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ABSTRACT
Fishing is one of the main economic activities in Zanzibar. A few fish dealers are transforming this sector into mariculture. Among farmed fish is milkfish. Diseases are among the most important limitations in development of mariculture. Among others, vibriosis, a zoonotic disease of fish caused by bacteria from the genus Vibrio, is reported to cause significant losses in the industry. This study aimed at establishing the occurrence of Vibrio cholerae and Vibrio parahaemolyticus in milkfish farms in Zanzibar, and the risk factors associated with their occurrence. A questionnaire was administered to collect information about pond management practices. Fish biodata and water quality parameters were measured from each pond involved. Three hundred and eighty (380) milkfish were obtained from 52 different ponds, 12 from Unguja and 40 from Pemba Islands. Swabs were collected from gills, intestine and kidney of sampled milkfish. Enrichment and biochemical tests were performed for preliminary identification of V. cholerae and V. parahaemolyticus. Genus specific PCR was used to confirm Vibrio species. Multiplex PCR was set to detect V. cholerae and V. parahaemolyticus. Almost one-third (32.1%) of all milkfish were found to be infected. Eighteen percent and 29.5% of sampled milkfish were positive for V. cholerae and V. parahaemolyticus, respectively. Some of the sampled fish (12.5%) were infected with both V. cholerae and V. parahaemolyticus. All preliminarily identified isolates were confirmed to be Vibrio species on multiplex PCR. Milkfish farming in Zanzibar adopts recommended pond management practices except few like pond liming. There is a good number of Vibrio species isolated from milkfish. Some pond management practices have shown a significant association with occurrence of Vibrio species. Improving managerial practices and careful handling of fish are some of the means to prevent an outbreak. A further study on detailed characterization of isolated bacteria and determination of their antimicrobial resistance is recommended.
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CHAPTER ONE
1.0 INTRODUCTION
Aquatic organisms are good reservoirs of pathogens and some of the pathogens they host can infect them. Aquaculture, the fastest growing food producing industry in the world, is challenged by many factors including bacterial infections (Nadarajah and Flaaten, 2017). These infections lead to fish loss and become a limiting factor in fish production (Bradford, 2017). Vibrio is one among many bacteria which infect fish (Amaro et al., 2015) and at the same time fish act as vectors to transmit those diseases to fish consumers (Austin, 2010). 
Genus Vibrio under family Vibrionaceae, are gram negative, non-spore forming, motile and straight or curved rod shaped (0.5μm – 1μm) bacteria that are indigenous to coastal marine systems (Mahmud et al., 2006; Pruzzo et al., 2005). Most vibrios are oxidase positive and facultative anaerobes (Percival et al., 2013; Boyd, 2007). V. cholera, V. vulnificus, V. anguillarum and Vibrio parahaemolyticus are the most important pathogenic species in this genus (Silvester et al., 2017). Vibrio anguillarum and V. parahaemolyticus are known to cause vibriosis in fish (Bullock, 1977), while V. cholera and V. vulnificus are the most common causes of  gastroenteritis, wound infections, and septicaemia in human (Nair et al., 2007). 
Milkfish farming in Zanzibar is increasing because of decline in the world supply of milkfish. Wild milkfish fishers are using traditional fishing gears and techniques and this has made their cutch to decline. They cannot access the deep waters and so most of the fish stock is not accessed. Despite milkfish farming being an open economic opportunity, farmers face many challenges including lack of reliable seed, fish diseases, land conflicts, lack of fish feeds and lack of fish farming skills. Water from the Indian Ocean is used for this practice while other farmers use freshwater from rain or boreholes (Zanzibar Research Agenda, 2015). 
Marine environment provides favourable conditions for survival of Vibrio bacteria and infect farmed fish. Findings from neighbouring countries like Mozambique have revealed the occurrence of Vibrio species in farmed finfish (Ansaruzzaman et al., 2005; Fabiano et al., 2004). Fish diseases and mass mortality have been said to be among challenges facing economic development of milkfish farming in (Sullivan et al., 2007). Furthermore, food borne disease outbreaks are occurring periodically reported in Zanzibar (WHO, 2006, 2008) but no study has been conducted to find out whether farmed milkfish are associated with human pathogenic Vibrio species. This study was aimed at finding out the prevalence of genus Vibrio in farmed milkfish, prevalence of V. cholerae and V. parahaemolyticus and the risk factors associated with the occurrence of Vibrio. 
1.1 Problem Statement
Diseases pose a substantial impact in the fish farming industry as they reduce cultured fish production scale. According to research reports done on milkfish farming in Zanzibar, Fish diseases and mass mortality have been said to be among challenges facing economic development of milkfish farming in (Sullivan et al., 2007). Vibriosis, a zoonotic disease transmitted to humans through consumption of raw or undercooked seafood contaminated with infectious Vibrio species was thought to be one of the diseases affecting milkfish farming in Zanzibar. The status of farmed fish with respect to these and other potential pathogens has not been determined in many developing countries including Tanzania.  This lack of information limits the efforts aimed at devising appropriate measures to prevent the occurrence of associated horrible diseases. 
1.2 Study Justification 
Studies show that the marine environment is the best habitat for Vibrio bacteria and  the organism is widely distributed (Nair et al., 2007). The use of marine water in milkfish farming in Zanzibar creates favourable environmental condition for proliferation and occurrence of vibriosis in fish (Davies et al., 1995). The current study, therefore, was aimed at determining farming practices and occurrence of pathogenic Vibrio species in farmed milkfish in Zanzibar. Results of this study will provide information on vibriosis and therefore be the basis for formulating control strategies for both fisheries and public health authorities.
1.3 General Objective
To determine the occurrence of selected pathogenic Vibrio spp. among milkfish farms in Zanzibar, Tanzania.
1.3.1 Specific objectives

1.  To investigate the status of milkfish farming in Zanzibar
2.  To determine the occurrence of V. cholerae and V. parahaemolyticus in farmed milkfish in Zanzibar

3. To determine the association between farming practices and the occurrence of Vibrio cholerae and Vibrio parahaemolyticus in farmed milkfish in Zanzibar
CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Milkfish Farming in Zanzibar 

Fishing is the most important economic activity for the Zanzibar people. However, the country is now facing the global problem of declining natural fish stock caused by climate change and overexploitation (Bryceson, 2002). The declining fish catch in the western Indian ocean may be due to the underdeveloped technology leading to under exploitation of the resources (Van and Kraan, 2017). Man-made activities along the coastal areas, eutrophication, seaweeds and distraction of spawning areas may also be the reason for decline of wild fish supply. In order to maintain their economy and have sufficient protein source for their diets, the Zanzibar community has been practicing aquaculture since 1989 (Bryceson, 2002). Milkfish is one of the most commonly farmed fish species. Finfish mariculture in Tanzania started in the year 2000 at the Integrated Mariculture Pond System (IMPS) at Makoba Bay Zanzibar, where milkfish, rabbit fish, and mullets were cultivated together with molluscs and seaweeds (Mmochi et al., 2001; Mmochi, 2016; Rönnbäck et al., 2002). With all these efforts, milkfish farming industry is facing health challenges like fish diseases causing massive mortalities (Sullivan et al., 2007; Roberts et al., 2015). Fish farming communities are also challenged by occasional foodborne disease outbreaks like cholera (Reyburn et al., 2011). This is one of the reasons why the Government of Zanzibar is calling for researchers to take action and work on the area related to aquaculture and health issues (Zanzibar Research Agenda, 2015).
Other challenges to economic development of milkfish farming in Tanzania include; Land conflicts, capital, lack of sufficient extension services, lack of sustainable seed supply, lack of reliable feed supply and lack of specific procedures for the permitting and approval of sites for milkfish farming (Sullivan et al., 2007)
2.2 Vibrio spp. 

