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Hilsa shad (7Tenualosa ilisha) locally familiar as ilish or hilsa is a national fish of
Bangladesh. Despite its popularity, many biological aspects of this fish are still
unknown. Morphometric characteristics, mouth and gut morphological development
are the important factors to be identify the fish larvae and informs us the type of foods
taken as well as its feeding range. In larval fish, the food size and types is closely
related with the mouth and gut morphology. So far, there was limited information
available on hilsa larvae identification and no information available on larval mouth
and gut morphology of Hilsa shad, which are the limiting factor for its own larvae
culture and rearing. Therefore, this study was conducted to identify the hilsa larvae
based on its morphomeristic characteristics and observe the morphological changes of
mouth and gut during different larval stages of 7. ilisha. Methodology of this study was
different from other larval study. For this study larvae was collected by sampling from
the wild breeding and nursing ground, not from hatchery breeding. Weekly sampling
was performed to collect the sample from Meghna estuary, Bangladesh between
August 2016 and January 2017. Collected samples were preserved in 5% formalin and
transported to the laboratory. Morphological characteristics of the larvae and the mouth
and gut morphology of larvae and early juvenile stages were examined using Keyence
Digital Microscope (VHX-500). Larvae of 7. ilisha were characterized by their
distinguished elongated body, moderately high numbers of myomere; small to
moderate mouth, short-based dorsal and anal fin (never overlaps the anal fins). The
body depth increased more than body length at metamorphosis stage (larvae to
juveniles). The smallest mouth size was found at 45" mouth gap while largest found
was at 90°. It was observed that the length of lower jaw was higher than the upper jaw
length. There were four larval stages observed in this experiment viz. yolk sack stage,
pre flexion stage, flexion stage, post flexion. The mouth was initially closed at yolk sac
stage. In pre flexion stage, the mouth gap of the larvae ranged between 177 + 25 and
367 £ 47 um, while in flexion stage it ranged between 241 + 31 and 497 + 59 pm. As
for post flexion stage, it ranged between 307 + 38 and 621 + 74 pm and in early
juvenile stage it ranged between 393 + 61 and 788 £ 119 um. It is revealed that there
was a significant relationship between standard length (SL) and upper jaw length (R? =
0.941, P < 0.05) similarly with the lower jaw (R?> = 0.931, P < 0.05). Significant
relationship was also found between SL and mouth gap at 90° (R? = 0.938, P < 0.05).
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Digestive tract was transparent and formed a straight tube at the yolk sac stage. At pre
flexion stage, the digestive tract was differentiated into mouth opening,
buccopharyngeal cavity, oesophagus, stomach, intestines and rectum. Development of
digestive tract was almost completed during pre flexion stage. The length of the
digestive tract did increase along with the length of the body. During pre flexion stage,
food particles were observed in the gut of the larvae. Gut loop was clearly observed at
post flexion stage. The percentage of gut length compared with the standard length was
84.87 £ 4.87%, 85.64 + 4.47%, 82.29 + 6.18%, 77.99 + 4.98%, 74.02 + 3.27% at yolk
sac, pre flexion, flexion, post flexion and juvenile stages, respectively. There was a
strong linear relationship between the gut length and standard length (R?>= 0.97, p <
0.05). This study was a first attempt which investigated the mouth and gut
morphological changes of hilsa larvae collected from the Meghna estuary, Bangladesh.
Overall, these finding can be used to identify the hilsa larvae in wild and considered
