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Teknologi pengeluaran Thai koi merupakan satu komponen yang baru dalam industri 

akuakultur di Bangladesh. Walaupun sektor ini mengalami pertumbuhan yang 

memberangsangkan sepanjang awal tahun, industri kini mengalami keadaan turun 

naik pengeluaran. Keadaan turun naik yang mendadakdalam pengeluaran 

menyebabkan perusahaan koi sangat berisiko. Oleh itu, perusahaan koi sebagai 

pilihanutama menimbulkan pertanyaan. Kajian ini bertujuan untuk menganalisis 

risiko pengeluaran dan kecekapan teknikal (TE) perusahaan Thai koidi 

kawasanterpilihBangladesh. Secara khusus ia bertujuan untuk: (i) mengenalpasti 

jenis dan tahap risiko yang berkaitan dengan penggunaan input; (ii) menganggarkan 

ladang khusus serta min TE dan faktor-faktor yang memberi kesan kepada 

ketidakcekapan teknikal (TIE); dan (iii) menilai bagaimana jenis makanan boleh 

menjejaskan pertumbuhan produktiviti. Kajian ini menggunakan 149 data keratan 

rentas yang dikutip secara rawak dari daerah Mymensingh di Bangladesh. Kajian ini 

menggunakan pendekatan Kumbhakar (2002) iaitu menggunakan model sempadan 

stokastik (SFM) untuk menganggarkan parameter min pengeluaran, varian dan 

fungsi ketidakcekapan dalam satu kerangka. Pengaruh jenis makanan yang berbeza 

ke atas pertumbuhan produktiviti disiasat dengan menggunakan fungsi pengeluaran 

Cobb-Douglas (CD) dan kaedah Propensity Score Matching (PSM). 

 

Dapatan kajian mendapati antara pembolehubah produktif, makanan adalah input  

terpenting yang mempengaruhi perusahaan Thai koi. Ciri pengeluaran Thai koi 

adalah penurunan pulangan mengikut skala. Anggaran fungsi risiko menunjukkan 

bahawa zeolite dan racun perosak adalah risiko yang berkurang manakala buruh, 

makanan, fingerling dan garam menunjukkan risiko yang meningkat. Keputusan 

model ketidakcekapan menunjukkan buruh dan kawasan kolam dapat mengurangkan 

TIE secara bererti. Makanan, fingerling dan kapur pula mempengaruhi TE. 

Pendidikan petani meningkatkan TE, manakala pengalaman, latihan dan perubahan 

air menjejaskan TE secara negatif. Min skor TE masing-masing adalah 0.73 dan 0.96 

bagi anggaran risiko fleksibel dan anggaran SFM konvensional. TE dianggarkan 

menggunakan kerangka kerja risiko fleksibel yang menunjukkan bahawa 27% dari 
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potensi output boleh diperolehi semula dengan mengatasi ketidakcekapan. Analisis 

menunjukkan bahawa nilai TE besar apabila varians pengeluaran tidak dimasukkan 

dalam model. Oleh itu, kajian mencadangkan pemodelan pengeluaran-TE perlu 

dilakukan dengan menggunakan kerangka kerja risiko fleksibel tanpa bayangan 

anggaran nilai TE yang tinggi melalui kerangka kerja risiko konvensional bebas. 

 

Makanan terapungmenunjukkanprestasi yang lebih baikdari segi min berat badan 

harianikan, nisbahpenukaran makanan dan min berat ikandenganhari kultura yang 

lebih rendahberbanding denganmakanan campuran dan tenggelam. Pulanganbersih 

dan nisbahfaedah kosadalahtinggi untuk makananterapung. Keputusanregresi CD 

dan PSM mengesahkanbahawa petani yang menggunakanmakananterapung dapat 

menghasilkan kuantitiikan seunityang lebih tinggiberbanding denganmereka yang 

menggunakanjenismakanan yang lain. Walau bagaimanapun, kolam yang 

menggunakanmakananterapung memerlukan pelaburan yang lebih banyak untuk 

meningkatkan hasil pulangan mereka. 