Vibrios are Gram-negative, halophiles, rod-shaped bacteria that are widespread in the coastal and estuarine environments (Boyd, 2007). The bacteria are most frequently isolated in warmer waters (above 18°C) where they can make up over 40% of the total bacterial count (Urakawa and Rivera, 2006). Some species e.g. V. anguillarum, V. parahaemolyticus and V. tapetis, comprise serious pathogens of aquatic vertebrates or invertebrates. Other groups, including V. alginolyticus, V. harveyi, V. carchariae, V. cholerae, V. fluvialis, V. furnissii, V. metschnikovii, V. mimicus, V. parahaemolyticus and V. vulnificus, may cause disease in both aquatic animals and humans (Austin, 2010; Fabiano, 2006). Vibrio cholerae, V. parahaemolyticus, and V. vulnificus are the most important species in terms of number, distribution, and severity of infections (Robert-Pillot et al., 2014). The human outbreaks, although low in number, typically involve wound infections and gastro-intestinal disease often with watery diarrhoea. In few cases, for example V. vulnificus, there is good evidence to associate human infections with disease fish (Austin, 2010). Interest in the vibrios stems in part from the array of interactions these organisms have in the aquatic ecosystem including nutrient recycling to interactions with coral reefs, protozoans, zooplanktons, phytoplanktons, shellfish, and finfish (Fabiano et al., 2006). Vibrio parahaemolyticus has been associated with mortalities in Iberian toothcarp (Aphanius iberus) with the signs centring on external haemorrhages, and tail rot (Austin, 2010). Cultures regarded as intermediate between V. alginolyticus and V. parahaemolyticus were recovered from diseased milkfish in the Philippines (Islands, 2000).
2.3 Ecology of V. cholerae
In the aquatic environment, V. cholerae is found in association with zooplankton and phytoplankton on the chitinous exoskeletons of crustaceans and in the mucilaginous heath of blue-green algae (Igbinosa and Okoh, 2008). The main aspects influencing the occurrence and spread of V. cholerae in aquatic environments are water temperature, salinity, nutrient availability and its association with other marine organisms. Water temperature is considered the most important factor influencing the distribution and abundance of V. cholerae (Igbinosa and Okoh, 2008). The highest concentration of V. cholerae occurs when water temperature is between 20oC and 30oC. Vibrios produce a chitinase that bind to chitin. Chitin is a semi-transparent material predominantly mucopolysaccharide that is the principal component of crustacean shells (Tamplin et al., 1990).
2.4 Ecology of V. parahaemolyticus 

Vibrio parahaemolyticus is found in brackish and saltwater with a temperature range of 15-35oC. The salinity range for these bacteria is 10 – 40 ppt (Matteucci et al., 2015). Seafood most often implicated includes squid, mackerel, tuna, sardines, crab, shrimp and bivalves such as oysters and clams.
2.5 Occurrence of Vibrio in Milkfish and other Finfish in Tropical Areas
The first Vibriosis outbreak was recorded in Florence Italy in 1854 by an Italian physician named Filippo Pacini (1812 to 1883) (Fabiano et al., 2004). He isolated the first V. cholerae, the causative agent of cholera (Fabiano et al., 2004). Vibrio species was first isolated in opaque eyed milkfish in 1984 at the Leganes station of aquaculture department, Philippines (Muroga et al., 1984). Then in the year 1985 Ming-Chen (1985) studied V. anguillarum infection in cultured milkfish in Taiwan. Vibrio parahaemolyticus and other Vibrio species was isolated in finfish (Das et al., 2009; Sudha et al., 2012). A study on halophilic Vibrio species from sea fish in Senegal revealed V. parahaemolyticus to be the most abundant at 21% followed by V. vulnificus 14% of all isolates (Schandevyl et al., 1984). Vibrios have become the leading cause of seafood related gastroenteritis in Japan, the United States and several other parts of the world. In addition, outbreaks caused by the pandemic clone of this organism are escalating and spreading widely (Ghenem et al., 2017). Generally in Africa, occurrence of Vibrio in fish has been reported in Egypt, Tunisia, Guinea-Bissau, Nigeria, Côte d’Ivoire, Senegal, South Africa, Mozambique and Kenya. (Abd-Elghany and Sallam, 2013; Ansaruzzaman et al., 2008; Gassama et al., 2013; Eja et al., 2008; Kagiko et al., 2001; Khouadja et al., 2013; Machado and Bordalo, 2016; Okoh et al., 2015; Traore et al., 2012). Studies on infectious Vibrio cholerae in coastal areas of Tanzania have been done with positive findings (Lugomela et al., 2014; Temba et al., 2018). Foodborne disease outbreaks have also been reported (Omar, 2015; Reyburn et al., 2011; WHO, 2006). The current study was therefore intended to establish the prevalence of Vibrio in farmed milkfish in Zanzibar. 
2.6 Zoonotoc Importance of some Vibrio Species
An epizootic, attributed to V. cholerae occurred in a wild fish population of ayu (Plecoglossus altivelis) in the River Amano, Japan, with disease signs including petechial haemorrhages on the body surface and congestion of organs (Austin and Austin, 1999) cited by Austin (2010). A similar organism was recovered from septicaemic goldfish in Australia and from sharks (Brian et al., 2012)
Vibrio cholerae is the cause of the human pandemics of cholera, which is caused by cholera-toxin producing strains, and develops into extreme gastro-enteritis with copious quantities of watery diarrhoea leading to dehydration (Morris and Acheson, 2003). The source of some outbreaks has been linked with contaminated shellfish, including raw oysters (Morris and Acheson, 2003) and crabs and involves non-O1 and non-O139 strains (Austin et al., 2012). An outbreak of cholera in USA in 1978 was associated with shellfish caught in the Gulf of Mexico (Blake et al., 1980) cited by Austin (2010). 
Vibrio parahaemolyticus may spread into humans orally via contaminated food, particularly molluscs such as oysters (McLaughlin et al., 2005) leading to the development of acute gastro-enteritis with diarrhoea (Ghenem et al., 2017). In Denmark during 1987–1992, the organism was recovered from 13 patients of whom 3 and 10 displayed wound and ear infections, respectively. With many cases, there was a prior association with the marine environment (Hornstrup and Gahrnhansen, 1993) cited by (Austin, 2010). Virulence factors centre on proteases, b-haemolysins, notably the thermo stable direct haemolysin (tdh) and the tdh-related haemolysin (trh), adhesins and the expression of V. cholerae virulence genes including the toxR operons (Vongxay et al., 2006).
CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Study Areas
This study was carried out in Zanzibar in the Unguja and Pemba Islands. Unguja Island has 9 finfish farms, out of which only 4 farms are engaged in milkfish farming with a total of 17 milkfish ponds. Pemba Island has 54 finfish farms of which 41 are engaged in milkfish farming having 109 milkfish ponds. Samples were collected from 12th January to 24th March 2018. Laboratory work was conducted in the Department of Veterinary Medicine and Public Health laboratories, College of Veterinary Medicine and Biomedical Sciences, SUA. 
3.1.2 Study design and sample size determination
This study adopted a cross-sectional design. Due to unknown stocking density in most milkfish ponds, the sample size was determined by simple random sampling using a formula described by Thrusfield, (1997) i.e. 
N=  Z2 {P(1-P)/E2} 
Where; N is sample size, Z is constant (1.96), P is prevalence and E is error margin (0.05). 
Based on a previous study conducted in India (Sudha et al., 2012), the known prevalence of Vibrio species in finfish from a tropical marine environment (Cochin) is 45.1%. The calculated sample size was 380. Therefore, 380 milkfish were sampled, 122 from Unguja and 258 from Pemba Island. The sample difference between the two Islands was due to the difference in availability of fish and number of milkfish farms.
3.1.3 Sampling procedure 
In total twenty four (24) farms were involved in this study. These included all the farms (n=4) in Unguja Island; and 20 farms randomly selected from 41 milkfish farms in Pemba Island. All ponds in Zanzibar were earthen ponds with raised soil constructed dykes. Milkfish ponds were selected randomly in farms with more than one pond. Twelve milkfish ponds were selected out of 17 in Unguja Island, and 40 milkfish ponds were selected out of 109 in Pemba Island. In total therefore, 52 milkfish ponds were involved in this study. A seine net was used to fish out milkfish from each selected pond. Five to 20 milkfish were randomly selected from the fished out in pond depending on the availability and stocking density. Three hundred and eighty milkfish were sampled.
3.2 Data Collection
3.2.1 Demographic information and fish/stock condition factor.

