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ABSTRACT

Live food resources e.g. rotifers, copepods, cladots andArtemia are critical
for successful fish larviculture. However, the Inaiy production of these live foods
depends on the availability of high density micgaa, which is unstable, laborious and
costly to produce, thus impedes the developmenamiculture, especially in most
tropical countries. This study developed three tmst and stable live food production
protocols, with specific reference to brachionitfess, for mass culture initiatives and,
applications in the larviculture sector.

Firstly, a study was conducted to investigate theutation ecology of a common
freshwater rotifer species in Kenya, using indiblife table and small batch cultures,
to advance the knowledge of rotifer fauna in Ke(@hapter 1l). The rotifer cysts were
sampled from pond sediments in Kenya and transpddeNagasaki University for
further study. The rotifer was morphologically idéad as Brachionus angularis
before conducting the ecological studies at 20,aB8 30°C using fresiChlorella
vulgaris diet at 2.5x18 2.5x1¢ and 2.5x10 cells mi*. The rotifer was most fecund
(2.11+0.07 offspring femalé day ™) and reproductive (8.43+0.24 offspring femaje
at 25C with 2.5x16 algal cells mif. The highest intrinsic rate of natural increase
(0.74+0.02 &), specificpopulation growth rate0(49+0.01), longest life expectancy at
hatching (12.41+0.28 d) and shortest generatior t{gh87+0.03 d) also occurred at
25°C with 2.5x18 algal cells mf. The duration of hatching to first spawning was
shortest (2.86+0.21 h) at 3D with 2.5x10 algal cells mf and longest (8.83+0.39 h) at
20°C with 2.5x10 algal cells mit. The highest population densit§55.7+12.6 ind mf)
occurredat 25C with 2.5x18 cells mi* on day 8. The Kenyan strain Bf angularis
has small lorica size (length: 85.6£3.1 pum; wid#%.4+£3.6 um) and, reproduces
optimally at 25C with 2.5x18 algal cells nil; thus suitable for feeding small-mouth
freshwater fish larvae.

To enhance mass production of this rotifer sped@s,aquaculture, a chicken
manure extract (CME) technique was developed, #sceffects on the population
growth, mixis induction and body size of the ratifeas determined (Chapter Lifour
concentrations of CME (i.€).5, 1.0, 2.0 and 3.0 mf"} were added tdlifferent glass
jars containing 20 ml of sterilized pond water,vitnich 30 clones of rotifers were
culturedat 25C, and daily fed with 2.5xfacellsml™ of C. vulgarisfor 7 days without
aeration or water exchange. The rotifer's spegépulation growth rate and population

density increased significantly with 2.0 riildf CME, without altering the lorica size.
[



The mictic response decreased with increasing corateons of CME. Therefore, 2.0
ml I'* of CME is optimal for enhancing the mass culture efritiferB. angularis

To reduce overdependence on the freshly culturecroaligae for live food
production, dried algae have often been used ladscaf culture crash are common,
thus requiring techniques to stabilize them. Inptla IV, dried Nannochloropsis
oculata and Chlorella vulgariswere used to culture the euryhaline rotiBrachionus
rotundiformis (SS-type) with gamma-aminobutyric acid (GABA) slgmpentation.
Firstly, the efficacy of GABA was tested during tlag phase of rotifer growth and
every 2 days in small cultures (300 ml). Then, ribiifers were exposed to GABA for
24 and 48 h before up-scaling to 20 | cultures. @BA&hhanced rotifer population
density and egg/female ratio in both foods compa@dhe control. Pre-GABA
incubation for 48 h caused higher rotifer populatitensities on days 5 and 6 (with both
foods) and 8 and 10 (wit@. vulgari9, than their respective controls.

In chapter V, a study was conducted to eliminatedkpensive microalgae from
aquaculture production chain. Here, a protocol degeloped for making a low-cost
fishwaste diet (FWD) that was used to culture thtgfars B. rotundiformis(SS-type),
after several culture failures wigh angularis About 0.5 gt of fishwaste was wrapped
in plankton net (200 pm) and placed in the rotifetture medium. Then, 0.2 ¢ lof
starch (wheat flour) was added into the cultureabon source. Three diets i.e. FWWD
(fishwastes only), FWP (FWD; + starch) and controlQ, vulgarisonly) were each
triplicated in 30 | polycarbonate tanks containgsg water (22 ppt), in which 20 rotifers
mi™* were stocked and cultured at 28&1lwithout aeration for 18 days. The FWD, as
food source, was used to determine the populatiowtfy, mixis rate and nutritive value
of the euryhaline rotiferB. rotundiformis(SS-type) (Chapter V.1). Half of the culture
medium was replaced at every rotifer exponentialgn phase and, fresh treatment
added. The stability of the cultures was determimgthe coefficient of variation (CV)
of the mean specific growth rate (SGR). The tafatllcontent of the rotifers and the
microbial flora were also analyzed. The FWD supgedgotifer mixis rate but favoured
parthenogenetic reproduction. F\WRroduced significantly higher rotifer density than
FWD; and control diet, where up to 1,188+69.7 rotifels mas obtained between 8-13
days with FWD. There was no significant effect of FWD on the (IM08-0.11) of the
cultures. About 0.35 and 0.39 mg of DHA and EPA, respectively was obtained in the
FWD-fed rotifers and, both were under detectabeitlin the control-rotifers. The
DHA/EPA ratios were 2.7, 0.9 and 0.0 for biofloé3/VD-fed rotifers and control-



rotifers, respectively. The FWD may have contaipesbiotics and essential nutrients,
which explain the high rotifer growth in the FWDlIttues.

In the succeeding experiment, the FWD was blenditd GME and tested for
mass culture of freshwater rotifers, copepods dadbcerans in outdoor tanks in Kenya
(Chapter V.2). Each treatment i.e. FWDishwastes + starch), FW"eOIFWD4 + CME)
and control (CME only), were inoculated with 5,i2120.4 ind mi" of rotifers, copepods
and cladocerans, respectively in each tank comtgif00 | of underground water, and
cultured for 16 days. Half of the culture media waplaced at the end of the first
exponential growth phase of the zooplankters. Thea® significantly higher population
density and specific growth rate of zooplankters=WDg than in FWLX and control
tanks for all the zooplankton taxa. The most abuohdgenera werdrachionussp.,
Cyclopssp. andDaphnia sp. for the rotifers, copepods and cladocerarspecively.
Up to 146.3+7.0, 12.1+2.7 and 7.7+1.7 ind’rof rotifers, copepods and cladocerans,
respectively were obtained on day 7 in F¥Manks. The FWPmay have expanded the
forage base for the zooplankton leading to highrewth rate, thus making it feasible
for tropical aquaculture.

Subsequently, a preliminary larviculture experimesats conducted to determine
the dietary value of the rotifeB. rotundiformis(SS-type) fed with the FWD by testing
its effects on the larval growth and developmenttted Japanese whitingsillago
japonica (Chapter V.3). Here, fertilized eggs &. japonicawere transferred into
polycarbonate tanks each containing 100 | of aitifisea water (33 ppt.) at 10 eggs |
with 50 ml min* of aeration. Two diets i.e. FWD-fed rotifers andntol-rotifers
(rotifers fed with super fresh Chlorella-V12 at 710° cells mI*) were tested. The fish
were cultured at 25+1°C with 12-h diurnal photopdr(900-2100) for 10 days. The
diet was maintained at 10 rotifers hthroughout in each tank. The fish were randomly
sampled every 2 days for morphometric and gut cdrdealysis. The composition of
fatty acids was also analyzed but the total lipmhtent of the fish larvae were not
analyzed due to insufficient sample quantity. The&as a significantly higher total and
standard length for fish larvae fed with FWD-ratifehan those given control diet.
However, there were no significant differences umvival rate, viability, dry weight,
number of ingested rotifers and, growth parametegs head length, eye diameter, and
body depth between the two diets. The FWD technaqpeears to be a cost-effective
and stable live food production technique for mpssduction of fish seedling to

enhance aquaculture development and capture #sheri
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Chapter |

GENERAL INTRODUCTION

Aquaculture is the world’s fastest growing food-woing sector, with an annual
growth rate of 8.8% compared to 1.2% for captushdiies and 2.8% for terrestrial
meat production (FAO 2016). Today, aquaculture antfor 44.1% (up to 74 million
tonnes) of total annual world fish production (FRQ16). In the recent past, the capture
fishery has been relatively static (Figure 1-1) doerampant ecological habitat
degradation (Wilson et al. 2010), overexploitat{@mith et al., 2011) and effects of
climate change (Brander, 2010). Consequently, #spansibility of increasing fish
supply has shifted to aquaculture, which requiréisefold increase by 2050 to match
the expanding global fish demand (HLPE 2014). Raegjig, the continental Asia is the
giant in global aguaculture production while Afriead some tropical countries are yet
to report significant statistics in the global acuiture market (FAO 2016). Aquaculture
productivity in Africa is frustrated by many chaiges such as poor infrastructure,
insufficient government budgets, unreliable supahd cost of pond inputs, limited
expertise, biophysical limitations and diverse wi@t and religious aspects (Brummet &
Williams 2000; Ogello & Munguti 2016). Consequenthguaculture in Africa mainly
involves less productive small-scale productionesys operated using locally available
inputs and easily cultivable fishes (Prein & Ahni2@D0). With the projected human
population at 2.4 billion in Africa by 2050 (UNDES2015), achieving sustainable
nutritional security becomes an eminent challeMdmnetheless, Africa’s potential for
aquaculture growth is prominent, with about 80%t®fsurface area being suitable for
aquaculture (Brummet et al. 2008). So far, aquaceik potential for quick production
of fish has been widely reported, with vivid evidea of increased livelihood and

economic growth for smallholder populations throyghbduction value chain linkages
1



(Brummet & Williams 2000; Brummet et al. 2008; Age& Munguti 2016). Today,
aquaculture in Africa is chiefly constrained by then-availability of cheap and stable
technologies for producing adequate larval fislu$e@nd seeds in hatcheries. Therefore,
the urgent need is to evolve predictable and dbstte/e technologies for larval fish
feed and seed production for cultivable fish spgorehich indeed is the general focus

of this study.

With the increasing human population, escalatinguated for fish and declining
arable land, extensive aquaculture is no longaattien hence the need to embrace semi-
intensive or, at best, intensive aquaculture inicafr However, intensive aquaculture
requires close control with constant supply of higtality feeds at all fish growth stages.
Fish feeds account for the highest operationalscimsaquaculture with protein sources
being the most expensive ingredients (Tacon & Nef808). For marine fishes, the
feed disparity is more critical at larval stagesaaese the onset of exogenous feeding is
synchronized with a primitive digestive system amdall mouth gap, which limits
successful first feeding and, subsequent survivafdgra & Darias 2007). At this point,
timely supply of adequate, nutritious and easilyestible and digestible feeds e.g. live
foods is important for growth and survival of th&hflarvae. High larval fish mortalities
have been reported when foods of sub-optimal mutat values are employed (Lavens
& Sorgeloos 1996). Marine fish larviculture is tuet complicated by the strict
requirement of essential fatty acids e.g. docosadmaxic acid (DHA), which marine
fishes cannot naturally synthesize from precursolenules such as eicosapentaenoic
acid (EPA) or linolenic acid, unlike freshwaterhfes (Masuda et al. 1998). As a
limiting factor of growth and survival for marinarlal fishes, DHA must be provided
in the diet (Sargent et al. 1999), but at an aold#i production cost. Although most

freshwater fish larvae accept artificial diets, &wwgrowth and survival rates are



reported when such diets are used alone (Lavenergetos 1996). Larval rearing of
some freshwater ornamental fishes with small mgaibs is also affected by the limited
availability of suitable live foods (Lim et al. 2BD Generally, survival of fishes through
the larval stages is the most sensitive phasertimgdes both aquaculture progress and

recruitment in the wild.

The major live food resources available in naturgude single and multi-cell
microorganisms, e.g. bacteria, algae, rotifers,epogs, cladocerans, mysidsitemia
etc. The copepods and cladocerans are nutritivasfdiods but are difficult to culture
and, are larger in size than the mouth gap of rawsal fishes (Lavens & Sorgeloos
1996). Artemia nauplii contains essential nutrients, but the Sumjepends on the
natural ecological conditions, making their avaiiap unpredictable and expensive
(Sorgeloos et al. 2001). Among the rotifers, thendled forBrachionusspp. as first
choice diet for larval fishes is overwhelming (Fushl1989; Hagiwara et al. 2007) due
to their small size (90-350 um) (Akazawa et al. &00capacity for nutritional
enrichment (Watanabe et al. 1983) and high reptoducates (Hagiwara et al. 2001).
Naturally, brachionid rotifers exhibit a dual lifeycle strategy, where amictic
reproduction through cyclical parthenogenesis (Fgi+-2) prevails during favorable
conditions, but stressful stimulus induces micéisponse to form cysts (Wallace et al.
2015) that hatch via photochemical reactions (Haganl996). Because of the favorable
rotifer attributes, the demand for rotifers hasr@ased, prompting more investigations
into convenient culture techniques to ensure ctargisupply in hatcheries (Hirayama
& Hagiwara 1995; Hagiwara et al. 1997). Apparenthg cost of production is the main
factor that determines rotifer availability. Wheselabor cost is critical in advanced
countries such as Japan, USA and in Europe, cosfraktructure and equipment is the

main concern in the developing countries. In theAUS8ultures that produce about



3,000 rotifers mit in traditional algae-based bat@nd continuous systemsost
approximatelyUS$ 0.46 and 0.29 per million rotifers dayespectively (Bentley et al.
2008).In Europe, the average cost of rotifer culturesaligae and yeast-based batch
systems is about)S$ 0.42 per million rotifers (Komis 1992). In Japdngh-density
rotifer cultures (about 20,000—-30,000 ind nknd recently, ultra-high-density rotifer
cultures (about 160,000 ind Ml using algal pastes cost abdu$$ 0.05 per million

rotifers (Fu et al. 1997; Yoshimatsu & Hossain 2014

The common method of cultivation of rotifers is &aon an established artificial
food chain that involves production of high densiticroalgal liquid or pastes (>135 g
It dry weight, DW) as rotifer diet (Maruyama et a@9%). However, production of
microalgal pastes requires laborious and expensiastments (Slade & Bauen 2013)
with challenges in maintenance (Borowitzka 199@yyvhsting (Barros et al. 2015), and
storage (Camacho-Rodrigues et al. 2015). Othetdtirons of algal production include
risks of contamination, seasonal variations of featlie and limited shelf life of about
2-3 weeks (Laing 1991). For example, enricl@dorella vulgarispaste (V12) costs
about US$ 9.0 with about 20 billion cells rifl (Chlorella Industry Co. Ltd., Japan)
and lasts for about 2-3 weeks under normal refatg@n. Production offetraselmis
suecicain 200 | batch cultures cost about US$ 300 KV (Helm et al. 1979), while
indoor cultures of various phytoplankton speciest ¢4SD$ 200 kg DW (De Pauw &
Persoone 1988). Alternatively, other diets sucpraserved algae (Lubzens et al. 1995),
yeast-based diets (Hirayama & Funamoto 1983), meaaapsulated and Selco (Inve-
Co. Ltd, Thailand) products (Lavens & Sorgeloos @)98ave been recommended to
reduce the need for the expensive on-site algalyateon. However these alternatives

have specific limitations that affect rotifer pration processes in different ways. For

example, the micro-particulate feeds have problehsttling, clumping, nutrient leach
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and low digestibility (Lavens & Sorgeloos 1996), ilwhthe yeast-based diets are
nutritionally deficient due to imbalance of bactérflora (Watanabe et al. 1983).
Meanwhile, artificial diets e.g. Selco productsv@rCo. Ltd, Thailand) are costly

especially for African hatcheries and perhaps sdropical countries which are

potential future leaders in marine fish larvicuiutndeed, the inconsistent supply of
microalgae limits continuous production of suffitidive foods and, sometimes disrupts
fish seedling production programs in the microalgased hatcheries (Lubzens et al.
1995). To date, availability of cost-effective astdble microalgae replacement diet for

rotifers is not explicitly clear, thus merits sgacresearch priority.

In Kenya, despite a wide network of aquatic resesirfor aquaculture growth,
aquaculture sector is still at nascent stages wéldpment with only 280 hectares of
potential aquaculture sites being utilized, of vih@5% is subsistence level (Ogello &
Munguti 2016). Even after the government-sponsarational fish farming program
called ‘Economic Stimulus Package’ (ESP) that sthrin 2008, only 7% (~12,000
tonnes) increase in the national aquaculture ptomtugvas achieved by 2010 (Munguti
et al. 2014). Nonetheless, the ESP program trigiganeexplosive public interest in fish
farming, causing critical shortages of fish feeds aeeds, which are so far the most
significant bottlenecks to aquaculture developmerKenya. Today, most fish farmers
employ inert diets e.g. powdered chicken egg yolkk and fish meal Rastrineobola
argented for larval fish rearing. However, these diets aly compromise water
guality and are not easily ingested or digestedhieylarval fish, unlike the live foods.
Despite existence oArtemia franciscanat the Kenyan coast, optimizing it for local
aquaculture is yet to be achieved as only aboWtglOf poor quality cysts is harvested
each season (Ogello 2013). As a result, most Kerhatoheries, especially those

handling marine fishes, continue to report sigatfity high larval fish mortalities due



to lack of suitable starter diet (Munguti et al12D Therefore, developing predictable
and cost-effective live food production technolegappears to be the key for unlocking

aquaculture potential in Kenya and perhaps otlogidal countries.

Over the years, small-scale fish farmers have as@chal manures to boost the
natural pond productivity mostly in the developicmuntries. However, the optimal use
of animal manure is sometimes poorly understoaatjitey to stunted fish productivity
(Kang’'ombe et al. 2006). Moreover, the direct u§esame manure e.g. of pigs, is
restricted by the diverse cultural and religiouseass (Dadzie 1992; Ogello et al. 2013).
Today, Kenya is faced with critical shortage ohfes local tilapia costs about US$ 3.2
kg™, leading to cheap tilapia imports from China (tupabout US$ 1.5 kb to bridge
the fish production deficit. In order to make fistore accessible and affordable to the
local people and, to spur considerable socio-ecandenefits in the society, there is
need to embrace localized innovative fish productechnologies as critical priorities.
These technologies should start from addressinglldish feed and seed production
disparities as critical concerns. Research focusulghshift to cost-effective and
adaptable live food culture technologies using phiegally available materials that

would otherwise compromise environmental qualitypaorly disposed.

Due to the high global demand for fish and fishdmais, about 64 million tons of
fishwastes e.g. heads, viscera, bones, fins, setdesre generated annually from both
formal and informal fish industries all over the nao(Rai et al. 2010). These wastes
compromise environmental quality if poorly disposbdt are excellent substrates for
microbial growth, some of which have probiotic peapes such a8acillus sp and
lactic acid bacteria (LAB) (Balcazar et al. 200Bging filter feeders, rotifersaningest
a variety of feed typesincluding algae yeast bacteria or inert foods such as

microcapsules, detritus as well as their own fegekso et al. 1997)Fishwastes also
6



contain essential bio-molecules e.g. essentia} &atids, proteins and vitamins (Sahena
et al. 2009) that can be recovered for reuse im@gture. This study hypothesized that
the essential bio-molecules found in the wastag (d.fishwastes and chicken manure)
can be transferred to the cultured fish larvae ugho bacteria-rotifer-fish, and/or
microparticles-rotifer-fish pathways. In this wayutritious rotifers can be produced
cheaply without microalgae or the need for expensinrichment emulsions. Literature
is replete with evidences that rotifers play impattroles as top predators in microbial
food web (Starkweather et al. 1979), and that #isg utilize soluble bacterial excrete
(Hagiwara et al. 1994). Indeed, some bacteriar&treause better growth and nutritional
effects on the rotifers (Yasuda & Taga 1980; Yalel988, 1989, 1994). So far, the use
of bacteria as food source for rotifers is limit@dexperimental scale and, is mainly
added as supplement to microalgae or baker’s yeabzens et al. 1989). This study
explores the feasibility of promoting simultaneogrewth of bacterial biomass and
rotifers in the same culture facilities, where tbéfers feed directly on the bacteria as

the sole diet.

This dissertation is organized into five chapteZhapter Il reports about the
population ecology study and biological traits of@anmon Kenyan freshwater rotifer
species to advance the knowledge of native rofdena, which is rather scanty in
Kenya. Available data primarily describes the alanmod and distribution of the rotifers
in aquatic ecosystems, without specification ofrth@logical traits, suitability for local
aquaculture initiatives and, their ecological dtgbduring changing climatic conditions.
Except for a preliminary account of the rotif@rachionus africanuspp nov, and
ltura symmetricaspp nov, by Segers et al. (1994), there is practicallyasoount of
other rotifer species in Kenya. Therefore, studiasthe biological traits of Kenyan

rotifer strainsare useful to advance the local aquaculture. They#w rotifer strain was



morphologically identified a8rachionus angularidbefore investigating its life table

demography and reproductive traits at varying tematpees and food densities.

