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PARAMETER POPULASI, BIOLOGI PEMAKANAN DAN PEMBIAKAN
IKAN TEMPERAS, Cyclocheilichthys apogon (Valenciennes, 1842) DARI ANAK

SUNGAI TERPILIH DI EMPANGAN MUDA, KEDAH, MALAYSIA

ABSTRAK

Sedikit maklumat yang diketahui mengenai aspelobiaCyclocheilichthys
apogondan oleh itu, satu kajian mengenai biologi spesietelah dijalankan di lima
anak sungai di Empangan Muda selama 18 bulan daci 2014 hingga Ogos 2015.
Persampelan bulanan telah dijalankan untuk mengurs@mpel-sampel air dan
spesimen-spesimen ikan. Kajian ini merangkumi ptraen parameter kualiti air
fiziko-kimia, hubungan panjang-berat dan faktordasmn relatiiC. apogonparameter
populasi, pemakanan dan biologi pembiakarapogon Tiada perbezaan signifikan
(p > 0.05) yang diperhatikan antara stesen perdampgmda pH, nitrit, nitrat dan
ammonia serta tiada perbezaan signifikan (p > Oy@BYy diperhatikan pada suhu air,
konduktiviti, kedalaman air, oksigen terlarut, jaml pepejal terlarut, aliran air,
kepekatan nitrat dan fosfat antara bulan-bulangpepglan. Semua nilai-nilai dari
analisis kualiti air fiziko-kimia di anak-anak sungli Empangan Muda adalah dalam
tahap yang selamat dalam Kelas | dan TAapogordidapati membesar dalam corak
pertumbuhan isometrik berdasarkan hubungan parfjara:- Nilai-nilai faktor
keadaan relatiC. apogonadalah lebih tinggi daripada satu menunjukkan &aa@.
apogon adalah lebih baik di anak-anak sungai ini. Daripddijian parameter
populasi, C. apogondianggarkan mencapai panjang infinitio) pada 21.5 cm,
dengan kadar pertumbuhan sederhdtja0(42 tahuif. Panjang pada penangkapan
pertama l(c) C. apogondianggarkan pada 8.67 cm. Jumlah kemat@rC( apogon

adalah tinggi (3.1%ahun’) dengan kematian semasa penangkafan ffada kadar
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1.95 tahuft adalah lebih tinggi daripada kematian semula jaf)i gada kadar 1.22
tahuri’. Kadar eksploitasiEH) C. apogonpada kadar 0.62 tahtradalah sedikit
tereksploitasi daripada tahap eksploitasi optimug)( pada kadar 0.61 tahtin
Pengeksploitasian spesies ini harus diurus dengam nmenggunakan cara yang
mampan untuk kelangsungan sumber ikan sebelum ie@yacapai anggaran tahap
eksploitasi maksimum yang dibenarkdn{) pada kadar 0.76 tahtinC. apogon
merekrut dalam dua corak rekrut setiap tahun padnbApril dan September. Dari
kajian biologi pemakananC. apogondi anak-anak sungai di Empangan Muda
adalah omnivor-eurifagus dengan memakan makanamuwam daripada makanan
berasaskan tumbuhan dan haiwan dengan keutamaan rpaklanan berasaskan
haiwan. Kandungan makanan utama adalah Basill&joKrustasia, Insekta dan
cacing (Nematoda & Annelida). Makanan lain sep&tbrofita, Sianofita, zarah
makrofit yang tidak dapat dikenalpasti, rumpai ydiggk dapat dikenal pasti, sisik
ikan dan telur adalah kurang ditemui menunjukkahaba kepentingannya adalah
rendah untuk ikan atau tersalah makan. Variasindgémis pemakana@. apogon
diperhatikan di antara ikan tidak matang dan mataotan kering dan basah, kelas
saiz panjang dan stesen persampelan. Peralihankaeara daripada tumbuhan
kepada haiwan diperhatikan daripada ikan yang tidakang kepada ikan dewasa.
Peralihan pemakanan yang sama daripada tumbuhaad&emaiwan diperhatikan
daripada ikan yang bersaiz lebih kecil kepada ikang bersaiz lebih besaC.
apogon lebih banyak memakan haiwan di Stesen 1, 2 darrBahding dengan
tumbuhan dan lebih banyak memakan tumbuhan distesan 5 berbanding dengan
haiwan. Dari kajian biologi pembiakan, nisbah jaatibbagiC. apogonjantan dan
betina adalah 1.08: 1.00 (jantan: betina). Pering&matangan ba@. apogonantan

dan betina dikelaskan kepada enam peringkat kegeatarC. apogon adalah
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‘kumpulan peneluran serentak’ berdasarkan andlisi®logi and taburan kekerapan
saiz oosit.C. apogonbetina mencapai kematangan jantina pada saiz Igbitg kecil
(10.0 cm) daripad&. apogonjantan (11.3 cm). Musim peneluran uta@aapogon
berkait erat dengan bulan hujan atau basah padm fséptember. Fekundi@.
apogonadalah dari 135 hingga 2260 telur per gonad dayaidebih berkait dengan
berat gonad berbanding berat badan dan panjandukésen. Maklumat-maklumat
yang diperolehi daripada kajian ini berguna untukngisi jurang pengetahuan
mengenai parameter populasi, pemakanan dan bipéogbiakanC. apogondi anak-
anak sungai di Empangan Muda serta untuk perbaadingasa hadapan mengenai

spesies ini.
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POPULATION PARAMETERS, FEEDING AND REPRODUCTIVE
BIOLOGY OF BEARDLESS BARB, Cyclocheilichthys apogon
(Valenciennes, 1842) FROM SELECTED TRIBUTARIES OF MJUDA