A structured questionnaire prepared in English (Attached in Appendix 1) was used in collecting on-farm information after being pre-tested in Morogoro. It was translated to Swahili to improve its convenience.  This tool was used to collect all data related to pond management practices. The owners of each farm or the farm attendant were responsible for the questionnaire. Data collected by questionnaire was complimented by direct observations. Water quality parameters (dissolved oxygen, pH and water temperature) were measured on site by multiparameter meter (HI98194, USA) at the pond inlet and outlet then recorded on water quality parameter record sheet (Attached in Appendix 2). A tape measure and digital weighing balance were used to measure total length and weight of sampled milkfish, respectively. These data were recorded in biodata sheet (Attached in Appendix 3).
3.2.1.1 Data collection from fish samples

Following fishing, each milkfish was screened for clinical signs and pathological changes on the skin that may suggest bacterial infections. Gill swabs were taken before dissection followed by gastro intestinal tract swab from the lumen of the large intestine and finally swabbing the kidney. This was done following guidelines by Sudha et al. (2012). Three swab samples were collected from each fish making a total of 1 140 swab samples. At the field, collected specimen were immediately inoculated in 1.5 ml of Cary Blair transport media (Liofilchem s.r.l Roseto, Italy) well labelled and immediately preserved in a cool box. All equipment used were sterile and a piece of examination gloves was used for every fish dissected. Swab samples were then transported to SUA, Department of Veterinary Medicine and Public Health Laboratory for other procedures within 48 hours. A cold chain was maintained all the way from the field to the laboratory. 
3.2.3 Detection of Vibrio in fish 

3.2.3.1 Enrichment step (APW)

Sample enrichment for isolation of vibrios was done using Alkaline saline peptone water (APW), which is a selective enrichment broth favouring halophile microorganisms only (Robert, 2012). Following the procedures described previously (Di et al., 2015) each swab sample was enriched in 10 ml of alkaline saline peptone water (Himedia, Mumbai, India) and incubated for 6 h at 37 oC. One ml of the solution was then transferred into 10 ml of fresh alkaline saline peptone water and incubated at 37 oC for 18 hrs. 
3.2.3.2 Isolation of the organisms
Thiosulfate Citrate Bile Sucrose (TCBS) agar was used for primary isolation of the Vibrio species. The medium inhibits most other bacterial species primarily because of the presence of bile salts, sodium citrate, and the highly alkaline pH of 8.6. Good differentiation of Vibrio species is provided by sucrose fermentation reaction. V. cholerae ferment sucrose, producing yellow colonies, indicated by colour change in brom thymol blue and thymol blue included in the medium. V. parahaemolyticus, generally, is not a sucrose-fermenting organism on TCBS agar, and therefore produces a bluegreen colony. A drop from the top layer of the incubated solution of the sample in APW was picked by the help of an inoculation loop and streaked on Thiosulfate Citrate Bile Sucrose (TCBS) agar (Himedia, Mumbai, India) as selective agar for Vibrio cholera and Vibrio parahaemolyticus and incubated at 37 oC for 24 hrs. Yellow mucoid mushroom top shaped colonies of 3-5 mm diameter, presumptive V. cholerae (Singh et al., 2017); and flat bluegreen 3-4 mm diameter colonies, presumptive of V. parahaemolyticus (Cai et al., 2006) were picked out from the massive growth and sub-cultured on the same agar at same conditions to clearly show the morphology of their single colonies.

The isolated colonies were then streaked on Mueller Hinton ager (Himedia, Mumbai, India) and incubated at 37 oC for 24 hrs for purification. Although TCBS is a medium useful for isolation of V. cholerae and V. parahaemolyticus, the selectivity of the medium is such that it may not always suppress growth of other organisms, such as Proteus spp., Aeromonas spp., or Staphylococcus spp. Therefore additional tests were required (Gopal et al., 2005).
3.2.3.3 Gram staining and microscopic examination 

Vibrio species are known to be gram-negative bacteria, rod shaped with flagella. Peptone water was used to make smears of pure colonies on sterile glass slides and fixed. Staining was done by adding gentian violet for 40 seconds, which was then rapidly washed out with running water. The smears were then covered with lugol’s iodine for 40 seconds followed by washing with running water. Acetone was used to decolourise the smears by a drop for 3 seconds. The smears were then counterstained by covering with neutral red for 3 min before washing with running water and air drying. Dried slides were then covered by emulsion oil and viewed under a microscope with x100 magnification. The gram-negative, slightly curved rod shaped organisms were identified and their colonies were further tested. 
3.2.3.4 Triple sugar iron (TSI) test

The Triple Sugar Iron (TSI) test is a microbiological test named for its ability to test a microorganism's ability to ferment sugars and to produce hydrogen sulphide. TSI contains glucose, lactose and sucrose as well as a pH-sensitive colour indicator. It also contains an iron ingredient for detecting hydrogen sulphide production, which blackens the medium if it occurs. Fermentation of the sugars by the test organism is interpreted by colour changes in the butt and the slant of the media. TSI slant test tube containing TSI agar (Himedia, Mumbai India), a pH-sensitive dye (phenol red), 1% lactose, 1% sucrose, 0.1% glucose, as well as sodium thiosulfate and ferrous ammonium sulphate was prepared. Isolated gram – negative colonies were inoculated in the slant and incubated for 24 hours at 37 oC. Samples that produced acidic slant over acidic butt (A/A) that is yellow over yellow with no gas production were presumptive of V. cholerae. Samples with alkaline slant over acidic butt (K/A) that is red over yellow with no gas production were presumptive of V. parahaemolyticus (Silvester et al., 2017). These were preserved for further testing.
3.2.3.5 Oxidase test 

Oxidase reagent discs (Himedia, Mumbai India) were used to test oxidation of the isolated bacteria. All Vibrio species are known to be oxidase positive, turning to blue-purple within 5 seconds of test (Lapage, 1976). All positive colonies were preserved for molecular confirmation.

3.2.4 Storage of the isolated colonies 

The isolated colonies were stored in nutrient broth containing 30% glycerol and kept in a deep freezer (-20oC). A copy of the same were also stored in Mueller Hinton agar (Himedia, Mumbai India) plates and kept in a refrigerator (0-4oC)
3.3 Confirmation of the Isolates by Polymerase (PCR)

3.3.1 DNA extraction 

DNA extraction was done by boiling method. A day After purification, colonies from TSA+2% NaCl agar were harvested into 200 µl of double-distilled water and boiled at 100oC for 10 min. Cell debris were removed by centrifugation at 12,000 rpm for 3 min, and the supernatant containing template DNA was taken into a fresh microfuge tube for PCR assay (Robert-Pillot et al., 2014). 
3.3.2 Polymerase chain reaction (PCRs)

According to procedures put down by Kumar (2011) and Izumiya et al. (2011), Uniplex PCR was run for detection of the Vibrio Genus-specific 16S-rRNA gene (primers as shown on Appendix 4), then followed by Multiplex PCR for the positive samples in order to detect species-specific genes for V. cholera and V. parahaemolyticus (primers and target genes shown on Appendix 4). Both reactions were performed using an EmeraldAmp PCR Master Mix (Takara Bio Inc., Shiga, Japan). The DNA concentration of each sample were adjusted to 50 ng/μl for PCR. The Uniplex PCR mixture contained; 2.0 µM of primer, 4.0 µM of Template DNA, 7.0 µM of DI water and 12.0 µM Master mix making a 25 µM mixture. The Multiplex PCR mixture contained; 1.0 µM of each primer, 4.0 µM of Template DNA, 7.0 µM of DI water and 12.0 µM Master mix making a 25 µM mixture. The mixtures then followed 15 min of initial denaturation at 93°C; 35 cycles of denaturation at 92°C for 40 sec, annealing at 57°C for 1 min, extension at 72°C for 1.5 min followed by a final extension at 72°C for 7 min. The PCR products were then stained with ethidium bromide (Sigma-Aldrich, St. Louis, MO) and visualized in 1.0% agarose gels (Sigma- Aldrich) using the Gel Doc 2000 documentation system (Bio- Rad, Hercules, CA). Electrophoresis was run at 100 volts for 40 min and the amplicons showed clear bands as in figures 3 and 4 below. The confirmed isolates were stored at - 80°C.
3.4 Data Analysis
Data were compiled, cleaned and stored in Microsoft Excel. The data were then analysed by SPSS software version 16. Descriptive statistics particularly frequencies were computed to determine proportions of positive fish by ponds and farms. Chi-square test was used to test the significance of differences in proportions at critical probability of P < 0.05 and 95% confidence interval. Using 2 x 2 contingency tables, the strength of associations between variables (Pond condition and managerial practices) against milkfish pond positivity for V. cholerae and V. parahaemolyticus was determined.