 

Secara keseluruhannya, dapatan kajian dapat membuktikan wujud kurang 

pemahaman yang betul tentangamalanteknologi.Petani bolehmenjadi lebih 

cekapdengan menyelaraskanperuntukaninputdengan teknologidan sumberyang sedia 

ada. Selanjutnya, pembangunan perusahaan memerlukan pengurangan kos 

pembolehubah utama.Terutamanya, pembangunan makanan kos rendahakan 

membantu petani untuk mendapatkan margin keuntungan pada tahap yang 

kompetitif.Akhir sekali, prospek kultura Thai koi adalah positifdalam 

memenuhipermintaan masa depanikan tersebut. Maka, usaha untuk menangani 

masalah dankekangan yang dihadapi oleh penternak akan menyumbang kepada 

sekuriti makanan dan nutrisi di kawasan ini. 
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sustainable levels with increasing fishing efforts and thereby fishers catch and income 

are declining (Ali et al., 2010a, Ali et al., 2010b and Chowdhury et al., 2001).  

 

 

 

Figure 1.3. Share of Fish Production by Sources (%) (1963-2012) 

(Adapted from Table 1.2) 

 

Fisheries sector contributes in a diversity of ways to the economy, thereby earning 

valuable foreign exchange. The fish trade is one of the major sources of foreign currency 

earnings in Bangladesh and delivers benefits at both the macro and microeconomic 

levels (Dey et al., 2005a). In fact, earnings from traditional exports of non-fish 

agricultural products are steadily being outpaced by fishery products (Dey et al., 2008). 

The export statistics of fishery products are portrayed in Table 1.4. 

 

Table 1.4. Export of Fish (tons) (million USD) (2002/03-2011/12) 

 

Year 

Frozen 

shrimp/prawn  

Other fish 

products 

Total % of 

total 

export Quantity  Value Quantity  Value Quantity  Value 

2002-03 36,864 297.04 10,507.00 38.29 47,371.00 335.34 5.10 

2003-04 42,943 365.28 11,198.00 35.75 54,141.00 401.03 5.71 

2004-05 46,533 371.63 16,844.00 47.25 63,377.00 418.89 5.90 

2005-06 49,317 402.26 19,512.00 49.42 68,829.00 451.68 4.56 

2006-07 53,361 433.47 20,343.00 52.24 73,704.00 485.70 4.90 

2007-08 49,907 417.47 25,392.00 77.58 75,299.00 495.05 4.04 

2008-09 50,368 398.85 22,520.00 72.57 72,888.00 471.42 3.00 

2009-10 51,599 417.03 26,044.00 75.64 77,643.00 492.67 2.74 

2010-11 54,891 501.35 41,577.40 187.66 96,468.40 646.86 2.73 

2011-12 48,007 460.22 44,471.46 134.49 92,478.46 594.71 2.46 

Source: BER (2011 and 12) and DoF (2002/03-2011/12). 
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Bangladesh, Burma, Ceylon, Cochin-China, India, Malaysia, Pakistan, Polynesia, Sri 

Lanka, southern China, Thailand, Tongking, and The Philippines (Rahman et al., 2010b; 

Tay et al., 2006; Kohinoor et al., 1994; Patra, 1993; Talwar et al., 1991; Sen, 1985 and 

Jayaram, 1981). This freshwater fish is found in the beels, haors, baors, flooded water 

bodies, ponds, streams and rivers of Bangladesh (Siddique et al., 2000). It matures 

earlier than some of the carps and the fishes are marketed mostly in live condition. This 

fish is very suitable for cultivation in ponds, reservoirs and rice fields. The climate, 

water and soil conditions have proven to be totally suitable for its culture in Bangladesh. 