RESERVOIR, KEDAH, MALAYSIA

ABSTRACT

Scanty information is known about the biologicgbexts ofCyclocheilichthys
apogonand as such, a study on the biology this specias gonducted in five
tributaries of Muda Reservoir for 18 months fromribta2014 untill August 2015.
Monthly sampling was conducted to collect the wa@mples and fish specimens.
This study includes the determination of the physibemical water quality
parameters, length-weight relationships and redatigndition factor ofC. apogon
population parameters, feeding and reproductivieagioof C. apogon No significant
differences (p> 0.05) were observed among sampling stations innptte, nitrate
and ammonia concentration and no significant deffiees (p> 0.05) were observed
in water temperature, conductivity, water depttssdived oxygen, total dissolved
solid, current flow, nitrate and phosphate con@itn among sampling months. All
the values of the physico-chemical water qualitylgsis in tributaries of Muda
Reservoir were in safe level in Class | and IA. apogonwas found to grow in
isometric growth pattern using the length-weighatienships. The values of relative
condition factor ofC. apogonwas higher than one shows the better conditio@.of
apogonin this tributaries. From the population parametetudy,C. apogonwas
estimated to reach length infinitief) at 21.5 cm, with moderate growth rak® ©f
0.42 year. The length at first capturé.d) of C. apogon was estimated at 8.67 cm.

The total mortality Z) of C. apogonwas higher (3.17 yedy with the fishing
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mortality (F) of 1.95 year was higher than the natural mortality)(of 1.22 year.
The exploitation rateH) of 0.62 yeat of C. apogonwas slightly exploited than the
optimum exploitation levelHy 1) of 0.61 yeat. The exploitation of this species
should be managed properly in sustainable wayisbrresources continuity before it
reaches the estimated maximum allowable limit gil@Xation Enay Of 0.76 year.

C. apogonrecruit in two recruitment pattern per year in hpnd September. From
the feeding biology studyC. apogonin tributaries of Muda Reservoir was
euryphagous-omnivores by consuming mixed diet afmahand plant-based food
with the preferences to the animal-based food. nn food contents were
Bacillariophyta, Crustacea, Insecta and worms (Ned@a& Annelida). Other food
materials such as Chlorophyta, Cyanophyta, unifiedtimacrophyte particles,
unidentified weeds, fish scales and eggs were dassuntered indicating their low
importance to fishes or mistakenly consumed. Theatrans in the type of diet
consumed byC. apogonwere observed between immature and mature fighald
wet months, length size classes and sampling st&tiéd diet shift from plant
materials to animal materials was observed from atune fish to mature fish. The
same diet shift from plant materials to animal mate was observed from smaller
size fish to bigger size fiskt. apogorconsumed more on animal materials in Stations
1, 2 and 3 compared to plant materials and consumae@ on plant materials in
Stations 4 and 5 compared to animal materials. Rranreproductive biology study,
the sex ratio of male and femaf& apogonwas 1.08: 1.00 (male: female). The
maturity stages of male and fem&eapogonwere classified into six maturity stages.
C. apogonwas a ‘group synchronous spawner’ according ttwlugical analysis and
oocyte size frequency distribution. Fem@leapogorreach sexual maturity at smaller

size (10.0 cm) than the mate apogon(11.3 cm). The major spawning seasorCof
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apogonwas tightly related to the rainy or wet month iepg&mber. Fecundity oZ.
apogonranged from 135 to 2260 eggs per gonad and itasemelated to gonad
weight rather than body weight and total lengthifodmations obtained from this
study would be useful to fill in the gap of knowigdon the population parameters,
feeding and reproductive biology @f. apogonin tributaries of Muda Reservoir as

well as for future comparisons regarding this sgeci
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Man-made lakes or reservoirs in Peninsular Malgsia

In Malaysia, there are many reservoirs and lakisernatural or man-made. The
examples of natural lakes are Chini Lake and Bakelwhereas for man-made lakes
or reservoir are Muda, Pedu, Temengor and KenyseR@irs. According to Sharip
& Zakaria (2008), more than 73 man-made lakes sgre®irs were built in Malaysia,
mainly for the purpose of irrigation, water supdlpod mitigation and hydroelectric
power generation. The reservoirs and lakes becassental storage areas for the
water resources of the country. They are also gmogihabitat to diverse biological
species. There are five main reservoirs in the hmgastern coast of Peninsular

Malaysia namely Timah Tasoh, Ahning, Pedu, MudaBeds Reservoirs.

Muda Reservoir lies at northeastern part of KedHiis reservoir, together with
Ahning and Pedu Reservoirs were constructed urfieerMuda Irrigation Scheme
aims to provide irrigation to the Muda areas cawgrd6 000 hectares in order to
enable double cropping of rice per year (MADA, 2DIEhe Muda Reservoir has a
large catchment area (984 Rmwith the storage capacity of 160 million*®rand
covering an area of 25.6 kKnirhe water from this reservoir is flowed and diagfed

to Pedu Reservoir (MADA, 2015).



1.2 Importance of Muda Reservoir and Its Tributaries

The Muda Reservoir built for the purpose of irrigat and water supply for
agricultural, domestic and industrial usage for e@reas in Perlis, Kedah and Penang
(Latifah & Les-Met, 2014). As reported by severdearchers (Shat al, 2006; Lee

et al, 2013), Muda Reservoir and its tributaries housege than 30 species of fishes.
Such high diversity of fishes provides an importanisanal industry for local people.
Leeet al. (2013) reported that the landing of fishes in MiR#servoir increased from
24.68 metric tonnes in 2006 to 58.36 metric tonme2010. The increase of this
artisanal fishery in Muda Reservoir is believedl wive some negative effects on
fisheries resources and water pollution. Consedyefisheries activities in Muda
Reservoir and its tributaries need to be more gpcddly friendly and sustainable in

the future.

