each species. 

When N and nl are sufficiently large, the information content per individual 

can be approximated from the equation of Shannon & Weaver (1949 ) 
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S 

H' = Pi logt Pi 

i =1 

where S is the total number of species and P; is the proportion of the number 

of individuals of species i to the total number of individuals, that is, Pi = ni 

IN. 

3.6.1.2 Indices of the number of species 

Simpson ( 1949 ) examined the probability that two specimens taken at 

random belong to the same species. Such probability (X) is expressed by: 

S 

ni(ni-1)/N(N-1) 

i=l 

where S is the total number of species, N is the total number of individuals 

and ni is the number of individuals of the species i. The numerical value of 

this expression is low for a high diversity and its maximum value is 1 for a 

community of one species. 

Wittaker ( 1952,1960,1965,1972,1975,1999 ) suggests the reciprocal of 

Simpson's index, (which is called HD2 by Gray (2000) ) 

HD2=1 /(p12+p12....... +pn2) 

where pi is the proportional abundance of the first species compared to the 

total number of individuals in the samples. 
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3.6.1.3 Indices of the abundance of species 

The measurement of equitabilty may be expressed as the difference between 

the actual diversity and the hypothetical diversity resulting from all species 

being either equally frequent, or distributed, according to a given hypothesis. 

The indices J', Pielou ( 1966,1976 ), and E( Sheldon, 1969 ) are often used for 

this measurement. 

J' (evenness component diversity), is expressed as 

j'=H'/log2S 

Where H' is the Shannon - Weaver diversity index and S is the number of 

species. When the value of J' is great, the difference in the number of 

individuals among species is small. 

On the other hand Sheldon's E (equitability ), ( Sheldon, 1969; Hill, 1973 ), is 

expressed as: 

E= eH/S 

Where eH is a diversity index in which the base of natural logarithms is used, 

the units of eH are nits, H is the Margalef diversity, and S is the total number 

of species. 

3.6.2 Statistical analyses 

All the data collected were analysed using the statistical software StatMost® 

version 3.2 ( DataMost Corporation, Salt Lake City, UT ), SYSTAT® version 

5.0 (SYSTAT, Inc. Ili. USA ), Minitab version 13 ( Minitab® Inc. U. S. A ). 
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Analyses of significant differences in physicochemical parameters and 

nutrients associated with culture days and among culture periods, were 

performed by ANOVA techniques, (Sokal and Rolf, 1995; Zar, 1984; 

Snedecor and Cochran, 1980) and by the Kolmogorov - Smirnov goodness - 

of - fit test when data exhibited normality. If significant differences were 

indicated at a=0.05, then Duncan 's multiple range test with Kramer's 

adjustment for unequal sample size, was used to resolve significant 

differences. 

Mean final weight, survival, instantaneous growth rate and feed conversion 

ratio were analysed using a one-way ANOVA. Percent survival and feed 

conversion ratio data were transformed prior to conducting the analysis to 

satisfy the assumption of normality and /or homoscedasticity of variance. 

The same significance level of P< 0.05 was used for all tests. 
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4. RESULTS AND DISCUSSION 

WATER QUALITY RESULTS 

The results of this study are presented in four sections (4.1 - 4.4) dealing 

with the quality of pond water, phytoplankton, shrimp gut bacteria, and 

shrimp production. There is also a short discussion of each results section. 

4.1 Water quality 

A summary of water quality parameters recorded during the five periods of 

shrimp culture studied is provided in Table 4.1. Each water quality 

parameter is compared between culture periods in the following sections, 

dealing with nitrite-nitrogen, nitrate-nitrogen, unionised ammonia, 

phosphorus, silica, sulphide, TSS, salinity, temperature and pH. 

4.1.1 Nitrite nitrogen (N02-N) 

4.1.1.1 Period 1. Transition Nina - Nino 

During this period there were no significant differences in the concentration 

of nitrites throughout the shrimp culture cycle (P >0.05 ); the nitrite content 

remained very low throughout from 0.000 - 0.001 mg/L (Fig. 4.1.1 ). 

4.1.1.2 Period 2. Nino 

The nitrite concentration for this period ranged from 0.000 to 0.008 mg/L, 

with a significant difference in the concentration of nitrite through the period 

of culture ( P<0.05 ), ( Fig. 4.1.2 ). In this period, it was observed that the 
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nitrite concentration fluctuated from forty days of culture onwards, probably 

due the oxidation of unionised ammonia produced during the same period 

( Fig. 4.3.2 ). 

4.1.1.3. Period 3. Nino 

There was a significant difference in the concentration of nitrite throughout 

the period of culture (P<0.05 ); recorded values ranged from 0.000 to 0.002 

mg/L (Fig. 4.1.3). 

4.1.1.4 Period 4. Transition Nino - Nina 

The levels of nitrite during this period ranged from 0.000 to 0.005 mg/L; the 

differences in the concentration of nitrite throughout the period of culture 

were significant ( P<0.05) (Fig. 4.1.4 ). 

4.1.1.5. Period S. Nina 

During this period of La Nina, the pond nitrite level ranged from 0.000 - 

0.003 mg/L. The change in the concentration of nitrite throughout this period 

of culture was not significant ( P>0.05) ( Fig. 4.1.5 ). 

Although, there were significant differences in the concentration of nitrites 

throughout the shrimp culture cycle during periods 2,3 and 4 (P < 0.05 ), 

when the five culture periods were compared together, the variation in 

nitrite was not significant (P>0.05) and, overall, the nitrite concentration 

remained acceptable for shrimp culture. 
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4.1.2 Nitrate nitrogen (N03-N) 

4.1.2.1 Period 1. Transition Nina - Nino 

WATER QUALITY RESULTS 

The nitrate concentration during this period ranged from 0.000 - 0.030 mg/L, 

and there was a significant difference in concentration throughout the days 

of culture ( P<0.05 ), (Fig. 4.2.1). 

4.1.2.2 Period 2. Nino 

During this period there was a significant difference in the concentration of 

nitrate throughout the culture cycle (P<0.05 ), with a range from 0.01 - 0.13 

mg/L ( Fig. 4.2.2 ). A high average concentration of nitrate, 0.033 mg/L, 

occurred during this period, probably due to the oxidation of nitrite 

( Fig. 4.1.2 ). 

4.1.2.3 Period 3. Nino 

There was no significant difference in the concentration of nitrate during the 

culture cycle ( P>0.05 ); the nitrate level ranged from 0.00 - 0.03 mg/L 

(Fig. 4.2.3 ). 

4.1.2.4 Period 4. Transition Nino - Nina 

The level of nitrate ranged from 0.007 - 0.023 mg/L. There was no significant 

difference in the concentration of nitrate in relation to the days of culture 

during this period (P>0.05) (Fig. 4.2.4 ). 
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4.1.2.5. Period 5. Nina 

WATER QUALITY RESULTS 

During this period of culture, the nitrate content ranged from 0.007 - 0.027 

mg/L, but the difference in concentration of nitrate during the days of 

culture in this period was not significant (P>0.05) (Fig. 4.2.5 ). 

When all five periods of culture were compared, no significant differences 

were found between the nitrate concentrations (P>0.05 ). Overall , nitrate 

levels were well below the suggested safe level of 300 mg/L ( Anon, 1994 ). 

4.1.3 Unionised ammonia (NH3-N) 

4.1.3.1. Period 1. Transition Nina - Nino 

During this period, the ammonia concentration increased significantly from 

0.00 to 0.06 mg/L throughout the days of culture ( P<0.05 )( Fig. 4.3.1 ). 

However, even the highest value of 0.06 mg/L is within the safe range for 

cultured shrimp. 

4.1.3.2 Period 2. Nino 

No significant difference (P>0.05 ) was found in the ammonia concentration 

throughout the days of culture; the ammonia level ranged from 0.02-0.06 

mg/L (Fig. 4.3.2 ), with an average of 0.033 mg/L. 
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4.1.3.3 Period 3. Nino 

WATER QUALITY RESULTS 

The ammonia level in this period varied from 0.01 - 0.05 mg/L , and there 

was a significant difference in the concentration of ammonia throughout the 

culture cycle (P<0.05) (Fig. 4.3.3 ). A level of 0.05 mg/L was found on day 

one and again after 130 days of culture; there was a decrease from the first 

week of culture and an increase after hundred days of culture. 

4.1.3.4 Period 4. Transition Nino - Nina 

There was an increase in ammonia to 0.07 mg/L after 100 days of culture, or 

twice the concentration observed on the first day of culture when it was 

found to be 0.04 mg/L. During this period, there was a significant difference 

in the concentration of ammonia throughout the culture cycle (P<0.05 ), with 

a range from 0.00 - 0.07 mg/L, (Fig. 4.3.4 ). 

4.1.3.4 Period 5. Nina 

The ammonia concentration for this period ranged from 0.00 - 0.08 mg/L, 

with a significant difference in the concentration of ammonia throughout the 

days of culture ( P<0.05 )( Fig. 4.3.5 ). In this period, the trend in the 

ammonia concentration was similar to that in culture periods 3 and 4 period, 

with ammonia increasing through the final days of culture. 

In summary, there was an increase in the concentration of ammonia during 

the final days of shrimp culture in periods 1,3,5. Despite this, the levels 
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reached remained below the reported toxic level for shrimp of 0.1 mg/L 

( Frias-Espericueta et al., 2000 ). Overall, there was no significant difference 

in ammonia concentration ( P<0.05 ) between the five periods of culture. 