 

 

 

Figure 1.4. Thai Koi (Climbing perch): Anabas testudineus (Bloch, 1792) 

 

Climbing perch is one of the most popular fishes in Bangladesh because of its taste and 

high market demand both at home and abroad. It is very much esteemed for its highly 

nourishing quality and prolonged freshness. The medicinal as well as nutritional value of 

this fish has been documented from time immemorial (Chandi, 1970). It contains very 

soaring amounts of physiologically available iron and copper fundamentally needed for 

hemoglobin synthesis; besides, it possesses easily digestible fats of very low melting 

point and good many essential amino acids (Kohinoor et al., 1991). Therefore, climbing 

perch is considered as a precious item in the diet for the sick and convalescent (BFRI, 

2006). Table 1.8 below displays the nutritional values of Thai koi fish. 

 

Table1.8. Nutritional Status of Climbing Perch 

 

Nutrients  Percentage 

Protein 14.80 

Fat 8.8 

Carbohydrate 4.4 

Mineral (Kcal) 156 

Iron (mg) 1.4 

Calcium 410 

Source: Sarker (2011) 
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In the past native koi was plentifully available in almost all freshwater systems of 

Bangladesh, but the recent trend shows a continuous dilapidated tendency. Due to 

ecological changes and increased fishing pressure, the abundance of indigenous fish is 

declining gradually. DoF (1992) reported that one decade ago, climbing perch 

contributed 2.8% of the total pond catch of Bangladesh, but off late its share to total 

pond catch was down to 0.85% (DoF, 1999). This has created a demand for introducing 

exotic fishes (Rahman, 2005).  

 

The productivity of Thai koi is fairly high than the native koi. Its productivity is much 

higher than other fish species cultured in Bangladesh. The productivity of Thai koi 

varied from 6,480 to 9,880 kg/ha in different studies as opposed to 1,916 kg/ha of native 

koi (Khatune-Jannat et al., 2012; DoF, 2010; Kohinoor et al. 2007 and 2009). Therefore, 

farmers are very much interested to culture it due to its higher growth rate and better 

returns compared to other species (Hasan et al., 2010). Recently, in the Mymensingh 

region, many farmers are involved in Thai koi culture resulting in high demand for fry. 

Under these circumstances, artificial propagation technique of Thai koi has been 

developed for mass seed production (Saha et al., 2009 and BFRI, 2006).  

 

Thai koi culture in ponds is a new intervention of the aquaculture industry in the 

country. Table 1.9 illustrates the Thai koi catch from ponds over the past 13 years. The 

table shows that the production of koi in 1999-2000 was 3,871 tons, while the 

production increased to 31,143 tons in 2011-12. The overall fish catch accounts 8 times 

higher and most of the growth took place after introducing Thai koi culture in ponds. 

The annual average growth rate of production was 54% during these periods. Though 

over the period, the growth performance is impressive, however, growth fluctuates 

widely from year to year. The highest production was recorded in 2011-12 with the 

annual growth rate of 132%, while the lowest production was recorded in 2008-09, with 

a growth rate of -72% (Table 1.9). The share of koi fish in total pond culture has also 

increased from 0.69% in 1999/2000 to 2.32% in 2011/12. Figure 1.5 portrays the 

 

Table 1.9. Thai Koi Production (tons) (1999/00-2011/12) 

   

Year Total production Percentage of pond total 

1999-2000 3,871.25 0.69 

2000-2001 4,495.52 0.73 

2001-2002 4,864.26 0.71 

2002-2003 5,264.38 0.70 

2003-2004 6,127.74 0.77 

2004-2005 1,892.48 0.25 

2005-2006 8,887.65 1.17 

2006-2007 2,354.67 0.29 

2007-2008 6,495.37 0.75 

2008-2009 1,824.00 0.20 

2009-2010 7,056.00 0.62 

2010-2011 13,406.00 1.10 

2011-2012 31,143.00 2.32 
Source: DoF (1999/2000-2011/2012)  
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production trend of this fish strain. Though the production has increased steadily over 

the years; however, the ups and downs in overall production of this species indicates that 

there might be some problems in Thai koi culture in the study area causing fluctuations 

in production.  