To promote mass culture of the Kenyan rotiirangularis for local aquaculture,
a chicken manure extract (CME) technique was deeeldChapter 1ll). The CME is
cheap, eliminates organic loads from raw chickenuraand retains a blend of various
growth hormones (Hakk et al. 2005; Hagiwara et@ll4), making it more effective
and socially attractive for live food productionME is also a source of useful
microflora for rotifer culture (Elsaidy et al. 201%However, CME technology requires
addition of microalgae for effective rotifer prodion, hence the need for a microalgae-
less technology. The microalgae-less technologybeaa major leap towards profitable
aquaculture, especially in countries without moderftastructure for high density

microalgal production.

To provide an alternative to the freshly cultureitnmalgae, dried algae, e.g.
Nannochloropsis oculatandC. vulgaris which are storable at room temperature for up
to 2 years, have been used as rotifer diet (Lubeeak 1995), but with frequent culture
instabilities. These instabilities can be curedotigh various techniques such as
chemical supplements e.g. gamma-aminobutyric aGiliBA) that has been used to
stabilize rotifer cultures using fresh algae (Gdkaet al. 1997). For this reason, a
hypothesis whether GABA supplementation can stabiliotifer cultures with dried
algae was formulated and tested in Chapter IV. GAIBA been used to enhance rotifer
reproduction during suboptimal conditions (Gallaetaal. 1997, 1999, 2000a). GABA
is cheap, biodegradable and has positive effectsn eon non-targeted aquatic
invertebrates (Garcia-Lavandeira et al. 2005). dra#dgae can be transported and
conveniently stored at room temperature for longogs, thus providing an opportunity

to minimize the direct dependence on the freshljuced algae. Despite the usability of
8



dried algae, they still have problems related twient leach and low digestibility. Also,
importation costs may be affected by fluctuatingh@ange rates. For this reason, studies
are needed to discover live food production teamesgwithout microalgae. In chapter
V, fishwastes (heads) were used to develop a psbtimc making a fishwaste diet
(FWD) as a low-cost and stable diet for culturihg planktonic live foods. Fish heads
are mostly inedible but contain appreciable amoohtsssential nutrients (Khoddani et
al. 2009). At the beginning of the study, waste€wgbrinus carpioLinnaeus, 1758 were
used to develop a FWD to culture the freshwateferoB. angularis However, the
cultures repeatedly crashed after 3-5 days. Instesatls of the Chub macke&domber
japonicusHouttuyn, 1782 were used to develop FWD to cultbeseuryhaline rotifer,
Brachionus rotundiformis(S-type) Perth strain, as a representative of ttbpical
rotifers (Chapter V.1). This study explored thesibaity of converting fishwastes into
microbial biomass by promoting the simultaneousaginoof the high density bacteria
(at optimal carbon/ nitrogen ratio) and rotiferghe same culture facility, where rotifers
directly ingest bacteria. So far, the FWD preparatprotocol has been considered for
patenting under the registration Number P00201669%96hdonesia. In order to test the
viability of the FWD technology for local aquacui fish heads of the cyprinBarbus
altinalis Boulenger 1900 and CME were blended at optimdbar@r nitrogen ratio to
develop FWD for mass culture of freshwater rotifezspepods and cladocerans in
outdoor tanks in Kenya (Chapter V.2). In chapte,\a preliminary experiment was
conducted to determine the dietary value of the FiéDrotifers for larviculture. Here,
the effect of the FWD-fed rotifers on the larvabgth and development of Japanese
whiting, Sillago japonicaTemminck & Schlegel 1843 was determined. The g®ner
objective of this study was to establish econonycattractive, stable and eco-friendly
live food production technologies relevant for iloying aquaculture sector in tropical

countries without modern infrastructure for live&production.
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Figure 1-1: The status of world capture fisheried aquaculture production since 1950

to 2015 (Adapted from FAO 2016)
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cycle

Resting egg

Figure 1-2: The dual life-cycle strategy of the mgonont rotifers where
parthenogenetic and sexual reproduction cyclesnalte depending on the prevailing

ecological stimulus (Dahms et al. 2011)
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Chapter II

BIOLOGICAL CHARACTERIZATION OF THE ROTIFER,  Brachionus

angularis FROM KENYA

Life table demography and population growth of btgfer Brachionus angularisrom

Kenya: the influence of temperature and food dgnsit

Ogello et al. 2016: African Journal of Aquatic Sae

Introduction

Life table is an informative tool commonly usedunderstand the demographic
characteristics of zooplankton communities in trexivironments (Sarma & Nandini
2001; Xi et al. 2005, Ma et al. 2010). Life tablemibgraphy provides information such
as age-specific survivorship, fecundity, averadespan, generation time, population
growth rate and intrinsic rate of natural incre@sfalz 1987; Sarma & Nandini 2001).
Indeed, such information is critical to the undamsling of the rotifer biological
behaviors under the dynamic environmental condstioot only in their natural habitats

but also in controlled culture facilities (Edmondsi®64, 1965).

The relationship between rotifer reproduction antbi@nt environmental factors
is well documented (Edmondson 1965; Walz 1987;ePefP95; Sarma & Nandini
2001; Ma et al. 2010). Ecologically, salinity amaniperature (Snell 1986), food quality

and quantity (Sarma & Nandini 2001) are among thestmmportant factors that

12



influence the growth (Yufera 2001), lifespan (Ki&gMiracle 1980) and reproduction
(Lubzens et al. 1985) of rotifer&or example, an increase in food density enhances
rotifer egg production but reduces their lifesp#ing & Miracle 1980).In natural
populations, egg production rates of rotifers depem both the present and the
previous status of food supply (Dumont et al. 199%%wever, if the environmental
temperature varies, then the reproductive ratenaigaven food amount may also vary,
perhaps due to the interaction of food and tempegafEdmondson 1964; Martinez et
al. 1998). Indeed, temperature affects many paemsuch as dissolved oxygen, algal
growth, reproduction etc., which may individually io combination affect the rotifer

life histories (Edmondson 1965).

Studies have shown that increasing temperaturelesates the rate of egg
hatching, reduces the life span and age at figgtoduction of rotifers(Walz 1987;
Stelzer 1998). Similarlygeographical location and other intrinsic factoyrmfluence
rotifer growth and reproductive responses (Sarmblafdini 2001).Ma et al. (2010)
reported significant effects of the interactionst@mperature, food concentration and
geographic location on the life expectancy at hatghgeneration time, net reproductive
rate and intrinsic rate of population increase lé freshwater rotifeBrachionus
calyciflorus Indeed, different life history parameters of thagifer strains in their
geographical sites suggest rotifer ecological atapts to the local niches (Xi & Hu

2008).

Despite the numerous studies performed on rotgecies across the world (e.g.
Dumont & De Ridder 1987; Sharma 2000; Ma et al.@gata et al. 2011), there is a
dearth of information regarding the identity angrosluctive characteristics of the
African freshwater rotifers. Most studies in Afrideave focused primarily on the

general abundance and diversity of rotifers indbesystems (De-Ridder 1987; Murray
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2011; Sutherland et al. 2013) without specificatioh the individual life table

demographics under the changing environmental ssires hence their ecological
stability and/or suitability for aquaculture is gaty unknown. In Kenya, except for a
preliminary account of the rotifeBrachionus africanusp. nov, andltura symmetrica

sp. nov, by Segers et al. (1994), there is no accoumtloér rotifer species. Therefore,
the objectives of this study were: 1) to identifg@nmon Kenyan rotifer strain and 2),
to investigate its reproductive and growth chamsties at various temperatures and

food densities using individual life table and skhsakle batch culture approaches.

Materials and methods
Rotifer and algal supply

The rotifer’'s resting eggs were collected from #esliments of freshwater fish
ponds of Kenya Marine and Fisheries Research utst@iKMFRI), Kenya, located at
00°42’S; 03447'E and transported to the Laboratory of AquaceltBiology, Nagasaki
University, Japan for further study. The eggs weatched in a Petridish (diameter 45
mm) under constant illumination (115.5 umdlsi®) and, the rotifers were acclimatized
for one month at 25£C with daily feeding at ad libitum amount 6f vulgaris The
culture medium (pond water) was GF/C filtered (Wihah) and autoclave sterilized at
121°C for 15 min. The liquidcC. vulgarispaste was regularly supplied by a Chlorella

Company in Fukuoka, Japan and stored’@tfér further use.
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Rotifer identification

From the hatched rotifers, one amictic female veadated based on observable
features (Shiel 1995), and cultured for one montth waily feeding at ad libitum
amount ofC. vulgarisat 25+fC to produce clones. From the clones, 20 indivisiual
with visible and identifiable features were randgndolated and subjected to further
morphological analysis according to Shiel (1993)e Trotifers were fixed with 10%
formalin before analyzing the morphological chasastics under a compound
microscope (Axioskop, Zeiss microscope, Germanyy4t magnification. The photo

was taken and the size (lorica length and widthy maasured using ocular micrometer.

Life table demography experiment

The life table demography of the rotifers was irigeded at three temperatures i.e.
20, 25 and 3, and food densities i.e. 2.5x1@.5x16 and 2.5x10ml™ of C. vulgaris
The ranges of conditions represent the dynamicogamdl! status of the rotifers’ natural
habitat. To initiate individual culture of the ralis, an amictic female from the stock
culture was isolated and cultured at 2%xiwith daily feeding ofC. vulgarisat ad
libitum amount to establish clonal population. Frims culture, about 250 amictic eggs
were collected at logarithmic growth phase from liloétom of the culture container,
and incubated in a Petridish (diameter 45 mm) utisersame conditions as the stock
cultures. Hatchlings ¢ (<6 h) were employed in the study. Individual Wwas
introduced into each well of a 24-well polystyran&roplate (lwaki, Japan) containing
1 ml of each food suspension at 2.5%1B.5x16 and 2.5x1Ccells mi*. The rotifer
cultures at each food concentration were incubatezD, 25 and 3C under complete

darkness in 24 replicates. The rotifers were oleskrevery 24 h under stereo
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microscope at x25 magnifications to assess sureivphrental females and the neonate
number. The numbers of the parental females aliereeonates were recorded before
the parental females were transferred into a nelvofiéhe microplates containing fresh
culture medium with appropriate food concentratibead individuals, if any, were
enumerated and removerhis process was continued until the last pardatable died.
Based on the data collected, the life table pararset.g. age-specific survivorship and
fecundity, life expectancy at hatching,)(eduration of first egg spawning {jD net
reproductive rates (R generation timeT), and intrinsic rate of natural population

increaser() were estimated using Lotka (1913) formulae aevas:

Net reproductive rate gr = lemX
0

Generation timgT) = w

Intrinsic rate of population increase:(3 |, m, e ™ = 1, Wherex = time interval Ix =
the probability of surviving to age my= the number of female offspring per female of

agex born during the interval.

Population growth experiment

About 20 rotifers were selected and cultured fevekk using fresiC. vulgarisat
ad libitum amount. From this population, rotiferere selected and batch-cultured in 50
ml fresh culture medium at an initial density ofr mI™* in 300 ml glass jars under
complete darkness without water exchange and aeréiame food concentrations and
temperature levels were tested in 3 replicates. réepective amounts @. chlorella
suspension were added to each jar daily. The popualdensity of rotifers was defined

by counting live rotifers in 1 ml from each repliegar daily using a counting plate with
16



10% lugol fixation. The experiments were terminated after 14 dayse specific
population growth rater was calculated during the exponential growth phasng the
formular = [In N; — In Ng] / t, where,N, = initial population densitylN; = population

density after the time (t), and t = 8 days.

Statistical analyses

Data were analyzed using R statistical softwares{wa 3.2.1 of the R Foundation
for Statistical Computing Platform © 2015). The #eit test of homogeneity of
variances was used to test for the normality ofdhta. Two-way repeated ANOVA
was performed to test the effects of temperatuie fand density on the life table
variables and population density. The Log-Rank Testgroups was performed to
explore the differences in age-specific survivgrstinong the treatments. The Tukey’s

HSD Post Hoc Test was performed to locate any fsogmit differences gb<0.05.

Results

Rotifer identification

Morphologically, the Kenyan rotifer strain has twoedian occipital spines
embedded on a pot-shaped lorica, while sub-medgizres are either reduced or lacking
in some individuals (Figure 2-1). The lorica lengthd width were 85.6+3.1 um and
75.4+£3.6 um, respectively. These measurements hagea compared with those of

other knowrB. angularisstrains from elsewhere (Table 2-1).
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Life table demography

The age-specific survivorship and fecundity curveeelation to food density and
temperature are presented in Figure 2-2. The agefspsurvivorship was not affected
by temperaturey{=4.60, df=2,p=0.10) or food densityy{=0.40, df=2,p=0.83), while
the fecundity was affected by temperatufe=11.38, p=0.00) but not food density
(F=2.03p=0.13). The highest age-specific fecundity (2.10¥0ffspring femalée' day
"1y was obtained at 96 with 2.5x16 algal cells mf. The rotifers older than 8 days
continued to propagate at®®5but not at 20 or 3C. The age-specific fecundity peaked
on day 4 at 20 and 25 but one day earlier (day 3) at°@0regardless of food density

(Figure 2-2).

The values of the life demographic parameters iatiom to different food
densities and temperatures are summarized in Pablelhere was significant effect of
temperature and food density on the life table dgaquhic parameterg<0.05). Life
expectancy at hatching JJjewas affected by temperature but not food denditye
longest g (12.41+0.28 days) was realized af@5with 2.5x18 algal cells mt, while
the shortest £(8.91+1.28 days) was obtained a@G0with 2.5x18 algal cells mit.
Meanwhile, there was no significant difference inbetween 20 and 26 (p=0.40).
The duration of hatching to first egg spawning;)(Bignificantly decreased with
increasing temperature and food density. The IdnDewas 8.83+0.39 h at 20 with
2.5x10 algal cells nif, while the shortest Dvas 2.86+0.21 h at 30 with 2.5x10
algal cells mf. The highest net reproductive rate,R8.43+0.24 offspring femafd
was obtained at 26 with 2.5x16 algal cells mf, while the lowest R (3.01+0.05
offspring femal&) was recorded at 30 with 2.5x160 cells mI* of the algae. The
generation time ) was longer at 20 and 3D compared to 2&. The shortesfl

(2.87+0.03 d) was observed at°@5with 2.5x18 algal cells mif, while the longesT
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(4.96+0.11d) was realized at 3G with 2.5x18 algal cells mt. The highest intrinsic
rate of natural population increasg (0.74+0.02 &) was obtained at 26 with 2.5x16
algal cells mi" while the lowest (0.22+0.01 &) was recorded at 30 with 2.5x16

algal cells mt-.

Population growth in the batch cultures

The population growth curves in relation to differeéemperatures and food
densities are presented in Figure 2-3. The ropfgsulation density was significantly
affected by temperatureF£5.28, p=0.01) and food densityFE5.89, p=0.00).
Regardless of temperature, there was an earliéripghe rotifer population densities at
2.5x10’ algal cells mi* but with lower population densities compared ® tést (Figure
2-3A, B and C). The highest population density (B%%2.6 ind mi*) was obtained at
25°C with 2.5¢<10° algal cells mi'(Figure 2-3D). The specific population growth réte
was significantly influenced by temperatufe={6.13,p=0.00), food densityq=109.02,
p=0.00) and the interaction between thémZ6.32,p=0.00). The highest (0.49+0.01 d
1) and the least (0.39+0.01'dr values were obtained at 25 with 2.5¢10° algal cells

mi~tand at 26C with 2.5¢<10° algal cells mit, respectively (Figure 2-4).
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Table 2-1: Comparison of lorica length and widthtted Kenyan strain dB8. angularis

with those of otheB. angularisstrains; the values are mean + §i for (n) samples

(in parenthesis)

Origin Lorica lengthif) Lorica width f) Reference

Kenya 85.6+3.1 (20) 75.4£3.6 (20) Present study

Laos 86.0%4.9 (20) 75.615.7 (20) Ogata et al. 2011
China 130+7.0 115+7.0 Yin & Niu 2008
Germany 120 - 140 - Leutbecher 2000

New Zealand 122 - Gilbert & Burns 1999
France 127.8+5.9 - Pourriot & Rougier 1997

SD, standard deviation
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Table 2-2: The life table parameters of the Kenifier strain,B. angularisin relation

to different food densities and temperatures. Shawenthe life expectancy at hatching

(&), duration of first spawning ([? net reproductive rate (R generation timeT) and

intrinsic rate of natural increase.(Values are mean + SD. Different superscripthe

same column indicate significant differencespad.05, Two-way ANOVA; Tukey

HSD testn=3, a>b>c>d>e>f>g>h>i

Food
Temperature density Life table parameters
(°C) (cells mi*)
& (d) D (h) R T (d) r
Offspring/female
20 2.5x10 11.33+0.57 8.83+0.39 3.71+0.0% 4.80+0.18°° 0.27+0.09
2.5x10 12.08+0.14 6.90+0.16 6.25+0.04 3.49+0.0¥ 0.52+0.08
2.5x10 11.08+0.14 6.69+0.94 3.87+0.0% 4.49+0.08 0.30+0.0i
25 2.5x16 11.33+0.57 5.21+0.98 7.80+0.09 2.91+0.08' 0.70+0.0%
2.5x10 12.41+0.28 5.04+0.54 8.43+0.24 2.87+0.03 0.74+0.02
2.5x1d 12.08+0.14 4.44+0.8% 6.71+0.08 3.42+0.08 0.55+0.0%f
30 2.5x16 9.33+0.57 4.16+0.28 3.01+0.05 4.96+0.1% 0.22+0.00
2.5x16 9.33+0.57 3.75+0.07 4.73+0.05% 3.78+0.07 0.41+0.0%f
2.5x1d 8.91+1.28 2.86+0.2f 3.15+0.2% 4.76+0.18° 0.24+0.01"

SD, standard deviation
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Figure 2-1: The image of live adult (1) and degdBtachionus angularissolated from
a freshwater fish pond of Kenya Marine and FislseResearch Institute (Axioskop,
Zeiss microscope, Germany, x40 magnification),oach length, b: lorica width. The

median occipital spines (c) are shown in the cdrarea of the dead rotifer (image 2).
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Discussion

Environmental factors such as changing food demsit/temperature have been found
to influence the biological structures of the aguaboplankton communities (Edmondson
1964, 1965; Pejler 1995; Ma et al. 2010). Howetlez,influence of these factors on the life
table demography of the rotifers from African fresiter ecosystems has not been reported
in literature. This study identified the Kenyanif@t sample a$3. angularis and reported
the effects of changing temperature and food derit its life table demography and
biological characteristics. The morphological olbaéipns e.g. two median occipital spines
with either reduced or lacking sub-median spines @mnsistent with descriptions of the
rotifer, B. angularisby Shiel (1995). The rotifer strain has a smdlledy size (Table 2-1)
compared to other know. angularissuch as the Laos strain, which is so far consitlere
suitable for small-mouth freshwater fish larvae &get al. 2011). Based on this finding,
the Kenyan strain dB. angularisalso qualifies as an appropriate live food for kmmuth
freshwater larval fishes. The suitability of smatbtifers for aquaculture has been
extensively discussed in literature (e.g. Hagiwetral. 1995a; Wullur et al. 2009). The size
variations of the Kenyan rotifeB. angulariscompared to similar species from elsewhere
(Table 2-1) could be linked to the ecological adtiphs to the local geographical niches as

reported in literature (Hu et al. 2003; Xi & Hu &)0

The temperature and food density variations did affect the age-specific
survivorship, suggesting that rotifer survival waffected by aging. The longer life
expectancy at lower temperatures (20 arffC26ould have been due to decreased metabolic
rate while the shorter life expectancy at'@GCcould have been due to the accumulated
thermo-physiological stress. Sarma & Rao (1990knkes] a decrease in life expectancy of
brachionidrotifers under increased temperature and food temsi 20 and 36C, rotifers

older than 8 days were not fecund (Figure 2-2)sthyplain the low fecundity at such
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conditions. However, rotifers older than 8 days evégcund at 2%C. Other studies have
reported that the fecundity of rotifers can be @#d by the ciliate epibiont-zooplankton
interactions that occur in the cultures (Gilbert S&hroder 2003). However, the ciliate
epibiont-rotifer interactions were not determinad this study. There was higher age-
specific fecundity at 2%, which was also reported for the Laos’s straiBo&ngularisby

Ogata et al. (2011).