4.1.4 Phosphorus (P) 

4.1.4.1 Period 1. Transition Nino - Nina 

There was a significant difference in the concentration of phosphorus 

through the days of the culture cycle ( P<0.05 ). The concentration of 

dissolved reactive phosphorus was on average of 0.05 mg/L, with a range 

from 0.02 - 0.1 mg/L; phosphorus increased from day 40 of the culture cycle 

onwards (Fig. 4.4.1 ) 

4.1.4.2 Period 2. Nino 

During this period of culture, the concentration of phosphorus was on 

average 0.12 mg/L, with a range from 0.04 - 0.20 mg/L, and increasing after 

four weeks of culture. There was a significant difference in the concentration 

of phosphorus throughout the days of culture (P<0.05) (Fig. 4.4.2 ). 

4.1.4.3 Period 3. Nino 

There was a significant difference in the concentration of phosphorus 

throughout the days of culture ( P<0.05 ), with a range from 0.10- 0.29 mg/L, 

( Fig. 4.4.3 ). The average value for phosphorus was 0.16 mg/L with no 

specific trend during the days of culture. 
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4.1.4.4 Period 4. Nino 

WATER QUALITY RESULTS 

The phosphorus concentration during this period ranged from 0.11- 0.30 

mg/L. The highest average phosphorus concentration in the study was 

found in this period ( 0.19 mg/L ). Phosphorus showed an increase from the 

second week onwards with a significant difference in the concentration of 

phosphorus throughout the days of culture (P<0.05) (Fig. 4.4.4 ). 

4.1.4.5 Period S. Nina 

The concentration of phosphorus was from 0.10- 0.28 mg/L ( Fig. 4.4.5 ). In 

this period of culture, there was a significant difference in the concentration 

of phosphorus throughout the days of culture cycle ( P<0.05 ). The average 

concentration of phosphorus was at 0.15 mg/L, with a trend of decrease in 

the final month of culture. 

In summary, from the first to the fourth periods of culture there was an 

increase in the mean phosphorus concentration ( 0.05 to 0.19 mg/L ) and, 

overall, there was a significant difference in phosphorus between the five 

periods of culture ( P<0.05 ). 

4.1.5 Silica (Si02 ) 

4.1.5.1 Period 1. Transition Nina - Nino 

During this period of culture, the concentration of silica ranged from 4.7 - 

13.1 mg/L, with an average of 7.2 mg/L. There was no trend in silica content 
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during the culture cycle, but the concentration of silica did vary significantly 

in this period (P<0.05) (Fig. 4.5.1 ). 

4.1.5.2 Period 2. Nino 

There was significant difference in the concentration of silica throughout the 

days of culture ( P<0.05 ); the concentration of silica during this period 

increased to an average of 19.2 mg/L, with a range from 12.7 - 27.0 mg/L, 

(Fig. 4.5.2) with a trend to increase from the first month of shrimp culture. 

4.1.5.3 Period 3. Nino 

Silica concentration for this period ranged from 23.0 - 35.0 mg/L. The 

average concentration was high ( 27.7 mg/L) and no trend was observed in 

this period. There was significant difference in the concentration of silica 

throughout the culture cycle (P<0.05) (Fig. 4.5.3 ). 

4.1.5.4 Period 4. Transition Nino - Nina 

In this period, the silica content was from 18.6 - 38.4 mg/L, with a significant 

difference in the concentration of silica throughout the days of culture 

( P<0.05) (Fig. 4.5.4 ). The average was 26.0 mg/L, with a trend to decrease 

in silica from the first month of culture. 

4.1.5.4 Period 5. Nina 

A trend of decrease in the silica concentration from 25.2 mg/L to 12.5 mg/L 

was observed after 70 days of culture. There was a significant difference in 

76 



RESULTS WATER QUALITY RESULTS 

the concentration of silica throughout the days of culture ( P<0.05 ); the silica 

level ranged from 11.8 - 26.5 mg/L, with an average of 20 mg/L ( Fig. 4.5.5 ). 

In summary, from the second period of culture onwards, there was an 

increase in the mean silica concentration; the level fell in the last 30 days of 

the fifth period of culture ( Nina) almost to the same value found during the 

first period. Overall, there was a significant difference in silica concentration 

between the five periods of culture monitored (P<0.05 ). 

4.1.6 Sulphide ( S=) 

4.1.6.1 Period 1. Transition Nina - Nino 

The pond sulphide concentration during this period ranged from 0.017 - 

0.042 mg/L and there was a significant difference in the concentration of 

sulphide throughout the days of culture (P<0.05) ( Fig. 4.6.1 ). The average 

sulphide level during this period was 0.028 mg/L, with an increase from 

0.017 mg/L on the initial day of culture to 0.042 mg/L by the end of the 

culture cycle. 

4.1.6.2 Period 2. Nino 

During this period of shrimp culture, there was a significant difference in the 

concentration of sulphide throughout the days of culture ( P<0.05 ). An 

average of 0.026 mg/L was recorded in this period, with no trend for the 

sulphide concentration to increase with time. The sulphide concentration 

ranged from 0.014 - 0.042 mg/L ( Fig. 4.6.2 ). 
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4.1.6.3 Period 3. Nino 

WATER QUALITY RESULTS 

The concentration of sulphide was from 0.070 - 0.035 mg/L, an average of 

0.025 mg/L, and there was a significant difference in the concentration of 

sulphide throughout the of culture cycle ( P<0.05 ), but with no clear 

apparent trend (Fig. 4.6.3 ) 

4.1.6.4 Period 4. Transition Nino - Nina 

There was a significant difference in the concentration of sulphide through 

the days of culture ( P<0.05 ). The concentration of sulphide ranged from 

0.014 - 0.047 mg/L, with an average of 0.028 mg/L ( Fig. 4.6.4 ). An increase 

from 0.012 mg/L on the initial day of culture, to 0.047 mg/L by the end of 

the culture cycle was observed. 

4.1.6.5 Period 5. Nina 

The concentration of sulphide ranged from 0.024 - 0.043 mg/L, and the 

highest average value for the study of 0.035 mg/L was recorded in this 

period. There was no significant difference in the concentration of sulphide 

throughout the culture cycle ( P<0.05) (Fig. 4.6.5 ). An increase from 0.024 

mg/L on the initial day of culture, to 0.043 mg/L by the end of culture, was 

recorded; a similar trend to that shown during culture period 4. 

In summary, there was a trend of increase in the sulphide content of the 

shrimp pond water towards the end of the production cycle in culture 
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periods 1,4 and 5, but no significant difference in concentration was found 

between these periods. 

4.1.7 Total suspended solids (TSS ) 

4.1.7.1 Period 1. Transition Nina - Nino 

In this period the mean concentration of TSS was 31.4 mg/L, with a range of 

26.0 - 42.5 mg/L. The concentration of total suspended solids varied 

significantly during the culture cycle (P<0.05) (Fig. 4.7.1). 

4.1.7.2 Period 2. Nino 

There was significant difference in the concentration of total suspended 

solids with the days of culture ( P<0.05 ). The concentration of TSS ranged 

from 15.3 - 38.0 mg/L (Fig. 4.7.2 ). 

4.1.7.3 Period 3. Nino 

The concentration of TSS during this period was from 20.0 - 51.5 mg/L, with 

an average of 32.1 mg/L. There was a significant difference in the 

concentration of total suspended solids throughout the days of culture 

( P<0.05) (Fig. 4.7.3 ). 
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4.1.7.4 Period 4. Transition Nino - Nina 

A significant difference in the concentration of total suspended solids was 

found throughout the culture period ( P<0.05 ). The concentration of TSS 

ranged from 22 - 36 mg/L ( Fig. 4.7.4 ). 

4.1.7.5 Period S. Nina 

During this period, TSS ranged from 19.7 - 35 mg/L. The TSS values varied 

significantly (P<0.05) throughout the days of culture ( Fig. 4.7.5 ). 

An analysis of variance between all periods of culture revealed no significant 

differences (P > 0.05 ). No trends, increase or decrease, in the concentration 

of total suspended solids were found during any of the culture periods. 

4.1.8 Salinity 

4.1.8.1 Period 1. Transition Nina - Nino 

During this period of shrimp culture, the mean pond water salinity value 

was 38.1 psu, with a range of 35 - 39 psu. This was above the normal 

seawater salinity level because of the dry season, the use of seawater as a 

water supply, and from evaporation of water in the ponds. There was a 

significant difference in salinity throughout the days of culture ( P<0.05 ) 

(Fig. 4.8.1 ). 
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4.1.8.2 Period 2. Nino 

WATER QUALITY RESULTS 

The mean salinity value was 21.9 psu and ranged from 11.3 - 28 psu. There 

was a significant difference in salinity throughout the days of culture 

(P<0.05) (Fig. 4.8.2). 

4.1.8.3 Period 3. Nino 

The change in salinity during this culture period of culture was also 

significant (P<0.05 ). The mean salinity value was 15.2 psu, i. e. less than half 

the salinity concentration range recorded during period 1, with a salinity of 

12.0 - 18.7 psu ( Fig. 4.8.3 ). 

4.1.8.4 Period 4. Transition Nino - Nina 

In this culture period the salinity value remained stable with intermediate 

values and observed from 18.7 - 22.0 psu, with a mean of 20.2 psu. There 

was a significant difference in salinity throughout the days of the culture 

cycle ( P<0.05) (Fig. 4.8.4 ). 

4.1.8.5 Period 5. Nina 

During this period, salinity fell to less than one third of that during period 1. 

The mean salinity value was 10.2 psu and ranged from 4.3 - 15.7 psu. There 

was a significant difference (P<0.05) in salinity through the culture cycle 

( Fig. 4.8.5 ). 
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In summary, the salinity pattern revealed above is one of a strong decline 

throughout the study. In culture period 1, salinity values were stable with a 

mean of 38 ± 1.7 psu (± SD ). From the second month in the second shrimp 

culture period ( Nino ), there was a decrease in salinity from 28 to 11psu. In 

the third and fourth culture periods, salinity remained more stable before 

falling considerably again during period 5 to a minimum of 4 psu, because 

normaly during these months is the rainy season. 