Although Muda Reservoir is not well known as Kenkake and Temengor Lake,
Muda Reservoir is a stupendous area for recredtiomglers, researchers, wildlife
conservation and nature tourism. Zalina (2014) meypothat The Ulu Muda forest
complex surrounding Muda Reservoir provide trandwime to diverse wildlife

including at least 112 species of mammals. The mpg&fue feature of this place is
the existence of natural saltlicks which is beldw® supply important mineral
supplement to the diets of wildlife. The commonaiiés in Muda Reservoir and its
tributaries were fisheries. It provides sourceswiployment and protein supply for
the people that stay in vicinity to this reservair.general, most of the fishermen in
Muda Reservoir applied artisanal fishery with loachinology practices, limited

manpower and moderate average daily income of RNP&@sonal communication



2015). The common fishing gears are seine netnedsportable trap, fishing line and
long line. Some of the fishermen also have paretjab as boatmen for tourists and
researchers in Muda Reservoir. Other than that, rdereational fishing also
performed in this area where th€hanna striata (haruan) andHampala
macrolepidota (sebarau) were the most popular amongst the angleze et al,
2013). Muda Reservoir also offers a tremendoussieaqaing of its pristine streams
and forests where the eco-tourisms and researdhitiast such as recreational
camping, caving and wildlife sightseeing performdéy various naturalists,

researchers and groups of nhon-governmental ord#niza

1.3 Beardless barb Cyclocheilichthys apogon)

The beardless barb @yclocheilichthys apogors a freshwater fish species in the
Family Cyprinidae and widespread all over Southéssia (Vidthayanon, 2012;
Froeseet al, 2015). They inhabited freshwater environmentlivin benthopelagic
area and distributed in tropical climate (30°N 10°S) from Myanmar to Indonesia
within temperature 24°C to 26°C (Riehl & Baenscf91). A study by Baircet al
(1999) investigated thaC. apogoncan reach maximum length of 25 cm in total
length. As its name suggests, this species doeshae¢ a barbebnd can be
distinguished by having a black blotch at caudal dase and rows of black spots

along lateral scale (Kottelat, 2001) (Figure 1.1).

They commonly found in small rivers, lakes and reses (Talwar & Jhingran,
1991), ditches, canals and slow moving or standiater area (Rainboth, 1996) and

enters flooded areas during high water season l{&j@dinon, 2012; Froesst al,



2015). They could also be found in medium to lasieed rivers (Taki, 1978;
Vidthayanon, 2002). Pantulu (1986) reported thaapogonwas found in the basin-

wide tributary of the lower Mekong.

The stomach contents &. apogonusually consist of insect remains (Kottelat &
Widjanarti, 2005). Small plankton, crustaceangyrfiants of plants, leaves, twigs and
tree roots also found in their stomach. AccordimgRainboth (1996)C. apogonin
Cambodia reproduce late during high-water or wasse from September to October
when the water levels high and begin to declingetm of fisheries, this specibave
an indigenous aquaculture and ornamental propeatiesell as common daily food

(smoked or fermented) in Thailand and Mekong GHaaicke (Vidthayanon, 2012).

.. Black spot along scalerow Black blotch

Forked caudal fin
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Figure 1.1 Cyclocheilichthys apogon



1.4 Problem statement

The Muda Reservoir and its tributaries are veryartgmt to local people because it is
the main source of freshwater fishes, which is rii@n food for them due to its
cheaper price and higher in protein source. Thesystem can be considered as
vulnerable to human alterations. Any changes tohraént areas will influence the
presence of the existing aquatic organism biodityeuch as fishes and plankton
(Cookeet al, 1993). Present study was conducted in the trilegast sub-catchment
areas in Muda River (Labua River, Sira Jawa RiMseh River and Debu River) and
Teliang River. It is noted that several water pbgksparameters such as temperature,
pH and total suspended solid (TSS) in tributarielsleda Reservoir had an increment
in values and changes slightly as reported from sfuely by Mohd-Kamilet al
(2005) and Leeet al (2013). The main purpose of this study was tatifie the
changes in physico-chemical parameters in theses amed comparing the results with

the previous reports.

In addition, the growth of fisheries industry in NauReservoir is believed in jeopardy
in the near future as the area of Ulu Muda ForeseR/e itself are heavily affected by
human activities such as illegal logging, over-expkion and over fishing, resource
degradation and pollution (Sinar-Harian, 2017). Tinain threat for the Muda
Reservoir fisheries industry are deforestation andustainable logging activities
which will affect the quality of water catchmentdait inhabitants. The clearing of
forest patches until 200 m from the water mark mayse the run-off of soil into
Muda Reservoir and its tributaries making raw watepply murky. Besides that,
unsustainable fishing activities and illegal poaghby local fisherman such as the

using cyanide and dynamite in fishing could harra fish population and aquatic



ecosystem. The over-exploitation or over fishingpatontributes to the disruption of

fish communities.

Apparently, the mixed fish or ‘ikan putih’ togethaith the snakeheadChanna
striata), Asian redtail catfishH{emibagrus capituluinand marble-gobyQxyeleotris
marmoratg dominated the commercial fish trade and are thstijmconsume by local
people, as previously reported by Leé al (2013) and from the preliminary
observation on fish landing at Pengkalan Gubir ofdisl Reservoir. The ‘ikan putih’ is
known from its white coloured of various cyprinighexies of Cyclocheilichthys
apogon (temperas),Barbonymus schwanenfeldflampam sungai)Mystacoleucus
obtusirostris (sia), Osteochilus vittatugterbul), Oxygaster anomalurdlalang) and
Rasbora dusonensiseluang). These fish are very abundant in MuéseR/oir and
their market price as low as RM 6.00 per kilogranthte high price of RM 50.00 per
kilogram (Leeet al, 2013). They also very popular amongst the Ipealple which it
is palatable as favourite dishes or consumed d&sfighes with the price may fetch
RM 20.00 per dish. Some local people also made‘ikaa putih’ as traditional
fermented fish or ‘ikan pekasam’ and sell to thealanarket at the price of RM 20.00
to RM 30.00 per kilogram regarding to the speciesgduand this would gave

supplement income.