base line information for size and types of larval food in culture and management of 7.
ilisha.
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Terubok Hilsa (Tenualosa ilisha) dikenali umum sebagai ‘ilish’ atau ‘hilsa’ di
Bangladesh. Kajiselidik ini dijalankan bagi memperihal mengenai morfologi luaran,
perkembangan struktur mulut dan saluran pencernaan semasa pelbagai peringkat larva
dan awal juvenil. Sampel larva T. ilisha dikuampul daripada muara Sungai Meghna di
Bangladesh setiap minggu antara bulan Ogos 2016 hingga Januari 2017. Sampel yang
sedia dikumpul telah dipindahkan ke Malaysia dam semua kerja makmal bekaitan
projek dilakukan di Jabatan Akuakultur, Universiti Putra Malaysia. Larva 7. ilisha
dapat dicirikan dengan bentuk badannya yang memanjang, bilangan miomer dan
‘vertebrae’ yang sederhana tinggi, struktur mulut yang kecil hingga sederhana saiz dan
tanpa gigi, sirip dorsal yang berpangkal pendek, dan sirip anal dan dorsal posterior
yang tidak mertindih dengan sirip anal. Larva dan juvenil dapat dibahagikan kepada
lima kumpulan iaitu larva pundi yolka (3.83 + 0.57mm), larva pra fleksion (8.07 +
1.83mm), larva fleksion (11.50 £1.55mm), larva pasca fleksion (14.72 +1.70mm) dan
juvenil (18.75 £3.02mm). Bilangan miomer dan ‘vertebrae’ masing-masing berada di
antara julat 34 — 45 dan 40 — 46. Bagi ruji sirip, bilangan ruji sirip dorsal adalah 16 -19,
ruji sirip anal 19 — 21, ruji sirip pectoral 14 — 16, ruji sirip pelvik 8 — 9 dan ruji sirip
ekor adalah 21 — 23. Perkaitan di antara nilai min kedalaman badan dan panjang piawai
berbeza dengan signifikan (p <0.05) di kalangan peringkat larva dan juvenile. Saiz
mulut terkecil didapati pada 45° jarak bukaan manakala yang terbesar adalah pada 90°.
Adalah diperhatikan yang rahang bawah adalah lebih panjang daripada rahang atas.
Struktur mulut pada awalnya tertutup semasa peringkat kantung yolka. Pada peringkat
pre-fleksion, jarak bukaan mulut larva adalah di antara 177 £25 dan 367 +47 pm,
manakala di peringkat fleksion ianya berjulat antara 241 +31 dan 497 £59 pum. Bagi
peringkat pasca-fleksion dan juvenil, ianya direkod masing-masing antara 307 £38 dan
621 £74 um serta 393 £61 dan 788 £119 um. Adalah didapati yang terdapat perkaitan
signifikan antara panjang piawai (SL) dengan panjang rahang atas (R? = 0.941, P <
0.05) dan juga panjang rahang bawah (R? = 0.931, P < 0.05). Perkaitan signifikan juga
didapati di antara SL dan jarak bukaan mulut pada 90° (R? = 0.938, P < 0.05). Salur
peecernaan kelihatan lutsinar dan membentuk seperti satu tiub lurus pada peringkat
kantung yolka. Pada peringkat pre-fleksion, salur pencernaan telah dibezakan menjadi
bukaan mulut, rongga bukofarinks, esofagus, perut, usus dan rectum. Perkembangan
salur pencernaan hampir keseluruhan lengkap semasa peringkat pre-fleksion. Panjang
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salur pencernaan bertambah mengikut pertambahan panjang badan. Semasa peringkat
pre-fleksion, partikel makanan dapat diperhatikan pada bahagian dalam perut larva.
Pusingan perut dapat diperhatikan jelas pada peringkat pasca-fleksion. Peratus panjang
perut dibandingkan dengan panjang piawai badan adalah masing—masing 84.87
+4.87%, 85.64 £4.47%, 82.29 £6.18%, 77.99 +4.98%, 74.02 £3.27% bagi peringkat
kantung yolka, pre-fleksion, fleksion, pasca-fleksion dan juvenil. Terdapat perkaitan
langsung yang tinggi di antara panjang perut dan panjang piawai (R? = 0.97, P < 0.05).
Kajian ini merupakan cubaan pertama dalam mengkaji perubahan morfologi mulut dan
perut larva hilsa yang didapati di muara sungai Meghna Bangladesh. Secara
keseluruhannya, segala penemuan ini boleh digunakan bagi mengenalpasti larva ikan
hilsa dan boleh dianggap sebagai data-asas bagi kultur dan pengurusan 7. ilisha.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