 

Thai koi is a fast growing fish species which has great potential for expansion and export 

earnings in Bangladesh. Its productivity and growth is also higher compared to other fish 

species cultured in the country (Khan, 2012 and Sarker, 2011). However, the production 

trend displays a high range of variability in koi farming. Farmers are practicing intensive 

production technology in Thai koi culture which is new in Bangladesh. Basically, 

farmers usually practice extensive to extended extensive production technologies. Thai 

koi is a feed intensive species and therefore can, cause high or low growth and survival 

that is likely to cause production variability (risk) and inefficiency in the production 

process. Output variability is observed from farm to farm, location to location and also 

year to year; and this indicates that there may be some risk element in Thai koi farming. 

It was learnt during the survey that despite its notable growth at the early stage, farmers 

are now experiencing a high degree of uncertainty due to large cross-sectional variations 

in production and profitability which results in a large number of Thai koi farmers 

quitting from this agri-business.  

 

 

Figure 1.5. Production Trend of Thai Koi (tons) (1999/00-2011/12) 

(Adapted from Table 1.9) 

 

Thai koi farming is a young industry as well as new technology to the farmers. The 

private sector is the major player in Thai koi culture, and with well-considered strategies, 

good management practices and proper handling technology, the outlook for the 

aquaculture can be very positive. However, there is a need to carry out detailed studies 

to develop and grow this farming system in an economically viable and sustainable 

fashion.  

3,871 

31,143 

0

5000

10000

15000

20000

25000

30000

35000

  
  
  P

ro
d

u
c
ti
o

n
 (

T
o

n
s
) 

Year 



© C
OPYRIG

HT U
PM

16 
 

1.8 Statement of Problem 

 

Bangladesh's inland capture and marine fisheries display a gloomy scenario in terms of 

fisheries production despite the existence of an excellent aquaculture potential. The 

current production is not adequate enough to meet the demand by the growing 

population. Moreover, the demand for fish is continually increasing in the country with 

nearly three million people being added every year to the population. While overall fish 

production keeps on increasing, per capita fish consumption is still in deficit at 1.5 

kg/year compared to the optimal requirement. This shortage in fish consumption results 

in declining daily animal protein intake. The fish intake declined from 73 to 60 g during 

1991 to 2012. Studies also showed that fish intake is not equitable between poor and rich 

households in the country. Among the two major sources of animal protein, the growth 

of livestock remained stagnant (SFYP, 2011-15) and hence the only way to fill-up this 

gap is to boost up domestic fish production. A country like Bangladesh with a huge 

population (139 million, BBS, 2011) cannot afford to depend on imports perpetually by 

spending huge foreign currency. Since increasing fish production through horizontal 

expansion (i.e. increase in area) of fish culture is bleak, there is no alternative other than 

to increase per unit production. The productivity of fish per hectare from pond farming 

in Bangladesh lags behind than other Asian countries. Thus steps need to be taken to 

increase the productivity of pond fishery in the country.  

 

The growing demand for fish have motivated farmers to introduce high yielding and 

quick growing exotic Thai koi farming in Bangladesh. Thai koi can be harvested two 

times a year and thus can, play a significant role to meet the increasing protein 

requirement. However, despite its impressive growth during the initial years, the 

industry is now experiencing volatility in production. The fluctuating Thai koi 

production poses a serious concern among the fisheries extension personnel as well.  

 

Chakraborty et al. (2014) carried out an on-station experiment under three treatments 

and found the productivity of koi fish were 22,063 kg, 19,852 kg and 16,381.2 kg/ha, 

respectively. Another experiment was conducted in nine experimental ponds (on station) 

by Rahman et al. (2013) and they found per ha productivity to have varied from 4,800 

kg to 5,582 kg. On the contrary, Sarker (2011) conducted an economic study on small-

scale koi farming and found per hectare productivity of Thai koi was 22,179 kg, while in 

a more recent study it was found to be 16,551 kg/ha. Therefore, causes of Thai koi 

production variability attracts due investigation. 