Most of the ‘ikan putih’ were caught in the tribties of Muda ReservoiC. apogon

as one of the species from ‘ikan putih’ was chokendetailed biological studies.
Previously, a few freshwater fish studies were iedriout in tributaries of Muda
Reservoir such as by Sameit al (2005), focused on the freshwater fishes in the
upstream of Muda River especially in Sg. Lasor,levBhahet al (2012) investigated

fish checklist distribution in Sg. Sira Batu, Sgur&, Sg. Air Hangat, Sg. Bahui and



Sg. Jawa. Whereas, Leet al (2013) explored the freshwater fish in riverine
environment (Muda River, Teliang River, Charok Temad Che-Song River) and
lacustrine environment. No detailed biological #wgdof freshwater species in
tributaries of Muda Reservoir were reported befd?eesent research concentrates
more on biological studies @. apogorregarding population parameters, feeding and
reproductive biologyC. apogoror ‘ikan temperas’ had been chosen in this sty a
is can be found in all sampling sites during prélimny sampling and important as

artisanal wild capture for local people.

1.5 Objectives of the study

The objectives in this study were as follows;

1) To evaluate the physico-chemical water quality pet@rs in tributaries of Muda
Reservoir (Labua River, Sira Jawa River, Nyeh Rii@bu River and Teliang
River).

2) To determine the length-weight relationships andtire condition factor ofC.
apogonbetween male and female, immature and mature, gldig and wet
months, length size group and sampling stations.

3) To examine the population parametersGofapogonthrough the estimation of
growth parameters, mortality coefficients and réorant patterns using FiSAT
software.

4) To elucidate the feeding aspects ©f apogonregarding gut fullness index,
relative gut length and the diet Gf apogorbetween male and female, immature

and mature, during dry and wet months, length gizep and sampling stations.



5) To investigate some aspects on reproductive biotddy. apogonconcerning on
the sex ratio, gonad maturity stages, length &t finaturity, gonadosomatic

index, fecundity and oocyte diameter.



CHAPTER 2

LITERATURE REVIEW

2.1 Physico-chemical water quality

Literally, water quality is useful tool for pollath monitoring (Maiti, 2004). Water
guality is a fundamental aspect in determining balthiness of aquatic ecosystem.
The healthy aquatic ecosystem and good water guatit vital in order to sustain fish
species and other aquatic organisms (Arimab al, 2008). According to
Venkatesharajet al (2010), healthy aquatic ecosystem also dependBeophysico-
chemical and biological characteristics. Boesch @ndher (1984) found that fish
communities have strong physiological and behaligraponses to the changes in
their environment. The deterioration on water guatiay cause higher mortality rates
of fishes, changes the fish assemblage of certeea and changes the physical

behavior of fishes (Borjat al, 2012).

In Malaysia, the water quality assessment in laked rivers commonly use the
Interim National Water Quality Standard for MalaygiINWQS) and water quality
index (WQI) as suggested by the Department of Bnvirent (DOE). The DOE has
been monitored the status of river water qualityiadr in Malaysia. The purpose is to
detect any changes in the water quality statusiaewtify water pollution sources.
The classification is based on annual basis bygoaitgng rivers in Class |, II, 1lI, IV

and V based on the INWQS. The classification ginésl of the INWQS is shown in

Appendix A.



Besides that, the assessment for trophic statia&é@s is estimated using the Carlson’s
trophic state index (TSI) as proposed by Carls@7 7). Carlson’s trophic state index
(TSI) has been largely used to assess the trophiussof lakes in almost all the
countries (Sharmeet al 2010). This index is used to estimate the level o
eutrophication during dry season using three iridisa transparency (SD), total
phosphorus (TP) and Chlorophydl concentrations (Chd). In this study, only
INWQS was used to estimate the water quality statudributaries of Muda
Reservoir. The INWQS is applicable for both rivarsgl lakes environment. Yisa and
Jimoh (2010) stated that INWQS is an importantdaadisation measurement that is

most helpful in assessing and monitoring surfacekva

Previous studies of water quality status in varitrimitaries of Muda Reservoir were
conducted by Mohd-Kamiét al (2005) and Leeet al (2013). The water quality
status regarding the physico-chemical parametetshuataries of Muda Reservoir is
expected to be changing over time. Accordinglys gtudy was conducted to access if
there are differences in the physico-chemical patams in tributaries of Muda

Reservoir with the previous studies.

2.2 Diversity of freshwater fishes in tributaries d Muda Reservoir

Several studies on freshwater fish distribution various tributaries of Muda
Reservoir had been previously reported by SamatMazlan (2003), Samadt al
(2005), Shahket al (2012) and Leeet al (2013). They revealed that fish species
diversity in tributaries of Muda Reservoir is moalerand could be increased by more
intensive sampling. Samat and Mazlan (2003) stuthedfish distribution in Weng

River, Samaet al (2005) in Lasor River, Shadt al (2012) in Sira Batu River, Surat
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River, Air Hangat River, Bahui River and Jawa Riged Leeet al (2013) in riverine

(Muda River, Teliang River and Charok Tera River)l dacustrine environment. The
continuous assessment on fish distribution is reguior the better conservation
planning in future. Hence, this study was condudtegromulgate and update the

latest fish checklist distribution in various trthues of Muda Reservoir.