Bangladesh is blessed with rich and extensive inland and marine fisheries resources
with a wide variety of indigenous and exotic fish fauna. This riverine system has
tributaries flow through the country constituting a waterway of the total area about 8,
53,863ha (Bangladesh Economic Review, 2015). These water bodies are offering huge
scope and potentiality for enhancing the fish production and socio-economic status of
the people living in the villages.

Fisheries play a major role in the economy of agriculture based developing country like
Bangladesh. The role of this sector in the country’s economy is increasing day by day.
The total annual fish production of Bangladesh was 3.89 million MT at 2016 (DoF,
2017). In national GDP, fisheries sector contributes 3.69% and agriculture contributes
23.12% GDP; and 2.01% of foreign exchange has been earned by exporting fisheries
products (Bangladesh Economic Review, 2015). Fish supply 60% protein to the
people of the nation. It is a good source of high-quality protein, thus can make an
outstanding contribution to reduce the malnutrition problem of Bangladesh. Fisheries
sector also plays an important role in the employment generation and poverty
alleviation. About 11% of the total population directly or indirectly depends on
Fisheries related business (DoF, 2014).

Fisheries in Bangladesh, falls broadly into four categories: (i) inland capture fisheries
(open water), (ii) freshwater culture (close water), (iii) marine, industrial or trawl
fishing, and (iv) marine artisanal or small-scale fishing. Fishing techniques are mainly
categorized into traditional, artisanal and commercial. Traditional and artisanal
fisheries in rivers, beels, haor and baor as well as in freshwater are primarily inshore
which is developed by independent fishermen in small fishing boats using simple gear
including traps, gillnets, beach seines, purse seines, dip nets, cast nets and small long
lines. Most of the catch has been consumed locally either as processed or fresh. There
is no effective central marketing agency in the villages. There is a wide variety of fish
species are available in Bangladesh which can be categorised as follows: hilsa, carp,
catfish, prawn and other species. In the inland open water system, there are 260 native
species, 13 exotic fish species and 20 shrimp species was reported (Rahman, 1989).
Also, there were 31 species of tortoises and turtles have been found; among them 24
species were live in fresh water system (Sarker and Sarker, 1988). In the upper Bay of
Bengal, 475 species of finfish were discovered; among them about 65 species were
commercially important. Further, in the upper zone, 38 species of marine prawn were
discovered (Ali, 1992). Among all the fish species, the most important species is Hilsa
Shad or Tenualosa ilisha (commonly known as Hilsa).



Hilsa, Tenualosa ilisha (Hamilton, 1822) is also locally called ilish and/or ellis in a
different regions of Bangladesh. It is a national fish of Bangladesh as well as the most
popular edible species preferred by all areas of Bangladesh. In addition, two more
species of hilsa was also available in Bangladesh named 7. foli and Hilsa kelee
(Bhaumik, 2016). Tenualosa ilisha is the most popular and largest catch among all
hilsa in Bangladesh (Islam, 1989). Its marine distribution extends from Iran and Iraq in
the Persian Gulf to the west coast of India in the Arabian Sea and the Bay of Bengal
(Pillay and Rosa, 1963). Hilsa is an anadromous fish, migrating from sea to freshwater
riverine environments for spawning. It is distributed in rivers, tributaries and channels
extending over 9,390 km? as well as in the 118,813 km? area of the northern Bay of
Bengal (Hasan et al., 2013). More than 60% of the hilsa catch comes from marine
sources and the total annual harvest was about 0.39 million MT; thus, the hilsa fishery
alone contributes 12% of the nation’s total catchment (DoF, 2017). In total, it is nearly
half of the total marine catches, and about 12% of total fish production of Bangladesh
which contributes 1% of the current GDP to the country. The average annual
production of hilsa was 0.39 million MT, which is worth for Tk. 80,000 million (Tk.
200/kg). It has also contribution to earn the foreign exchange nearly Tk. 500 — 1,000
million/year (DoF, 2015). The peak fishing season extends from June to March, with a
major peak between September and October; and the least peak is February - March
(Islam, 1989). The catchment is based on artisanal and use mainly drift and gill nets
that was practiced from traditional non-mechanized and mechanized wooden boats
(Islam, 1989). About 460,000 fishers of 148 Upazilas (Lowest administrative unit of
Bangladesh) were directly employed in hilsa fishing with an indirect employment
about 2.5 million in the wider hilsa sector (trading, processing, etc.). Thus, the hilsa
fishery is playing one of the most important roles in employment, foreign currency
earnings and poverty eradication of the country. 50 - 60% of global hilsa catch was
reported from Bangladesh, 20 - 25% from Myanmar, 15 - 20% from India and 5 - 10%
from the rest of the countries viz.,, Iraq, Kuwait, Malaysia, Thailand, and Pakistan
(BOBLME, 2010). Majority catchment has been reported from Bangladesh followed
by India and Myanmar (Bhaumik, 2015).