The duration of first egg spawning might have bemtayed at 2C by slower
ontogenic phases necessary to hasten reprodu@iikcvskayal987; Walz 1987), while
faster ontogenetic development phases under higipaeature (Athibai & Sanoamuang
2008) could explain the shorter duration of firgigespawning observed at 80 Other
studies have reported longer pre-reproductive has20°C for rotifers (Ogata et al. 2011),
and shorter duration of embryonic development aarb 30C (Walz 1987; Hu et al. 2003;
Xi & Hu 2008). Baker (1979) reported 8 to 12 h ke tluration of first egg spawning for
freshwater rotifer®. angularisandB. calycifloruscultured at 28C, which is comparable to
the findings of the current study. The higher mgrroductive rate at 26 with 2.5x16 algal
cells mI* could have been due to the continuous reproductighe older rotifers unlike in
the other culture conditions. The findings resemlileose of Ma et al. (2010) who found a
range of net reproductive rates of up to 5 to 23poing female™ for the freshwateB.
calycifloruscultured between 18 andZ8in different geographic populations. According to
Edmondson (1964, 1965), the interactions of temperaand food densities affect the
reproductive rate of rotifers. Pourriot & Rougi@®07) reported that ecological adaptations
may cause different reproductive rates among spediee prolonged generation time at
20°C could have been caused by the longer duratidistofgg spawning. There was longer
generation time at 3@ perhaps due to preference of survival to repridinicAccording to

Chen & Cuijuan (2015), a tradeoff exists betweenehergy required for maintenance and
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for reproduction and growtlsarma & Nandini (2001also reported that generation time of
rotifers decreases with increased food densitytangperature. The findings of the current
study are comparable to those @hlkovskaya(1987) and Ma et al. (2010) who reported
generation time of 2 to 3 days fBr calycifloruscultured at 2%C with 3.0x16 algal cells
ml™ of C. vulgaris The higher intrinsic rate of population increage2%C with 2.5x16
algal cells mif could be attributed to higher reproductive rates shorter generation time
of rotifers at that condition. Warmer temperatucesise shorter periods of embryonic
development and thus enhance intrinsic rate of ladipa increase at optimal food
conditions (Xi & Hu 2008). Other studies suggesattlgenetic adaptations to local
environmental pressures could affect the rotiféninsic rate of increase (Gilbert 2003; Ma
et al. 2010). In general, temperature affects maargameters such as dissolved oxygen and
biochemical reactions, which may individually, ar combination affect the rotifer life

histories in any habitat (Edmondson 1965; Walz )987

The highest population density observed on day25% with 2.5x16 algal cells mt

of C. vulgaris (Figure 2-3B) suggested an occurrence of simuttame@eproduction of the
old and new rotifer cohorts. The earlier peaks ei@e36C (Figure 2-3C) were probably
thermal-regulated and could have been due to tlieashthe reproduction maxima to the
earliest stages of maturity, and shorter duratibfirst egg spawning. This coincided with
earlier peaks observed in the individual culturpesknents under similar conditions. The
population density quickly declined at°8) suggesting that the rotifers may have switched
to mixis phase at this stressing condition. Mixigastment is likely to reduce the short-term
fitness of rotifer clones (Chen & Cuijuan 2015),masre energy is used to fertilize mictic
female to lay resting egg than for an amictic fesrtalproduce a daughter (Gilbert 2010). At
such situations, life expectancy and fecundity asaally reduced (Snell & King 1977),

hence lowers population density. Faster determmatif culture medium in this condition

28



may have also contributed to the observed reswdtalse there was no regular water

exchange.

The higher rate of specific population growth al@®ith 2.5x16 algal cells mf was
attributed to the high reproductive rate, longés Bxpectancy, shorter duration of juvenile
phase and shorter generation time. Even though gratemperatures with optimal food
conditions enhance rotifer growth rates, exceetledrial tolerance can cause rotifer culture
crash (Stelzer 1998). The growth rates for mosthiceid rotifers range from 0.2 to 2.0
(Sarma & Nandini 2001). The specific growth ratgue (0.39-0.49 d) reported in this
study is within the known range reported in literat The Kenyan rotifer strain d.
angularishas smaller size (i.e. lorica length: 85.6+3.1 @amd width 75.4+3.6 pm), making
it convenient for freshwater fish larval rearingpecially those with smaller mouth gaps
such as the larvae of gold fisBarassius auratugLim et al. 2003). The rotifer reproduces
optimally at 25C with 2.5x16 algal cells mf" of C. vulgaris Since microalgal pastes are
expensive and laborious to produce, cheaper rdbfed production technologies should be

investigated to support the mass culture of thigerostrain, for local aquaculture initiatives.
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Chapter I

CHICKEN MANURE EXTRACT (CME) ENHANCES REPRODUCTION OF THE

ROTIFER, Brachionusangularis

Effects of chicken manure extract on the populagimwth, mixis induction and body size

of the Kenyan rotifer strairBrachionus angularis

Ogello & Hagiwara 2015: Asian Fisheries Sciencedalu

Introduction

The monogonont rotifeBrachionus angulariss potentially an excellent live food for
small-mouth freshwater fish larvae due to theirlssiae and high reproduction rate (Ogata
et al. 2011; Ogello et al. 2016). The reproductoharacteristics oB. angularis are
comparable to those of the rotifdrachionus plicatiliscomplex, which is an important
zooplankton widely used as initial food in mariaeviculture (Hirayama & Hagiwara 1995).
However, production of sufficient quantities &. angularis for the larviculture of
commercially important fishes is a major problerocally available materials can be used
to culture sufficient quantities of rotifers forclal aquaculture. For example, chicken manure
has been used to augment the pond biological ptivityan semi-intensive fish farming
practices (Kang’'ombe et al. 2006; Elsaidy et all3)0However, the optimal quantity and

mode of application to achieve pond maximum pragiigtis poorly understood especially
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in African countries where semi-intensive fish fargnis commonly practiced. Also, raw
chicken manure contains additional organic loadkldiers, which quicken the depletion of
dissolved oxygen in ponds, thus compromises fidithh@nd increases cost of production.
This study explores on the use of chicken manurgaetx (CME) technique, which
eliminates organic debris or loads and other pahmgcontaminants that can compromise
fish quality. Meanwhile, the CME retains essentiadrients that can be useful for live food

production.

The effects of the chicken manure are linked toations of different sex hormones
present in them (Finlay-Moore et al. 2000). Forregke, egg-laying chicken excrete about
50 and 250 ng§dry manure dayof 17p-estradiol and testosterone respectively (Shemesh
& Shore, 1994; Hakk et al. 2005), while chickenelitcontains between 1 to 904 ng g
(Shore et al. 1993; Bevacqua et al. 2011) of-astradiol and 0.05 to 254 ruy* of
testosterone (Jenkins et al. 2006). Such cheméalsised by zooplankton to regulate their
reproduction, induce predator defenses and acceimpélective foraging in their respective
habitats (Gilbert 1966). There are scientific emcks that sex hormones influence the
population growth, mixis induction and body size zmioplankton species (Preston et al.
2000; Yang & Snell 2010). Gallardo et al. (1997pared a 2.3 fold increase in mictic
female production oB. plicatilis exposed to 50 mg'lof 17B-estradiol. Up to 7.8 fold
enhancement of resting egg production was repdoreBrachionus manjavacasxposed to
5 mg I*, and complete inhibition at 14 mg bf progesterone (Snell & DesRosiers 2008).
Huang et al. (2012) reported thiatug I of 17B-estradiol produced optimal demographic
parameters for the freshwater rotifBrachionus calyciflorus A significant increase in
amictic population growth rate dB. calycifloruswas observed under the influence of
combined progesterone and estradiol hormones (¥ar8nell 2010). Apparently, such

studies are limited for the rotif@&. angularis which are potential live food for small-mouth
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freshwater larval fishes. Therefore, a hypothesisether CME can enhance mass
reproduction of the rotifelB. angulariswas formulated. To test this hypothesis, a CME was
prepared and its effects on the population growttxis induction and body size of the

Kenyan rotifer strainB. angulariswas determined.

Materials and Methods

Rotifers

The stock culture of the Kenyan strain rotifér angularis was available in the
laboratory. From this stock, about 200 rotifers evisolated and acclimatized for 4 days in
100 ml culture medium a25+1°C using ad libitum amount o€hlorella vulgaris The
culture medium (pond water) was GF/C filtered (Wihan) prior to autoclave sterilization
at 121°C for 15 min. From this population, egg bearotifers were shaken in a screw-
capped bottle, and the detached amictic eggs wected and hatched in a petri dish (50
mm diameter) with similaC. vulgarissuspensions as stated previously. Twenty hours old

hatched rotifer clones were employed in this study.

Preparations of chicken manure extract (CME)

One kilogram of fermented chicken manure (Shitanta Fukuoka, Japan) was mixed
with 10 g of fossil coral powder (Coral interna@nCo. Ltd., Okinawa, Japan). This
mixture was boiled in 5 | of sterilized pond water 40 - 50 min and then kept overnight at
room temperature. The supernatant liquid was @ttesff the sludge using nylon net of pore

size 100um. The sludge was re-filtered and the liquid waxedi with the previous
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supernatant. The CME was preserved at 4°C for suiese use during the experiment. The

guantities of sex hormones present in the CME amasarized in Table 3-1.

Experimental design

Bioassay experiment was conducted at nominal caratens of CME i.e. 0.0
(control), 0.5, 1.0, 2.0 and 3 mt,Iwhich were obtained after a series of prior rafigging
tests in the laboratory. Each CME concentration @&l control were triplicated. Thirty
single egg bearing amictic females were placedfferdnt 100 ml glass jars containing 20
ml of culture medium. The CME concentrations werteoduced into the glass jars once at
the start of experiment without exchanging watdr tihe rotifers were incubated at 25€1
under total darkness with daily feeding 6n vulgarisat 2.5x16 cellsml™ (Ogello et al.
2016) for 7 days The density ofC. vulgaris was monitored twice daily and adjusted
accordingly to maintain a constant density of 2@xdlgal cellsnl™ in the culture medium
From the first day, the population density of retsf was daily defined by counting all live
rotifers in three-1 ml from each replicate jar gsim graduated counting plate with lugol
fixation, under stereo microscope at x 25 magrtifica In the same samplége number of
amictic females and fertilized mictic females weoainted based on the type of egg they
carried (Hagiwara et al. 1988)t the end of experiment (day 7), the total numddferesting
eggs were counted in each replicate jar. The ptpuoladensity of all live rotifers and
amictic females were reported as ind'mlstandard deviation of the three replicates irheac

treatment. The rate of fertilized mictic females) (#s calculated using the formula:

~ fertilized mictic females J %100

| unfertlizel mictic females+ fertilizedmictic female
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The specific population growth rate of rotifers veadculated as = [In N; — InNo] / t, where
N= number of individuals in culture after t days,3Ninitial number of individuals, and t =
time in days (7 days)Jpon termination of the experiment, the lorica lingnd width of 10
rotifers randomly sampled from the replicate treatits were measured usingcroscope
(Axioskop, Zeiss, Germanyyith an ocular micrometeat x 40 magnificationsThe rotifers

were fixed with10% formalin before taking the measurements.

Data analysis

The data were analyzed using R statistical softaesion 3.2.1 of the R Foundation
for Statistical Computing Platform © 2015) aftesttéor homogeneity of variance using the
Bartlett test. Repeated ANOVA measures were peddrio determine the effects of CME
the on the rotifer population density and growtterd.ogotransformation was performed
on the proportions of ovigerous fertilized mictenfales, and the number of resting eggs
before performing the ANOVA tests to identify sifycént differences among the treatment
means. Multiple comparisons were conducted usir@y¥SD test to determine where the

differences were situated @0.05.

Results

The total rotifer population density was signifidlgraffected by the days of culture
(F=40.02,p=0.00), CME F=99.72,p=0.00) and their interactior€10.94,p=0.00). The
density of amictic females were also affected bysdaf culture F=42.17,p=0.00), CME
(F=78.51,p=0.00) and their interactio-€7.81,p=0.00). Both the total population density
(Figure 3-1) and that of amictic females (Figur@)3were significantly highemp&0.05) at
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2.0 ml I* of CME than other CME concentrations and the cdritoon day 4 — 7. However,
there was no significant difference in the popolatiensity (>0.05) among the control, 0.5
and 1.0 mlfof CME each day, from day 4 — 7. The CME did rféct the total population
density and that of amictic females from day 1p:30(05). The total population density and
amictic females reduced significantly from day 7 at 3.0 ml f of CME. The highest total
population density (248.7+16.4 ind MW (Figure 3-1) and amictic females (183.3+8.5 ind
ml™) (Figure 3-2) were obtained on day 5 at 2.0 thbf CME. The fertilization rate of
mictic females significantly increased with dayscafture £=26.65,p=0.00), where up to
32.9£2.3 % of mictic females were fertilized on day the control experiment (Figure 3-3).
However, CME significantlyg<0.05) reduced the fertilization rate of mictic fales from

day 5 — 7 (Figure 3-3).

The population specific growth rate (SGR) was digantly affected by CME
(F=27.85,p=0.00). The SGR was higher (0.71+0.01 dat 2.0 ml T than the control, 0.5
and 1.0 ml f of CME (p<0.02) but reduced significantly to 0.51+0.03 dsgt 3.0 ml 1* of
CME (p=0.00) (Figure 3-4). CME significantly affected threean number of resting eggs
(F=37.14,p=0.00), where the number of resting eggs reducet thie increasing CME
concentrations. At 2.0 and 3.0 rnibf CME, the resting eggs were x1.7 and x3.1 lowant
in the control, respectively (Figure 3-4). The CMignificantly increased the lorica length
(F=7.042,p=0.00) but not the widthFH=1.55, p=0.20) At day 7, the lorica length of the
rotifers exposed to 3.0 mil of CME was significantlyg<0.03) higher than those of other

treatments, which were similar to each other (Faga+b).
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Table 3-1: Sex hormones (g>) in chicken manure extract (CME); ND = not detered.

Adapted from Hagiwara et al. 2014

Sex hormones CME Limit of detection
17 a-estradiol 0.16 £ 0.04 0.05
0.53+0.35 0.05
17 p-estradiol
Estron 2.20+1.65 0.05
Estriol ND 0.05
Progesterone ND 0.1
Testosterone ND 0.5
Methyltestosterone ND 0.5
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Discussion

Application of organic manure enhances the bioklgproductivity in the fishponds
(Elsaidy et al. 2015)The current study has demonstrated the influenc€EME on the
population density, mictic induction, and specgrowth rate and body size of the rotifer,
angularis Application of 2.0 ml T of CME prolonged the rotifer population densitydan
amictic female population, suggesting that onlycteie amount of CME is effective to
increase parthenogenetic reproduction of thisepspeciesThis observation is consistent
with the persistent nature of growth promoting coonds contained in the CME (Shemesh
& Shore 1994). According to Pentikainen et al. @0he estradiol compounds act as
growth hormone for the female reproductive tissuesice resulting in high viability of
oocytes. The biomolecules in the CME can be re@a/@and applied in the production of
the rotiferB. angularis where harvesting can be done on day 5. In ansthely, Hagiwara
et al. (2016) reported that 2 mt bf CME was optimum for active population growth of
TigriopusjaponicusandDiaphanosoma celebengisgardless of their developmental stages.
The active population growth of the zooplanktotinked to the water-soluble natural 37
estradiol contained in the chicken manure extrétakk et al. 2005). It is probable to
suggest that CME acts like a capsule of hormonassynergistically augments each other
to produce stunning growth and reproduction effewisrotifers. Furthermore, there are
literature evidences indicating that chicken manase an excellent substrate for the
heterotrophic production of probiotic bacteria &gcillussp. that can be utilized by rotifers
to improve their reproduction and survival (Rapatséoyo 2013; Elsaidy et al. 2015).
However, this study did not characterize the b#altéora present in the culture media, thus
require further investigation.

CME suppressed rotifer mixis stimulus but favonearthenogenetiqropagation.

Mixis investment reduces rotifer life expectan@cundity and population density (Snell &

42



King 1977). Preston et al. (2000) identified estmo@gonist chemicals such as nonylphenol
in the freshwateB. calyciflorus which have no effect on amictic reproduction mduces
mictic induction andstops fertilization rate at 50 pd-.ISimilar results i.e. reduction of
fertilization rate of females was reported Rarplicatilis under the influence of 30 - 50 Py |
of nonylphenol (Marcial 2004). Even though thesentanes were not tested in their pure
form, it is suspected that their presence couldgioty explain the reduced mixis under the
influence of CME in the current study. However tiigr investigations should unravel this
speculation. According to Gilbert (1963), it is thevironmental stimuli, and not internal
rhythmic cycle that causes mictic female productiorthe rotiferB. calyciflorus Mictic
reproduction is an inherently more complicated pss¢ which depends on the fertility of
both male and female and, on their successful gdighavior (Sugumar & Munuswamy
2006). Thus, rotifer mictic reproduction is likely be a factor of signals rather than amictic

reproduction (Preston et al. 2000).

The reduced production of resting eggs (Figure Iddld have been a direct
consequence of suppressed fertilization of miamodles. Rotifer resting egg production is
believed to be the most sensitive endpoint for mler of chemicals (Preston et al. 2000)
probably due to the complexity of rotifer micticpreduction, which integrates toxicant
effects over the full life cycle (Preston & Snell®). The highespecific population growth
rate 0.71+0.01 day’) obtained at 2.0 mI'i of CME (Figure 3-4) was probably due to
higher parthenogenetic reproduction at that comdlitiThis valueis comparable to the
findings of Yang &Snell (2010) for freshwat8: calyciflorusexposed to 1,000 pg' lof
progesterone and estradiol hormones. The increa$arica length at 3.0 mr'i of CME
(Figure 3-5) coincided with reduced population dignsherefore reduced competition for
food could have enabled the rotifers to achievé fia# growth potentials, and not directly

influenced by CME. However, it is not clear why tbeica width was unaffected by CME.
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Gallardo et al. (1997) observed reduced body sizéerotiferB. plicatilis with different
hormonal treatments and attributed the resultsigh ltompetition for food caused by

increased population densities.

Even though the observed reproductive effects oEAMthis study seem consistent
with the influence of sex hormones e.g¥&tradiol, testosterone, oestrogens and
androgens that are significantly represented ickam manure (Shemesh & Shore 1994;
Hakk et al. 2005), it remains speculative that seéfects were related to endocrine
disruption mechanisms because no molecular essay deame to authenticate these
observations. According tBreston et al. (2000)n the absence of a molecular assay for
interactions with a rotifer endocrine receptor, tieserved effects should be considered as
consistent with those of endocrine disruption me@ras but not as proof of such
mechanisms. Future studies should investigate pecesef the specific hormone receptor

molecules in the rotifers.

The CME technique eliminates organic loads, littar&l perhaps disease causing
pathogens in the raw chicken manure, while retgimissential compounds, making it more
effective and socially attractive for improving lagical productivity of the culture facilities.
CME is cheap and blends varieties of hormones (Hek&l. 2005; Hagiwara et al. 2014)
hence eliminates the need to purchase commeromaltigrpromoting compounds. The
results of this study show that 2.0 midf CME is optimal for enhanced population density,
amictic female population and specific growth ratéhe Kenyan rotifer straiB. angularis
The optimal CME concentration is most effectivedaty 5 of culture and does not increase
the rotifer size, hence applicable in mass culafréhe rotifer,B. angularisfor freshwater
aquaculture. However, CME still requires additionatgae for optimal growth. Further
studies should focus on low-cost rotifer cultureht@ques to spur aquaculture growth

especially in the developing countries, where éishsumption is relatively low.
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CHAPTER IV

USING DRIED ALGAL DIETS FOR MASS CULTURE OF ROTIFER S, WITH

gamma-aminobutyric ACID (GABA) SUPPLIMENTATION

CulturingBrachionus rotundiformi3 schugunoff (S-type) using dried foods: applicatidn

gamma-aminobutyric acid (GABA)

Ogello et al. 2017: Hydrobiologia

Introduction

Live microalgal diets are commonly used to cultlivee foods such as rotifers.
However, year round cultivation of sufficient liveicroalgae especiallilannochloropsis
oculatais a heavy burden on many hatcheries (Maruyandl. €€997). Besides, the live
microalgae have short shelf life, thus limiting qplanning of fish seedling production in
microalgae-based hatcheries (Lubzens et al. 1998rnatively, frozen microalgae diets
have been used to culture rotifers (Lubzens €t1395; Yufera & Navarro 1998) but high
storage costs are incurred and also, stable s@b@gergy is not guaranteed everywhere to
maintain freezer facilities. DriedNannochloropsis oculataand Chlorella vulgaris are
storable at room temperature for up to two yeard @m support population growth of
rotifers (Dobberfuhl & Elser 1999). However, cukuimstabilities due to poor ambient
conditions (high ammonia), clumping and low digeitity (food scarcity) have been

reported (Yufera & Navarro 1998), hence requirebi@ues to stabilize.
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Various chemicals have been used to stabilizedtier cultures (Gallardo et al. 1997,
1999). For example, growth hormone (GH) has beanddo promote rotifer reproduction
under optimal conditions while gamma-aminobutyreada GABA) enhances even stronger
amictic reproduction in the progeny of the rotiBrachionus plicatilisduring high ammonia
and food scarcity (Gallardo et al. 1997, 1999, 300@ost aquatic habitats where rotifers
inhabit are characterized by high water viscositgss which affects the reproduction,
swimming activity and ingestion rate of rotifersagiwara et al. 1998). Fortunately, GABA
can neutralize the effects of the combined stressbhigh water viscosity, ammonia, food
scarcity and protozoaE(plotessp.) contamination on rotifer reproductive chagestics
and enzyme (glucosidase) activities (Araujo & Haagiav 2005). GABA application is an
effective mechanism for maintaining the viability e physiological condition of the
rotifers under low temperature as well as duringysation growth after preservation at low
temperature (Assavaaree & Hagiwara 2011). In ancthely, 50 ug mi of GABA and
0.025 IU mi* of porcine GH were found to enhance L-type rotjfepulation growth in
individual cultures after 48 h of rotifer expostioethese chemicals prior to their transfer to

new media (Assavaaree & Hagiwara 2011).