2.3 Length-weight relationship (LWR)

The length-weight relationship (LWR) is a practicaidex appropriate for
understanding their survival, growth, generai vibgling, maturity and reproduction
(Le-Cren, 1951). Usually, the LWR is used to extrpeliminary information on
condition of fish and delineate whether growth ishfis positive allometric, negative
allometric or isometric (Ricker, 1975). The lengtkight relationship have been used
to assess the relative wellbeing of a fish popoa{Bolger & Connoly, 1989) and
ascertain a crucial pre-requisite in fishery biatadjinvestigations as it deals with the
expected weight estimation of an individual fish kifiown length from length

frequency distribution (Beyer, 1987; Froese, 199@jtrakis & Tsikliras, 2003).

In addition, length-weight relationship is usedetimate and compare life history
and morphological aspects between populations fidfarent regions in this world
(Goncalveset al, 1997; Stergiou & Moutopoulus, 2001; Odat, 20G¢8nce, length-
weight relationship of fishes is vital in populaticassessment (Ricker 1968;
Khaironizam & Norma-Rashid, 2002). Lizamet al (2002) avowed that the
knowledge of quantitative aspects such as lengigiwerelationship, condition
factor, growth, mortality and recruitment of fishieave taken into consideration to

become an important tool for the study of fish bgyl.
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More to the point, the length-weight relationshgsibeen used frequently to estimate
weight from length because direct length-weight saeements can be time-
consuming in the field sampling (Sinovat al, 2004). Likewise, the length-weight
relationship parameters are important in fish lmglas it can give information on
stock condition (Bagenal & Tesch, 1978) and comwmaised on commercial scales
in population assessments (Steebwl, 1991; Aliet al, 2000). Accordingly, length-
weight relationship widely used in stock assessmardels in fisheries management

(Barthélemyet al, 2014; Alireza & Hashem, 2016).

The length-weight parameter of the fish may difierfish population of the same
species due to the different metabolism of eadh $igecies and the environmental
condition where fish live (Gonzalez-Ganadataal, 2003) as well as due to fishing,
feeding and reproduction activities (Eglelal, 2011). According to Samait al
(2008), the size of individual fish may vary beao$ competition for food, supply of
nutrients and climatic parameters. In addition, iemmental deterioration could
reduce growth rates and decrease average age éstheHowever, in reality, the
interactions between growth rates and environmecitainges are believed to be

complex and argumentative to explain.

Frequently, length-weight relationship has beendusgtensively for analyses of
fisheries data worldwide (Mendet al, 2004). For example; Manset al (2010)
scrutinize length-weight relationship for 12 frestter fish species in Kerian River
Basin and Pedu Lake, Malaysia; Esmaetiial. (2014) estimate length-weight
relationship for 37 freshwater fish species in jilBarthélemyet al (2014) determine
length-weight relationship of 30 fish species inyAtagoon, Africa; Ayyildizet al

(2015) find out length-weight relationship of 8dhavater fish species from Turkey;
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Lee et al (2015) establish length-weight relationship f@& fteshwater fish species
from the Nakdong River in South Korea and last bat least, Erguden (2016)
elucidate length-weight relationship for 6 freshevatish species from the Seyhan
Reservoir, Turkey. However, the length-weight rielahip of freshwater fish in

tributaries of Muda Reservoir was not previouslgared yet. Hence, this study was

conducted to fill this gap in tributaries of Mudadervoir.

2.4 Condition factor

The condition factor is used to assess the comddrdfitness of fish populations and
helps to estimate the feeding conditions of thie {Bagenal & Tesch, 1978; Froese,
2006). Condition of fish can be tremendously vitalfisheries management. The
plump fish is an indicator of favorable environmantondition with ample prey
availability and convenience habitat condition, hthin fish may become an
indicator of less favorable environmental condit{@tackwell et al, 2000). Bagenal
and Tesch (1978) also make a hypothesis that tg@drdish of a given length are in
better condition. The same goes to a study by lbrah al (1980). They also found
that fish with a high value of condition factor dreavy for its length, whereas fish

with a low condition factor value are lighter.

Condition factor of same species in different figlopulation probably give
information pertaining the timing and duration ofeéding and food supply
(Weatherley & Rogers, 1978). For that reason, dardifactor become a useful
estimation in order to monitor the growth rategish, their age and feeding intensity
(Ndimeleet al, 2010) and to evaluate the well-being of fishni&ai-Faradonbet

al., 2015). The condition factor could also be usedmaindex to assess the status of
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the aquatic ecosystem in fish habitat, which igipalarly influenced by both abiotic
and biotic environmental conditions (Anene, 20@)miero and Braga (2005) stated
that the differences in condition factor value gareindication of the degree of food
sources availability, state of gonadal maturitye agnd sex and environmental
condition. Therefore, the study of the conditiontéa is important to understanding
the fish life cycle as well as contributes to tleger management of fish species and

maintains the ecosystem in equilibrium (Lizaetal, 2002).

Generally, there were three universal equationsaindition factor study; Fulton’s
condition factor K), relative condition factorK(,) and relative weightWr) (Hadi-
Raeisiet al, 2011). The Fulton’s condition factor is calceldtaccording to the
formula by Htun Han (1978K = 100MN/L3, whereW is body weight (g) and. is
length. According to Froese (2006), this formulavidely used in fish biology studies
and fisheries. However, this equation is limitedhe species with isometric growth
and invalid for comparindk between species with allometric growth unless both
species exhibit isometric growth (Ogle, 2013). Tie¢ative condition factor for
individual fish is calculated using equation by Ceen (1951)K, = W/aL®, wherew

is the body weight (g).- length (cm) andh andb are specific parameters of length-
weight relationshipWhereas the relative weight estimated using foarhy Wege
and Anderson (1978)Wr= 100W/Ws whereW is weight of a specimen antk is a
standard weight representing the"#%ercentile of observed weights at that length.

The details about these condition factors are tiy&ted by Froese (2006).