4.1.9 Temperature 

4.1.9.1 Period 1. Transition Nina - Nino 

In this period of shrimp culture, the pond water temperature ranged from 

28.0 - 31.0 °C; there was a small but significant difference in temperature 

throughout the culture cycle ( P<0.05) (Fig. 4.9.1) 

4.1.9.2 Period 2. Nino 

There was also a significant difference in temperature throughout the culture 

cycle of period 2( P<0.05 ), even through the temperature range was only 

28.7 - 30.0 °C, (Fig. 4.9.2 ). 

4.1.9.3 Period 3. Nino 

Temperature conditions remained similar to those in the second period of 

shrimp culture, with a temperature range of 28.3 - 29.7 °C and a significant 

difference in temperature throughout the culture cycle ( P<0.05) (Fig. 4.9.3 ). 
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4.1.9.4 Period 4. Transition Nino - Nina 

In this period, the temperature range decreased to 28.0 - 26.3 °C and there 

was a significant difference in temperature throughout the days of culture 

( P<0.05) (Fig. 4.9.4 ). 

4.1.9.5 Period S. Nina 

Conditions during period 5 remained similar to those during period 4. There 

was a significant difference in temperature throughout the days of culture 

( P<0.05 ). Temperature ranged from 26.0 - 28.0 °C (Fig. 4.9.5 ). 

In summary, the temperature in the shrimp ponds rose during the first 

period of culture, from about an initial 28.0 OC to 31.0 OC in the last month of 

culture. Higher temperatures prevailed in the second and third periods of 

culture ( 28.3 - 30.0 °C ). In the second half of the fourth period of culture, the 

temperature decreased sharply ( 26.3 °C ). The fifth period of culture ( Nina ) 

started with the lowest temperature, increasing 2.0 OC in the second half of 

this period of shrimp culture. 

4.1.10. pH 

There was a significant difference between the periods of culture ( P<0.05 ), 

despite this, the pH values during the five periods varied only from 7.32 - 

7.63, which an acceptable range for shrimp culture, (Fig. 4.10.1- 5 ). 
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The following points summarise the main findings with respect to the pond 

water quality study: 

1) There were significant differences in the concentration of nitrites, 

nitrates, unionised ammonia, sulphide and total suspended solids through 

the culture cycle during the same period of shrimp culture (P<0.05 ); 

however, no significant differences were found between the periods of 

culture (P > 0.05 ). 

2) Phosphorus, silica, salinity and temperature showed significant 

differences throughout the days of culture in the same period (P < 0.05) and 

also significant differences between the periods of culture (P < 0.05 ). 

3) The temperature in ponds, in the first period of culture (Transition Nina 

- Nino) was around 28 °C ( November 1996) and rose to 31 °C in the last 

month of culture ( March 1997) (Fig. 4.9.1 ). The average salinity was 38 psu 

( Fig. 4.8.1 ), because of the dry season and the water evaporation processes in 

the ponds. 

4) The higher temperatures in the second period of culture (El Nino) (30 - 

29 °C, Feb - Jun 97) coincided with intermediate salinities between 28 - 11 

psu during heavy rains of the strong El Nino event throughout most of 1997 

(Figs 4.8.2 and 4.9.2). 
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5) The temperature remained at 28-29 °C during the third period of culture 

( El Nino) ( Jul 97 - Jan 98) and salinities continued in the range 12-18 psu 

because of heavy rainfalls, (Figs. 4.8.3 and 4.9.3 ). 

6) In the second half of 1998 ( Transition Nino - Nina ), during the fourth 

period of culture, salinities were in the range 18 - 22 psu, but the 

temperature began to decrease sharply at the end of this period ( 26 °C ) 

(Figs. 4.8.4 and 4.9.4 ) 

7) The last period of culture ( March - Jun 1999 ) began with the lowest 

temperature and salinity recorded (26 °C and 4- 15 psu respectively) due 

to the cool - wet season associated with a La Nina event, ( Figs. 4.9.5,4.8.5 

and 4.11). 

As the concentration of phosphorus and silica showed an increase, on 

average, from the second period of culture Feb 97 - Jun 97 through Sep98 - 

Feb 99, ( Fig. 4.4 ( 2,3,4 ); Fig. 4.5 ( 2,3,4 ); Figs. 4.12 and 4.13 ), the data for all 

five periods were pooled and a regression analysis was carried out to 

determine whether there was any statistical correlation between phosphorus 

or silica versus salinity or temperature. A significant negative correlation was 

obtained between phosphorus versus salinity ( r2 = 0.364) and silica versus 

salinity (r2 =0.4959 ) because of the warm rainy season ( El Nino) and the 

cool-wet season in the early months ( 1999 ) associated with La Nina ( Figs. 

4.14,4.15,4.16,4.17 ). As expected, no significant correlation was found 
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between phosphorus and temperature, or between silica and temperature 

( Figs. 4.18,4.19,4.20,4.21 ). 
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WATER QUALITY RESULTS 

Fig. 4.1 Mean nitrite concentration ( mg/L) in ponds from the five different 
culture periods with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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WATER QUALITY RESULTS 

Fig. 4.2 Mean nitrate concentration ( mg/L) in ponds from the five different 
culture periods with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar 
- Jul 99 
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2 

Fig. 4.3 Mean unionised ammonia concentration ( mg/L) in ponds from the five 
different culture periods with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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WATER QUALITY RESULTS 

Fig. 4.4 Mean of dissolved reactive phosphorus concentration ( mg/L) in ponds 
from the five different culture periods with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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Fig. 4.5 Mean silica concentration ( mg/L) In ponds from the five different 
culture periods with standard deviation bars. 

A: Nov96 - Mar 1997; B: Feb - Jun 1997; C: Jul 97 - Jan 98; D: Sep 98 - Feb 99 ; E: 
Mar - Jul 99 
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Fig. 4.6 Mean sulphide concentration ( mg/L) in ponds from the five different 
culture periods with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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Fig. 4.7 Mean total suspended solids ( mg/L) in ponds from the five different 
culture periods with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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Fig. 4.8 Mean salinity ( psu) in ponds from the five different culture periods with 
standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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Fig. 4.9 Mean temperature ( °C) in ponds from the five different culture periods 
with standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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Fig. 4.10 Mean pH variation in ponds from the five different culture periods with 
standard deviation bars. 

1: Nov96 - Mar 1997; 2: Feb - Jun 1997; 3: Jul 97 - Jan 98; 4: Sep 98 - Feb 99 ; 5: Mar - 
Jul 99 
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Fig. 4.12 Mean phosphorus in shrimp culture ponds during each culture period ( 1-5 ). 
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Fig. 4.13 Mean silica in shrimp culture ponds during each culture period ( 1-5 ). 
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Fig. 4.14 Mean phosphorus and salinity in shrimp culture ponds during each 
culture period ( 1-5 ). 
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Fig. 4.15 Relation between mean phosphorus and salinity. Pearson product 
moment correlation coefficient was - 0.60 ( r2=0.364) indicating a statistically 

significant negative correlation ( P<0.05 ). 
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Fig. 4.18 Mean phosphorus and temperature in shrimp culture ponds during 

each culture period ( 1-5 ). 
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statistically significant correlation. 
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Fig. 4.20 Mean silica and temperature in shrimp culture ponds during each culture 
period ( 1-5 ). 
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Fig. 4.21 Relation between mean silica and temperature. Pearson product 
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statistically significant correlation. 
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RESULTS WATER QUALITY DISCUSSION 

Water quality discussion 

The culture ponds selected for this study were about the same size, and, they 

were managed similarly, in terms of pond preparation, stocking density, type 

of feed used, feeding schedule and water exchange. Because of their close 

physical proximity, they were also subject to the same climatic conditions. 

Water quality parameters recorded during the different periods of culture 

indicated acceptable levels for the culture of Litopenaeus vannamei and other 

species in semi-intensive culture conditions as nitrite, unionised ammonia, 

sulphide, nitrate, ( Table 4.2 ), pH and total suspended solids were within 

those given by a number of authors ( Shigueno, 1972; Chen, 1985; Boyd, 

1989,1990; Tsai, 1990; Boyd and Fast, 1992; Boyd et til., 1994; Boyd and 

Tucker, 1998 ). 

Significant temporal differences (P<0.05) over the El Nino, La Nina and 

transition periods were found for the pond phosphorus and silica 

concentrations and for the temperature and salinity values. 

During the first period of culture ( Transition Nina - Nino ), the temperature 

in ponds was around 28 °C and rose to 31 °C in the last month of culture. 

This coincided with the highest mean value of salinity, 38 psu, due to the dry 

season and the water evaporation processes in the ponds. 

Higher temperatures during the second period of shrimp culture ( 30 - 29 OC, 

Feb - Jun 97 ) coincided with intermediate salinities generated by heavy 

rains of the strong El Nino event developing in most of 1997. 
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RESULTS WATER QUALITY DISCUSSION 

The temperature during the third period of culture ( Jul 97 - Jan 98 ) 

remained at 28-29 °C, but salinities fell to 12-18 psu because of heavy 

rainfalls. 

In the second half of 1998, ( Transition Nino - Nina) salinities were in the 

intermediate range 18 - 22 psu and the temperature began to decrease 

sharply at the end of this period. 

The last period of culture, during a La Nina event, represented the lowest 

temperature and salinity recorded (26 °C and 4- 15 psu respectively) due 

to the cool - wet season at the time. 