For aquaculture, hilsa spawn were collected from wild and stocked in pond, but due to
poor larval management system, most of them died in the larval stage itself. For this
purpose, development of a comprehensive larva culture protocol including a proper
feeding management program for this fish is urgently needed.

1.2 Problem Statement

The demand of hilsa is expanding rapidly and exceeding the supply due to a steady
increase in population and income. Aquaculture is the logical answer to meet that
demand as wild resources which are declining due to overfishing, pollution, etc., while
the cost of fishing is increasing. For the many years hilsa harvested from nature and it’s
increasing day by day in Bangladesh for good management practices. Now it is
important to introduce hilsa in aquaculture but the technology was a failure due to lack
of knowledge on larval management. Kulkarni (1950) has first reported the controlled
breeding in hilsa. In Malaysia, the Sarawak Fisheries Department succeeded in
artificial breeding of 7. foli. But there was no establish protocol for hilsa breeding, still
it was collected from nature. So, now it is important issue to find out a proper
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identifying protocol for hilsa larvae and develop knowledge its larval feed types and
range. Therefore, one of the most important factors in fish larva culture is the provision
of a suitable food. In some cases, good quality feeds can also give poor results unless
proper food size and types. Food size and types mostly depend on the mouth size and
alimentary tract development. In the absence of adequate food, fish larvae have
eventually reached a point of no return (Blaxter and Ehrich, 1974); at the point of
which only 50% of larvae are still being able to feed if sufficient food is available.
Even under optimum conditions, the remaining 50% are no longer capable of taking up
food. Feeding of fish is strongly influenced by food particle size in relation to mouth
size and gut structure of larvae. Mouth size appears to be the limiting factor in the
larval feeding of both natural and artificial diets; once the prey has been located, it
must be captured and the first problem to overcome is getting the food item into the
mouth. Strong relationships between the mouth size and the food particle during larval
stages was well documented by Blaxter and Ehrich (1974).

There was also a relationship between the structure of alimentary tract and the nature
of feeding. The poor growth of some fish larvae was due to the under development of
their digestive tract (Kaushik and Luquet, 1993). There may be a marked difference in
the morphology and histology of the gut among fishes. However, it needs to be need
clear and specific information is required to identify the hilsa larvae and find out the
relationship among food with mouth gap and alimentary tract of 7. ilisha larvae, which
is necessary for the development of hilsa culture practices. So far, no comprehensive
description regarding mouth and digestive tract development of 7. ilisha have been
published.

Therefore, the present study was undertaken to observe and describe the larval
morphomeristic characteristic and morphological development of the mouth and
alimentary tract of 7. ilisha larvae.

1.3 Specific objectives

1. To describe the morphomeristic characteristics of 7. ilisha larvae and early
juveniles from wild

2. To observe the external mouth morphological development of T. ilisha until
early juvenile stages.

3. To examine the alimentary tract development of 7. ilisha larvae and early
juvenile.
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