Most studies have focused on the biological maaipans of the rotifeBrachionus
plicatilis using liveN. oculatadiet supplemented with GABA (Gallardo et al. 200@eaujo
& Hagiwara 2005; Assavaaree & Hagiwara 2011). To#far B. rotundiformisis an
indispensable larval fish food, whose stable prédocusing dried algae with GABA
supplementation could be a positive step towartisesing pre-planned hatchery seedling
production and improving the reproduction of targgecies. The population growth
response of the rotifeB. rotundiformisto driedN. oculataand C. vulgariswith GABA
supplementation is unclear. To advance on this caspleis study first determined the

effectiveness of GABA application at lag phase dlowtage of the rotifers and every 2
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days on the population density and egg/female tithe rotifers in small batches before

up-scaling to larger cultures.

Materials and methods
Algae and rotifers

Firstly, sufficient rotifer population was establési using 7.0 x focells mI* of either
live C. vulgarisor N. oculata(Araujo & Hagiwara 2005) daily for 7 days at 25€1 The
liquid paste of liveC. vulgariswas supplied by Chlorella Company in Fukuoka, dapae
stock cultures oN. oculataand the rotiferB. rotundiformis (S-type, Perth strain) were
available in the laborator\. oculatawas cultured using modified Erd-Schreiber medium
(Hagiwara et al. 1994) at 25 °C under constanirilhation (115.5 pmold m ) with gentle
aeration. The alga was harvested during the logepariod by centrifugation (2100 x g for
8 min) and the algal pellet was re-suspended irilizesl seawater (22 ppt). The algal
densities in diluted aliquots of suspended conegsdrof the microalgae were determined
using haemocytometer. Dried. oculata (cell diameter, 2.5 um) an@. vulgaris (cell
diameter, 3.0 um) were obtained from AlgaSpring g TRetherlands) and Daesang
EMERALD (South Korea), respectively. The dried mm&igae were stored at room

temperature in the laboratory.

Experimental design

Before starting the experiments, the rotifers wereconditioned to the respective
dried foods at 800 mg dry weight 16 rotifers day™ for 2 days. In the small trials, the

rotifers were cultured in 1 | jars containing 300ohseawater at an initial density of 50 ind
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ml™* with gentle shaking by a triple shaker machine {8(R Taitec CoJapan) at 61 rpm to
keep the dried microalgae suspended. The rotifere wivided into three treatment groups
with three replicates each: 1) no GABA additionnfrol), 2) GABA (50 mg 1) addition
once at lag phase, and 3) GABA addition every 2sddye cultures were incubated at
25+1°C in total darkness with daily feeding on ertkriedN. oculataor C. vulgarisat the
rate of 800 mg dry weight 10° rotifers day™ for 5 days. The dried algae was first re-
suspended in 3 - 5 ml of seawater then subjectadttasonic agitation for 5 - 10 min to
break down aggregates before adding to the rotitdtures. The diet quantities were
adjusted daily depending on the rotifer populatiensity, which was estimated by counting
the rotifers in 1 ml sampled from each replicatetHe same samples, the number of amictic

females and amictic eggs they carried or detacherd wounted and recorded.

In the mass cultures, the optimal results of thelkstale trials were employed. Firstly,
the rotifers were concentrated in 1 | culture medat 200 ind mtand applied 50 mg*lof
GABA once at lag phase 24 and 48 h before up-ggabn20 | cultures with aeration at
room temperature. For each treatment, a correspgrcbntrol was prepared. The rotifer
population density monitoring and feeding was ddady as explained previously. The
specific growth rate (SGR) was calculated during ¢éxponential growth phase using the
formula:r = [In N; = In No] / t, where N, = initial population density\; = population density
after the timet) andt = 6 days. Every 2 days, 30 ml of water samplesvedtained from
each replicate tank of the 48 h of GABA experimént ammonia (NH— N) (mg )

determination (Palintest® 8000 Ltd, USA).
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Statistical analysis

The data were analyzed using R statistical softaesion 3.2.1 of the R Foundation
for Statistical Computing Platform © 2015). The @&t test of homogeneity of variances
was used to test homogeneity of variances. TwoANM®VA was used to test the effects of
culture period, food type and GABA on the rotifepplation density, specific population
growth rate and ammonia levels. Where significafieignces were detected, the Tukey’'s
HSD Post Hoc test was performed to locate themcdX¥dn rank sum test was used to
compare the rotifer population densities betweeh 24d 48 h GABA culture experiments.

All statistical differences were acceptega0.05.

Results

In the small cultures, the population density of totifers fed withN. oculatawas
significantly affected by culture perio&£988.05;p=0.00), GABA ¢=77.82;p=0.00) and
their interaction £=16.91;p=0.00). GABA supplementation at lag phase and egetgys
caused significantly higher population densitiedag 3 — 5 than the control (Figure 4-1A).
Similarly, with C. vulgarisdiet, there was significant effect of culture pdriF=810.34;
p=0.00), GABA £=33.20;p=0.00) and their interactiorF€4.96; p=0.00) on the rotifer
population density. Here, GABA supplementation a&j phase and every 2 days caused

significantly higher population densities on day8 2nd 5 than the control (Figure 4-1B).

With N. oculatadiet, the egg/female ratio was significantly aféecby culture period
(F=424.62;p=0.00), GABA £=700.51;p=0.00) and their interactiorF€13.86; p=0.00).
Higher egg/female ratio was observed on day 1hah the controlg<0.02) (Figure 4-2A).

Similarly, with C. vulgarisdiet, the egg/female ratio was significantly aféetby culture

49



period £=905.33;p=0.00), GABA £=1760.08;p=0.00) and their interaction-£68.81;
p=0.00) with higher egg/female ratio than the cdnbtzserved on day 2 - $<0.02) (Figure
4-2B). Highest egg/female ratio of 0.59+0.02 watamied in theN. oculatadiet on day 3

with GABA supplementation at lag phase.

In the mass cultures, there was significant effefctulture period, feed type and
GABA on the rotifer population densitiep<0.01), but without significant interaction
effects in the 24 h of prior GABA supplementatiqg®>@.05). No significant differences
occurred on the daily rotifer population densitsong the treatments in the 24 h GABA
mass culturespe0.05) (Figure 4-3). However, 48 h of pre GABA sigmpentation caused
significantly higher rotifer population densities days 5 and 6 (with both feeds) and 8 and
10 (with C. vulgarig than their respective controlp<0.01) (Figure 4-4). Highest rotifer
population densities of 301.3+22.2 and 246.3+16dLmI* were obtained witiN. oculata+
GABA andC. vulgaris+ GABA on day 6 and 8 respectively (Figure 4-4ABA treatment
for 48 h prior to mass culture produced signifibahigher rotifer population density than

the 24 h of GABA treatment (Wilcoxon rank sum t&¥£1725.5p=0.03).

The SGR was affected by feed type=8.34;p=0.02) in the 24 h GABA experiment
where the rotifers fed witN. oculatahad significantly higher SGR than those fed with
vulgaris (p=0.03) (Figure 4-5A). However, GABA affected the BGfter 48 h of prior
GABA incubation £=31.97;p=0.00) where the GABA-treated rotifers had high&Rthan
those in non-GABA treatmentp=£0.00) (Figure 4-5B). There was no significant liéince
in SGR between 24 and 48 h GABA mass cultures dayab (student t test, t=- 1.71; df=11,
p=0.11). Highest SGR of 0.42 + 0.03 dayvas realized wittN. oculata+ GABA in the 48
h of prior GABA culture. The ammonia concentratimas significantly affected by the
culture period (§<0.01), but not food type or GABAp$0.05). Each day, ammonia levels

increased equally in all the treatments to abotindy I* on day 10 (Figure 4-6).
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Figure 4-1: The population growth curves of thefeos fed with dried\. oculata(A) andC.

vulgaris (B) with GABA supplementation at lag phase andregv2 days. Each plot

represents mean value of 3 replicates £ SD. Two-ABYVA, Tukey HSD testn=3;

different letters in each day represent signifiadfferences ap<0.02, a>b>c
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GABA supplementation for 24 h before mass culturke bars are means + SD of 3
replicates. Two-way ANOVAN=3; No significant differences occurred on dailyppkation

densities among treatments0.05
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Figure 4-4: Population density of the rotifers feith driedN. oculataandC. vulgariswith
GABA supplementation for 48 hours before mass celtdhe bars are means + SD of 3
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Discussion

The difficulties in maintaining artificial food cha of microalgae and rotifers in
hatcheries often hinders pre-planning of fish segdbroduction programs (Lubzens et al.
1995; Hagiwara et al. 2001). This study shows gratluction ofB. rotundiformisusing
driedN. oculataandC. vulgariscan be significantly improved by GABA supplemeittat
thus providing an opportunity to eliminate direegpeéndence on the immediately cultured
live alga. GABA can be applied at the lag phasevgiestage of the rotifers 48 h before up-
scaling to mass cultures to enhance the rotifeuladipn density within 8 and 6 days of
culture with driedN. oculataand C. vulgaris respectively. In the small cultures, GABA
application at lag phase and every 2 days prodaapdrior results (Figure 4-1) but GABA
application at lag phase was preferred during nca#isires due to cost implications. The
results mirror the findings of Gallardo et al. (BQOwho reported the effectiveness of
GABA treatment at lag phase and every 2 days fer rgproduction of the rotifeB.
plicatilis supplied with fresiN. oculatadiet in small and mass batch cultures. Gallardal.et
(2000) further observed that continuous GABA supelyery 2 days) is detrimental to the

health of rotifers as it caused culture crash bdy®days of culture.

The higher egg/female ratio and population derssitieserved with GABA treatment
suggested a continued rotifer reproduction evesr giassing their exponential growth
phases (Figure 4-2). This phenomenon is attribatablthe influence of GABA on the
subsequent rotifer progenies. This observationobomates previous studies that GABA
causes even stronger growth effects on thenl F, generations oB. plicatilis, which were
not initially exposed to GABA (Gallardo et al. 199099). In this study, GABA exposure
at lag phase for 48 h prior to mass culture wasenaffective compared to the 24 h. This
observation suggests that longer GABA absorptime tis necessary to trigger higher rotifer

population growth. Similar observations have besported in literature for the rotifds.
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plicatilis fed with liveN. oculatadiet (Gallardo et al. 2000a; Assavaaree & Hagivearal).
However, Gallardo et al. (2000) cautioned that imgdrotifers for longer hours at high
density may be counterproductive. A time lag existsSsGABA entry and utilization before
its effectiveness against stress can be realizddiatakes about 4 days at°®5to observe
positive effect in the rotifer mass cultures (Galtaet al. 2000). In the current study, GABA
produced better population growth results on dané 8 withN. oculataandC. vulgaris
respectively (Figure 4-4By using driedC. vulgarisin a 12 | batch cultureilirayama &
Nakamura (1976) obtained about 434 ind'rof B. plcatilis on day 16from an initial
inoculation of 13.2 ind ml. This study reporte801.3 + 22.2 ind mt with N. oculataon
day 6 and 246.3 + 10.1 ind hivith C. vulgarison day 8 from arnitial inoculation of 10
ind ml, thus suggesting the significance of GABA suppletagon. Nonetheless, other
studies have reported 600-1000 rotifers"masing fresh microalgal diets in batch cultures
after about 4 days starting with 200 to 250 rosifieri* (Dhert 1996). However, the problem

with using fresh microalgal diets is instabilitydahigh cost of maintaining the cultures.

In this study, it was theoretically expected thaBa would be able to reduce the
physiological stress caused by deteriorating celtoonditions (e.g. high ammonia) as
reported in other rotifer cultures with dried mialgal diets (Yufera & Navarro 1998).
Indeed, despite increasing BN concentration in all the treatments (up to 0g' mn day
10) (Figure 4-6), the GABA treated cultures maimn¢ai higher rotifer densities and SGR
than the controls. The observation suggests thd&Asprobably enhanced the physiological
condition of the stressed rotifers, confirming poes studies of Gallardo et al. (1999) in
which GABA enhanced rotifer reproduction under yothmal conditions. This observation
further compliments the sentiments of Araujo & Heajia (2005) that GABA mitigates the
effects of the environmental stressors and st&silthe quality of rotifer cultures. GABA is

an amino acid derivative with a direct effect ofifes growth when consumed directly as a
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nutrient (Morse et al. 1979) and is also imporfantmaintaining the viability of the rotifer
physiological condition under low temperatures @\smree & Hagiwara 20115ABA
induces the production of endorphins hormone, whighgs calming and stress reduction
effects in higher animaldApe et al. 197) It is possible that this observation also hdtafs
rotifers. GABA also induces secretion of growth hormondirrotundiformisas it has been
demonstrated in rats (Abe et al. 1977). The endmgerpresence of GABA and other
important vertebrate and invertebrate neurotrarsrsibas been confirmed in the rotifés
plicatilis and B. rotundiformis(Gallardo et al., 1999Recently, GABA receptor type A-
associated protein (GABARAP), which are known tarbelved in intracellular membrane
trafficking of GABAa receptors and autophagy was discovered to be itdnicgly
distributed in the coronal area of neonates, maled, females of the rotifd. plicatilis

(Marcial et al. 2014).

In other ecological studies, GABA has been found induce settlement and
metamorphosis of the larvae of many marine inveatels (Rumrill & Cameron 1983;
Garcia-Lavandeira et al. 2005). GABA dose of betw@ -10uM for 48 h has been
reported as optimum for induction of settlement anetamorphosis in some larvae of
marine invertebrates (Garcia-Lavandeira et al. 208%en though the mechanism by which
GABA induces metamorphosis is poorly understoodrdhs evidence suggesting that the
algae recognizing receptors are the same that mempgGABA for settlement and
metamorphosis (Morse et al. 1979). The processssttdément and metamorphosis are two

crucial stages in the commercial culture of bivaivalusks.

GABA is also suspected to control the level of quossensing signal in some
pathogenic bacteria e.4grobacterium tumefacier(€hevrot et al. 2006) arfiseudomonas
aeruginosa(Dagorn et al. 2013). This opens up opportunitesdevelop strategies for

controlling the virulence of pathogenic bacteriaratifer cultures. This argument partially
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compliments the findings of Araujo & Hagiwara (200hat GABA can neutralize the
effects of protozoaHuplotessp.) contamination in rotifer cultures. Even thiowge did not
determine the bacterial loads in our cultures,sitspeculated that GABA might have
neutralized effects of pathogenic bacteria on tiger growth. More studies should focus
on this aspect to unravel specific information. GAB biodegradable (Saskiawan 2008),
cheap ($3.00 per gram; Sigma Chemical) and requingsdoses (50 mg™) making it
economically attractive across the board. It iscefsed that GABA will be practically
beneficial to fish larvae feeding on rotifers, lthis speculation requires further scientific

proof.

This study has demonstrated that mass productitimeafotiferB. rotundiformisusing
dried N. oculata and C. vulgaris can be significantly enhanced through GABA
supplementation to reach maximum densities of aBOlit3+22.2 and 246.3+10.1 ind Tl
respectively within 6 and 8 days respectively. To@ be achieved by pre-incubating
rotifers with 50 mg T of GABA for 48 h before up-scaling to 20 | masstarés. This study
is relevant for promoting mass rotifer cultures sthofor pre-planning fish seedling
production in aquaculture facilities where it idfidult to maintain live algal cultures.
However, the use of dried algae could be limitedobyer factors e.g. nutrient leach, low
digestibility and money exchange rate issues duinmgprtations. For this reason, further
studies should focus on microalgae-less rotifetucal techniques. Such techniques will
provide major leaps toward aquaculture growth @sfigcin most developing countries

without high density algae-production infrastruetur
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Chapter V

DEVELOPING FISHWASTE DIET (FWD) FOR PLANKTONIC LIVE

FOOD CULTURE: PROTOCOL AND APPLICATIONS

V.1: FWD FOR CULTURINGBrachionus rotundiformig schugunoff (ROTIFERA): A

LABORATORY STUDY

Composting fishwastes as low-cost and stable drahBss culture of the euryhaline rotifer,

Brachionus rotundiformig schugunoff: influence on water quality and micobé

Ogello EO, Stenly W, Sakakura Y. Hagiwara A. Subedito Aquaculture

Introduction

Successful marine fish larviculture depends on datailability of high quality live
food resources such as rotifers akrtiemia (Sorgeloos et. al. 2001). Among the live food
resources, rotifers, especially of the gemrachionusare essentially preferred as first
exogenous food for most marine fish larvae duehtrtfavorable morphological and
biological traits (Akazawa et al. 2008). The demé&rdBrachionus rotundiformiswhich is
considered indispensable in marine larviculturdyigh in hatcheries (Lubzens et al. 1989).
For example, in Japan alone, an average hatchgujres about 20 billion rotifers day,

where 20,000 to 100,000 rotifers per fish larvae r@eded to raise marine fish during its
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first 20 to 30 days (Fushimi 1989; Fu et al. 19¢gular supply of such a high rotifer
demand is indeed stressful to many hatcheries,goiiyrdue to the high cost of microalgae,
which is the preferred diet for the rotifers. Atiatively, cheaper diets e.g. baker’s yeast
(Hirayama & Funamoto 1983) has been used, but reulhstabilities are common. These
instabilities are attributed to imbalances of baatdlora in the cultures (Watanabe 1983).
Other products e.g. condensed microalgae andcatifiiets such as Selco (Inve-Co. Ltd.,
Thailand) are also commercially available (Laven$é&rgeloos 1996) but costly for most
fish farmers, especially in the developing coustriehich are potential future leaders in
marine larviculture production. Therefore, reseastiidies are needed to develop low-cost,
nutritious and stable live food diets as a releyanrity for profitable aquaculture in the

less developed areas.

Due to the increasing global demand for fish amatgssed fish products, about 64
million tons of fishwastes e.g. heads, visceran,skones, fins, air bladder, scales, blood,
liver, gonads and guts are generated annuallygRali. 2010). These wastes are a source of
environmental pollution if poorly disposed. Thehfigstes are substrates for microbial
growth, some of which have probiotic propertieshsasBacillus sp. and lactic acid bacteria
(LAB) (Balcazar et al. 2008). Probiotics are knotnenhance growth and immunity of
rotifers and fish larvae either individually or ombination (Yasuda & Taga 1980;
Gatesoupe et al. 1991; Verschuere et al. 2000; N2940). Even though the decomposing
fishwastes may produce other pathogenic microflprabiotics are known for suppression
of pathogenic bacterial strains through releasbaatericidal or bacteriostatic compounds
(Verschuere et al. 2000). In addition, the fishwasalso contain appreciable amounts of
recoverable essential bio-molecules including th& series of the long chain
polyunsaturated fatty acids (PUFAs) e.g. eicosamsrtic acid (EPA, 20rB3) and

docosahexaenoic acid (DHA, 2B:8) (Khoddami et al. 2009; Cho et al. 2014). These
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elements are critical for growth and survival ot thsh larvae feeding on the rotifers
(Watanabe et al. 1983; Harel et al. 2002). Beitigrfifeeders and top predators in the
microbial web, it is hypothesized that rotifers ¢deansfer the essential bio-molecules from
the fishwastes to the fish larvae through bacterider-fish trophic pathway, or through

direct ingestion of micro-fishwaste particles. Thigoothesis hints to a major leap towards
eliminating the need for fresh algae for rotifeltere or, the expensive emulsions for rotifer

enrichment.