 

Thai koi production is relatively a newly introduced technology in the aquaculture 

practices of Bangladesh, farmers know less about its culture practices, food and feeding 

habit, health and disease incidence. Many have no training about Thai koi technology 

and learnt the same from neighboring farmers. Good number of farmers may not have 

any idea about the optimum allocation of feed, fingerlings, cultural length, stocking 

density and use of other inputs. Production variability might be due to all these. 

Moreover, many of the farmers may be technically inefficient. Thus, input-out 

relationship, production variability and extent of technical inefficiency for a new 

technology warrant in-depth investigation. A study like this is deemed very timely. It 

would provide answers related to i) nature of inputs contribution  to Thai koi production, 
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It is now one of the high commercially valued farm fishes of Bangladesh and plays a 

significant role to meet the increasing protein requirement of the ever growing 

population. Thai koi farming is a totally feed intensive technology which is also new to 

the farmers. Though over the period, the growth performance is impressive, however, 

production of this strain varies widely. Unfortunately, no detailed empirical 

investigations have been made to find out the causes of production variability in Thai koi 

farming in the economic arena. 

 

In practice, risk plays a vital role in aquaculture both in input use decisions as well as 

production of outputs. A number of stochastic biophysical and socioeconomic factors 

may differentiate production practices and intensity of input use among producers and it 

may create substantial risks among the growers. Many things may happen under water 

that sometimes may be beyond control. Hence, production techniques and managerial 

value judgment is important. Therefore, improvement of farm level efficiency is also a 

crucial factor in fish production. The efficiency variables are related to socioeconomic 

characteristics that may lead to input use variations in the production process and can 

create production variability. Thus, examining production risk and TE is very pertinent 

in aquaculture. 

 

A number of studies have utilized the stochastic frontier approach in assessing TE in 

aquaculture and most recent studies include: Alam et al. (2012), Islam et al. (2011), 

Onumah et al. (2010), Rahman et al. (2010c), Singh et al. (2009), Kareem et al. (2008), 

Den et al. (2007), Islam et al. (2007), Sesabo et al. (2007), Dey et al. (2005c), Chiang et 

al. (2004), Dey et al. (2000) and Sharma et al. (2000a and 2000b). There are limited 

studies in the literature that have analyzed production risks in aquaculture and these 

include: Khan (2012), Kumbhakar et al. (2003), Asche et al. (1999), Tveteras et al. 

(2000) and Tveteras (1999). However, the literature so far has paid little attention on 

production risks and TE in a single framework in the broad agricultural sector and there 

are only two such studies in aquaculture, i.e. Ogundari et al. (2010) and Kumbhakar 

(2002). 

 

Most of the stochastic frontier analysis was concentrated on some species such as carp, 

prawn, tilapia and salmon. These empirical studies have provided evidence of output 

risk and technical inefficiency in the aquaculture sector. However, none has focused on 

risk or efficiency and, or simultaneously on production risk and TE at farm level 

covering Thai koi or any species in Bangladesh. This is the first research initiative of 

input use on production risk and TE in Thai koi farming in Bangladesh. This research is 

expected to open a new window for policy makers in understanding the dynamics of this 

industry and hence to make better informed decision making. 

 

 

1.12 Organization of the Study 

 

This thesis is divided into five chapters. General introduction of Bangladesh agriculture, 

fisheries resources, aquaculture, significance of the study and objectives are discussed in 

Chapter 1. A critical review of the literature on production risk in inputs and TE is 

described in Chapter 2. This chapter also reviews the theoretical background of the 
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models related to this research. Chapter 3 contains the research methodology used for 

this study. It also looks at the empirical estimations of the models, data collection 

procedure and descriptive statistics of variables. Chapter 4 reports the empirical results 

and their interpretation. The concluding chapter provides the summary, conclusion, 

recommendations and limitations of the study. 
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