The condition factors of various fish species wapplied by some researchers all
over the world, for examples; Moradinasetbal (2012) determine condition factors

for five Cyprinid species in Anzali wetland, souttst of the Caspian Sea; Mohd-
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Shafiget al (2012) establish condition factors for six fregiter species in Kerian
River, Malaysia; Seher and Suleyman (2012) estintteecondition factors for seven
Cyprinid fish species from Camligoze Dam Lake, Byk Mozsaret al. (2015)

resolve condition factors for three freshwater figlecies in eutrophic oxbow lake
connected to the River Tisza, Hungary and Radkhah Eagderi (2015) find out
condition factors for six Cyprinid fish speciesrfrzarrineh River, Iran. Previously,
there was no report on the condition factor of Hrester fish in tributaries of Muda
Reservoir. Hence, this study was performed to itigate the condition factor of

cyprinid fish C. apogonin tributaries of Muda Reservoir.

2.5 Population parameters

The estimation of population parameters is a popuiathod in fisheries biology.
Some intensive research had been previously coadumt some researchers such as
Ingles and Pauly (1984) and Dwiponggb al (1986), involving 24 years and 12
years data collection respectively. The populatmarameters such as growth,
mortality and recruitment is commonly used by resears (Smithet al, 1998) and
important in fish stock assessment (Fakdtral, 2011). The estimation of population
parameters o€. apogonin tributaries (riverine environment) of Muda Ressr was
not conducted before. There were only two repostedies on population parameters
of C. apogonin lacustrine environment by Mohd-Shafiqg (2016) Bakit Merah
Reservoir and Moreau and Sricharoendham (1999) #&japrabha Reservoir,
Thailand. The following sections will briefly dedwe the population parameters

regarding the growth, mortality and recruitmenteat

15



2.5.1 Growth

Fishes exhibit indeterminate growth (Enbezg al, 2008). It means that fishes
continue to grow throughout their lives even thoadgter maturation. Their growth
rates are determined by some factors like food Igupm@bitat, water quality and
competition. According to Dutta (1994), slow-grogifish tend to live longer than
fast-growing fish.Growth basically refers to an increase in physsia¢ over time.
The growth and age becomes an important tool tdigir¢he potential yield of the
fishery and to describe the status of a fish pdmnaas well as accelerates the
assessment of stock size, production, mortalitied eecruitment to adult stock

(Lowe-McConnel, 1987).

The growth parameterdc, K & tp) have been estimated because these population
parameters are important to describe the spectkslan are inputs in several fishery
production models (Sparre & Venema, 1992; HilborrW&alters, 1992)L, is the
largest theoretical mean length that a speciesdcatthin in its habitatK is the
growth rate or speed it grows towards their finaésand andyp is age at time zero.
Usually, the growth parameters differ from sped®s&nother species, from area to
another area and may vary from stock to stock withe same species (Sparre &

Venema, 1992).

Normally, the estimation of growth parameters iseahon the length-frequency data.
This data analyzed using special program packagkefgth-based stock assessment
called FiSAT Il (FAO-ICLARM Stock Assessment Toelsversion 1.2.2). FiSAT I

was developed for analysis of length frequency dathother related analyses such as
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catch at age, size at age, selection and datactadléor tropical fish stock assessment

(Gayaniloet al, 1996).

FiSAT program consist of routines which were FIHEDIT, ASSESS, SUPPORT,
WINDOW and HELP. First step to use this program digking the FILE and
entering the length frequency data. By clicking [EJLt allows data entry, file
creation, editing and data manipulation. When thé&a dset was entered and filed,
routine of ASSESS were used to estimate growthnaodality parameters efficiently
as recommended in the FiISAT Reference Manual (Glayan al, 1996). FiISAT
computer program is used for the population paranmetimation which comprises of
cohort separation, growth parametersLoef (length infinity) andK (growth rate),
growth performance index (&’), mortality coeffictennamely total mortality Z),
natural mortality §1) and fishing mortality ), length at first captureL¢), yield per

recruit and biomass per recruit and annual recentrpattern.

2.5.2 Mortality

Fish mortality means the death of fish from fisbckt The mortality of fish mainly

caused by several factors includes environmemnmedsi{Chapman & Van-Well, 1978;
Davis, 2002), parasites and diseases (Landau, 183Bng activity and age (King,

1991), and fish predation (Otobo, 1993). Generdhg, mortality of fish is caused
either natural mortality or fishing mortality (Spar& Venema, 1992). Natural
mortality relates to the natural causes such agettion, cannibalism, disease, old
age, pollution or predation. Whereas fishing mdstaklates to the physical injury of

fish during capture. In fisheries population dynesninatural mortality is denoted by
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‘M’, fishing mortality denoted byF’ (Sparre & Venema, 1992) and total mortality

denoted byZ' (Gulland, 1969).

The total mortality is estimated by a length cotegrcatch curve method, produced
by the ELEFAN I routines in FiISAT (Pauly, 1984). &'matural mortality rate is
estimated using the empirical relationship of P4u880): logoM = — 0.0066 — 0279
logioloo + 0.6543 logoK + 0.4634 logoT. Fishing mortality isestimated using the
relationshipF = Z - M. The parameteis, Z andM are used for establishing the level
of exploitation E) by the equationk = F/Z (Gulland, 1971). The exploitation rate is
an index for estimation of the utilization levelafishery. It enables rough estimation
whether fish stock is overfishing or not based loa assumption of the optimal value
of E (Eopy is equal to 0.5. According to Gulland (1971) &wally (1984), the use of
0.5 for Eqpt is based on the assumption that the sustainabld @ optimized when

fishing mortality is equal to natural mortalitly € M).