In this study, the results obtained from natural conditions in ponds with 

respect to the growth and survival of shrimp during the period of the El 

Nino were in accordance with data obtained from experimental laboratory 

procedures showing that L. vannamei survive and grow well in intermediate 

salinities (20 psu) ( Barlett et a!., 1990; Wyban et al., 1995; Ponce-Palafox et 

al., 1997 ). As noted early, the recorded temperature ranges for successful 

growth and survival of L. vannamei in laboratory conditions are 28 - 30 °C 

( Ponce-Palafox et al., 1997 ). 

Phosphorus and silica showed an increase on average from the second 

period of culture Feb 97 - Jun 97 through Sep98 - Feb 99, ( 0.12 mg/L - 0.19 

mg/L, P; 19.2 - 27.7 mg/L,, Si02 ), because of the warm rainy season at that 

time and the increase in the water level from the Chone River. 

110 



RESULTS WATER QUALITY DISCUSSION 

Erosion caused by rainfall and the runoff of streams removes phosphorus 

and silica from rock substrates. This results in a phosphorus and silica 

supply in the soil which is available to plants. The phosphorus and silica are 

absorbed by phytoplankton or plant roots and are used to make organic 

compounds. As animals eat the plants, the phosphorus is passed on to them. 

Decomposing plant or animal tissue and animal droppings return organic 

forms of phosphorus or silica to the water and soil. 

Silica is the major skeletal constituent of diatoms. Before an El Nino, the 

shrimp ponds were found to have a higher concentration of diatoms, with 

reduced free silica levels of 7.16 mg/L. During El Nino and even after the 

transition period Nino - Nina , however they had fewer numbers of diatoms 

and higher levels of free silica ( 19 - 27 mg/ 1), and a high number of blue- 

green algae because the relation between inorganic N: inorganic P was low 

( described further in section 4.2 ). 
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RESULTS 

4.2 Phytoplankton 

PHYTOPLANKTON RESULTS 

Phytoplankton depend upon sunlight, water and nutrients to survive. 

Physical or chemical changes in any of these requirements over time for a 

given location will affect the phytoplankton concentrations there. Thus, 

populations of these marine plants will grow or diminish rapidly in response 

to changes in their environment. Conversely, changes in the trends for a 

given phytoplankton population, such as its density, areal distribution, and 

rate of population growth or diminishment, indicate that environmental 

conditions are changing there. Then, by comparing these phytoplankton 

trends to other measurements, such as temperature or salinity, we can learn 

more about how phytoplankton may be contributing to, and affected by 

environmental change, including climatic conditions. 

Twenty eight genera of phytoplankton were identified from the shrimp 

culture pond water during the study of the five culture periods. 

Chrysophytes ( brown algae ): Chaetoceros, Cocconeis, Cyclotella, Diploneis, 

Leptocylindrus, Melosira, Navicula, Nitzschia, Pleurosigma, Rhizosolenia, 

Thalassiosira, Thalassiotrix. 

Cyanophytes ( blue-green algae ): Anabaena, Anabaenopsis, Chroococcus, 

Oscillatoria, Merismopedia, Raphidiopsis, Romeria, Spirulina. 

Chlorophytes ( green algae ): Ankistrodesmus, Cosmarium, Chlorella, 
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RESULTS PHYTOPLANKTON RESULTS 

Closterium, Coclastrum, Netrium, Phytelios, Spondylosium. 

4.2.1 Period 1. Transition Nina- Nino 

The phytoplankton composition during the first grow-out season November 

1996 - March 1997 ( Transition Nina - Nino) showed, on average, similar 

quantities of Chrysophytes, ( Chaetoceros spp., Navicula spp., Melosira spp. ), 

and Cyanophytes ( Chroococus sp., Oscillatoria spp., Anabaena spp. )( Fig. 4.22; 

4.23 ). The salinity in this period ranged from 39 - 35 psu and the 

temperature from 28-31 °C, ( Figs 4.8.1 and 4.9.1 ). Diversity indices and 

abundance of genera in this period showed no dominance of any particular 

genus and also showed an equitable presence of genera ( Figs 4.32,4.33 and 

4.34). 

4.2.2 Period 2. Nino 

In the second period , February 1997 - June 1997, the dominant algal classes 

were Cyanophytes, mainly Chroococus sp., Oscillatoria spp., Spirulina sp., 

Anabaena sp. and Merismopdeia sp. ( Figs 4.24 and 4.25 ). The salinity was 

between 28 - 11 psu, and the temperature was 28 - 30°C, ( Figs 4.8.2 and 

4.9.2). The diversity indices were high during this period of shrimp 

cultivation (El Nino ), because there was an increase in the number of genera 

and their abundance showed good evenness (no dominance of any specific 

genus) ( Figs 4.32,4.33 and 4.34 ). 
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RESULTS 

4.2.3 Period 3. Nino 

PHYTOPLANKTON RESULTS 

During this period, July 1997 - January 1998, the diversity indices were 

highest because there were more phytoplankton genera and their abundance 

was equitable ( high evenness ), ( Figs 4.32,4.33 and 4.34 ). The main algal 

classes were Cyanophytes, mainly Oscillatoria spp., Chroococus sp., Spirulina 

sp., Anabaena sp., Merismopdeia sp., ( Figs 4.26 and 4.27 ). The salinity range 

was between 12 - 19 psu, and temperature was in the range 28 - 30°C ( Figs 

4.8.3 and 4.9.3). 

4.2.4 Period 4. Transition Nino - Nina 

During the fourth growth-out season, September 1998 - February 1999 

( transition Nino - Nina) the temperature was 26 - 28 °C and the salinity 

was 19 - 22 psu ( Figs 4.9.4 and 4.8.4 ). The phytoplankton community was 

mainly constituted by Oscillatoria spp. ( Figs 4.28 and 4.29 ). A reduced genera 

diversity index and a low number of genera with low evenness were found 

during this period of transition, ( Figs 4.32,4.33 and 4.34 ). 

4.2.5 Period 5. Nina 

In the fifth growth-out season, La Nina, March 1999 - July 1999, the salinity 

was 4- 16 psu, and the temperature was 26 - 28 °C ( Figs 4.8.5 and 4.9.5 ). 

During 1999 Cyanophytes, especially Chroococus sp., Oscillatoria spp., and 

Spirulina sp., were dominant ( Figs 4.30 and 4.31 ). The diversity indices in 
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RESULTS PHYTOPLANKTON RESULTS 

this period were similar to the first growth-out season transition Nina - Nino, 

associated with the number of genera present, but with a low evenness due 

to the dominance of Oscillatoria spp. ( Figs 4.32,4.33 and 4.34 ) 

In summary, during the first period of shrimp culture there were similar 

quantities of Chrysophytes and Cyanophytes. Associated with a salinity 

average of 38 psu and temperature of 29 °C, there was no predominance of 

any particular genus of phytoplankton and also the abundance of the 

occurrence genera was equitable. 

In culture periods 2 and 3, the pond phytoplankton were mainly 

Cyanophytes associated with low to medium salinity (11- 28 psu) and high 

temperature (28 - 30°C) which resulting from the heavy rains of the strong 

El Nino which developed during most of 1997. Diversity indices for the 

phytoplankton were high during this period (El Nino ), because there was 

an increase in the number of genera and their abundance was very even (no 

dominance of a specific genus ). 

During the fourth culture period in the second half of 1998, ( transition Nino 

- Nina ), pond salinities remained in the range 19 - 22 psu, but the 

temperature began to decrease sharply at the end of this period (to 26°C ). 

The main phytoplankton members were still Cyanophytes, but their 

diversity indice was low in this period because of a decreased number of 

genera present and low evenness. 
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RESULTS PHYTOPLANKTON RESULTS 

In the fifth period, the temperature stayed low (26°C) and salinity fell to 10 

psu due to the cool - wet season ( Nina ). The diversity indices were similar 

to those in the first period ( transition Nina - Nino ) with a low evenness 

because of the dominance of one specific group of blue-green algae, 

Oscillatoria spp. 
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ponds September 1998-February 1999. 
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PHYTOPLANKTON DISCUSSION 

Phytoplankton discussion 

Phytoplankton play a significant role in shrimp aquaculture by stabilising 

the whole pond ecosystem and by minimising the fluctuations of water 

quality. Phytoplankton enrich the system with oxygen through 

photosynthesis during daylight hours and lower the levels of C02, NH3, N02 

and H2S. Morever, a healthy phytoplankton community can reduce toxic 

substances in the pond since phytoplankton can consume NH4 and tie up 

heavy metals. 

A stable and manageable algal bloom is more readily achieved if the growth 

of particular algal classes is encouraged. Green algae provide a more stable 

bloom than brown water consisting mainly of diatoms ( Chien, 1992 ). 

However, other shrimp farmers may stimulate diatom blooms through 

preference ( Boyd, 1995 ). Cyanophytes, in contrast, are thought to decrease 

the diversity of other phytoplankton species, resulting in a poor water 

quality ( Burford, 1997). 

The species composition of phytoplankton in the shrimp ponds differed 

between the El Nino, La Nina events and transition periods, with a decrease 

in the diatom community and an increase in the green algae community. 

This was related to changes in the nutrients, e. g. the ratio of nutrients in the 

pond water affects the proportion of different phytoplankton groups present. 

In this study, due to the increase in phosphorus concentration during the 
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culture periods, the ratio of inorganic N: inorganic P were lower than 1.0 

( Table 4.1 ). The dominance of Cyanophytes is mainly attributed to high 

nutrient loading, especially when nitrogen is limited in relation to 

phosphorus ( Schindler 1977; Barica, Klin and Gibson, 1980; Smith 1983 ). 