CHAPTER FOUR
4.0 RESULTS 
4.1 Status of Milkfish Farming in Zanzibar 

Fifty two milkfish ponds were involved in this study and the demographic data was collected by questionnaires. Seventy seven percent of the ponds were located in Pemba Island while 23.0% in Unguja Island. Majority of the ponds (81.8%) were between 101 m2 and 4999 m2 in size. The rest were below 100 m2 (12.1%) and above 5000 m2 (6.1%) in size. Majority (63.6%) of the ponds were rectangular in shape, 15.2% were square while the rest 21.2% were irregularly shaped. The age of the milkfish ponds varied from months to more than ten years. A good number of the ponds (57.5%) were above 5 years of age and the rest (42.5%) of the ponds were below 5 years of age. Ownership of the ponds was such that 48.5% were owned by cooperative groups, 30.3%, 12.1% and 9.1% were owned by Individuals, Government institutions and Families, respectively. Figure 2 shows the largest milkfish farm involved in this study.
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Figure 1: The largest milkfish farm located at 5º 19’ 12.21404’’S, 39º 48’ 27.77149’’E in Kibaridi Pujivi village, Dodo ward, Mkoani district, South Pemba province in Zanzibar.
All the milkfish ponds were used for grow out fish. Majority of the ponds (70%) were purely stocked with milkfish but during harvest 21.2% of the ponds were found to have barracuda, 21.2% butterfly fish and 6.1% marine tilapia. Sea turtles were stocked in polyculture with crabs and milkfish in few ponds (7.7%) and 9.1%, respectively. 
A higher percentage of the ponds (39.4%) were stocked with known amount of milkfish while 27.3% stocked unknown amount. Some of the milkfish ponds (27%) did not have stocking records and 6.1% were found not stocked. About half (48.5%) of the ponds were fertilized while the rest (51.5%) were not fertilized. Fertilizers used were cattle dung and chicken droppings. All the fertilizer was used in dry state. Table 1 shows variation in milkfish production and pond management practices among the farmers in the study sites.
Table 1: Milkfish production and pond management practices in Zanzibar
	Practice 
	Categories
	Frequency
	Percentage

	Age of stock
	< 3 months
	4
	9.1

	
	3 > 6 months
	6
	12.1

	
	6 > 12 months
	5
	15.2

	
	12 > 24 months
	9
	18.2

	
	>24 months
	19
	36.4

	
	Not stocked
	3
	6.1

	
	No records
	1
	3.0

	Source of seed
	Government institutions
	9
	18.2

	
	Indian Ocean
	35
	68.6

	
	Other farmers
	6
	13.2

	Ever Harvested
	Not harvested
	5
	15.2

	
	Once
	6
	12.1

	
	More than two times
	38
	72.7

	Amount of fish harvested
	No records
	36
	69.7

	
	Not harvested
	5
	15.2

	
	Not productive
	3
	6.1

	
	Productive
	5
	9.1

	Feed used
	Fishmeal
	9
	18.2

	
	Fishmeal, Table remains
	1
	3.0

	
	Maize bran
	14
	27.3

	
	Maize bran, fish meal
	4
	9.1

	
	Maize bran, table remains
	7
	15.1

	
	Table remains
	3
	6.1

	
	Not Fed
	11
	21.2

	Feeding regime
	Not Fed
	11
	21.2

	
	Ones a day
	19
	36.4

	
	Two times a day
	22
	42.4

	Feeding time
	Evening
	5
	9.1

	
	Morning
	14
	27.3

	
	Morning and evening
	22
	42.4

	
	Not Fed
	11
	21.2

	Pond managers
	Employee
	11
	21.2

	
	Family members
	10
	21.2

	
	Member of group
	9
	18.2

	
	Members of the cooperation
	11
	27.3

	
	Prisoners
	6
	12.1


Eight (8) out of the 52 visited milkfish ponds had disease records. Fisheries officers visited the ponds and advised the farmers on appropriate measures including water exchange and pond hygiene. All the milkfish farmers with diseased fish in their ponds successfully treated their ponds with the help of fisheries officers. Table 2 shows various disease records in sampled milkfish farms. 

Table 2: Disease records among milkfish ponds in Zanzibar 

	Diseases record
	Categories
	Frequency of ponds involved
	Percentage

	Disease frequency
	Never
	39
	75.8

	
	Often
	5
	9.1

	
	Seldom
	8
	15.2

	Number of days the 

fish were sick
	1 day
	1
	9.0

	
	1 week
	1
	9.0

	
	2 week
	1
	9.0

	
	1 > 3 months
	8
	72.7

	Type of disease
	Bacterial infection
	3
	25.0

	
	Fin rot disease
	3
	25.0

	
	Not known
	5
	41.7

	
	Poisoning
	1
	8.1

	Number of mortalities caused by diseases
	< 10
	1
	8.1

	
	10 > 100
	3
	30.0

	
	Half the stock
	3
	30.0

	
	More than half stock
	3
	30.0

	
	All the fish
	1
	10.0

	Disease control measures
	Restocking
	6
	50.0

	
	Total drainage
	1
	8.3

	
	Water exchange
	5
	41.7

	Type of treatment
	Pond rehabilitation
	6
	50.0

	
	Total drainage
	1
	8.3

	
	Water exchange
	5
	41.7

	Suspected reasons for disease occurrence 
	High salinity
	1
	9.0

	
	Overstocking
	6
	54.5

	
	Oxygen deficiency
	3
	27.3

	
	Poisoning
	1
	9.0

	
	
	
	


All ponds involved in this study were used all year round and the only source of water was the Indian Ocean. It was revealed by farmers that during pond preparation, almost half (48.5%) of the sampled ponds were dried before stocking while the rest (51.5%) were not. The farmers also reported that few (27.3%) milkfish ponds were limed before stocking and most (72.7%) of them were not. Milkfish farmers in Zanzibar do not treat effluent water after aquaculture practices. Only few (27.3%) of the sampled ponds had clear drainage system while most of them (72.7%) did not have drainage systems. 54.5% of the sampled ponds are integrated with salt production activities while 45.5% were not. 
A large proportion (88%) of the farmers whose ponds were sampled had attended fish farming training while a few (12.1%) had never attended such trainings. The government of Zanzibar as well as the Institute of Marine Science, University of Dar es salaam, conducted these farmer’s training. Some farmers (33.3%) involved in this study suported lack of seed as the main challenge. Other challenges reported by milkfish farmers are; lack of capital, lack of farm equipment, land conflicts, climate change, lack of skills and lack of feeds. Few milkfish farmers (24%) had experienced theft cases on their farms while majority (75.8%) had never experienced theft cases. More than half (57.6%) take theft preventive measures like guarding, placing logs and use of wires in the pond to protect their farms from thieves while the rest (42.4%) do not take any measures to avoid theft cases.

4.1.1 Stock age and fish body condition by pond 

Responses on the age of milkfish stocked in each pond, fish weight and total length was analysed as shown on Table 3
Table 3: Stock age

	
	Minimum
	Maximum
	Mean
	Std Dev

	Age of stock in months
	3.0
	40.0
	19.0
	12.7

	Weight of fish (g)
	47.8
	692.4
	230.1
	224.7

	Total length (cm)
	18.2
	33.4
	24.2
	5.6


4.1.2 Water quality parameters
Table 4 shows a summary of water quality parameters for all milkfish ponds involved in this study.
Table 4: Water quality parameters by pond