Composing organic matter yields huge densities axftdyial cells under optimum
carbon/nitrogen (C/N) ratio (Avnimelech 2003). Ba@, and by extension the microbial
loop are known to play important roles as recyclwaghways for C and N in the ecological
food webs (Azam et al. 1983). Usually, optimum Qiio ensures immobilization of
inorganic nitrogen into huge bacterial protein®bass) and restores good water quality by
removing toxic ammonia (Azim & Little 2008). Howayéhe use of bacteria for live food
culture has been confined at experimental scales$,i@ mainly added as supplements to
microalgae or baker’s yeast. This study exploresféasibility of promoting simultaneous
growth of high dense bacterial biomass and rotiferthe same culture facilities, where
rotifers feed directly on the microbial flora amat inicro-fishwaste particles as source of

nutrition.

In the recent past, various protocols have beereldpgd for converting specific
fishwastes into other useful products such adifens (LOpez-Mosquera et al. 2011), silage
(Ferraz et al. 2007), collagen (Nagai & Suzuki 20@harmaceutical products (Vanquez et
al. 2004) and essential enzymes and minerals (R&kdhed 2013). However, there is no
protocol for converting fishwastes into a rotifeletd thus merits research priority. The
objectives of this study were: 1) to develop a @ecot for a producing fishwaste diet (FWD)

for rotifer culture, 2) to determine the populatigrowth, sexual reproduction and nutritive
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value of the rotiferB. rotundiformisfed with the FWD and 3), to analyze total fattydac

content of the rotifers and bacterial flora invalvia the processes.

Materials and methods
FWD preparation protocol

Fishwastes (heads) of the chub mackeBslpmber japonicudouttuyn 1782 were
obtained from Nagasaki fish market and frozen @tGdn the laboratory for further uss.
japonicusis a pelagic marine fish with appreciable amowit®UFAs (Cho et al. 2014).
Fish heads were preferred because they are mastijbie but nutritious (Khoddami et al.
2009). The fish heads were crushed using mortarpastie (to increase surface area for
microbial growth) before weighing 0.5 g of the figdste per litre of culture medium using a
digital scale (Mettler Toledo — AG204, Japan). Tishwaste was wrapped in a piece of
plankton net (200 pm mesh size) and inserted mall sontainer (about 150 ¢jnmade of
fine texliner plastic mesh. A 10 g metallic sinkeas inserted in the container to keep it
under the culture media. This technique reducesmntemsity of stench. Wheat flour was
added in the culture as carbon source to maintawpamum C/N ratio of 16 (Ebeling et al.
2006; Crab et al. 2009). The crude proteirBofaponicais about 15.2% (Cho et al. 2014).
The wheat flour was first re-suspended in 150 méedwater then subjected to ultrasonic
agitation for 5 - 10 min to avoid aggregates befadgling to the rotifer cultures. The
fishwaste, referred to as the FWD, was investigaiedfood source for the rotifds.
rotundiformis During range finding tests in the laboratoryhfimstes of common carp,
Cyprinus carpioLinnaeus 1758 was used to develop FWD and usedltiore the Kenyan
rotifer strainB. angularis but the cultures were unsuccessful and, the gadpeas dropped

in favour ofB. rotundiformis
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Rotifer population growth

Stock culture of the rotife. rotundiformis(SS-type, Perth strain) was available in
the Laboratory. Each of the three diets (Tablelj-vas triplicated in polycarbonate tanks
each containing 30 | of artificial seawater (22 )ppwvhere the rotifers were semi-
continuously cultured without aeration for 18 daybe temperature of the culture media
was maintained at 282 in a water bath with heater (Figure 5-1.1). E@atk was initially
inoculated with 20 rotifers nflon the same day as diet application (day 0). @hkst were
covered to minimize evaporation. Each day, threeldf culture water was sampled at top
10 cm from each tank, fixed with lugol and thenfestnumbers were counted under stereo
microscope at x25 magnification to estimate rofifepulation density. At every exponential
growth phase, partial harvesting was done by ramab0% of the culture medium with
new artificial seawater and diet. The specific giovate (SGR) was calculated as: [In N;

— In No] / t, where,Ny= initial population densityN:= population density after the time
(t) and t = time in days (i.e day 4, 9 and IR)e coefficient of variation (CV) of the mean
SGR was computed as standard deviation / mean &GBetermine the stability of the

cultures. The CV was calculated on day 4, 9 anfbd8ach diet.
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Table 5-1.1: The composition and quantities ofdists applied in 30 | polycarbonate rotifer

culture tanks

Diets Composition Quantity applied

FWD; Fishwastes (heads) only 15 g (i.e. 0.5) |
FWD, FWD; + starch (wheat flour) FWPD+ 6 g of starch (i.e. 0.2 &)

Control Chlorella vulgaris 7.0x10 cells mi* daily (Hagiwara et al. 1994)

Water analysis

Dissolved oxygen (DO) (mg') was measured in the culture tanks using a muilti-
parameter water meter (YSI-model 85/10 FT, Yelloprigys, Ohio USA). The pH was
measured by pH meter (HM-30G DKK TOA, Japan) whifeonized ammonia (N#N)
(mg ") was determined by a photometer system for watalyais (Palintest® 8000 Ltd,

USA) according to the company’s manual.

Mictic reproduction

Sexual reproduction of the rotifers was monitoreihg batch cultures in glass jars
containing 400 ml of seawater (22 ppt.) with iditiensity of 20 rotifers mi. The rotifers
were incubated at 28%C under total darkness with each diet (i.e. FWBWD, and
control) for 10 days without aeration or water exufpe.Rotifer population density was

daily counted in three-1 ml from each diet grouptHe same sampléhe number of mictic
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and amictic females were counted based on the dfmgg they carried (Hagiwara et al.

1988) Then, the rotifer mixis rate was calculated d®ves:

mictic females
amictic femalest mictic female

Mixis (%) :[ J X 100

Microbiology

The rotifer gut and culture medium were separagehgened for bacteria under sterile
conditions. For gut microbial analysis, rotifersrersampled from FWPand control tank,
and separately rinsed thoroughly with distilled evab remove external flora. The rotifers
were dried using filter paper from beneath plankstgve (45um) and transferred into a
sterile 1.5 ml Eppendorf tube and homogenized ustegle pellet pestle (Sigma-Aldrich
Z35997-1EA) to expose the internal gut microfloflhe homogenized samples were re-
suspended in 1 ml of sterile (Mili-Q) water, voréelxat high speed for 10 s and filtered
through a 10 um net using a pipette, to removeratiéer tissues. The homogenate was
serially diluted up to IC°. Similar dilutions were done for the culture mediyafter
filtering out rotifers and residues using the 10 pet). For platting, the Zobell marine agar
(Difco™ 2216, Becton, Dickinson & Co. France) was usecrifi.1 ml of the respective
diluted samples was inoculated over the surfacéhefsolidified agar in triplicates. The
plates were incubated upside down (to avoid vapodensation on the agar) a’GXor 48
h. The bacterial colony forming units (CFU) werécatated as CFU rifl = (No. of colonies

x dilution factor) / inoculated volume (ml).
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Fatty acid analysis

The harvested rotifers were thoroughly rinsed wligtilled water to remove salts and
residues, dried as mentioned previously, and keaieh at -88C until chemical analysis.
Visible dense microbial suspensions (bioflocs) weéitered from the FWD tanks and
centrifuged at 8,000 x g for 5 min. The biofloclpeivas aseptically collected and kept at -
80°C for lipid analysis. Some bacterial colonies isedafrom FWD culture medium as
described previously, were grown in rotating tulmestaining marine broth (Pearcore
Trypto-soy, Eiken, Japan) for 24 h at°32 The broth-cultured bacteria were also
centrifuged and preserved at 280for lipid analysis. Total lipid and fatty acid raposition
analysis were conducted at Chlorella Industry @d.D, Fukuoka, Japan. The sample
methanolysates were prepared at 100°C for 2 h @feeaddition of 2 M hydrogen chloride
methanol. Fatty acid methyl esters (FAME) were ated by n-hexane. Gas
chromatography analysis was performed using a GID-28himadzu Scientific Instruments,
Inc.) equipped with a HR-SS-10 column (Shinwa Cloainindustries, Ltd.). The column
temperature was regulated at 150 to 220 °C. Indalifatty acids were quantified by means

of the response factor to 15:0 fatty acids asrbermal standard (Folch et al., 1957).

Microparticle distribution

The experiment on micro-particle size and concénftran the culture medium was
conducted to determine whether the rotifers algmsted the micro-particles. FWDno
wheat flour) was employed to avoid interferencerfr@heat flour particles. Two treatments
i.e. FWD, only, and FWD+ rotifers (20 rotifers mtinitial density) were each triplicated in
tanks containing 30 | of artificial seawater (22)ppithout water exchange for 18 days. The

experimental set up was similar to the previoususexl for rotifer population density study.
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From day 8 to 17, about 10 ml of culture water wampled daily from each tank and
fillered through 10 pum net to remove residues andfdifers. The microparticle
concentration and their mean sizes in each tredtmere determined using the particle

distribution analyzer (Sysmex PDA-500, USA) accogdio company’s protocol.

Data analysis

The data was analyzed using R statistical softaesion 3.2.1 of the R Foundation
for Statistical Computing Platform © 2015). The @it test was used to test for the
homogeneity of variances. Two-way analysis of varea (ANOVA) was used to test the
effects of FWD and culture days on water qualittjifer population densities, SGR and
mixis rate. Wilcoxon rank sum test and studentst-twere used to compare the mean
particle concentration and sizes in each treatmeaspectively. Where significant
differences were detected, Tukey’'s HSD Post Hot wes performed to locate them at

p<0.05.

Results

Rotifer population growth

There was significant effect of FWDF£18.81, p<0.05), culture daysH£102.59,
p<0.05) and their interactior€5.94,p<0.05) on the rotifer population density. The e
fed with FWD, had significantly higher density than those fedhwiWD; and control diet
on day 9, 12 and 13 (Tukey HSP<0.05), but declined significantly on day 17 and 18
(Tukey HSD, p=0.00) (Figure 5-1.2). There was no significantfeténce between

population density of the rotifers fed with FWBNnd control diet except on day 17 and 18,
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where density of the control-rotifers significantixceeded those in given FWD (Tukey
HSD, p=0.00) (Figure 5-1.2). Highest population densitresre 883.6+84.6, 1,188+69.7
and 830.3+109.7 ind mlon day 13 for the rotifers fed with FWDFWD, and control diet,
respectively (Figure 5-1.2). The SGR was signifigamfluenced by the FWDHR=13.63,
p=0.00) and culture day§€28.16,p=0.00), where rotifers fed with FWihad significantly
higher SGR than the control-rotifers on day 9 (fukd&SD, p=0.00). There was no
significant difference in SGR between the rotifeed with FWD, and the control-rotifers
(Tukey HSD,p=0.11), and between the FWD treatments (Tukey H$M,05) (Table 5-
1.2). There was no significant effect of FWD on tuefficient of variation (CV) of the
mean SGR in the diets (One-way ANOVEA=0.94, p=0.43). The CV was 0.11+0.05,

0.07%£0.02 and 0.08+0.03 for FWLOFWD, and control tanks, respectively.

Mictic reproduction

The rotifer mictic induction was significantly afied by FWD F=114.89,p=0.00),
culture days K=15.13,p=0.00) and their interactiorF£4.53,p=0.00). The control-rotifers
had significantly higher mixis rate than those giv&VD on day 4 and 7-10 (Tukey HSD,
p=0.00) (Figure 5-1.3). There was no significanfaté#nce in mixis rate between the two

FWD treatments (Tukey HS[P=0.53).

Water analysis and microbiology

The range and mean values of water quality parasare presented in Table 5-1.3
while the daily fluctuation curves in the culturanks are shown in Figure 5-1.4. The

bacterial colonies were counted at ¥416ilutions. The FWD significantly affected the CFU
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(ml™) (One-way ANOVA, F=15.11, p=0.01), where the FWD-fed rotifers ingested
significantly higher amounts of CFU (I than the control-rotiferspt0.03). However,
there was no significant difference of CFU in thdtwe medium of FWD and that of

control, and between the rotifer gut and the calmedium in each diet (Figure 5-1.5).

Fatty acids analysis

About 0.35 and 0.39 mg'mf DHA and EPA, respectively was obtained in thifecs
fed with FWD, and both were under detectable limit in the cdsofers. The total lipid
analysis was not done for the rotifers fed with FAVBioflocs and broth-cultured bacteria
due to insufficient sample quantities (i.e. < 10 The DHA/EPA ratios were as follows:
bioflocs, 2.7; broth-cultured bacteria, 0.0; F\Mbtifers, 0.9; FWD-rotifers, 0.9 and
control-rotifers, 0.0. The DHA/ARA (20:4 n-6) ratwas 1.3 and 90.0 for the broth-cultured
bacteria and bioflocs, respectively, but was urtigectable limit in the FWD- and control-

rotifers (Table 5-1.4).

Microparticles distribution

Only particle sizes between 0.61 - 6.0 um were gezed by the particle counter
machine. There was significantly higher concerdratof particles in the FWD tanks
without rotifers (2.56+0.19xTénl™") than in the FWD tanks with rotifers (3.46+1.75%10
ml™) (Wilcoxon rank sum test\=886, p=0.00). Meanwhile, the mean particle sizesew
significantly larger (2.71+£0.27 um) in the FWD tankith rotifers than in the FWD tanks
without rotifers (2.01+0.33 pm) (Student t-testz -8.58, df=29,p=0.00). Visually, the

FWD tanks without rotifers were cloudier than tA& B tanks with rotifers.
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Table 5-1.2: The specific growth rate (SGR) at 4a9 and 13 of the rotifers cultured in the

FWD and control tanks; the values are means + Sin-Wway ANOVA, Tukey HSD test,

Different superscripts each day in a row indicageificant differences gp<0.05;n=3, a>b

Treatments
Day FWD, FWD; Control
4 0.78 +0.03 0.81 +0.04 0.78 +0.04
9 0.60 + 0.0¥ 0.69 +0.08 0.44 +0.02
13 0.61 +0.07 0.76 +0.05 0.58 + 0.07
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Table 5-1.3: The ranges and means + SD of threlecaggs daily for each water quality

parameter for 18 days in the FWD and control tafikep-way ANOVA, Tukey HSD test,

Different superscripts in a row indicate significaifferences ap<0.05;n=54, a>b>c

Treatments
Water FWDQ FWD Control
parameters
Range Mean Range Mean Range Mean
DO (mg ) 0.61-5.22 2.09+1.32 0.49-5.23 1.97+1.41 1.51-5.31 3.09+1.05

NHs-N (mg ') 0.00-2.31 0.88+0.45 0.00-1.69 0.8120.34 0.00-0.89 0.60+0.%4

pH

7.51-7.77 7.63+0.G7 7.44-7.73 7.61+0.07 7.52-7.79 7.64+0.G7
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Table 5-1.4: Total lipids (mg g dry weight) and fatty acid composition (%) in idipids
of raw fishwaste, broth-cultured bacteria and loicdl and, FWD- and control-rotifers; Note:
DHA, Docosahexaenoic acid (22r6-3); EPA, Eicosapentaenoic acid (20153); FWD,
Fishwaste diet. - Means total lipids not measunee @ limited sample quantity. * means

total lipids not measured due to limited samplengjitxa

Bacteria Bioflocs Rotifer samples from
Fishwaste (cultured) (in medium) FWD FWD, Control

Total lipids 28.7 * * * 20.5 11.1
Fatty acids

C14:0 3.7 4.5 3.5 4.5 5.4 1.8
Cl4:1 0.2 0.5 0.2 15 2.3 1.0
C16:0 18.7 21.6 18.9 17.7 15.2 15.1
Cl6:1 2.1 3.6 2.2 2.1 3.0 0.2
Cl16:2 1.3 1.0 1.3 0.1 0.6 0.3
c18:0 6.9 7.0 7.0 3.0 4.3 4.8
ci18:1 145 12.8 14.9 6.3 4.8 2.0
C18:2 n-6 14 0.8 14 4.3 4.1 30.8
C18:3n-3 0.8 0.4 0.8 0.3 0.5 5.7
C20:0 0.8 0.7 0.8 0.2 0.3 0.2
C20:1 0.3 1.5 0.3 0.6 0.6 1.4
C20:4 n-6 2.4 2.4 0.2 0.0 0.0 0.4
C20:5n-3 6.5 0.0 6.6 1.6 1.9 0.0
C22:0 0.3 0.0 0.3 0.0 0.0 0.0
C22:1 0.4 15 0.4 14.2 15.1 0.6
C24:0 1.3 0.3 1.3 0.6 14 0.0
C24:1 0.4 0.9 0.4 1.2 0.8 0.4
C22:5n-3 2.3 0.3 2.2 0.4 0.5 0.0
C22:6 n-3 18.7 3.1 18.0 1.5 1.7 0.0
Others 16.8 39.2 17.1 40.6 37.4 35.0
DHA / EPA 2.9 0.0 2.7 0.9 0.9 0.0
DHA/ARA 7.8 1.3 90.0 0.0 0.0 0.0
Total 100 100.0 100.0 100.0 100.0 100.0
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Figure 5-1.1: The experimental design of the rotiéalture tanks (FWD and control
treatments) with an electrically heated and thelmadgulated water bath system; water
pump (to circulate the water currents) and thermtemigo measure water temperature), B:
the vertical view of the FWD culture tank showirigftoc film and the FWD at tank bottom

after 7 days.
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Figure 5-1.2: Population density of the rotiferstated with FWD and control diets. Half
of culture medium was replaced with new media on®a0 and 14 as shown by the dotted
lines. The values represent mean + SD. Differetteri® each day denote significant

differences ap<0.05. Two-way ANOVA, Tukey HSD test=3, a>b
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Figure 5-1.3: The percent mixis rate of rotifergchacultured in 400 ml glass jars. The
values represent means + SD. Different letters ekoh denote significant difference at

p<0.05; Two-way ANOVA, TukeyHSDn=3, a>b
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Figure 5-1.4: Daily fluctuations of the water qtylparameters in the culture tanks. The
values are mean = SD. Two-way ANOVA, Tukey HSD ,test3, p<0.05; Half of culture
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rotifer gut in FWD and control tanks at *¥1dilution rate. Two-way ANOVA, Tukey HSD

test,n=3, p<0.03, a>b
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Discussion

In the recent past, biosynthesis and utilizatioomaérobial proteins has attracted the
attention of aquaculture nutritionists (Avnimele2®03; De Schryver et al. 2008; Ogello et
al. 2014). The microbial proteins are generatedutin heterotrophic processes that are
stimulated when nutrients from organic materiale aecycled at optimal C/N ratios
(Eberling et al. 2006; Azim & Little 2008; Crab &t 2009). To date, scientific evidence of
converting fishwastes into microbial proteins asdasource for rotifers are scanty. This
study has provided a protocol for converting fisktea into a cheap and stable diet and,

determined its usefulness as a food source forotiifer, B. rotundiformis

Higher SGR (Table 5-1.2) and population densityhef rotifers cultured with FWD
than the control-rotifers in day 9 corresponded tagh microbial biomass in the rotifer gut
(Figure 5-1.5)and, a low mixis rate (Figure 5-1.3). Based on é¢hesults, the FWD must
have favored parthenogenetic reproduction of nifbut suppressed mixis induction.
Rotifer densities and/or egg/female ratio dynanmceatural eutrophic water are positively
correlated with bacterial load (Ooms-Wilms 1997)wéver, Hagiwara et al. (1994)
reported that addition of certain bacteria or estéxtracts increases rotifer mixis rates. The
FWD, produced up to 1,200 rotifers Tbi-weekly, beyond which, the system became
exhausted and, required a complete restart. A gipdower CV (~ 0.1) in all the diets
suggested that the FWD cultures were just as sebliose fed with norm&. vulgaris

diet.