A low N: P ratio encourages the growth of Cyanophytes ( Rhee and Gotham, 

1980; Seymor, 1980; Yusoff and McNabb, 1989; Paerl and Tucker, 1995 ), 

whereas high nitrate concentrations encourage diatom growth ( Andreoli 

and Tolomio, 1988; Clifford, 1992; Yusoff et al., 2001 ). When the nitrogen 

concentration in culture ponds is high ( the ratio of total N to total P exceeds 

29 in the water column ), Cyanophytes are rare or absent ( Smith, 1983, 

Yusoff and McNabb, 1997 ). Other environmental factors that control 

cyanobacterial dominance are water column stability and the buoyancy 

ability of blue green algae ( Reynolds, 1987; Paerl, 1988; Paerl and Tucker, 

1995 ), low light availability ( Smith, 1986 ), high pH and low carbon dioxide 

concentrations ( King, 1970; Shapiro, 1984 ), warm water temperatures 

( Tilman et. al, 1986; McQueen and Lean, 1987; Paerl and Tucker, 1995 ) 

and salinity. Lowell and Broce (1985) notice a musty odour to shrimp takes 

from culture pond and found these to be high concentrations of geosmin. The 

occurrence of the blue-green algae, which produced the off flavor in the 

shrimp, was due to the reduction in salinity in the coastal culture ponds. 
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The toxic effects of blooms of Oscillatoria species on farmed tiger shrimp (P. 

monodon) and Japanese kuruma shrimp (P. japonicus ), have been described 

by Smith ( 1995,1996 ). A similar toxicity by Spirulina subsalsa on the blue 

shrimp P. stylirostris has been reported by Lightner ( 1978 ). Despite these 

findings, during the El Nino period in the present study, Oscillatoria limnetica 

and Oscillatoria amphigranulata occurred at a concentration of 35000 - 60000 

cell /rnl and Spirulina sp. ( 35000-60000 cell/ml ), but were associated with 

better yields and survival of L. vannamei ( Retamales, 2000 ). Some 

publications suggest that cyanobacteria may produce substances toxic to 

bacteria ( Davis and Gloyna, 1972; Mezrioui et al., 1994; Oufdou et al., 

1998), hence the effect of Oscillatoria spp. and Spirulina sp. on cultured shrimp 

may be positive under certain conditions. 
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RESULTS 

4.3 Bacterial results 

BACTERIAL RESULTS 

Various types of association between aquatic invertebrates and their gut 

microflora have been reported ( Moss et al., 1992,1995; Moss and Pruder, 

1995; Moss et al., 2000,2001 ). Microorganism species may either be ingested 

transients or residents, and their presence has different implications for the 

host. Activities of the host, such as bioturbation or production of 

bacteriocidal substances, may enhance or inhibit the growth of 

microorganisms while, conversely, the same microbes have been reported to 

inhibit some activities of their invertebrate host, e. g., pathogenic bacteria 

( Harris, 1993 ). The most commonly reported association between aquatic 

invertebrates and gut microbes is that of ingestion of bacteria (Harris, 1993 ). 

Thus, bacteria present in the environment can enter a shrimp host through 

the ingestion of food items or rearing in water loaded with high numbers of 

microbes. 

Twelve genera of heterotrophic aerobic bacteria were identified from the 

intestines of Litopenaeus vannamei sampled during the suty of the five shrimp 

culture periods: these were Xanthomonas, Vibrio, Pseudomonas, Providencia, 

Moraxella, Klebsiela, Flavobacterium, Cytophaga, Citrobacter, Alcaligenes, 

Aeromonas and Acinetobacter. In some periods of shrimp culture, a disease 

outbreak was observed after 30 to 90 days. In the initial stage of the disease 

(2-3 days ), affected shrimp showed a yellowish body discolouration, 
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which became reddish after about 6-8 days. The affected shrimp were 

anorexic, lethargic, swam near to the surface water, and were found dying 

near to the dikes of the ponds, suggesting that the culture system was under 

severe stress. The Vibrio bacteria isolated from these periods were dominated 

( 90 % presence ) by the species V. harveyi and V. parahaemolyticus, with a 

density range from 105 -107 cfu/g. On average these Vibrio species represent 

only a 20% of total Vibrio during El Nino conditions. 

4.3.1 Period 1. Transition Nina - Nino 

Eleven genera of bacteria were identified in this period, represented mainly 

(on average ) by Vibrio spp. ( 33.75% ), Pseudomonas spp. ( 18.75% ) and 

Moraxella spp. ( 13.75 %)( see Table 4.3; Fig. 4.35 ). There was a distinct 

increase in temperature from 29 to 31 °C ( Fig. 4.9.1) around sixty days of 

culture and a disease outbreak occurred as described above, which affected 

the final survival of the shrimp ( 33.9 %) and their yield ( 444 kg/ha) (Table 

4.5 ). Moreover, there was a high ratio recorded between the number of 

presumptive Vibrio ( PV) and total heterotorophic aerobic bacteria (THAB ) 

( from 0.73 - 0.96, average 0.86 ), (Fig. 4.36; Table 4.4 ), particularly in the 

final phase of the culture. The diversity indices were low in this period 

( Fig. 4.37,4.38 ), associated with a low evenness because of the 

predominance of Vibrio species in the intestine of the shrimp's bacterial flora 

( Fig. 4.39 ) 
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4.3.2 Period 2. Nino 

BACTERIAL RESULTS 

Twelve genera of bacteria were identified in this period, represented mainly 

by Moraxella spp. ( 17.5% ), Pseudomonas spp. ( 12.5%) and Cytophaga spp. 

( 10.0 %) and Vibrio spp. ( 8.75 % ), ( Table 4.3; Fig. 4.40 ). There was a stable, 

high temperature from 29 to 31 °C (Fig. 4.9.2) and no disease outbreak was 

observed. A low percentage of Vibrio bacteria ( average 8.75 %) ( Table 4.3 

), and a low ratio between the number of PV and THAB ( 0.58) (Fig. 4.41; 

Table 4.4 ) were recorded. These findings were associated with high 

diversity indices ( Figs 4.42 and 4.43, ) and a high proportional abundance of 

the different bacteria genera ( evenness )( Fig. 4.44 ). The survival rate of L. 

vannamei at harvest was 69 % and the yield was 919 kg/ha (Table 4.5 ). 

4.3.3 Period 3. Nino 

Twelve genera of bacteria were identified during this period, represented 

mainly (on average ) by Vibrio spp. ( 18.33% ), Moraxella spp. ( 16.67% ), 

Pseudomonas spp. ( 14.17% ) and Flavobacterium spp. ( 8.33 % ), ( Table 4.3, 

Fig. 4.45 ). There was a stable pond temperature of 28 to 29 °C ( Fig. 4.9.3 ) 

and a salinity range from 12 - 19 psu ( Fig. 4.8.3 ). A short disease outbreak 

was observed after 90 days of culture. The average ratio between the number 

of PV and THAB was 0.71 (Fig. 4.46, Table 4.4 ). This was associated with 

low diversity indices after 90 days of culture ( Figs 4.47 and 4.48) because 

of the decrease in the number of bacteria genera present ( Fig. 4.49 ). The final 
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survival of shrimp at harvest was 45 % and their yield was 725 kg/ha, 

(Table 4.5). 

4.3.4 Period 4. Transition Nino - Nina 

Seven genera of bacteria were identified in this period, mainly constituted by 

Vibrio spp. ( 23.0% ), Pseudomonas spp. ( 21.0% ), Moraxella spp. (10 %) and 

Aeromonas spp. ( 10.0 % ), ( Table 4.3; Fig. 4.50 ). There was a decrease in the 

average pond temperature from 28 to 26 °C (Fig. 4.9.4) and salinities ranged 

from 19 - 22 psu ( Fig. 4.8.4 ). A disease outbreak was observed after 50 days 

of culture. The average ratio between the number of PV and THAB was 0.79 

with a range of 0.85 - 0.65 from fifty days onwards in the culture cycle 

( Fig. 4.51; Table 4.4 ). This was also associated with low diversity indices 

(Figs 4.52 and 4.53) after 50 days of culture because of the predominance of 

Vibrio and Pseudomonas bacteria ( Figs 4.50 and 4.54 ). The final survival rate 

of the cultured shrimp stock was 34.5 % and their yield was 499 kg/ha 

(Table 4.5 ). 

4.3.5 Period 5. Nina 

Seven genera of bacteria were identified in this period, mainly represented 

by Vibrio spp. ( 36.25% ), Pseudomonas spp. ( 16.25%) and Aeromonas spp. ( 8.75 

%) as shown in Table 4.3 and Fig. 4.55. There was a decrease in pond 

salinity from 14 -4 psu, (Fig. 4.8.5 ), and also in the temperature 28 - 26 °C 
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( Fig. 4.9.5) during this culture cycle. A disease outbreak was observed after 

35 days of culture. The average ratio between the number of PV and THAB 

was 1.03, with a range of 0.82 - 1.2 (Fig. 4.56; Table 4.4 ). This was associated 

with low diversity indices for the gut bacteria ( Figs 4.57 and 4.58 ) due the 

predominance of Vibrio and Pseudomonas species ( Figs 4.55 and 4.60 ). The 

final survival of the shrimp stock was 32.5 %, with a yield of 443 kg/ha 

(Table 4.5 ). 