	
	Minimum
	Maximum
	Mean
	Std Dev

	Dissolved Oxygen (mg/l)
	4.00
	5.77
	4.81
	0.56

	Salinity (psu)
	30.27
	48.67
	38.75
	5.10

	pH
	6.7
	8.65
	7.95
	0.50

	Temperature (ºc )
	28.2
	39.8
	32.15
	3.39


4.2 Occurrence of Vibrio Species
Gill, intestinal and kidney swabs were collected from 380 fish. On primary culture, 68.4% of the total samples yielded organisms suggestive of Vibrio species, 44.1% of which were suggestive of V. cholerae while 48.5% were suggestive of V. parahaemolyticus. A few samples (7.4%) were suggestive of both V. cholerae and V. parahaemolyticus. Figure 3 shows colony growth on TCBS differential media.
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Figure 2: Vibrio colonies on TCBS culture plates
The isolated organisms suggestive of Vibrios (298) were subjected to gram staining. A good number (30.2%) of isolates were gram-negative short curved rods, suggestive of Vibrios. These were further taken into TSI test whereby 94.0% were suggestive of V. cholerae and V. parahaemolyticus at 40.0% and 60.0%, respectively.  Figure 4 shows taste tubes with TSI agar having positive results for Vibrio cholerae (6A1I and 6B3G) and Vibrio parahaemolyticus (6B3I, 6B3K, 7A1G and 7A3G).
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Figure 3: Test tubes showing positive TSI test for Presumptive V. cholerae and V. parahaemolyticus
The suggestive isolates were then tested by oxidase reagents, 98.3% were oxidase positive. Figure 5 shows one of the positive isolates tested on an oxidase disc.
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Figure 4: Showing oxidase positive reaction tested from tube 6B3I above.
The final isolates were taken into PCR molecular techniques for confirmation whereby 100% of the presumptively V. parahaemolyticus were positive while 98% of presumptive V. cholerae were positive. Therefore, a reasonable number (32.1%) of sampled fish were positive for Vibrio. Close to half (43.2%) of positive fish had both V. cholerae and V. parahaemolyticus isolates. Few fish (29.4%) were positive for V. parahaemolyticus only while the rest (27.4%) were positive for V. cholerae only. Majority (80.6%) of infected fish originated from Pemba Island while the rest (19.4%) were from Unguja Island. Figure 6 shows amplification products Lane 1= P6B3KP; Lane 2= P14A3IP; Lane 3= P7A3IP, Lane N = Negative control and Lane P = Positive control. Figure 7 also shows amplification products for detection of Vibrio cholerae and Vibrio parahaemolyticus. Lane 1= P6B3GC; Lane 2= P13A2GC; Lane 3= P7A3GC; Lane 4= P6B3KP; Lane 5= P14A3IP; Lane 6= P7A3IP; Lane 7= P9A4KP; Lane 8= P14A2GC; Lane N = Negative control; Lane Pc = Positive control for V. cholerae and Lane P = Positive control for V. parahaemolyticus
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Figure 5: Agarose gel showing 663 bp m-PCR amplification products for detection of Vibrio species. Lane L = 100 bp DNA Ladder.
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Figure 6: Agarose gel showing 427 bp m-PCR amplification products for detection of Vibrio cholerae and 271 bp m-PCR amplification products for detection of Vibrio parahaemolyticus. Lane L = 100 bp DNA Ladder.
4.2.1 Occurrence of Vibrio species at farm level 
Majority of the farms involved in this study (85%) had at least one isolate, out of which 91.7% contained V. parahaemolyticus and 75.0% V. cholera. A significant proportion (66.7%) of the farms had both V. parahaemolyticus and V. cholera. Nine Vibrio species were the highest number of isolates on a single farm. Most farms had only one isolate each. Few farms (2.2%) had no isolates at all.
4.2.2 Occurrence of Vibrio bacteria at pond level 

Most (73.0%) of sampled milkfish ponds were found to contain Vibrio species whereby majority (58.3%) of ponds contained both V. cholerae and V. parahaemolyticus. Some ponds (33.3%) contained only V. Parahaemolyticus and the rest (8.3%) contained only V. cholera. Table 5 and 6 shows occurrence of Vibrio species in different organs.
Table 5: Occurrence of Vibrio species by organs sampled from milkfish in Zanzibar
	
	Total sampled
	Proportion 
	V. cholerae
	V. parahaemolyticus

	Gills
	380
	17.0%
	8.1%
	8.9%

	Intestine 
	380
	17.9%
	7.2%
	10.7%

	Kidney
	380
	9.8%
	3.6%
	6.2%


Table 6: Distribution of isolates in fish by organs

	 
	Proportion of infected fish
	V. Cholerae
	V. Parahaemolyticus

	Fish with all organs positive
	4.0%
	2.0%
	2.0%

	Positive fish in gills only
	20.0%
	10.0%
	10.0%

	Positive fish in intestine only
	22.0%
	11.99%
	10.01%

	Positive fish in kidney only
	14.0%
	6.0%
	8.0%

	Positive fish in gills and intestine 
	10.0%
	6.0%
	4.0%

	Positive fish in intestine and kidney 
	4.0%
	0.72%
	3.28 %

	Positive fish in gills and kidney 
	2.0%
	0.0%
	2.0%


4.2.3 Proportion of positive swabs with both V. cholera and V. parahaemolyticus 

6.7% of positive gill swabs, 4.4% of positive intestine swabs and 2.2% of kidney swabs had both V. cholera and V. parahaemolyticus isolates.
4.3 Water Quality Parameters and Occurrence of Vibrio Species
Table 7 shows the rest of water quality parameters and their association to occurrence of Vibrio species. All milkfish ponds had desirable range of dissolved oxygen. 
Table 7: Water quality parameters in Zanzibar milkfish farms and their association with occurrence of Vibrio species 
	Parameter 
	Category 
	Number of ponds
	Proportion positive for V. cholerae
	Proportion positive for V. parahaemolyticus
	p-value for

V. cholerae
	P-value for V.

parahaemolyticus

	Salinity

(ppt)
	Desirable
	38
	30.8
	38.5
	0.2061
	0.8351

	
	Undesirable 
	14
	57.1
	42.9
	
	

	
	
	
	
	
	
	

	pH
	Desirable
	46
	35.5
	29
	0.6841
	0.5373

	
	Undesirable 
	6
	50
	50
	
	

	
	
	
	
	
	
	

	Temperature 

(0C)
	Desirable
	29
	36.8
	42.1
	0.9490
	0.7142

	
	Undesirable 
	23
	35.7
	35.7
	
	

	
	
	
	
	
	
	

	Dissolved oxygen (mgl-1)
	Desirable 
	52


	27.4
	29.4
	1
	1

	
	Undesirable 
	0
	0
	0
	
	


4.4 Pond Management Practices and their Association to Occurrence of Vibrio Species
The occurrence of vibrio bacteria was associated with some fish production procedures and some fish pond management practices carried out by milkfish farmers in Zanzibar. Table 8 shows the association of some pond management practices or production procedures and occurrence of isolated vibrio organisms.

Table 8: Association between pond production procedures and pond management practices in relation to occurrence of vibrio Isolates 

	Parameter 
	Category 
	Number of ponds
	Proportion positive for V. cholerae
	Proportion positive for V. parahaemolyticus
	p-value for

V. cholerae
	P-value for V.

parahaemolyticus

	Pond location
	Pemba
	40
	67
	76
	0.0065
	0.1337

	
	Unguja
	12
	17
	50
	
	

	
	
	
	
	
	
	

	Fish stocked 
	Milkfish
	35
	51
	75
	0.3630
	0.0979

	
	Mixed stock
	17
	33
	44
	
	

	
	
	
	
	
	
	

	Unexpected species 
	Found  
	28
	69
	81
	0.0274
	0.0933

	
	Not found
	24
	30
	53
	
	

	
	
	
	
	
	
	

	Age of Pond 
	< 5 years
	22
	43
	50
	0.5759
	0.0854

	
	 > 5 years
	30
	53
	79
	
	

	
	
	
	
	
	
	

	Stock size 
	Recommended 
	24
	33
	67
	0.3420
	0.6122

	
	Not recommended
	28
	54
	77
	
	

	Integrated with Salt production 
	Integrated 
	25
	67
	73
	0.0491
	0.4741

	
	Not integrated 
	27
	33
	61
	
	

	
	
	
	
	
	
	

	Fertilization 
	Fertilized 
	25
	47
	60
	0.8657
	0.6816

	
	Not fertilized 
	27
	50
	67
	
	

	
	
	
	
	
	
	

	Feed used  
	Commercial
	29
	37
	53
	0.1309
	0.0498

	
	Home made
	23
	64
	86
	
	

	
	
	
	
	
	
	

	Diseases record 
	Diseased 
	16
	88
	75
	0.0056
	0.3640

	
	Not diseased 
	34
	32
	57
	
	