The water quality aspects may have also influemogfir growth. For example, lower
NHs-N level recorded in FWPprobably favored faster rotifer growth rate, thilepicting
carbon source addition (i.e. maintaining high C&tia) as an improvement of the FWD

technology. Literature reports that optimal C/Nadtcilitates biochemical transformation
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of excess NRN into microbial biomass and restores good wateity (Avnimelech 2003;
Azim & Little 2008). C/N ratio of 16 is optimal fagfficient functioning of a biofloc aided
system (Crab et al. 2009). Whereas the pH and D@esan this study are comparable to
those of standard rotifer cultures (Yu et al. 1989 NH-N values in FWD tanks appeared
to be slightly higher than in normal cultures, @g$ due to the deamination process of
FWD. However, the values are still below the letb@hcentration level (L&) for normal
rotifer mass cultures (Yu & Hirayama 1986). In duatati, the pH was relatively stable in all
cultures (7.51-7.77). Unstable pH is detrimentaldtifers as higher pH (above 8.0) favors
production of toxic ammonia in the cultures (Yu &#&yama 1986). The FWD-fed rotifers
appeared to have crashed after 2 weeks of culturéig which the NBN level was 2.0
mg I'. Studies have shown that accumulation ofsMHin culture tanks significantly
impedes mass production of rotifers (Yu et al. 293®ert et al. 2001). Further technologies
should be investigated to stabilize FWD-rotifertatgés beyond 2 weeks. It may have been
possible to prolong the life of the FWD culturesotigh frequent harvests or large quantity
harvests (i.e. > 50%). It may also be interestmgntrestigate whether supplementation of
FWD cultures with chemicals e.g. GABA or commercpbbiotics can improve the

productivity of the cultures beyond the 2 weeks.

Meanwhile, the FWD caused proliferation of microlpwhich formed rotifer diet as
shown by ingestion of higher CFU Thiof bacterial by the FWD-fed rotifers than the
control-rotifers (Figure 5-1.5). Indeed, lower feti reproduction has been reported in
bacteria-free cultures than those in the cultugplemented with microbial flora (Tinh et
al. 2006). Under optimal conditions, bacteria fdtats or attach to detritus to reach a size
large enough to be eaten by rotifers (Hino & Hird9&0; Rothhaupt 1990). In this study, a
preliminary biochemical characterization of the ramal flora (results not shown due to the

ongoing microbial studies), revealed the presericerobiotic bacterial strains such as
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Bacillus sp.,Shewanellasp. andThiocapsasp. in the FWD culture medium and rotifer gut.
The Bacillus sp. that are commonly found in rotifer cultures &nown to have probiotic
properties to the rotifers (Jamali et al. 2015; @&ayal., 2017). Probiotic bacteria produce
vital chemicals e.g. protease, lipase and vitarttias promote growth, reduce the stress, aid
in the digestive processes and increase the regtiodwf cultured animals (Yu et al. 1988,
1989; Parker 1974; Gatesoupe 1991). Probioticsalae known to improve water quality,
reduce occurrence of pathogenic bacteria and qu@emsing (Vazquez et al. 2005), and
thus increases rotifers growth rate (Yu et al. 19889; Yu et al. 1994, Planas et al. 2004).
In addition, some probiotic trains Bfacillus sp. produce chemical metabolites e.g. gamma
aminobutyric acid (GABA) (Li & Cao 2010), an orgaracid that stabilizes rotifer cultures
and enhances parthenogenetic reproduction of rofii@genies during sub-optimal
conditions (Gallardo et al. 1999, 2000a; Assavaé&rékagiwara 2011). Despite the positive
effects of bacteria in rotifer cultures (Yasuda &ga 1980; Ushiro et al. 1980; Hagiwara et
al. 1994), certain bacteria e\jibrio anguillarum that is also commonly found in rotifer
cultures could be problematic for successful celirmarine fish larvae (Frans et al. 2011).
Therefore, further studies should focus on compbétaracterization of the bacteria flora

including their succession patterns over time enRNVD cultures.

The suitability of marine fish larval diet is deteéned by the content and dietary
balance of the essential fatty acids e.g. DHA, B8 ARA (Sargent et al. 1997, 1999;
Boglino et al. 2014). The presence of these esddatty acids at optimal amount is indeed
critical for proper growth, development and surViegthe fish larvae (Watanabe et al.1983;
Watanabe 1993). This study showed that RVeBbd FWD enhanced the DHA/EPA ratio of
the rotifers by 0.9 while DHA/ARA for the biofloagas 90.0 (Table 5-1.4). However, it was
difficult to explain why the ARA was undetected FWD- and control-rotifers. It is

speculated that the rotifers may have obtainedE®& and DHA via FWD-bacteria trophic
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pathway, thus portraying bacteria as conduits faandporting the bio-molecules.
Nutritionally, bioflocs have been found to contamto 40-50% crude protein (Widanarni et
al. 2012), 3% lipid and 19 k Jg energy on dry matter basis (Azim & Little 2008heEe
values are much better than most manufacturedféistis. According to Simon and Azam
(1989), 63% of marine bacteria dry weight is pnotenaking bacteria a substantial source
of protein. Depending on the mixture of availabded particles, 10- 40% of the rotifer's
diet consists of bacteria (Arndt, 1993). On theeothand, the rotifers may have also
obtained the EPA and DHA through direct ingestidnmicroparticles as shown by the
higher concentration of particles in the FWD ordyks than in the FWD + rotifer tanks.
This observation reaffirms the findings of Hino &r&ho (1980) and Agasild & Ndges
(2005) that rotifers can ingest bacteria-sizedigad in the absence of microalgae or at low
microalgae density. However, these particles mase haso included bacteria and rotifer
feaces. Hino et al. (1997) reported that rotifeas sgest their own feaces, thus increasing

their food conversion ratio.

The DHA/EPA ratio of 0.9 reported for the FWD-fedtifers in this study falls below
the recommended threshold ratio of 2.0 requiredeféective marine fish larval nutrition
(Sargent et al. 1997). Sargent et al. (1999) regatttat optimum ratios for the HUFAs are
species specific, and are about 10:5:1, for DHA/EAA, respectively for most marine
fishes. However, Darias et al. (2013) reported thagh ARA levels could cause
malpigmentation in flatfishes. The FWD developedhis study promises as a major leap
towards developing a nutritionally rich diet forethotifers. Based on the food value of the
FWD-rotifers and bioflocs, the rotifers can be usedeed larval fishes while the FWD
culture fluid can be considered as cheap enrichmmeadium for low quality diets e.g. rice

or wheat bran for grow-out fishes. Consequently,OFgfomises to reduce the need for the
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expensive enrichment emulsions. However furthedietu are needed to determine the

feasibility of this recommendation.

The protocol for fish waste FWD is simple, chead aasily adjustable and, has been
considered for patenting under the registration lmemP00201609066 in Indonesia. The
FWD can produce up to 1,200 rotifers rbi-weekly, thus presents an opportunity to
develop a self-sustaining biotechnology for stai@duction of high density and nutritious
rotifers without algae, for aquaculture. The patradvantages of the FWD technique are
three-fold: it promises to 1), reduce environmengallution sources by reusing poorly
discarded fishwastes; 2) reduce or eliminate didependence on the immediately cultured
or the expensive on-site microalgae production &dto lower the cost of rotifer
enrichment, thus making it convenient for profielalquaculture production, especially in
the less developed countries. Further studies eeeled to improve the efficiency of the
FWD, and to investigate its usefulness for masslymwtion other potential planktonic live
food resources in aquaculture production systenas #me popular in the developing

countries.
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V.2: FWD FOR CULTURING FRESHWATER ZOOPLANKTON IN OIDOOR TANK

CULTURE SYSTEM

Blending fishwastes and chicken manure extracbwascbst and stable diet for outdoor

mass culture of freshwater zooplankton: optimizadafjuaculture production in Kenya

Ogello EO, Wullur S, Sakakura Y, Hagiwara A. inpaeation

Introduction

In the recent past, aquaculture activities haveessed considerably in the tropical
countries, leading to high demand for the zooplamlgpecies such as rotifers, copepods,
cladocerans andrtemia nauplii as suitable starter foods for fish larViate (Lavens &
Sorgeloos 1996; Conceicao et al. 2010). The liwel$oare highly digestible, more palatable,
contain essential nutrients and, preserve watditgualike inert diets (Kitajima & Fugita
1983). However, inconsistent supply of the live domesources continues to limit the
intensive culture of economically valuable fishesnature, the zooplankton communities
form a significant component of aquatic ecosysteam] are the primary prey for most
larval fishes and crustaceans. The zooplankters heatively high reproductive rates, thus
making them attractive for use in the semi-inteasiulture systems, which are popular in

the developing countries.

Fresh microalgae are commonly used as diet torewtarious zooplankton species in
hatcheries, for aquaculture (Maruyama et al. 199@yvever, the challenges of high density
microalgal culture protocols have caused inconscs¢s in the production of sufficient
guantities of the zooplankton to match the incregsdemand of the live foods for
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aguaculture development, almost everywhere. Thesmsistencies are more severe in the
developing countries and therefore, organic manamnelsinorganic fertilizers are commonly
applied in the ponds to naturally boost the poraddgical productivity (Kang’'ombe et al.
2006). However, inorganic fertilizers are expensawed the direct use of animal manures is
not only poorly understood but often hindered by diverse socio-cultural aspects (Ogello
et al. 2013). Recently, freshwater fish farmingereed greater attention in Kenya, thanks to
the government incentives to enhance aquaculta@uption for national food security and
rural livelihoods (Munguti et al. 2014; Ogello & Mguti 2016). However, these efforts did
not address live food production mechanisms, wihgclthe most frustrating obstacle to
aguaculture development in Kenya. For this reasmassive larval fish mortalities in most
hatcheries are still being reported. Thereforenenacally viable and socially attractive live
food production technologies are necessary to gpuigrowth of the Kenyan aquaculture

sector.

In the previous chapters, application2® ml of chicken manure extract (CME) per
litre of culture medium increased the parthenogemeproduction of the freshwater rotifer,
B. angularis(Ogello & Hagiwara 2015) (Chapter Ill), while Ogsof fishwaste diet (FWD)
combined with 0.2 g of wheat flour per litre of wuk medium provided optimum
conditions forhigher growth rate and population density of theylealine rotifer, B.
rotundiformis (Chapter V.1).The chicken manure contains sex hormones e.g.destra
(Hagiwara et al. 2014) that enhances rotifer repcdn (Rapatsa & Moyo 2013), while the
fishwastes contain essential PUFAs that can besdeurslarviculture. The fishwastes also
provide excellent substrates for proliferation oblpotic bacteria as food source for the
rotifers (Chapter V.1). However, earlier attemptgtlture single freshwater rotifer straih,
angularis from Kenya using the FWD were unsuccessful. Ins tkhapter, it was

hypothesized whether a blend of the CME and the RWED provide positive synergy to
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enhance growth and reproduction of combined fregnwaooplankton (i.e. rotifers,

copepods and cladocerans). The zooplankton obtsirbstantial proportion of their carbon
from detritus pathways via bacteria, and previdusliss have reported the role of certain
bacterial species in improving population growtll aatrition status of various zooplankton
species (Pace et al. 1983; Bjgrnsen et al. 1986t\al. 1988, 1989, 1994; Turner &Tester

1992; Hagiwara et al. 1994).

Heterotrophic production of bacteria using fish edetes forin situ production of
zooplankton communities has been exploited in tigaolture of shrimp, catfish and tilapia
(Bouvy et al. 1994) with adequate carbon source Bleryver et al. 2008). In the previous
chapters, the CME and FWD technologies were inddgetfy used to culture single rotifer
species i.eB. angularis and B. rotundiformis respectively under controlled laboratory
conditions. However, the feasibility of the comneME and FWD foin situ zooplankton
production is not yet clear. This chapter explotteel applicability of the two technologies
(FWD and CME) for mass culture of freshwater zooktan communities in aoutdoor

tank culture system, optimized for aquaculture pobidn.

Materials and methods

The study area

This study was conducted at Kenya Marine & FislseResearch Institute (KMFRI),
Kegati Aquaculture Research Centre, located 428; 03447'E, from September, 2015
to January, 2016. The inoculant zooplankton i.éfers, cladocerans and copepods were
obtained from one of the fish production ponds thats previously fertilized with

diammonium phosphate (DAP) and urea. One litrdnefpfond water was randomly sampled
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3 times and filtered through a kitchen sieve to aeenphysical debris before determining
the zooplankton densities in 1 ml sub-samples feauh filtrate using a graduated plate
with lugol fixation under stereo microscope, at % rBagnifications. The densities of the
zooplankton were used to determine the quantitparfd water needed to inoculate the
experimental tanks. Plankton net of pore size 45wam used to filter the pond water to

concentrate the zooplankton.

Fishwaste diet (FWD)

Barbus altinalisLinnaeus 1758, which is a low-valued bi-catch lireater fish, were
caught from river Mara, Kenya, using an electrixdis (Smith-Root GPP USA) and
transported to the laboratory in a cooler box. F¢D preparation protocol was similar to
the one used in Chapter V.1, but this time, theiwa of culture medium was 500 | of well
water (plankton free). The FWD was modified by add2 ml I* of CME (Chapter IlI) and
0.2 g I'* of maize flour as carbon source (Chapter V.1) thtanks. The chicken manure
was obtained from a local chicken farmer while ti&ze flour was sourced from a nearby

maize miller. The CME was prepared as describechiapter I11.

Experimental design

The experiment was conducted in 9 asbestos tawksoeataining 500 | of well water.
After determination of the density of each zooptankin the pond water, different plankton
nets of mesh sizes 250 um, 500 pum and 1000 pumugekto adjust the inoculated density
of rotifers, copepods and cladocerans, respectivielythe experimental tanks. Three
treatments i.e. FWR FWDg, and control (see Table 5-2.1) were each trighidan the
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culture tanks, 3 days prior to inoculation with @nbination of 5, 2 and 0.4 ind thiof

rotifers, copepods and cladocerans, respectivegaoh culture tank on day 0. The control
tanks were supplied with CME only. The tanks wereered with mosquito nets to keep off
insects and birds. Every day, 5 ml of water wasloamy sampled three times at the top 10
cm of each tank from which, rotifers, copepods aladiocerans were counted with lugol
fixation. At the end of the first exponential phapartial harvesting was done by replacing
50% of all the tank water with new well water angish FWD. The experiment lasted for 16

days.

The percent relative abundance (% RA) of each zamigpbn species was calculated as
[mean abundance (MA)] / total zooplankton ta®g](x 100. The specific growth rate
(SGR) and the coefficient of variation (CV) of theean SGR were calculated as shown in
Chapter V.1 For qualitative composition, the zooptars were identified up to the genus
level according to Shiel (1995) while the zooplamkidiversity was calculated using the
Shannon-Weiner diversity indexd” = - SUM [(pi)*In (pi)], where pi = number of

individuals of species i/ total number of samplesgnnon & Weaver 1948).

Water quality

Temperature®C), dissolved oxygen (DO; md), pH and electrical conductivity (1S
cm™) were measureih situ using a multi-probe water checker (U-10 model,ibrTokyo,
Japan). The water turbidity (cm) was also measuresitu using a secchi disk. The water

guality parameter measurements were taken dail2@@ hours.
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Table 5-2.1: The summary of the diets showing tbenmosition and quantities of the

fishwastes and CME applied in the culture tanks

Diets Composition Quantity applied per litre oftate medium

FWDa Fishwastes + starch0.5 g of fishwastes + 0.2 g of starch (Chapter V.1)
FWDg FWD, + CME FWD, + 2 ml of CME

Control CME only 2 ml of CME (Ogello & Hagiwara 2B)L

Data analysis

The data was analyzed using R statistical softfesion 3.2.1 of the R Foundation
for Statistical Computing Platform © 2015). The ®stt test was used to determine the
homogeneity of variances. Two-way analysis of varea(ANOVA) was used to test the
effects of the FWD and culture days on the watealitgu parameters and zooplankton
densities. One-way ANOVA was used to test the efdéd=WD on the zooplankton mean
abundance, SGR and diversity’. The Tukey’'s HSD Post Hoc test was performed to

locate any significant differences@t0.05.

Results

Water quality analysis

Measurements of the water quality parameters @&asepted in Table 5-2.2. The water

temperature varied significantly during the cultudays £=2.31, p=0.01) but was not
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affected by the FWDH=0.45,p=0.63). Similarly, conductivity varied significagtduring
the culture daysH=1.76,p=0.04) with no significant effects of FWF€0.56,p=0.57). The
DO was significantly affected by the FWDFZ4906.74, p<0.05) and culture days
(F=200.44,p<0.05), with higher DO being recorded in the contihan in the FWD-treated
tanks 0=0.00). FWD\ tanks had significantly higher DO than F\/Danks p=0.00).
Turbidity varied significantly within the cultureagts £=12.83,p<0.05), and between the
FWD (F=841.80,p<0.05), with higher turbidity being recorded in tR&/D tanks than in
the control tanks p£0.00). FWL tanks were more turbid compared to FYVEanks
(p=0.00). The pH was neither affected by the FWA>1(.18, p=0.31) nor culture days

(F=1.07,p=0.38).

Zooplankton population dynamics

The population density of each zooplankton taxa sigsificantly affected by the
FWD, culture days and the interaction between tl{pr0.05). There was significantly
higher rotifer density in FWRthan in control tanks from day 4 - 6 (Tukey Hi0.05),
and higher density in FWDthan in control tanks from day 3 - 7 and 11 - p2Q.05).
Meanwhile, there was significantly higher rotifengity in FWLQ than in FWLQ tanks on
day 7 and 11p<0.05). The rotifer densities were 100.6+14.8, 348.0, and 60.0+7.9 ind
mlt in FWDa, FWDs and the control tanks, respectively on day 7 (fgs-2.1). The
population density of copepods was significantighier in FWD than in control tanks on
day 5 and 8<0.05), and higher in FWdthan in control tanks from day 5 - 8 and 12
(p<0.05). There was no significant difference betwdéka FWD tanks >0.05). The
copepods’ densities were 7.8+2.5, 12.1+2.7 and B%ind ml'in FWD,, FWDs and

control tanks, respectively on day 7 (Figure 5-2H9r the cladocerans, there was no
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significant difference in the population densityveeen FWDQ, and control tankspEQ.08).
However, there was significantly higher densityrWDg than in control tanks from day 6 -
8 and 11 - 13p<0.05), and higher density in FW§Bhan in FWIL} tanks on day 7 and 11-13
(p<0.05). The densities of the cladocerans were 321#7+1.7 and 2.30.5 ind thin
FWD,, FWDs and control tanks, respectively on day 7 (Figug$. The summary of the
composition of zooplankton taxa, mean and percbah@ance is presented in Table 5-2.3.
The most abundant genera w@&meachionussp., Cyclopssp. andDaphniasp. for rotifers,

copepods and cladocerans, respectively.