Based on an analysis of the bacterial diversity indices between the five 

shrimp culture periods (the combined data are shown in Figs 4.60 and 4.61), 

high indices of diversity can be seen during February'97 ( El Nino event ) 

when pond temperatures were 29°C ( on average) and salinity 28 psu, i. e. 

near to the optimal temperature and salinity conditions for L. vannamei 

( Barlett et al., 1990; Wyban et al., 1995; Ponce-Palafox et al., 1997 ), and 

there was no predominance of any particular genus of bacteria during the 

February 97 ( El Nino ) period (Fig. 4.62 ). During the second period, from 

July 97 ( El Nino ), despite the presence of optimal temperature conditions 

( on average 29°C ), the mean salinity was only 15 psu, making it necessary 

for the shrimp to compensate osmotically, making them more susceptible to 

disease. 

Low bacterial diversity indices during the ransition and La Nina periods 

( Figs 4.60 and 4.61) were observed because of a decrease in the number of 
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bacteria genera and predominance of Vibrio species. Moreover, low salinity 

and or low temperature increase the occurrence of more virulent species of 

Vibrio, ( Prayitno et al., 1995; Liu et al., 1996b; Shivappa, 1997 ). The 

mechanism of increase virulence is unknown but Farghaly ( 1950 ) 

demonstrated that low salinity reduced the growth rate of luminous bacteria. 

These stresses may induce or enhance the expression of virulence genes. 
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Fig. 4.37 Indices of diversity ( information content, ) for genera of 
heterotrophic aerobic bacteria during the shrimp culture cycle Nov 96- Mar 97 ( Period 1 ). 
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Fig. 4.38 Indices of diversity ( number, .. 
) for genera of heterotrophic aerobic 

bacteria during the shrimp culture cycle Nov 96- Mar 97 ( Period 1 ). 
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Fig. 4.39 Indices of abundance for genera of heterotrophic aerobic bacteria from different 
culture days Nov 96- Mar 97 ( Period 1 ). 
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Fig. 4.42 Indices of diversity ( information content, .. .) 
for genera of heterotrophic 

aerobic bacteria during the shrimp culture cycle Feb 97- Jun 97 ( Period 2 ). 
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Fig. 4.43 Indices of diversity ( number, ... 
) for genera of heterotrophic aerobic 

bacteria during the shrimp culture cycle Feb 97- Jun 97 ( Period 2 ). 
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Fig. 4.44 Indices of abundance for genera of heterotrophic aerobic bacteria from 
different culture days Feb 97- Jun 97 ( Period 2 ). 
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Fig. 4.47 Indices of diversity ( information content, ... 
) for genera of heterotrophic 

aerobic bacteria during the shrimp culture cycle Jul 97- ]an 98 ( Period 3 ). 
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Fig. 4.48 Indices of diversity ( number, ... 
) for genera of heterotrophic aerobic 

bacteria during the shrimp culture cycle Jul 97- Jan 98 ( Period 3 ). 
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Fig. 4.49 Indices of abundance for genera of heterotrophic aerobic bacteria 
from different culture days Jul 97 - Jan 98 ( Period 3 ). 
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Fig. 4.52 Indices of diversity ( information content, ... 
) for genera of heterotrophic 

aerobic bacteria during the shrimp culture cycle Sep 98 - Feb 99 ( Period 4 ). 
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Fig. 4.53 Indices of diversity ( number, ... 
) for genera of heterotrophic aerobic 

bacteria during the shrimp culture cycle Sep 98 - Feb 99 ( Period 4 ). 
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Fig. 4.54 Indices of abundance for genera of heterotrophic aerobic bacteria from different 
culture days Sep 98- Feb 99 ( Period 4 ). 
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Fig. 4.57 Indices of diversity ( information content, ... 
) for genera of heterotrophic 

aerobic bacteria during the shrimp culture cycle Mar 99 - Jul 99 ( Period 5 ). 
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Fig. 4.58 Indices of diversity ( number, .. .) 
for genera of heterotrophic aerobic 

bacteria during the shrimp culture cycle Mar 99 - Jul 99 ( Period 5 ). 
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Fig. 4.59 Indices of abundance for genera of heterotrophic aerobic bacteria from different 
culture days Mar 99 - Jul 99 ( Period 5 ). 
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Fig. 4.60 Indices of diversity ( information content, ... 
) for genera of 

heterotrophic aerobic bacteria from different culture periods. 
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BACTERIAL DISCUSSION 

Bacterial discussion 

Most of the genera of heterotrophic aerobic bacteria identified from the 

intestines of Litopenaeus vannamei in this study have already been identified 

as common gut flora in different species of Penaeus, both in the natural 

environment and in shrimp reared under experimental laboratory 

conditions, in hatcheries, and in culture ponds. These include: P. aztecus 

( Vanderzant et al., 1970; Vanderzant et al., 1971; Dempsey and Kitting, 

1987; Dempsey and Kitting, 1989 ); P. schmitti ( Pagnocca et al. 1991 ); P. 

japonicus (Yasuda and Kitao, 1980; Sano and Fukuda, 1987 ); P. monodon 

( Fonseka , 1990 ; Ruangan and Kitao, 1991; Sung et al., 1999; Otta et al., 

2001; Sung et al., 2001 ); juvenile L. vannamei ( Gomez-Gil et al., 1998 ); P. 

indicus ( Kumar and Dube, 1990; Hameed, 1993 ); and P. californiensis 

( Hernandez Lopez et al., 1997 ) 

Apparently healthy shrimp contain constant low levels of gut bacteria, 

especially Vibrio spp. ( Lightner, 1988; Gomez-Gil et al., 1998; Li et al., 2000), 

although their mechanisms of defense seem capable of controlling these 

bacteria under normal circumstances ( Lightner, 1988 ). Conversely, bacteria 

that may be part of the shrimp's normal microflora are found to cause 

disease in stressed shrimp ( Lightner and Lewis, 1975; Liu and Chen, 1988; 

Lightner, 1996a; Li et al., 2000 ). Vibriosis in penaeids is generally recognized 

as an infection influenced by factors such as stress, environmental failures, 
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and the presence of high numbers of potentially pathogenic bacteria ( Chen, 

1992; Nash et al., 1992; Mohney et al., 1994; Ruangpan et al., 1995 ). In 

general, a stressed environment results in a decrease in the diversities of the 

microbial community and an increase in the numbers of functionally specific 

microbial groups ( Dean-Ross and Mills, 1989; Atlas c't al., 1991; 

Geiselbrecht et al., 1996 ). 

The clinical signs of shrimp affected by pathogenic bacteria during the 

transition and La Nina periods of culture in the present study were similar to 

those observed by Liao et al., (1977) and Alapide and Dureza, ( 1997). The 

shrimp body showed a yellowish discolouration and in the final stages of the 

disease became reddish, with the shrimp becoming lethargic and anorexic. 

The shrimp died near the pond dikes. The red discolouration is due to the 

distribution and deposition of hepatopancreatic carotenoids by the 

haemolymph into other tissues (Lightner and Redman, 1985 ). 

The predominance of Vibrios, ( 23.0 - 36.5 % ), especially V. harveyi and V. 

parahaemolyticus, observed in the intestines of shrimp during disease 

outbreaks of cultured L. vannamei, the low genera diversity, no toxic levels in 

physico-chemical parameters, namely unionised ammonia, nitrite or 

sulphide were recorded in these periods, suggested that vibriosis was 

associated with shrimp mortalities, brought about by strong changes in 

temperature and salinities associated with the climatic transition and La 
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Nina periods, ( Retamales, 2001 ). In view of these results and in order to 

assess the absence or presence of other infectious agents, such as TSV or 

IHHN virus, shrimp samples fixed in Davidson's fixative ( Humason, 1972 ) 

and stored in 70% ethanol, were sent to a laboratory ( Acuatecnos, 

Guayaquil ) for histological examination and DNA analysis using a 

ShrimProbeTM, DiagXotics® test kit. The laboratory samples revealed the 

absence of these viruses and the presence of typical vibriosis tissue lesions. 

Decreases in the diversity of the Vibrio community were observed in pond 

water and in the hepatopancreas from diseased and healthy P. ntonodon 

cultured in Taiwan ( Sung et al., 1999; Sung et al., 2001 ), but there were no 

data offered to relate this reduction in diversity to any change in abiotic 

parameters of the pond water. 

In a natural ecosystem, the microbial community exists in a dynamic state, 

and it is not only very susceptible to the stresses to which an ecosystem is 

subject, but also is strongly influenced by the seasons. Williams and LaRock 

( 1985 ) showed that in an estuarine environment, similar to the L. vannamei 

culture pond, the prevalence of Vibrio species varied according to the season. 

Vibrio harveyi, the causative organism of luminous vibriosis, is part of the 

normal flora of warm near-shore marine waters ( Pizzuto and Hirst, 1995 ). 

They are commonly termed as the free-living bioluminescent bacteria which 

can attach to the surfaces of marine crustaceans ( O'brien and Sizemore, 
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1979 ) or can be ingested by the host and establish residence in the gut. 

Shrimp mortalities associated with V. harveyi have been reported in Penaeus 

monodon and Penaeus vannamei in : Indonesia ( Sunaryanto and Mariam, 1986 

) Thailand ( Jiravanichpaisal et al., 1994 ), India ( Karunasagar et al., 1994 ), 

the Philippines ( Baticados et al., 1990; Lavilla-Pitogo et al., 1990; Lavilla- 

Pitogo, et al., 1998), Australia ( Pizzutto and Hirst, 1995 ), Taiwan ( Song 

and Lee, 1993; Liu et al., 1996a, 1996b ) and Ecuador ( Robertson et al., 1998; 

Alvarez, et al., 1998 ). 

In the study of Lavilla-Pitogo et al. (1992 ), luminescent bacteria were found 

in the midgut contents of P. monodon spawners and pond-reared juveniles. 