2.5.3 Recruitment pattern

Recruitment is the entrance of young fish into éploited fishing area and became
vulnerable to fishing gear (Gulland, 1983). It ateters to the number of new young
fish that enter or join a fish population in a givear (Aboweiet al, 2010). Ricker
(1975) stated that recruitment also means the iadditf new fish to the vulnerable
population by growth from among smaller size indials. Thus, the recruitment
becomes the major source of variability in fish plagion (Bankole, 1990). However,
the mean age of fish at recruitment generally ddpem the type of mesh size of the
fishing gear. According to Moreau and Cuende (1981 annual recruitment pattern

is obtained by projecting length frequencies backiw@nto a one-year time scale in
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FiSAT, which uses the growth parameters as inpLiss routine reconstructs the
recruitment pulse from a time series of length-fieecy data to determine how many
pulses per year and the relative strength per pulsmg this way, plots showing the

seasonal patterns of recruitment will be attaiddréau & Cuende, 1991).

2.6 Feeding biology of fish
2.6.1 Feeding habits

Feeding is the process of an organism obtainingdbd. Feeding and searching for
food are the factors that regulate the distribytiorigration and growth of fish
(Papaconstantinou & Caragitsou, 1992). The clasdifin of fish according to the
amount of food they consumed can be divided intoapbagic, euryphagic and
stenophagic (Nikolsky, 1963). Monophagic is thedfeg on single types of food,
euryphagic is the feeding on a few different typédood and stenophagic is the
feeding on limited variety types of food. AccordittgBiswas (1993), the fish food in
natural habitat can be divided into four major greuFirst group is plankton which
includes phytoplankton and zooplankton that carswai against the water current
(Lalli & Parsons, 1993). Second group is nektonclgomprised of aquatic animals
that can be found in any depth of water, swim aravenindependently of water
currents. Third group is benthos which includestphbgnthos and zoobenthos that can
be found in the bottom of water body. Last groumlétritus which is described as
organic material comes from dead aquatic organisheaves, small wood and fine
benthic organic matter (Findlagt al, 2002). Present study was performed to
determine whether th€. apogonis monophagic, euryphagic or stenophagic as well
as to verify the types of food they consume inrtmatural habitat in tributaries of

Muda Reservoir.
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Feeding habits of fish also can be classified imdbivores, omnivores, carnivores
and detritivores. Herbivorous fish feed on planishsas plankton, periphyton, algae
or detritus, omnivorous fish feed on plants andrabisuch as algae, worms, small
crustacean and aquatic insects, carnivorous figtd tsly on other animals such as
zooplankton and aquatic insect (Gerking, 1994; Batim, 1996) and detritivorous fish
feed on detritus (Amarasingtet al, 2008). Examples of herbivorous cyprinids are
OsteochilusBarbodesandPuntius omnivorous cyprinids amglystacoleucusror and
Rasbora carnivorous cyprinids areChanna Cosmochilus and Hampala and
detrivorous cyprinid id.abea Recent study investigates the types of feedirit fud

C. apogonin tributaries of Muda Reservoir whether they hegbivores, omnivores,

carnivores or detritivores using stomach conteatyesis.

2.6.2 Stomach content analysis

Stomach content analysis and food preferences tige¢isn is fundamental and
important aspect in fish biology (Zacharia & Abdura, 2004). This analysis is
widely used in order to exemplify the food and fegdhabit of certain fish species
(Sivadas & Bhaskaran, 2009). Hyslop (1980) inves&d five popular method in
analyzing stomach content namely frequency of aetwwe, numerical, volumetric,
gravimetric and subjective method. The frequencyoofurrence is estimated by
counting the number of stomach containing one arenmudividuals of each food item
consumed and the total is expressed as a perceoftabe total number of stomach
examine. In numerical method, the number of eadd fitem is enumerated as the
percentage of the total number of food items foumdhe stomach. Whereas in
volumetric method, the food items are squashed slida to a uniform depth and the

area of squash for each category of food is expdess percentage. Then, in
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gravimetric method, the weight of food is measw#hder when it is wet or dry. This
method is concerned on the calorific intakes di.fisinally, in subjective method, it
concentrates on the percentage contribution bymwelaf each category of food to the
total content estimated (Hyslop, 1980). The fregyeof occurrence and numerical
method were chosen in this study in order to amalff'e oesophagiogastric gut

content ofC. apogon

2.7 Reproductive biology

Reproductive biology is an important aspect in us@nding the biology of fishes
(Azadi, 1996). Reproductive biology of fish is defd as the combination of the
species-specific reproductive mode and reprodudta#s (Murua & Saborido-Ray,
2003). The reproductive biology investigates th@roductive aspects such as
maturity stages, gonadosomatic index, length at 8exual maturity, egg diameter
and fecundity (Allam, 1996; Abdallah & Faltas, 19%8rahim, 1999). This study is
important to understand a fish population becaumy tprovide insight into the
estimation of the spawning season, reproductiveeri@ over time as well as
enabling survival and continuation of species bingisome tactics and strategies

(Cushionet al, 2008; Muchlisin, 2014).
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2.7.1 Reproductive strategy

The reproductive strategies of fishes associatédet@ffort by female and male fishes
in order to maximize the production of the offsgriand their survival in relation to
their environment, parental life expectancy andlalike energy (Roff, 1992; Pianka,
2000). According to Bonet al (1996), there are no distinctive characters betwe
eggs and larvae of freshwater fish compared to eggslarvae of marine fish, even
though they encounter different environment andaignproblems. Via a research by
Balon (1975 & 1984), spawning behaviors of fish ¢t@ncategorized based on how
the eggs are fertilized (internal or external), vehthe eggs are deposited (pelagic or
benthic) and whether how parents look after thesegfier spawning (bearers,
guarders and non-guarders). Bearers are fish #ay ¢heir embryos with them
internally or externally. Guarders are fish thabtpct eggs and offspring after
spawning by parental care or brood care. Whereaggnarders are fish that do not
protect their eggs and offspring after spawningcakdingly, C. apogonlies in the
family Cyprinidae. Nelson (2006) stated that Cyjgla® practicing external
fertilization, egg-layers and categorized into muarders. However, a few species
build nests, guard their eggs or deposit their eggdivalve mollusk, such as

bitterlings of subfamily Acheilognathinae.