CHAPTER FIVE
5.0 DISCUSSION 
Currently, Milkfish farming in Zanzibar is for subsistence purposes except for few farmers who practice milkfish farming as an economic activity. The Zanzibar government plans show that this activity shall be transformed into an economic activity in the near future (Zanzibar Research Agenda, 2015). This projection is also shown by farmers as they have drained most of their milkfish ponds, rehabilitating them and preparing the ponds for re-stocking. Some of the farmers have constructed new modern earthen ponds and they are waiting for fingerlings to be supplied by the Zanzibar government (Zanzibar Research Agenda, 2015). In order to fulfil the desire of the Zanzibar government which is clear on the research agenda 2015-2020, Food and Agricultural Organisation (FAO) in collaboration with the Ministry of Agriculture, Natural Resources, Livestock and Fisheries with funds from Korean International Cooperation Agency is establishing a reliable hatchery in Zanzibar which is due to start production soon.
All farmers involved in the current study mentioned to obtain their seeds from the wild in the Indian Ocean. This practice is common for milkfish farmers in Eastern Africa along the Western Indian Ocean including milkfish farmers in Mozambique and Kenya as reported by Sulu et al. (2016) and Mirera (2014), respectively. Milkfish needs special conditions to spawn in captivity. Therefore it is expensive to construct milkfish hatcheries and this is the reason for lack of an alternative supply of milkfish seed other than the wild. Getting milkfish seed from the wild could be linked to occurrence of unintended species in their ponds. This was a common observation in the current study where during harvesting 21.2% of ponds stocked with milkfish were found to have barracuda fish. The same proportion was found to have butterfly fish and 6.1% had marine tilapia. All these were unexpected fish species in the ponds.
According to Jamerlan et al. (2014), recommended stocking density for milkfish in earthen ponds ranges from 3 to 5 fingerlings per square metre. Only 27.3% of the ponds visited were stocked by following this standard, 18.1% of the ponds had unknown stock density because the farmers could not state the amount of fingerlings planted and they had no records kept. Few of the ponds were under-stocked (10%) while the rest (44.6%) were overstocked. Fish stocking is an important element of aquaculture management. A proper stocking rate is a convenient strategy in minimizing bacterial proliferation in aquatic environment. Overstocking leads to increase in abundance of bacterial (Sumalde et al., 2003).
Few ponds (21.2%) were not supplied with artificial feeds. The remaining ponds were fed at least once in a day. Feeding was done depending on availability of feeds but not according to stocking density. A good number of ponds in this study (36.4%) had fish aged above 2 years with average weight of 692.4g. This implies a waste of feeds because the weight gain is very minimal (Jamerlan et al., 2014) and they generate loses to the farmer. The recommended months for economic growth of farmed milkfish is suggested to be 18 months whereby the fish is estimated to be around 3 kilograms (Susilowati, 2017). 

Milkfish are omnivorous and therefore require high amount of phytoplankton especially at early stages of development (Bagarinao, 1991). Pond fertilization is done two weeks before fish stocking and thereafter fertilization is done by considering the water visibility caused by plankton abundance in water (Road, 2012). Unfertilized ponds generate little amount of natural feed to the stock Susilowati (2017). Overstocked ponds are faced by high depletion of oxygen and this may lead to massive death of fish. On considering this important farm practice, a good number of milkfish ponds (48.5%) were regularly fertilized by following the fertilization guidelines provided by fisheries officer. About half (51.5%) of milkfish ponds in Zanzibar were fertilized before stocking or have never been fertilized. Fertilizers used by milkfish farmers in Zanzibar are cattle dung, chicken droppings or a combination of the two all in dry state. 

Supplementary feeding of farmed milkfish improves growth rate and thus improves harvest (Apines-Amar et al., 2015). Cognizant of that, most of fish farmers in Zanzibar (78.8%) practice supplementary feeding of their milkfish. Some (42.4%) feed them twice a day and some (36.4%) ones a day. They commonly use dry maize bran as the main milkfish feed. Others, however, feed them only table remains and fishmeal. A few milkfish farmers (21.2%) do not practice supplementary feeding at all. 
Disease records in milkfish ponds of Zanzibar suggest that the main cause of diseases is poor managerial practices. Overstocking is one of the possible reasons as to why some ponds in Zanzibar milkfish farms were attacked by bacterial infections like fin rot (6.1% of the ponds). Guerrero and Fernandez (2018) studied on aquaculture managerial practices which revealed that overstocking depletes oxygen and hence favours bacterial infections in fish. As it has been stated above on stocking density, most of milkfish farmers in Zanzibar do not use recommended stocking density, so majority overstock their ponds and hence influence disease transmission. 
Some milkfish farmers in Zanzibar (7.7%) had experienced theft cases on their farms. As a result, milkfish ponds in the study area were protected either by putting mangrove spikes or wires inside the ponds tied zigzag on logs or mangrove sticks. Although these systems of pond protection have never been reported anywhere else, milkfish farming community in Zanzibar assert that these techniques provide sufficient protection against fish theft. The most important limitation of these methods of protecting ponds is the associated difficulties when fishing by nets especially during the night or in muddy pond bottoms. 

A Vibrio prevalence of 32.1% was revealed in Zanzibar. This prevalence is higher than what was reported earlier (23.3%) by Hounmanou (2015) in a study that was conducted in Morogoro urban, Tanzania Mainland. Nyambuli (2017) found a V. cholerae prevalence of 9.0% in sardines. In India, however,  Sudha et al. (2012) found a higher prevalence (45%) of vibrio species in shrimps compared to what this study reports. The difference in prevalence may be due to difference in location, the two mentioned studies curried out in Tanzania were studied in inland water bodies different from the current study which was conducted in marine environment. It is also worth noting that, in this study, the two main geographical locations (Unguja Island and Pemba Island) had different vibrio prevalence, 19.4% and 38.2 in Unguja Island and Pemba Island respectively. At species level, the overall prevalence was 17.9% and 29.5% for V cholerae and V. parahaemolyticus, respectively. 
This study has revealed a clear difference in prevalence of vibrio species between Unguja and Pemba Islands, Pemba Island having a higher prevalence compared to Unguja Island. This could be due to the fact that milkfish ponds in Pemba Island are situated at residential area but in Unguja Island, all the 4 milkfish farms are situated in reserved areas. A good example are the milkfish ponds in Jozani National park. A place where human interaction with the ponds is minimal. From the current study we also learn that the prevalence we found is higher compared to other studies. This could be due to human behaviour such as lack of sanitation facilities which is a common problem in coastal and Island communities.
In fish, Vibrio species can be found on the skin, chitinous shell, gills, intestinal tracts, kidney as well as the liver of fish or shellfish (Terentjeva et al., 2015). Seventeen percent of all sampled gills were positive for either V. cholerae or V. parahaemolyticus or both. Among positive gills, 47.4% were positive for V. cholerae and 52.6% positive for V. parahaemolyticus. This corresponds with a study on occurrence of potentially pathogenic Vibrio species in sea foods obtained from Oron Creek which revealed a  prevalence of 17% of V. parahaemolyticus from fish gills (Adebayo-Tayo et al., 2011). A good number (17.9%) of intestinal swabs were positive of vibrio. This study also found a reasonable number of vibrio isolates in kidney swabs. A few (9.8%) of all kidney swabs were positive of vibrio. Jayasinghe et al. (2010) also isolated vibrio from fish kidney when doing isolation and identification of vibrio species in marine fish of Sri Lanka. Intestinal swabs had largest number of isolates accounting to 40.0% of all isolates followed by gills 38.0% and lastly the kidney that had the least isolates of 22.0%. These findings are similar to what was reported by Yang et al. (2008) who found the general prevalence of 19.4 in China. Sudha et al. (2012) also reported a prevalence of Vibrio species Cochin to be 45.1%.