Continuous exposure of shrimp postlarvae to high numbers of V. harveyi in 

the environment can easily cause primary vibriosis as the bacteria are able to 

multiply on larval surfaces in P. monodon (Lavilla-Pitogo et a1., 1990 ). 

Environment factors such as low salinity and temperature ( conditions found 

during the transition and La Nina periods ) increase the virulence of V. 

harveyi to P. monodon, resulting in significant mortalities ( Prayitno et al., 

1995; Liti et al., 1996b; Shivappa, 1997 ). 

Disease outbreaks attributed to V. parahaemolyticus have been observed in 

nursery or growout ponds of L. vannamei, P. monodon, M. japonicas and L. 

stylirostris in Ecuador ( Lightner, 1992 ), Malaysia ( Anderson et al., 1988 ), 

Taiwan ( Song et al., 1993 ), the Philippines ( Alapide-Tendencia and 
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Dureza, 1997 ), Japan ( Takahashi et al., 1985; de la Pena et al., 1993) and 

New Caledonia (Costa et al., 1998; Mermoud et al., 1998) . 

Vibrio parahaemolyticus is found frequently in surface sediments when the 

surrounding water column conditions are unfavourable, e. g. low 

temperature (Kancho and Colwell, 1973; Kancho and Colwell, 1978; Joseph 

et al., 1983 ). This Vibrio species has been reported to produce septicemia in 

crustaceans ( Thune et al., 1991 ), including P. monodon ( Anderson et al., 

1988 ). At 27 °C and 35 psu shrimp demonstrate an age susceptibility that 

depends on the Vibrio species and dose level ( 1O 5 -10' CFU/ml) (Aguirre- 

Guzman et al., 2001 ). The species V. harveyi and V. parahaenzolyticus, in 

particular, induced significant mortality rates only at high doses in L. 

vannamei ( Aguirre-Guzman et a!., 2001). 

All of the above suggests that a reduction in bacterial diversity in shrimp 

ponds may not only indicate environmental stress, but might also be a useful 

predicator for the occurrence of disease in cultured shrimps. Because of their 

short generation time, microorganisms are known to respond rapidly to such 

changes in their surrounding environment. Thus the composition of the 

community of microorganisms, or more strictly of a particular taxonomic 

group, can be used as an indicator of prevailing environmental quality, or of 

changes in that quality ( Hellawell, 1986). 
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4.4 Harvest and shrimp performance results 

The statistical analysis of shrimp growth data was performed using linear 

regression analysis and one-way analysis of variance at each sampling period 

to determine whether the growth rate of cultured L. vannamei differed 

significantly between the five periods of culture. 

As expected, for all five culture periods there was a highly significant 

positive correlation between the size of L. vannamei and the duration of 

culture. In each case the Pearson product moment correlation coefficient was 

0.99, r2 = 0.99, ( Figs 4.63 to 4.67 ) 

4.4.1. Period 1. Transition Nina - Nino 

The mean shrimp survival during period 1 was 33.8%, with a mean shrimp 

weight of 10.8 g., and a mean yield of 444 kg/ha. The mean instantaneous 

growth rate was 7.28 %, (% body weight gained per day ), and the mean 

feed conversion ratio was 1.65 ( total dry feed consumed/total wet weight 

gained) (Table 4.5). 

4.4.2. Period 2. Nino 

In period 2, the mean shrimp survival improved to 69.0%, with a mean 

weight of 12.1 g. The mean instantaneous growth rate was 7.38 %, the mean 

feed conversion ratio was 1.22 and the mean yield was 919 kg/ha (Table 4.5 

). Thus the survival and yield of cultured shrimp was more than double that 
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of period 1. The equivalent FCR represents only 73 % of the value in period 1, 

i. e., 27% less feed was consumed in period 2, while the shrimp were larger 

by 12%. 

4.4.3. Period 3. Nino 

Mean shrimp survival was 45.5% in period 3 with a mean weight of 12.1 g., 

leading to a mean yield of 725 kg/ha ( Table 4.5 ). The mean instantaneous 

growth rate was 7.38 %, and the mean feed conversion ratio was 1.31. 

Survival was better than in period 1, but 35 % less than that of period 2 

because of a short disease outbreak that occurred in this period. Overall, 

period 3 was characterised by a good performance in terms of shrimp yield, 

FCR and instantaneous growth rate. 

4.4.4. Period 4. Transition Nino - Nina 

Mean shrimp survival in period 4 was 34.5%, with a mean weight of 11.3 g. 

generating a mean yield of 499 kg/ha ( Table 4.5 ). The instantaneous 

growth rate was 7.32 %, with a mean feed conversion ratio of 1.76. These 

performance data represent an approximate 50% decrease in survival and 

yield compared to the shrimp crop in period 2, and a higher FCR compared 

to that in period 2. 

4.4.5. Period 5. Nina 

Mean shrimp survival was 32.5%, with the surviving shrimp reaching a 
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mean weight of 12.4 g. The mean instantaneous growth rate was 7.4 %, mean 

feed conversion ratio was 1.98 and the mean yield was 443 kg/ha ( Table 

4.5). In this period, the significant difference observed in the final weight 

( P<0.05) with respect to the other culture periods, was due the relationship 

between shrimp growth-density, because mortality, occurred mainly during 

a serious disease outbreak, which decreased the number of shrimp per ha. 

Despite this, and a poor FCR (39 % more feed consumed than in period 2) 

the yield obtained was almost half ( 48%) that obtained during period 2. 

In summary, there were significant differences in the mean growth rate of 

shrimp between the five different culture periods ( P< 0.05 )( Fig. 4.68 ). 

Despite this, it can also be seen that there was a convergence of individual 

shrimp weight to around 11- 13 g. at 115 - 125 days of culture. 

The performance of cultured shrimp was significantly different ( P<0.05 ) 

between the El Nino and La Nina or transition climatic periods. Overall the 

mean survival, the feed conversion ratio and the yield were better during the 

El Nino culture periods, i. e. 45 - 69 %, 1.22 - 1.31 and 725- 919 kg/ha 

respectively. 

Pooling the data from all the culture periods under these natural conditions, 

the interaction between the effects of temperature and salinity are clear from 

the surface response on shrimp survival and the yield over the days of 

culture in the ponds ( Figs 4.69 and 4.70 ). The best survival (60 - 70 %) and 

yield ( 900 - 1000 kg/ha ) coincided with a temperature range of 28 to 30 °C 
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and a salinity range of 20 - 30 psu (Table 43 ). 

Although the mean instantaneous growth rate of L. vannamei was slightly 

improved during the La Nina phase, there was simultaneously a strongly 

negative effect on survival ( 32.5% ), FCR ( 1.98 ) and yield ( 443 kg/ha ) 

during this climatic period. 
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Fig. 4.1 Mean growth ( ±SD ) of L. vannameiwith time in a 6.0 ha pond during 
culture Period 1. November 96 - March 1997. Pearson product moment correlation 

coefficient = 0.99, (r2=0.99 ). 
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Fig. 4.2 Mean growth ( ±SD) of L. vannameiwith time in a 6.0 ha pond during 

culture Period 2. February - June 1997. Pearson product moment correlation coefficient = 
0.996, (r2=0.99 ). 
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Fig. 4.3 Mean growth ( ±SD) of L. vannameiwith time in a 6.0 ha pond during 
culture Period 3. July 1997 - January 1998. Pearson product moment correlation coefficient 

= 0.99, (r2=0.99 ). 
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Fig. 4.4 Mean growth ( ±SD) of L. vannameiwith time in a 6.0 ha pond during 
culture Period 4. September 1998 - February 1999. Pearson product moment correlation 

coefficient = 0.99, (r2=0.99 ). 
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Fig. 4.5 Mean growth ( ±SD) of L. vannameiwith time 6.0 ha pond during 
culture Period 5. March - July 1999. Pearson product moment con-elation coefficient = 

0.999, (r2=0.999 ) 
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Fig. 4.6 Overall comparison of the mean growth (± SD) of L. vannamei in the 
five culture periods studied between November 1996 and March 1999. 
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Fig. 4.7 Response surface showing final survival of L. vannameiat different 
temperatures and salinities over a culture period of 119 days. The contours lines 

show final survival (%). 
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Fig. 4.8 Response surface showing final yield of L. vannameiat different 
temperatures and salinities over a culture period of 119 days. The contours lines 

show yield ( kg/ ha ). 
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GENERAL DISCUSSION 

S. GENERAL DISCUSSION 

Pond aquaculture production in Ecuador now exceeds 62,111 mt per annum, 

due principally to the production of white shrimp Litopenaeus vannamei, 

( FAO, 2001 ). This species is reared semi-intensively in earthen and 

mangrove forestry farms and its growth potential is year-round. 

In Ecuador, shrimp farmers encounter two distinct growing seasons 

characterised as a "dry season" and a "rainy season". Large differences in 

shrimp survival, and therefore in production, between these seasons are 

typical. Despite this, there is little information available from the literature in 

Ecuador on how these seasonal events affect shrimp culture. Under similar 

conditions of semi-intensive shrimp culture in Honduras, Teichert- 

Coddington et cal. ( 1994 ) showed that temperature, was the major 

environmental factor determining seasonal production in Honduran shrimp 

farms. 

Nowadays the extreme climatic events known as "El Nino", characterised by 

warm ocean temperatures and an associated rainy season, and "La Nina", 

featuring unusually cold ocean temperatures and dry season, are considered 

natural components of the ocean-atmosphere system within the equatorial 

Pacific. Although the general features of these climatic phenomena are well 

known, their affects on shrimp farming in Ecuador have not been fully 

explained until now. These events can change the properties (conditions) in 

161 



GENERAL DISCUSSION 

the natural environment, especially the natural water sources from which the 

water supply for shrimp culture ponds is obtained. Therefore, it was 

considered necessary to look critically at how some of the basic water quality 

and related environmental parameters in shrimp ponds affect the 

performance of cultured shrimp in Ecuador. 