The SGR of each zooplankton taxa was significaafigcted by the FWD (One-way
ANOVA, p<0.05) with higher SGR for the rotifers in FWbhan in FWLR (p=0.05) and
control tanks §=0.00), and higher SGR in FWDhan in control tankspE0.00) (Table 5-
2.4). The SGR for the copepods was significantgihbr in the two FWD than in the control
tanks <0.05), but not significantly different between tR&/D tanks §p=0.11). There was
significantly higher SGR for the cladocerans in Fy¥Ban in FWL (p=0.02) and control
tanks £<0.05), but not significantly different between FWR&nd control tankspE0.66)
(Table 5-2.4). The FWD did not affect the divergi’) of the rotifers (One-way ANOVA,
F=0.06,p=0.93), copepods (One-way ANOVA=0.09,p=0.91) and cladocerans (Kruskal-
Wallis test; y*=1.67, df=2,p=0.43) (Table 5-2.4). Similarly, there was no siigaint
difference in coefficient of variation (CV) amonget treatments (One-way ANOVA,

F=1.97,p=0.22) (Table 5-2.4).
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Table 5-2.2.The mean values of water quality parameters + Sienculture tanks for 16

days; Values with different superscript in each rase significantly different ap<0.05;

Two-way ANOVA,; Tukey HSD test, a>b>p=48

Treatments
Water quality parameters Before FWDa FWDs Control
experiment

Temperature®C) 25.1+1.0 25.6 + 1%0 257+1.0 258+1.2
Conductivity (uS crif) 113.7+2.2 115.9+ 28 116.2+2.4 115.7+2.1
Dissolved oxygen (mg)  5.73 +0.19 3.94+0.77 3.84 +0.68 5.61+0.2%
pH 7.51+£0.01 6.63 + 0.63 6.65 + 0.04 6.66 +0.12
Turbidity (cm) 39.6+15 35.7+1°3 23.4+3.% 27.6+3.%
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Table 5-2.3:Zooplankton taxa composition, mean abundance (M#) percent relative

abundance (% RA) of the zooplankton species in ¢é@aiment at day 16; the values are

mean ind/ml + SD. Different superscripts in a roandte significant differences for each

zooplankton species p&0.05, One-way ANOVA, Tukey HSD tests6, a>b>c; -, absent

Treatments
Zooplankton
taxa FWD\ FWD Control
(ind/ml) MA % RA MA % RA MA % RA
Rotifers
Brachionussp 386+88 253 51.8+123% 255 33.6+3% 237
Filinia sp - - 9.6 +1.2 4.9 - -
Lecaneasp 13.8+48 9.1 10.6 + 6.1 4.6 12.0+32 84
Keratellasp 17.3+3.0 11.0 122+29 5.4 75+2.8 5.6
Asplanchnissp  19.0+2% 123 255+6.2 12.7 243+2% 167
Others 4.6+3.0 3.2 55+22 2.9 3.3+x21 2.1
Copepods
Cyclopssp 165+ 2% 11.0 21.3+28 103 18.3+1% 126
Diaptomussp 10.8+34 7.1 20.1+57 938 145+28 105
Cladocerans
Diaphanosomap 9.3+2.2 5.8 16.3+£3.2 7.1 - -
Daphniasp 15.6+3.7 104 16.0+331 7.8 15.0+531 105
Moinasp 7.6 1.8 5.2 10.0+731 4.9 13.6+37 9.8
Ceriodapniasp - - 45+2.8 2.5 - -
Total (N) 154 204 143
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Table 5-2.4: Specific growth rate (SGR) and diwgr¢H’) of each zooplankton taxa in
every treatment, and the coefficient of variati@V| of each treatment. The values are
mean + SD. One-way ANOVA, Tukey HSD test, differégiters in each row represent

significantly differences gi<0.05; a>b>c

Treatments

Parameters Zooplankton taxa FWD FWDs Control
SGR (day?) Rotifera 042+0.02 048+0.08f 0.35+0.02

Copepoda 042+0.64 048+0.03 0.32+0.02
(n=3)

cladocera 0.51+0.66 0.65+0.03 0.48+0.038
Diversity (H’) Rotifera 1.44+0.1% 1.51+0.08 1.36 +0.14

Copepoda 0.67 +0.65 0.69 +0.01 0.68 +0.02
(n=6)

cladocera 1.05+0.17 1.30+0.06 0.69 +0.26
CV (n=3) 0.09£0.03 0.05+0.02 0.06 +0.0%
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Figure 5-2.1: The population density curves of easbplankton taxa. Each plot and vertical bar
represents mean + SD. Half of the culture water vegéaced with new media on day 9 in each
treatment as shown by the dotted lines. Differeqtesscripts on each day represent significantly
different mean population densitiespaD.05; Two-way ANOVA, Tukey HSD test=3, a>b>c
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Discussion

In larviculture, management of the zooplankton gerdase is a critical phase for the
successful transition of the fish larvae to fingeylstage. The dynamic characteristics of
zooplankton populations have led researchers tty afferent techniques to produce high
densities of the desired zooplankton species Uistil are either harvested, or able to
consume inert feeds (Geiger 1983). Despite theifgignt progress in zooplankton
cultivation techniques, cost-effective and stabigqrols for producing sufficient quantities
of the desired zooplankton species without micraalgre scanty. This study demonstrated
the feasibility of FWD made by blending CME andhfisastes for culturing zooplankton

species in an outdoor mass culture system.

Despite changes in the water quality parameteliggltine experimentation period, the
values remained within the acceptable limits fesshwater pond aquaculture (Boyd 1982).
The water conductivity increased slightly, perhdpge to leached ions from decaying fish
tissues or zooplankton metabolites. Low DO in tNéOFtanks could have been caused by
high zooplankton abundance, microbial biomass awbmhposing organic matter. Oxygen
depletion in culture facilities is commonly experwed during decomposition of organic
matter (Boyd 1982), but can be improved by frequeaiier exchange or aeration. The poor
secchi disk visibility (high turbidity) in FWPtanks could be explained in terms of high

zooplankton organic matter, bacteria and plankiomhbss.

More than half of zooplankton species in every danspnsisted of rotifers (Table 5-
2.3). Rotifers, especially thBrachionusspp. are normally the first zooplankters to reach
large numbers in newly colonized habitats, thusntplkcompetitive advantage (Shandhu et
al. 1985; Louette et al. 2008). With the shortdespan of 5 - 12 days, rotifers reach peak

reproductive levels much earlier (about 3.5 daysintother zooplankters (Allan 1976).
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Nonetheless, large cladocerans (> 1.2 mm) e.g.rdapban suppress rotifer abundance
through physical interference and predation (Gil2&03). Copepods and cladocerans have
similar life span (about 50 days) but have diffénegak reproductive periods (Filenko et al.
2011), which take about 24 and 15 days to reach;dpepods and cladoceans, respectively
(Allan 1976). The copepods only reproduce sexuatly therefore require longer periods to
increase their population levels (Allan 1976). tdiion, overcrowding decreases fecundity
of the calanoid copepods and the reproduction efnidrpacticoid copepod, e.igriopus
japonicusis more successful when mixed-cultured with rosiféHagiwara et al. 1995b).
Previously, the culture for single specieBofangulariswas unsuccessful with the FWD. In
this chapter, many species of freshwater zooplanktere successfully cultured together
and, it is probable that inter- and intra-spedifieractions were important for their growth
and reproduction. However, the zooplankton spetigsractions were not studied, thus

requiring further study.

Addition of CME to the fish wastes caused significencrease in SGR and population
densities of the zooplankton species and therefppears as an improvement to FAD.
In chapter V.1, it was determined tldgcomposing fish tissues provided substrates fr th
proliferation of diverse microbial flora, some ohiwh have probiotic properties. The CME
probably facilitated phytoplankton growth in thenksa, thus expanding forage base (i.e.
bacteria and phytoplankton) for the zooplanktonwghoand reproduction. The synergy
between FWD and CME could be important for zooplankgrowth and reproduction.
Chicken manure is also an excellent substraterfaviptic bacteria (Rapatsa & Moyo 2013;
Elsaidy et al. 2015), and contains growth promotampounds e.g. ki7andp-estradiol that
can positively influence zooplankton reproductiorstdry (Shemesh & Shore 1994;
Hagiwara et al. 2014) either individually or in commation (Verschuere et al. 2000). The

efficacy of CME in enhancing the production Diaphanosoma celebensamd Tigriopus
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japonicus has been reported where up to 14 ind* mlas produced within 12 days
(Hagiwara et al. 2016). Omnivorous zooplankton feaddetritus-bacteria complex in the
absence of live prey (Hart & Jarvis 1993). Morris Mischke (1999) reported that
phytoplankton alone do not necessarily increas@laon&ton populations and thus explains
the relatively low zooplankton density in the cohtexperiment. Fungi and bacteria
associated with decaying organic substances supplemphytoplankton foraging with
essential proteins, lipids and vitamins to caugg lgrowth effects for zooplankton (Morris
& Mischke 1999). The higiBrachionusspp. abundance observed in this study reflects
observations inchapter Ill, which demonstrated the effectivene<CME in enhancing
parthenogenetic reproduction &. angularis After the first harvest, the zooplankton
population densities increased to new peaks, wiiete comparable to the previous ones,
suggesting that the system can be self sustaipgrgaps with frequent harvesting to reduce
organic loads. Generally, lower coefficient of aion (CV) of the treatments suggests
stability of the FWD technologywith application ofFWDg, it is possible to obtain about
150, 12, and 8 ind nilof rotifers, copepods and cladocerans, respegtigel weekly basis.
Comparatively Kyewalyanga & Mwandya (2002) obtained about 76 466 rotifers mif
within 5 days using conventional chicken manurehmés$ in ponds and tanks, respectively.
The results of the present study demonstrate therguity of FWD technique compared to
the normal traditional live food culture methodsngschicken manure onlyzurther studies
are recommended to determine the suitability of FwéD-fed zooplankton species for

larviculture of the local fish species.
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V.3: DIETARY VALUE OF THE FWD-FED ROTIFERS FOR LARNZULTURE: A

PRELIMINARY STUDY

Dietary value of the rotifeBrachionus rotundiformigsensu stricto) fed with fishwaste diet
(FWD) for larval growth and development of Japanek#ing, Sillago japonicaTemminck

& Schlegel 1843

Ogello EO, Wullur S, Sakakura Y, Hagiwara A. inpaeation

Introduction

At the close of endogenous feeding phase, mostnmdarval fishes still have small
mouth gap and rudimentary digestive track and fbeze cannot ingest and digest inert
feeds (Lavens & Sorgeloos 1996; Yufera & Darias7J0@t this critical phase, the larval
fishes require timely and adequate supply of apjpatelive foods that are readily ingested,
efficiently digested and, that contain essentiatriton for their healthy growth and
development (Watanabe et al. 1983). Depending errdtifer culture condition, essential
nutrients may be deficient, sometimes lower tham réquired threshold for healthy fish
development (Hamre et al. 2008). Therefore, dubdégossibility of nutritional deficiencies,
rotifers are often provided with supplements to riowe their nutritional value for
larviculture. The freshly cultured microalgae, sdmes enriched with essential nutrients
such as EPA, DHA and vitamim B have been commonly preferred as first choice fdiet
the rotifer cultures (Maruyama et al. 1997). Howewear round cultivation of sufficient

and nutritious microalgae is a costly and laboritask for many hatcheries and, thus limits
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the continuous production of sufficient live foodda sometimes disrupts the fish seedling
production programs in the microalgae-based hathdlubzens et al. 1995). In chapter
V.1, about 1,200 individuals mlof the rotifer,B. rotundiformiswere obtained using FWD
only. In addition, the rotifers had relatively hegnEPA and DHA contents than those
rotifers cultured using normal (non-enrichédl) vulgarisdiet. This finding demonstrates a
possibility of obtaining nutritious rotifers withbnecessarily feeding them on microalgae or
enriching them with the expensive commercial enounlsi However, the suitability of the
FWD-fed rotifers for larval fish rearing still reims unclear. To explore on this aspect, a
study was conducted to determine the effects ofdkiger, B. rotundiformis (SS-type) fed
with FWD, on the larval growth and developmenttw tlapanese whitirgillago japonica
(Chapter V.3)S. japonicais a valuable fish resource distributed alongdbasts of Japan,

South Korea, Taiwan and Philippines (Kashiwagil.e2@00).

Materials and methods
Rotifer preparation

The inoculant rotifer,B. rotundiformis (SS-type; Thai strain) was obtained from
Nagasaki Prefectural Institute of Fisheries, Japae. SS-type rotifer is small in size (i.e. 70
— 160 pm), and is considered appropriate for thallsmouth fish larvae such as &.
japonica (Tsukashima et al. 1983). The rotifers employedtha test experiment were
cultured using the FWD as described in chapter Mé&anwhile, the rotifers used for the
control experiment were batch cultured in 50 | difiaial seawater (22 ppt) and fed with
HUFA enrichedC. vulgarisdiet (Super Fresh Chlorella-V12, Chlorella Indygfio. Ltd.,
Fukuoka, Japan) at 25°C with aeration. Therulgarisdiet was daily maintained at 7.0%10

cells mi* in the rotifer cultures (Araujo & Hagiwara 2005).
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Rotifer swimming speed

To determine the viability of the rotifers, swimmgirspeed was recorded for 30
seconds under a stereomicroscope at 10x (SteRECouRiy V8, Zeiss, Germany)
equipped with a digital camera (AxioCam, HSm) amege-analysis software (AxioVision
4.8). Five rotifers were sampled from each treatna placed in 20 ul water drop, in
which the swimming speed was measured using Dippoddro version 8.0 (DITECT Co.

Ltd., Japan) in millimeters per second (mif)s

Larviculture experiment

Fertilized eggs of. japonicawere obtained from the same institute as rotiférse
eggs were carefully transferred into six polycadientanks each containing 100 | of
artificial sea water (33 ppt) at 10 eggswith aeration fixed at 50 ml min(Kim et al. 2014).
After hatching, larval fish development was moretbrevery 6 hours until mouth opening
and then, the feeding process began (Figure 5-Bulg.feeding regimes i.e. the test (FWD-
fed rotifers) and control-rotifers were each tgplied in the culture tanks. The fish larvae
were reared at 25°C with 12-h diurnal photoperi@@0-2100), for 10 days. The density of
the rotifers (diet) in each larval fish rearingkamas maintained at 10 ind. mithroughout
the rearing period (Oozeki et al. 1992) from 2 dagst hatching (dph). Ten larval fish were
randomly sampled every 2 days from 2 dph for monpéioic and gut content analysis. The
fish samples were kept in small screw-cap bottlesstietized with 2-3 drops of MS 222

followed by 5% formalin fixation (Kim et al. 2014).

The hatching rate and survival activity index (S&Rperiments were performed to

determine the quality of the fish eggs and the fatal survivability during starvation,
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respectively (Shima & Tsujigado 1981). Here, 20 =ggere placed in 500 ml beaker
containing 300 ml of artificial sea water (33 pat)25°C in total darkness, without aeration
and feeding. Dead larvae were counted and remowvexy €4 h until total larval mortality
was reached. Triplicate observations were usedltulate the hatching rate and SAI. The
percentage of eggs that hatched normally was edénll after 24 h by the formula:
[Normally hatched larvae / total number of eggsl00%, while SAI was calculated using

the equation:

SAIl = ZK: (N = hi)xi (Shimma & Tsujigado 1981), whei¢ = total number of examined
i=1

1
N
larvae,hi = cumulated mortality birth day andK = number of days elapsed until all larvae
died due to starvation. Morphological charactessstf the larval fish samples i.e. total and
standard length, eye diameter, body depth and leyih (Figure 5-3.2), were measured
using a microscopic measurement system that indladetereomicroscope (Discovery V8,
Zeiss, Germany) equipped with a digital camera ¢&am, HSm) and image-analysis
software (AxioVision 4.8). At 10 dph, the percent\sval of the fish larvae was calculated
from the average number of surviving fish larvaeach culture tank. Also, the viability test
of the fish larvae was determined at 10 dph byestiljg 10 fish larvae from each replicate
tank to 30 s of air exposure before determiningrétte of their survival thereafter. The dry
weight of the fish larvae was measured in pre-waighluminum boats dried at €Dfor 24

h and weighed using ultra-micro chemical balancet{ldr Toledo, USA).

Fatty acid analysis

At 10 dph, all the fish larvae were harvested freath treatment tank, dried using

filter paper from beneath the harvesting mesh amqt &t -80C until biochemical analysis.
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The total lipid and fatty acid composition of the fish larvaed rotifer samples were

performed by Chlorella Industry Co., Fukuoka, Japgsiexplained i€hapter V.1.

Statistical analysis

Statistical analysis was carried out using R gtesissoftware (version 3.2.1 of the R
Foundation for Statistical Computing Platform © 8D1The Bartlett test for homogeneity
was used to test the equality of variances. Rege®i¥OVA measures were used to test the
effects of the diets on fish larval morphologicargameters, gut content and swimming
speed. The larval fish survival and viability testere analyzed using Kruskal-Wallis test
and Log-Rank test for groups, respectively. Whegeificant differences were detected, the

Tukey HSD post hoc test was performed to locatmtag<0.05.

Results
Larviculture

The hatching rate of. japonicaeggs was 93.3£2.9%. The hatched fish larvae
survived up to 5 days of starvation, with a SAbd8+1.1. The rotifer swimming speed was
affected by the diets (One way ANOVA=14.51,p=0.01), where the control-rotifers had
significantly higher speed (0.83 mnit)sthan FWD-rotifers (0.65 mm™$ (Tukey HSD,
p=0.01) The number of ingested rotifers by individiish larvae was significantly affected
by age of fish larvae (Two-way ANOVA;=128.04,p=0.00), but not the dietd§0.24,
p=0.62). The fish larvae from the two treatmentsestgd similar amounts of rotifers each
day and, at 10 dph, about 10.5+3.1 and 11.6*2iférstwere ingested by the FWD-fish and

control-fish, respectively. At 10 dph, there wasamgnificant differences in morphological
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parameters e.g. head length (One-way ANOWA2.46,p=0.13), eye diameter (One-way
ANOVA, F=2.46,p=0.12) and body depth (One-way ANOVEA:=0.16,p=0.69) between
FWD-fish and control-fish. However, there was angigantly higher total and standard
length for the FWD-fish than the control-fisip=0.00) (Table 5-3.1). There was no
significant differences in fish larval survival eafKruskal-Wallis testy°=0.19, df=1,
p=0.66), viability (Log-rank test for groupg’ = 0.4, df=1,p=0.55) and dry weight (One-
way ANOVA, F=6.41,p=0.06) between the two diets (Table 5-3.2). Theital value of
rotifers and fish larvae is summarized in Table %-Bue to high fish mortality experienced
during the experiment, the quantities of fish sawére insufficient for total lipid analysis.
Nonetheless, percent compositions of DHA were B@ 8.2 for FWD- and control- fish,
respectively. The EPA was under detectable limhath samples. The ratio of DHA: ARA

was 2.4 and 8.3 for the FWD- and control- fishpezgsively (Table 5-3.3).
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Table 5-3.1: Morphological parameters of the figtvde as at 10 dph, the values are mean

length (mm) £ SD, with different numbers of fishnae per replicate. One-way ANOVA,

Tukey HSD, different superscripts in each columnade significant differences ak0.05

between the diets, a>b

Diet Total length Standard length Head length  Eye diameter Body depth

(n=30) (n=30) (n=12) (n=30)

(n=12)

FWD 3.65 +0.30 3.33+0.33 0.76 £ 0.03 0.25+0.02 0.69+0.11

Control 3.42 +0.22 2.94 +0.33 0.74 + 0.05 0.24 +0.02 0.68 +0.11

Table 5-3.2: Means = SD of fish larval charactesssat 10 dph. The fish dry weight at 2

dph was 0.08 £ 0.01mg/ind in both diats3

Diets Dry weight(mg/ind) Survival rate (%) Viability (%)
FWD 0.26 £ 0.03 9.70 £ 9.06 58.8£9.3
Control 0.21+£0.01 4.93+£0.83 64.4 £7.9
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Table 5-3.3: Total lipids (Total, mg/g dry weiglethd fatty acid composition (% of total
lipids) of the rotifers fed with FWD and controletli and of the fishS. japonica larvae
cultured with the FWD- and control-rotifers for @l@ys. * = total lipids not measured due to

limited sample quantity

Rotifers fed with S. japonicdarvae fed with

FWD Control diet FWD-fed rotifers ~ Control-rotiter
Total lipids 20.5 23.3 * *
Fatty acids
14:0 5.4 3.6 1.1 2.8
14:1 2.3 0.2 0.4 0.1
16:0 15.2 18.7 14.5 17.4
16:1 3.0 2.1 1.1 5.1
16:2 0.6 1.2 1.3 0.5
18:0 4.3 7.0 10.0 5.6
18:1 4.8 14.7 4.9 13.6
18:2n-6 4.1 1.3 21.8 9.5
18:2n-3 0.5 0.7 2.4 1.0
20:0 0.3 0.8 0.0 0.4
20:1 0.6 0.3 0.3 0.1
20:4n-6 0.0 2.5 2.2 2.2
20:5n-3 1.9 6.6 0.0 0.0
22:0 0.0 0.3 1.0 0.3
22:1 15.1 0.4 2.7 5.0
24:0 14 1.3 0.4 0.6
24:1 0.8 0.5 1.1 0.3
22:5n-3 0.5 2.2 3.0 2.1
22:1-3 1.7 18.8 5.2 18.2
Others 37.4 16.8 26.6 15.3
DHA/EPA 0.9 2.8 0.0 0.0
DHA/ARA 0.0 7.5 2.4 8.3
Total 100 100 100 100
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Figure 5-3.1: Larval developmental stagesSifago japonica A) egg stage, B) newly
hatched larvae with a bigger egg yolk, C) 1 dphwshg reduced egg yolk size, D) 2 dph

showing mouth opening (end of exogenous feeding)
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TL

BD

Figure 5-3.2: The five morphological characterstito estimate larval growth and
development o8. japonicaTL, total length; SL, standard length; HL, headdth; ED, eye

diameter; BD, body depth
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Discussion

This chapter presents a preliminary study on tle¢ady value of FWD-fed rotifeB.
rotundiformis(SS-type) for larval rearing @. japonica The fish eggs were of high quality
(93.3+2.9% hatching rate) and, the fish larvae stbwigh survivability during starvation
(SAl: 5.8+1.1). These results are comparable tsdhof Oozeki & Hirano (1986) who
reported 95% and 4.1 — 8.4 hatching rate and ®&factively foIS. japonicdarvae. There
was unprecedented high fish mortality and the neagms not clearly determined. However,
it was suspected that aeration rate employed irstilndy was probably not optimal for this
fish species. Further study especially on the aptinmate of aeration fd8. japonicaarvae
should be considered. The viability of the FWD-fetfers as determined by the swimming
speed may have been weaker than control-rotifetsaps due to high bacterial turbidity in
the FWD culture medium. More active rotifers noriyaiprove larval fish development
because of the ability to stimulate fish raptobahaviour (Personal communication, Prof.