Culture fish are exposed to many  stressors  such  as  poor  water  quality,  hypoxia, salinity   and   temperature   fluctuations (Sobhana, 2009; Boyd et al., 2016). Together with ecological contamination, prolonged occurrence of   these stressors can  cause  fish  mortalities or secondary infections including bacterial (Albert and Ransangan, 2013; Abu‐Elala et al., 2016). According to the water parameter standards given by Sumagaysay-Chavoso, (2003) and Bagarinao, (1991), recommended temperature range for milkfish is 25°c - 33°c, salinity 16 – 42 ppt, dissolved oxygen 1.6 - 7.3 mg/l and pH 7.2 - 8.4. All milkfish ponds involved in the present study had dissolved oxygen within desirable range. Similarly, majority (78.5%) of all 52 ponds had salinity levels within recommended range. A higher proportion (85.7%) of ponds also had recommended values for pH. The temperature of 57.1% of ponds was within desired range while 42.9% of ponds had temperatures higher or lower than recommended values. However, at 95% confidence interval, there was no significant association between any of the water quality parameters measured on farm and occurrence of Vibrio species. Adherence to good aquaculture practices may help to minimize fish mortality due to Vibriosis (Albert and Ransangan, 2013). 
Some pond management practices in this study have been found to have a significant association with occurrence of V. cholerae at 0.05 level of significance. Pond location, presence of unexpected species during harvest, ponds integrated with salt production activities and disease records have p-values equivalent to 0.0065, 0.0274, 0.0491 and 0.0056, respectively. None of the tested pond management practices were found to have a statistically significant association with occurrence of V. parahaemolyticus in this study. Previous work revealed that high stocking density, poor handling, broad range of temperature fluctuation, and presence of bio-fouling organisms normally intensify the effect of pathogenic infection and cause fish diseases in aquaculture (Toranzo et al., 2005). Occurrence of diseases may be minimized by selection of good aquaculture sites, appropriate monitoring and observance of optimal stocking densities, and cautious handling of fish stocks (Albert and Ransangan, 2013).
CHAPTER SIX
6.0
 CONCLUSION, RECOMMENDATION AND STUDY LIMITATIONS
6.1 CONCLUSION
The study has shown that milkfish farmers in Zanzibar adopts most of recommended fish farming management practices except few practices like pond liming and record keeping. A good proportion of the farmed milkfish in Zanzibar were found to have Vibrio cholerae and Vibrio parahaemolyticus though this study did not find out whether these are toxic strains. Some of the pond management practices exercised in milkfish farming in Zanzibar have shown a significant association with occurrence of Vibrio bacteria.
6.2 RECOMMENDATIONS 

Since vibrio bacteria are known to be zoonotic, their occurrence in farmed milkfish in this study calls for institution of control measures to limit their persistence in farmed fish and their transmission to humans. Their transmission from fish to human is achievable by proper handling during preparation and cooking. Furthermore, milkfish farmers should consider wearing protective gears during pond management practices to avoid wound infections with V. parahaemolyticus. To prevent possible occurrence of clinical form of Vibriosis in infected fish, proper fish farm management practices are insisted. These include; 
· Prompt removal of dead fish from ponds, 

· Removing fish which present abnormal behaviours, 

· Ensuring water quality is constantly monitored, 

· Provision of properly prepared feeds in a proper ration and 

· Regular water exchange. 

Determination of antimicrobial resistance of the isolates is recommended as part of a surveillance activity aimed at combating the problem. A detailed characterization of the isolated bacteria should however be done to identify whether they are pathogenic strains to man.
6.3 Study Limitations 
The current study was faced with the following limitations 

I. Few fish farmers were actively involved in milkfish farming during the study period. Majority of farmers had harvested their fish preparing ponds for re-stocking. This limited the sample size.

II. Fish used in the study were asymptomatic and apparently healthy. This may have reduced the chances of occurrence of V. cholerae and V. parahaemolyticus.
III. Genetic characterization was not done to determine whether the identified bacteria are human pathogenic strains.
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APPENDICES

Appendix 1: Questionnaire 
QUESTIONNAIRE FOR FISH FARMERS 

Date and time of interview: 

____/____/2005 
____:____ a.m./p.m. 

Name of respondent: 
_______________________________________________

Age and sex 

Age: ___________ years 
male □ female □ 

Name of household head: 
_________________________________________ 

Household members: 
Total ___________; of which: ___adults ___ children 

Ethnic group: 
_______________________________________________

Village: 
_______________________________________________

Commune: 
_______________________________________________

I. GENERAL FARM INFORMATION 

1. What is the size of your entire farm? ____________ m

2. Which fish do you produce on your farm? How big is the area dedicated to each pond? 
A. ________________(fish)___________ m2
B. ________________(fish)____________m2
C. ________________(fish)____________m2 
D. ________________(fish)____________m2 
3. Which is the most important fish for income generation? 
Most important:___________, followed by______________, followed by ______________ 

5. Which is the most important fish for household consumption? 
Most important: ____________, followed by _______________, followed by ___________

6. How much was your total income in the last year only from fish production? _________________ 

II. GENERAL POND DESCRIPTION AND USE OF WATER 
1. How many ponds do you own? ____________ ponds 
2. How big are the respective ponds (in m2)? A: _______ B: _______ C: _______D______ 

3. Please describe the location of your pond. A: _______ B: _______ C: _______ (1 = residential area, 2 = paddy field area, 3 = upland field area, 4 = other(s); other(s): ____________) 
4. What are the respective ponds used for? A: _______ B: _______ C: _______ 

(1 = grow-out, 2 = nursery, 3 = other(s); other(s): _______________________) 
5. When did you build the respective pond (year)? A: _______ B: _______ C: _______D____ 

6. What was the purpose of building the respective water body? A: _______ B: _______ C: _______ D ______

(1 = fish production, 2 = water reservoir, 3 = other(s); other(s): _______________________) 
7. Is the respective pond used during the whole year or only during the rainy season? A:______ B: ______ C: ______ D_______

(1 = whole year, 2 = only during rainy season, 3 = other(s); other(s): _______________________) 
9. Where does the water come from in the respective pond? A: _______ B: _______ C:_______ 

(1 = Chieng Khoi Lake, 2 = spring, 3 = precipitation, 4 =stream 5= other(s); other(s): _____________________) 
8. Is there water flowing through your pond? Yes No If yes, during approximately how many months per year do you have water flow? A: ______ B: ______  C:______ 

9. Does the water flow through other ponds or paddy fields before entering the respective pond? A: ______ B: ______ C: ______ D______ 

(1 = paddy fields, 2 = ponds, 3 = no flow through previous fields/ponds, 4 = other(s): _____________________) 
10. Where does the pond water flow out to? A: _______ B: _______ C: _______ D________ 

(1 = paddy fields, 2 = other fields, 3 = other ponds, 4 = canal, 5 = stream, 6 = other(s);   other(s):___________________) 
11. Do you think there is a difference in the water quality between different water sources? Yes No  If yes, which water source do you consider to be the best for fishponds? Why? __________________________________________________________________
12. Do you think there is an impact when water flows through crop fields, e.g. paddy plots, before entering your pond? Yes No  Do you think it has a good or bad impact? __________________________________________________________________
13. Do you think there is an impact when water flows through other ponds before entering your pond? Yes No  Do you think it has a good or bad impact? __________________________________________________________________
14. Do you think there is an impact when water flows from the ponds into paddy fields afterwards? Yes No  Do you think it has a good or bad impact? __________________________________________________________________
15. Do you use pond water for the following purposes? 
Garden ______ Washing vegetables ______ Cooking ______ other(s) ______ which? __________________________________________________________
16. Do you sometimes have to cope with water shortages? Yes No If yes, in which months? _____________ Does it have a negative impact on your fish? Yes No If yes, why?___________________ 

17. Have you had to cope with flooding in the past several years? Yes No If yes, in which years? _____________what happened to your fish at that time? ____________________________ 

18. Are you able to drain the respective pond? A: _______ B: _______ C: _______ If yes, does draining depend on other farming activities? (1 =Yes 2 =No)_________
19. Do you dry-out the pond before stocking? A: _______ B: _______ C: _______ (1 = yes, always, 2 = yes, often, 3 = yes, sometimes, 4 = never, 5 = other(s); other(s): ____________________________) 
20. Do you remove the pond mud? A: _______ B: _______ C: _______ (1 = yes, always, 2 = yes, often, 3 = yes, sometimes, 4 = never, 5 = other(s); other(s): ____________________________) If yes, what do you do with the pond mud? ________________________________________ 

III. STOCKING OF POND 
1. When did you stock the respective pond? A: ____/____ B: ____/____ C: ____/____

(Month and year) 
2. Which fish species did you stock (number, weight, price, fish source)? 
	Fish species 
	Number 
	Weight 
	Price 
	Source 

	Pond A
	
	
	
	

	Pond B
	
	
	
	