A sufficient supply of good quality water is essential to any aquaculture 

operation, as water quality affects both the growth and the survival of 

aquatic organisms ( Tsai, 1990; Boyd, 1990; Boyd and Tucker, 1998 ). The 

criteria for good water quality vary with the kind of organism cultured and 

are established by safe levels, i. e. physical and chemical properties of water 

which have insignificant adverse effects on growth and survival. The factors 

controlling the composition of pond water are varied, and include physical, 

chemical and biological processes ( Boyd and Tucker, 1998; Boyd and 

Massaut, 1999 ) 

The changes in water quality in the shrimp ponds studied in the Chone River 

estuary showed no significant temporal differences in nitrite, nitrate, 

unionised ammonia, sulphide, pH and total suspended solids, ( and these 

were within acceptable levels for L. vannamei ). However, significant 

temporal differences in shrimp pond temperature and salinity values and in 

the phosphorus and silica concentration were revealed over the five shrimp 

production cycles which were monitored. 
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Diatoms (brown algae ), cyanophytes (blue green algae), and chlorophytes 

( green algae ) were the common groups of phytoplankton found in the 

ponds. 

The changes in some pond nutrient concentrations found in the pond water 

during different periods of shrimp culture, affected the composition and 

diversity of the phytoplankton community in the water pond because 

cyanophytes dominated the phytoplankton community. In this study, the 

values of inorganic nitrogen: inorganic phosphorus were lower than 1. As 

many other research have indicated, low N: P ratios encourage the 

dominance of cyanophytes ( Rhee and Gotham, 1980; Seymor, 1980; Yusoff 

and McNabb, 1989; Paerl and Tucker, 1995 ). Another environmental factor 

that seems to control the dominance of cyanophytes is salinity. Lowell and 

Broce, ( 1985 ) observed in pond-cultured shrimp, imported into the United 

States, high concentrations of geosmin, a musty odorous compound. The 

cause of this occurrence of off-flavour in the shrimp was the reduction in 

salinity in the coastal culture ponds, which allowed the growth of geosmin- 

producing blue-green algae. 

The average survival and yield of Litopenaeus vannaniei was 69% and 919 

kg/ha respectively during the El Nino periods, even though cyanophytes 

were the dominant phytoplankton present in the ponds. However they did 

not develop into a bloom, which is usually characterised by the dominance of 
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one or two nuisance species. According to Paerl ( 1988 ), blooms exist as a 

massive accumulation of a single, or less often two coexisting species, with 

the species present accounting for as much as 90 % of the resident biomass of 

phytoplankton. Cyanophytes did not reach such critical levels during any of 

the five culture cycles studied in Ecuador. 

Moreover, although cyanophytes are thought to decrease the diversity of 

phytoplankton species, resulting in poor water quality ( Burford, 1997 ), an 

important point regarding the semi-intensive shrimp cultures operated in 

Ecuador, is that no negative effects on the main water quality parameters 

( nitrite, unionised ammonia, pH, total suspended solids and sulphide 

concentration) were recorded in the present study. However, this conclusion 

is based on rather limited information published on the lethal and sub-lethal 

affects of such water quality on culture shrimp (Table 4.2 ). 

Water quality also plays a major role indirectly via its affects on shrimp 

health: any deterioration, or strong change in water quality causes stress to 

shrimp and brings about disease caused by the invasion of opportunistic 

pathogens such as Vibrios in shrimp culture. Vibrios are autochthonous 

bacteria of estuarine and marine waters, ( Garay et al., 1985 ). Their 

occurrence and distribution are seasonal, ( Williams and La Rock, 1985 ) 

and they are temperature and nutrient dependent because of their 

physiological state (Baross and Liston, 1970 ). 
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The present study revealed ( as discussed previously in the bacterial section ) 

similar relationships between the temperature and salinity in shrimp ponds 

and the changes in the diversity of bacteria in the intestines of L. vannamei. 

Lower temperature and salinity promoted the predominance of Vibrio 

genera, particularly V. harveyi and V. parahaemolyticus. This suggests that 

these bacterial species were the cause of the disease outbreaks observed 

during some of the shrimp culture periods, particularly during the transition 

and La Nina seasons. Despite the absence of TSV and IHHN viruses, which 

were not detected in the laboratory by histology and shrimp probe testing, 

the moribund shrimp encountered in the culture ponds exhibited classical 

anatomophatologic septicemic vibriosis. This observation leaves open the 

question of whether these bacteria are only opportunistic pathogens 

responsible for a secondary infection and are there any other infectious or 

toxic agents involved ? Whatever the primary causes of the disease outbreaks 

observed during the shrimp culture cycles associated with the transition or 

La Nina climatic phases, disease affected the performance parameters of the 

shrimp farm, especially the survival and the final yield of the shrimp stock. 

Higher shrimp yields were correlated positively with higher stock survival 

rates during the culture cycles in which no disease outbreaks were observed 

( El Nino ) and environmental factors such as temperature - salinity 

interaction remained around 28 to 30 OC and 20 - 30 psu (i. e. near the 
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optimal ranges for L. vannamei ). 

Further studies need to be done to understand the species composition of the 

microbial community in relation to cultured shrimp and their pond 

environment. Such as, to what extent are pond microbial communities 

determined by chance ( stochastic ), and how are they influenced by 

predictable factors ( deterministic ) which allow one species to grow and 

divide more rapidly than others, thus becoming numerically dominant 

(Moriarty, 1998) ? 

This study also provides a small contribution to the knowledge about the 

aerobic heterotrophic bacterial diversity observed in the gut of shrimp 

during periods where no disease outbreaks were observed. In theory it could 

be possible to manipulate, the bacterial species composition during disease 

outbreaks by seeding a number of desirable strains of bacteria into the pond. 

According to Smith (1993 ) the microbial species composition in aquaculture 

ponds can be changed by adding selected species to displace deleterious 

common bacteria. Success depends upon defining the ecological process or 

processes to be changed, the types of deleterious species that are dominant, 

the desirable alternative species or strains of bacteria that could be added 

( Havenaar et al., 1992; Moriarty, 1998 ). The bacteria that are added must be 

selected for specific functions ( e. g. colonization of digestive tract ) and be 
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added (e. g. shrimp feed ) at a high enough population density, to achieve 

the desired outcomes. 

Climate cannot be controlled, but farm management can take its 

predictability into account. Shrimp farmers have to learn to live with a 

complex community of microbes and manage them. The use of beneficial 

bacteria ( probiotics ) to displace pathogenic bacteria by competitive 

processes is one of the possible tools that can be used rather than 

administering antibiotics ( Queiroz and Boyd, 1998; Gomez-Gil et al., 2000 ). 

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

1. The general environment of the Chone River estuary in Manabi 

Province, offers favourable conditions for shrimp culture during the El 

Nino climatic events, rather than during La Nina event or the 

transitional climatic periods of this region of Ecuador. 

2. There were significant temporal differences in the shrimp pond 

temperature and salinity values, and in phosphorus and silica 

concentrations, between the El Nino, La Nina and transition periods. 

These changes affected the phytoplankton species composition and its 
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diversity, because the ratio of inorganic N: inorganic P, warm water 

temperature and low salinity encouraged the growth of cyanophytes. 

3. Environmental stress, i. e. strong changes in temperature and salinity 

levels such as in the transition and La Nina periods resulted in a 

decrease in the diversity of the microbial community in the intestines 

of shrimp and an increase of specific microbial group. Due to the 

prevalence of Vibrio species ( V. parahaemolyticus and V. harveyi) it is 

suggested that these species could have been the causative agents of 

the disease outbreaks experienced during these climatic periods. 

4. Shrimp performance indices, i. e. survival, yield, harvest weight, feed 

conversion ratio, during El Nino were better, on average, than during 

the transition or La Nina periods, ( Table. 4.5 ). According to these 

findings, temperature, salinity and the interaction between 

temperature and salinity were correlated with disease outbreaks 

observed during the periods of shrimp culture associated with these 

climatic conditions. 

S. The reduction in phytoplankton and microbial diversity observed in 

this study indicated not only environmental stress during certain 

shrimp culture periods, but also may serve as a useful predictive 

indicator for the occurrence (or risk ) of disease outbreaks in shrimp 

culture. 
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6.2 Recommendations 

Based on the findings of the present study, the following are tentative 

recommendations ( guidelines) for management strategies to overcome, or 

minimize, the adverse impacts of unfavorable climatic events on shrimp 

culture in Ecuador 

> Shrimp stocking and shrimp age 

A reduction of shrimp stocking density to 6-7 post larvae/m2, using PLs 

20 days because of the relationship between the age of PL salinity end 

point and rate of salinity reduction during acclimation of L. vannamei 

postlarvae (e. g. gills are more developed) ( Garza et al., 2001; McGraw et 

al., 2002 ). 

> Monitoring water quality 

More emphasis should be given to continuous monitoring programs 

during transitional periods for temperature, salinity and nutrients, such 

as inorganic nitrogen, inorganic phosphorus and silica, and their 

potential use as a indicators of the environmental changes. 

¢ Monitoring health conditions of shrimp during sampling. 

Regular monitoring of shrimp health condition such as external signs 

( colour of shrimp, soft shell, external fouling, changes in the gills, gut, 
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muscle ) can also be used to identify the onset of problems in shrimp 

culture during these adverse climatic periods. 
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