Lode (2012) classified reproductive strategieseimt of development of zygote and
relationship with their parent into five categoriesvuliparity, oviparity, ovo-

viviparity, histotrophic viviparity and hemotrophigviparity. Ovuliparity means that
the female fish lays unfertilized egg into surrowmgdwaters and their egg fertilized
externally by male fish. Examples of fish that agplthis strategy are cichlids,

goldfish, salmon and tuna. Oviparity is when fe#tion takes place internally and
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female sheds zygote covered by additional tissoiesdsurrounding waters. Usually,
male fish use intromittent organ (claspers-modifedivic fins) to deliver sperm into

female fish. Examples of fish that applies thiatgtgy are horn shark and skates.

In ovo-viviparity, the fertilization occurs interihiaand fish eggs develop inside the
mother's body, depending on nourishment directly tbg mother and the yolk.
Examples of ovoviviparous fish are angel sharkglasmanths and guppies. Whereas
in histotrophic viviparity (tissue eating), embryatevelop inside the female’s
oviducts, gaining nutrients by consuming otherugsssuch as zygotes. This strategy
also called intrauterine cannibalism, where thgdat embryos eat weaker siblings.
Examples of fish in this category are grey nursarlsland halfbeakiNomorhamphus
ebrardtii (Meisner & Burns, 1997). Last category is hemdtiopviviparity (blood
eating), where embryos develop in the female’s wstisl and obtaining nutrients
directly by parent via specific structure like mata in mammals (Lode, 2012).

Examples are including lemon shark, surfperchgfigh and seahorses.

2.7.2 Reproductive system

The development pattern of fish oocyte could beegatzed into synchronous,
asynchronous or group synchronous (Wallace & Selrh881; De-Viamminget al,
1982). Synchronous pattern is known as total spawhmeans that the development
of oocyte is simultaneously and in unison. The agd sperm of fish only will be
produced and fertilized once in their lifetime, icating that they only have one
reproductive cycle and a single size distributinrovary (West, 1990). Example of

fish in this category is common caf@yprinus carpio(Vazirzadeh & Yelghi, 2015).
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In asynchronous pattern, the development of oasyt®n-simultaneous. Fertilization
and development of oocyte occurred continuouslysidgss, the reproductive cycle
could be repeated many times during their lifetirash in this category are also
known as batch spawners, where in each batch,aopbrtion of the yolked oocytes is
spawned commonly through hydration process (Murug&atorido-Ray, 2003). The
examples of fish in this category are gudge®obio gobio(Rinchardet al, 1993),

peacock bassCichla kelberi (Normando et al, 2009) andbulatmai barbel,

Luciobarbus capitqEagderiet al, 2013).

Latter category is group synchronous pattern. Tdnsup is known as multiple
spawner, where the development of oocyte occumegroups and simultaneously.
The egg and sperm form a few development cycles fenilize a few times.
Sometimes, this cycle only takes a few weeks witnynfertilization times during
particular season. According to Murua and SaboRdyg- (2003), at least two
populations of oocyte at different developmentafyes are observed in this category.
The example of fish in this category is bleAkyurnus alburnuswhite breamBlicca
bjoerkna (Rinchard & Kestemont, 1996Rasbora tawarensigMuchlisin et al,
2010), African carpl.abeobarbus batesii (Claudine et al, 2013) and
Amblypharyngodon mol@Azadi & Mamun, 2004). Present study was condudted
determine whether the development of oocyteCofapogonis in synchronous,

asynchronous or group synchronous pattern usingistelogical analysis.

On the other hand, fecundity is the spawning abditfish and related to the number
of ripe eggs produced by female fish prior to spagr(Bagenal, 1978). In simple

words, it means the potential reproductive capaoftyfish populations. Fecundity
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may increase with the increased body size, difféh vgpecies in a population,
between populations of the same species, from tgegear or season to season in a
population (Lawson, 2011). Fecundity also can mlevan objective measure of
reproductive effort of certain species (Moyle & @e@000) and can be used in
estimating fish population in certain area (Laws?dl1). Research study by Hunter
et al (1992) found seven categories of fecundity desions, which are annual
fecundity, total or absolute fecundity, potentiahnaal fecundity, determinate

fecundity, indeterminate annual fecundity, relafi®eundity and batch fecundity.

First category is annual fecundity. Annual fecupdd the total number of eggs
spawned by a female per year and also called asaamnealized fecundity. Second
category is total or absolute fecundity. It mednesstanding stock of advanced yolked
oocytes in the ovary. In other words, it meansttial number of eggs in a female
fish. Third category, potential annual fecundity;thhe total advanced yolked oocytes
matured per year and considered to be equivaletiietdotal fecundity prior to the
onset of spawning in fish species with determinf@®undity. Fourth category is
determinate fecundity. It happens when the potkatiaual fecundity becomes fixed
prior to the onset of spawning. In fishes with detieate fecundity, total fecundity
decreases with each spawning because the standeigaf advanced yolked oocytes
is not replaced during the spawning season. Fifitegory, indeterminate annual
fecundity, occurs when the potential annual fectynoli a female is not fixed prior to
the onset of spawning and unyolked oocytes contioube matured and spawned
during the spawning season. Sixth category, redatecundity is the number of
mature oocytes in a female fish divided by thefaltoveight. Final category is batch
fecundity. It is the number of hydrated oocytegaskd in one spawning or number of

the viable eggs released by a serial spawner imlse pof spawning and usually
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