	Pond C
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3. Do you also stock non-fish aquatic products (e.g. shrimps, snails etc.) in your pond? 
Yes No If yes, what? ______________________
IV. FEED MANAGEMENT 
1. How often do you feed the following items? 
Banana leaves _____ Cassava leaves _____ Maize leaves _____ Bamboo leaves _____ Rice bran _____ Maize meal _____ Cassava meal _____ Duckweed (Lemna) _____ Other aquatic plants _____ Sweet potato leaves _____ Mulberry leaves _____ Residues from liquor preparation _____ Cassava tubers _____ Cassava peel _____ Kitchen waste _____ Vegetables _____ (1 = often, 2 = sometimes, 3 = seldom, 4 = never) if not on the list. Which feed? 
___________________________________________how often?______________
2. Are there differences in feeding practices between the different ponds? Yes No If yes, which? _______________________
1. In the case that you have a nursery pond, what do you feed to your fish in the nursery pond? ____________________________________________
2. Do you sometimes face shortages in feed availability? Yes No If yes, when do you face this problem? _____________________________
3. Have you ever purchased additional feed for fish? Yes No If yes, what kind of feed? _____________________ Why did you buy additional feed? ______________________ ____________ How much have you bought during the last year? ____________

4. Is there any plant that you cultivate exclusively for feeding your fish? Yes No If yes, what? _________________________ How much do you produce of it? (area or yields) _______________________________ 
5. Is there sometimes competition between the animals in the case of limited feed? Yes No If yes, between which ___________________
6. Do you think that all fish species in your pond have enough feed? Yes No If no, which fish might not have enough feed? Why?___________________ 
V. MANURE MANAGEMENT 
1. Do you use manure in your ponds? Yes No If yes, which ponds? _____________ 

2. What kinds of manure do you usually use? ____/____/____ (1 = buffalo, 2 = cattle, 3 = pig, 4 = chicken, 5 = green manure, 6 = nightsoil, 7 = other(s); other(s): ________________) 

3. Please estimate the amount and frequency of manure application. A: ____/____ 

B: ____/____ C: ____/____ (e.g. 3 kg / twice a week) 
4. How do you decide how much and when to supply manure to your pond? ___________________________________ 

5. In which form do you usually supply manure? ______ (1 = fresh, 2 = dried, 3 = processed, 4 = other(s); other(s)________________________
6. Have you placed animals directly next to or above the pond so that droppings immediately enter your pond? Yes No If yes, in which pond? ______________ Please describe: _______________________________________ (1 = all fish, 2 = only big fish, 3 = other(s); other(s): _______________________) 
7. When do you usually decide to sell fish? ______ (1 = when money is needed, 2 = when fish are big, 3 = other(s); other(s): _______________________) 
8. How many fish and kg of each fish species did you harvest? What were the prices of those
	Pond 
	Stocking date 
	Harvesting date 
	Total harvest (Kg)
	Total harvest
	Partial harvest
	Profit 

	Pond A
	
	
	
	
	
	

	Pond B
	
	
	
	
	
	

	Pond C
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


9. How many kg of fish do you usually harvest per month for sale? A: ______ B: ______ C: ______ 

10. How many kg of fish do you usually harvest per month for household consumption? 
A: ______ B: ______ C: ______ 
11. What are your reasons for growing fish? A: ______ B: ______ C: ______ (Several answers possible: 1 = take advantage of body of water; 2 = improve income; 3 = food security; 4 = job creation; 5 = other(s); other(s): _______________________) 
12. What is more important for you: having fish for getting cash income or for home consumption? ___________ Why? _______________
13. Do you sometimes process your fish? Yes No If yes, how do you process the fish? _______________________what is the purpose? 
___________________ what are the processed fish used for? ________________
14. Do you usually have problems with theft? Yes No If yes, in which pond(s)? _______ could you estimate how many fish you have lost from theft in the last year? _______ kg
15. Which non-stocked products do you harvest from your pond? _____________Shrimp ______ Mussels ______ Snails ______ Crabs ______ Non-stocked fish species ______ which? ______________________________ Algae ______ Other(s) ______ Which? ______________________________ 
16. What do you usually use those by-products for? ______ (1 = home consumption, 2 = selling, 3 = home consumption + selling, 4 = other(s); other(s): ______________) 
17. Can you estimate how many kg of each of the following animal products your household consumes per month? Poultry meat ______ kg Other meat sources (e.g. buffalo, beef, pork, etc.) ______ kg Eggs ______ eggs Fish ______ kg Other aquatic animals (e.g. snails, mussels…) ______ kg Insects, worms (e.g. silkworms), etc. ______ kg Milk and milk products ______ kg Other(s): ______________________________ ______ kg 
VII. POND INPUTS 
1. Have you invested time into pond preparation or restoration during the last production cycle? Yes No □ If yes, for which pond(s)? _______________ How many days? _______________ (per pond) 

2. Have you ever invested money into the preparation or restoration of your ponds? 
Yes No □ If yes, for which pond? __________ What for? ____________________How much did you pay? ____________

3. Do you have fishing nets? Yes No If yes, which nets? a)______________________ b)______________________ c)________________ When did you buy them? a)__________ b)__________ c)__________________

4. Have you bought any pond inputs (e.g. lime, inorganic fertilizer) during the last production cycle? Yes No □ If yes, what did you buy? _______________________for which pond(s)? __________________________

5. Do you have access to lime? Yes No If yes, where do you get it from? _________________________________ 

6. Who in your household usually takes care of the pond(s)? _______________________

7. How many minutes per day does your household generally spend on your pond(s) in the dry season? A: ______ B: ______ C: ______ 

8. How many minutes per day does your household generally spend on your pond(s) in the rainy season? A: ______ B: ______ C: ______ 

9. Do you get help from friends and neighbours during working peaks? _______ (1 = always, 3 = sometimes, 3 = never) 
10. Have you ever hired labour for pond purposes? Yes No If yes, when? _________________________________ What for? __________________ 

VIII. FISH DISEASES 
1. Have you ever had to cope with fish diseases in the respective pond? 
A: ______ B: ______ C: ______ (1 = often, 2 = sometimes, 3 = seldom, 4 = never) (If yes, please continue with section VIII, otherwise go to section IX) 
2. Which fish species were affected? ___________________________ Do you know the name of the disease? _____________________________ Please describe the symptoms: ________________________________________ 

3. Since which year have you faced problems with this fish disease? ________ 

4. How many fish have died? __________ What was the approximate weight of dead fish (g)?
5. Have you taken any action toward curing your fish? Yes No If yes, what did you do? _____________________________________________ Where did you learn of this technique?____________________ Was it successful? _____________________ 

6. Do you have any insight as to why your pond has been affected by fish disease? 
IX. CONSTRAINTS IN FISH PRODUCTION 
1. Have you ever attended a training course? Yes No If yes, in which field? _______________________________ 

2. What would you consider to be the biggest problem you face in fish production? ______________________________ 

3. How do you assess the impact of the following potential problems on your fish production? (1 = very big problem, 2 = big problem, 3 = minor problem, 4 = no problem, 5 = do not know) 
Fish diseases _____ Lack of extension service/training _____ Low quality of fish seed _____ Low water quality _____ Water shortages _____ Entry of pesticides _____ Negative impact of inorganic fertilizers _____ Lack of access to pond inputs (e.g. lime) _____ Lack of crop residues _____ Lack of feed for all fish species in the system _____ High investment costs for pond preparation _____ High costs for fish seed _____ Theft _____ Natural enemies _____ Which? ____________ Insufficient land _____ any other _____________
Appendix 2: Water quality parameter record sheet

Name of the owner …………  Date…………  Pond number………     District………

	Pond Number
	Water quality parameters
	Time

	
	pH
	T0c
	DO
	Salinity
	Transparency
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	


Appendix 3: Sampled fish biodata sheet

	S/N
	Weight
	Length
	Sex

	
	
	
	

	
	
	
	

	
	
	
	


Appendix 4: Oligonucleotide primers to be used in this study

	Organism 

(Target gene)
	Primer sequence (5’ – 3’)
	Product size (bp)
	Reference 

	All Vibrio spp., 

(16S rRNA)
	F: CGGTGAAATGCGTAGAGAT

R: TTACATGCGATTCCGAGTTC
	663
	(Tarr et al., 2007)

	Vibrio cholerae 

(Outer membrane 

protein W)
	F-CACCAAGAAGGTGACTTTATTGTG

R-CGTTAGCAGCAAGTCCCCAT
	427


	(Evans, Piermarini, and Choe, 2005)

	V. parahaemolyticus

(collagenase)
	F-GAAAGTTGAACATCATCAGCACGA

R-GGTCAGAATCAAACGCCG
	271


	(Tarr et al., 2007)
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