Atsushi Hagiwara).

Previous larval fish rearing data confirm that swadility of fish larvae strongly
depends on the amount of DHA and ARA present indibe(Sargent et al. 1999; Furuita et
al. 2000). Since most marine fish larvae cannotr@gize DHA from precursor molecules
e.g. EPA ora-linolenic acid (ALA), supplying DHA-rich feeds tiish larvae is important
(Masuda et al. 1998). The DHA/ARA ratio of 2.4 ab&d in this study is less than the
optimal ratio of 10.0 required for proper larvasHi development (Sargent et al. 1999).
Nonetheless, the similarity of larval fish develapr parameters between the test and
control diet suggests a possibility of FWD for theviculture ofS. japonica However, due
to insufficient data, it is difficult to conclusilediscuss the total amounts of DHA and EPA
of S. japonicalarvae in this study and therefore, further expents are recommended to

draw concrete conclusions on the dietary valueWeDFor larviculture.
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Chapter VI

GENERAL DISCUSSION

The history of agricultural programs in most depéhg countries have primarily
focused on the provision of cereal crops and stégdd commodities, which cannot not
completely address the persistent malnutrition lehges (Brummett & Williams 2000).
Today, aquaculture is an integral pillar in the edsification of crop production and
micronutrient intake especially in the developinguitries where consumption of fish
protein is comparatively low (Brummett et al. 2008AO 2016). However, achieving
absolute sustainable aquaculture productivity [§est to fixing some technical, social and,
sometimes, administrative challenges that havegstag aquaculture growth for decades.
Technically, the major impediment to aquaculturevellgoment is the scarcity of
nutritionally complete and cost-effective larvaHifoods for the production of high quality
fish seedlings (Lavens & Sorgeloos 1996). In oriespur considerable socio-economic
benefits of aquaculture, and to make fish more ssibke and affordable, capacity building
on local aquaculture technologies is a criticabpty. The supply of adequate live food
resources e.g. rotifers, copepods and cladoceraeflycdepends on the availability of high
density microalgae, which require expensive investis to produce. Consequently,
inadequate supply of appropriate live food resaircensistently disrupts fish seedling
production programs in the hatcheries (Lubzens letl895). Rotifers, especially the
brachionid spp. are the most valuable larval f@bdfand therefore, production of sufficient
guantity and timely supply is a prerequisite focassful larviculture (Hagiwara et al.
2001). However, intensive larviculture of econorflicamportant fishes (mostly marine)
depends on the sufficient supply of nutrient-ricboalankton species (usually rotifers),

which have traditionally been raised on enrichedradlgal diet, but maintaining a constant
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supply of enriched microalgal diet is an economicden on many hatcheries. Besides, algal
cultures are unstable, prone to risks of contaninahave seasonal quality variations, and,
have limited shelf life (Laing 1991). For that reasstudies are recommended to investigate
cost-effective and stable rotifer production tecfueis, preferably, without algae to enhance
sustainable and profitable aquaculture, especiallyropical countries without modern

infrastructure for microalgae production.

In order to develop cost-effective live food protioic methods for local aquaculture,
it is imperative to establish a local library oétlive food resources. On review of literature,
it is evident that knowledge on the biological agpef local rotifers as live food candidates
for aquaculture in most developing countries igfnantary and scanty (De-Ridder 1987,
Murray 2011; Sutherland et al. 2013). For examipl&Kenya, there is dearth of information
with respect to the suitability of local rotiferrains for aquaculture activities and, their
ecological stability during changing climatic comoins. Culturing rotifers under
microcosmic conditions enables investigations om téproductive capacities, ecological
behavior and mass culture potential. For this neasostudied the morphological and
reproductive ecology of a common freshwater rotgpecies,Brachionus angularisin
Kenya and, the effects of varying temperaturesfand concentrations on its reproductive
biology (Chapter II). As expected, temperature dndd concentration affected the
reproductive traits of the rotifer directly, thugndirming the studies of Edmondson (1964,
1965) that temperature-food interactions affectrttéer reproductive history. The rotifer's
life table demographics and population ecology vegrigmal at 28C with 2.5x16 cells mt*
of C. vulgaris. An expanded rotifer life expectancy, high fecupdhigh intrinsic rate of
natural increase and specifitcowth rateleads to quicker and longer rotifer reproduction.
This is probably good news for hatchery managers atvays require high rotifer densities

within shortest time, for larviculture activitieMliracle & Serra(1989) reported that warm
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water-adapted rotifer species show highest or maxirgrowth rate values at temperatures
above 27°C, but Walz (1987) reported 25°C as tist teenperature for maximum growth
rate for B. angularis same as the study in chapter Il. Nonethelessyingrrotifer
reproductive traits has been linked to genetic tdams to local environmental pressures
(Gilbert 2003; Ma et al. 2010), clone selectioribet environmental temperatures of origin
and the influence of temperature-food interactiiddmondson 1964, 1965; Galkovskaya
1987). With a relatively small lorica size (Tabld P the KenyarB. angularisappears to be
a convenient diet for larviculture of small-moutreshwater fishes such as gold fish,
Carassius auratugLim et al. 2003). Indeed, this study lays a matf to identify other
potential local live food resources, perhaps inesaolated biotopes, to provide a local live
food library for spurring aquaculture growth in K@n This study also opens up
opportunities to understand the potential effe¢tthe changing ecological conditions (i.e.
temperature and food availability) on the reprookctecology of the Kenyan straiB.
angularis.Further studies should develop technologies fodpcing cheaper diets for mass

culture of this rotifer strain.

To advance on the above studies, | formulated @areb hypothesis that investigated
whether chicken manure extract (CME) would affelee tpopulation growth, sexual
reproduction and body size of the Kenyan rotifeniatB. angularis (chapter Ill) It is
imperative that larval fish food should be of comeat size for easy ingestion by the fish
larvae. Generally, chicken manure has commonly besed to enhance biological
productivity in fishponds in most tropical coungi€Elsaidy et al. 2015). However, the
optimal quantity and mode of application of thenaali manure is poorly understood and,
could lead to stunted fish productivity (Kang’omdteal. 2006). For example, large amounts
of manure generate high organic loads that rais@dical oxygen demand (BOD), creating

anoxic zones in the culture facilities. On the cary, less manure application limits
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proliferation of natural live foods, leading to lavatural productivity (Elsaidy et al. 2015).
Whereas some animal manures e.g. of pigs areatestrby social and religious concerns,
there are no such restrictions to chicken manumkimy it socially attractive across the
board. The study imhapter Ill showed that 2.0 mif lof CME is optimum for enhancing
population density, parthenogenetic reproductiott sppecific growth rate of the rotifd.
angularis without affecting the lorica siz&he observation is consistent with the persistent
nature of growth promoting compounds containedhim €CME (Shemesh & Shore 1994;
Hagiwara et al. 2014). According to Pentikaineralef2006), estradiol compounds, which
are found in chicken manure act as growth hormamehfe female reproductive tissues,
hence resulting in high viability of oocyte€ME suppresses rotifer mixis stimulus but
favorsparthenogenetipropagation, which is the desired result in dadychery operations.
Literature evidences indicate that chicken mangralso an excellent substrate for the
heterotrophic production of probiotic bacteria &gcillussp. that can be utilized by rotifers
to improve their survival and reproduction (Gatge®ui991; Moriarty 1997; Rapatsa &
Moyo 2013; Elsaidy et al. 2015). CME blends vaesgtof hormones (Hakk et al. 2005;
Hagiwara et al. 2014), and thus provides an oppdaytuio reduce purchases of commercial
growth promoting compounds. The common practicghes spreading of raw chicken
manure on pond, or stuffing them in sacks at aiquaar spot in the pond. The former
method causes quicker depletion of dissolved oxygkite the latter causes non-uniform
distribution of nutrients and creates anoxic spl#sng poor water circulations in the pond.
Such technologies are outdated and are generadisacterized by low pond productivity
(Kangombe et al. 2006). The CME technique develdpechapter Il eliminates organic
loads and pathogens from raw chicken manure baingeessential compounds, making it
more effective and socially attractive for imprayipond biological productivity. The CME
mixes uniformly with the water and avoids anoxiotsp Application of CME can reduce

the purchase of costly feeds and inorganic feetilizvhich accounts for >50% of the total
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cost of aquaculture inputs (Tacon & Metian 2008hwdver, the CME technology still
requires application of minimum microalgae for bettotifer growth and reproduction.
Further studies should focus on techniques thatredoce or eliminate the need for the
expensive on-site microalgae production to spufitplde aquaculture in the developing

countries.

In order to reduce overdependence on the expefrsisfely cultured- or onsite grown-
microalgae for live food production, previous stsglhave reported the viability of dried
algae as rotifer diet, but frequent culture inditi$ still occur (Lubzens et al. 1995; Yufera
& Navarro 1998), thus require techniques to stadiliCertain chemicals such as gamma-
aminobutyric acid (GABA) have been employed to itadbrotifer cultures with fresh algal
diet (Gallardo et al. 1997, 1999, 2000). Basedhaminhformation, | formulated a hypothesis
to explore whether GABA supplementation can stabiland/or enhance rotifer cultures
using dried algal diet. Dried algae are consideredonvenient alternatives to the freshly
cultured microalgae because dried algae are stoebibom temperature for long time and,
thus eliminating the need for constant energy sufipimaintain freezer facilities. Firstly, |
employed driedNannochloropsis oculatand Chlorella vulgaristo culture the Kenyan
rotifer strain B. angularis with  GABA supplementation as an antidote for cudtur
instabilities but the cultures were not succesdiid to contamination by ciliates. Instead, |
investigated the mass production potential of therylealine rotifer Brachionus
rotundiformis (SS-type) (perth strain) as a representative agid¢al rotifers (Chapter V).
GABA, if applied at the lag phase growth stage loé totifers 48 h before up-scaling,
enhanced the population of the rotiRrrotundiformisto a maximum density within 6 and 8
days of culture with driedN. oculataand C. vulgaris respectively. This phenomenon is
attributable to the influence of GABA on subsequentifer progenies. Gallardo et al.

(2000) reported similar results for the reproductod the rotiferB. plicatilis supplied with a
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fresh N. oculatadiet. However, continuous GABA application is degntal to rotifer

cultures after 8 days (Gallardo et al. 2000).

Despite the gradual increase of NN in all the culture tanks (Figure 4-6), GABA
treated cultures produced higher rotifer densitlemn the control. Thus confirming the
hypothesis that GABA reduces physiological stressised by deteriorating culture
conditions (e.g. high ammonia and rotifer denség)reported in literature (Gallardo et al.
1997, 1999, 2000; Araujo & Hagiwara 2005; AssavaateHagiwara 2011; Ogello et al.
2017). In practice, GABA can be used to reduce ipfygical stresses caused by oil
additives and high population densities duringfeotenrichment with marine oils. GABA is
important for increasing the fecundity of asexuahéles of the S- and SS-type rotifers,
which are highly susceptible to low temperaturessr(Araujo & Hagiwara 2005). The
physiological stressors are known to influence mittduction, egg hatchability, lifespan,
fecundity and mixis investment in rotifers (Snell K&ing 1977). Since mixis investment
causes short-term fitness of rotifer clones (CherCéijuan 2015), as more energy is
invested in fertilization (Gilbert 2010), GABA caeduce the effects of the physiological
stressors and facilitate rapid colonization (Gadltaet al. 1999). GABA has also been found
to improve visual capacity in animals (SandbergleR014), which is important in feeding,

mating and predator avoidance.

The endogenous presence of GABA has been confinmige rotifersB. plicatilis and
B. rotundiformis (Gallardo et al. 2000). GABA receptor type A-asated protein
(GABARAP), which control intracellular membrane fireking of GABAA receptors and
autophagy is ubiquitously distributed in the colcar@a of the rotifeB. plicatilis (Marcial
et al. 2014). GABA also induces settlement and metahosis in larvae of some species of
marine invertebrates (Morse et al. 1979; RumrillC&meron 1983; Gapasin & Polohan

2004; Garcia-Lavandeira et al. 2005). GABA has bkeked to quorum-sensing signal
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suppression in some pathogenic bacteria (Chevral.e2006), thus making it useful in
controlling virulence of pathogenic bacteria in tioéifer cultures. GABA is biodegradable
(Saskiawan 2008), cheap (US$3.00 per gram; Signeenitial) and requires low doses (50

mg ).

The production protocols for dried microalgal diate already patented by different
commercial companies e.g. AlgaSpring (The Nethddaand Daesang EMERALD (South
Korea). DriedN. oculatacosts about US$ 2.0 per kg (AlgaSpring) and isligavailable
for export. The convenient transportation and gferanakes dried algae important in
regions where algal cultures are either restridigdseasonal conditions or by the lack
infrastructure for high density algal productioriidd algae can also be used to maintain
stock cultures in the hatcheries. With dried algieis possible to pre-determine the
nutritional content of food by supplementing it kviégssential elements that are crucial for
the proper development of targeted fish larvae (&dmo-Rodriguez et al. 2013). Mass
production of the rotifeB. rotundiformisusing driedN. oculataand C. vulgariscan be
significantly enhanced by pre-incubation of thefeos with 50 mg T of GABA for 48 h
prior to mass cultures to reach maximum densitigkinva week. The results are relevant
where mass culturing of rotifers is necessarytiergre-planning of fish larval production in
aguaculture facilities. In addition to aquacultuttee larval fishes can be used to re-stock
depleted natural stocks. Despite the usabilitgredd algae, they still have problems related
to nutrient leach and low digestibility, and, thmpiortation costs may be affected by
fluctuating foreign exchange rates. For this reastudies are needed to discover live food

production techniques without microalgae.

The freshly cultured microalgae are still the supgediet for various zooplankton
species in aquaculture hatcheries (Maruyama et98l7). Although commercial diets e.qg.

baker’s yeast, condensed microalgae and Selco-Qave.td., Thailand) have been used as
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alternatives to microalgae, these diets have varghortcomings including high cost and
culture instabilities, making them problematic farost fish farmers, especially in the
developing countries, which are potential futuradiers in marine larviculture production.
So far, availability of low-cost and stable replaeant diet for microalgae is still debatable,
hence the studies in chapter V. Here, | developpobtocol for producing a fishwaste diet
(FWD) as a low-cost and stable live food diet addiermined its efficacy for rotifer

production under controlled laboratory conditiorShépter V.1). | then applied the
laboratory results for mass culture of zooplanktoan outdoor culture facility in a tropical

country (Kenya) (chapter V.2) and, determined tie¢adly value of the FWD-fed rotifers for

larviculture (Chapter V.3).

In the laboratory experiments, the FWD favored ifgmdtion of microbial biomass as
food for the rotiferB. rotundiformis The microbial biomass is a product of heterotroph
processes at optimal C/N ratios (Eberling et al&@®zim & Little 2008; Crab et al. 2009).
The rotifers fed with FWD ingested larger amounttdbacteria that are believed to have
suppressed the rotifer's mixis rate but favoured garthenogenetic reproduction. The
bioflocs are rich source of proteins, lipids anthmiins (Simon and Azam 1989; Yu et al.
1994; Widanarni et al. 2012; Ogello et al. 2014J #me rotifers may have converted these
nutrients into biomass. In normal cultures, the gfulive diets contain between 16 10"
while the culture media contains betweer! 1@0" CFU mi* of bacteria (Miyakawa &
Muroga 1988; Skjermo &Vadstein 1993). These dagacamparable to the results obtained
in Chapter V.1. In the preliminary biochemical dwerization of the microbial flora
(results not shown due to the ongoing studies amahial aspects of FWD), some probiotic
bacterial strains such &acillus sp., Shewanellasp. andThiocapsasp. were identified in
the FWD culture medium and rotifer gut. Althoughtaa bacteria are known to provide

important nutritional supplementation to rotifedaguda & Taga 1980; Ushiro et al. 1980;
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Hagiwara et al. 1994; Hagiwara et al. 1995a), sbaaterial species could be problematic
for successful culture of marine fish larvae. Fomraple, Vibrio anguillarum that is
common in rotifer cultures is a pathogenic bactaribhat causes rotifer culture crashes, but
Bacillus sp., Thiocapsasp. andShewanellasp. have probiotic properties (Bhaskar et al.
2011). Such properties include suppression of gehic bacterial strains through quorum
guenching mechanisms and, release of bactericidadaieriostatic compounds, to maintain
biosecurity (Verschuere et al. 2000). However, therld’'s demand for high quality
aguaculture products insist for strict biosecunmeasures e.g. absence of pathogenic
bacteria in aquaculture products. Nonetheless,nigahs have been developed to limit
bacterial contamination of larval fishes (Skjermale, 1997, Skjermo and Vadstein, 1999).
For this reason, | recommend further studies taudmmnt a comprehensive account of the

microbial flora associated with the FWD, includitngir successive colonization overtime.

Usually, the fatty acid composition accumulatednigrine fishes is dependent on the
marine phytoplankton that has the capacity to sgi#te long chain PUFASs through series
of desaturation and elongation reactions (Bergal.€2005). Studies have found that some
specific microbes can also manufacture PUFAs thrqugyketide synthase-like reactions
(Strobel 2012). In chapter V.1, about 0.35 and Or@9g* of DHA and EPA respectively
was obtained from the FWD-fed rotifers, while tlzeng® were under detectable limit in the
control-rotifers. It is believed that the rotifarsay have bio-accumulated the essential bio-
molecules via FWD-bacteria trophic pathway, thustrpging bacteria as conduits for
transporting the bio-molecules. In addition, somaetéria species e.@hewanellasp, are
known to contain sufficient EPA and DHA, and canused to enrich rotifer cultures (Lewis
et al. 1998). The rotifers may have also obtailedé elements through the direct ingestion
of microparticles as shown in Chapter V.1. Hino &afo (1980) reported that rotifers can

ingest bacteria-sized particles ranging between-63 pum. However, these particles may
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have included bacteria and rotifer feaces. Rotifdtures are synonymous with high food
conversion ratios because they ingest their oweefegHino et al. 1997). Even though
zooplankton contains their own enzymes that makentleasily digestible by fish, rotifers
are usually deficient in essential nutrients reggiiby the fish larvae. To be nutritionally
complete, rotifers are often enriched with comnaremulsions before giving them to the
fish. In chapter V.1, the FWD-fed rotifers had DHAYA ratio of 0.9. This value still falls
below the recommended threshold ratio of 2.0 reguiior effective marine fish larval
nutrition (Sargent et al. 1997). Nonetheless, F\Wierse a promising start to the reduction
or elimination of expensive commercial enrichmemuésions. Other home-made emulsion
products have been produced using fish oil andyefigas cheap ways of enriching rotifer
cultures (Hirayama & Funamoto 1983), but these petal have short shelf life that limits
their application in aquaculture. The bacterial RSRare more protected against oxidation,
and provide a variety of other natural nutrientattmeet the species-specific nutritional
requirements of the cultured fishes (Harel et 802). The protocol for FWD is simple,
cheap and appears to be insensitive to frequenilg@ibgn crash with proper management.
With a production of up to 1,200 rotifers mbi-weekly, the FWD presents a promising

self-sustaining biotechnology for stable producidmigh density rotifers, for aquaculture.

It was necessary to apply the FWD technique in |lcaguaculture initiatives.
Traditional aquaculture depends solely on the adgaivity as the pivot that drives food
chains / webs in presence of light energy, to fimdbiotic communities in ponds. In the
outdoor culture experiments, the FWD coupled witlhtl energy promoted primary
production in presence of limiting nutrients withime system (Chapter V.2Addition of
CME to the fishwastes seems to be an improvemethieté-\WDbecause the CME probably
facilitated phytoplankton growth that perhaps exjgahthe zooplankton forage base in

addition to the microbiota. Chicken manure is a#scsubstrate for probiotic bacteria
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(Rapatsa & Moyo 2013; Elsaidy et al. 2015), and@ms growth promoting compounds e.g.
17 o and B-estradiol (Hagiwara et al. 2014) that positivehfluence the growth and
reproduction of the zooplankton (Shemesh & Shoré®4)9 Literature affirms that
phytoplankton alone do not necessarily increaseplan&ton populations but additional
micro-flora associated with decaying organic sulxsta supplements the phytoplankton
foraging with essential proteins, lipids and vitamito cause high growth effects for
zooplankton (Morris & Mischke 1999). PreviouslyetRWD failed to support mass culture
of the rotifer, B. angularisin the laboratory, but supported mixed culture ddferse
freshwater zooplankters in outdoor tanks, thus stgwhe significance of inter- and intra-
specific relations in the zooplankton cultures.dsts have shown that reproduction of the
harpacticoid copepodrligriopus japonicuss more successful when mixed-cultured with

rotifers (Hagiwara et al. 1995b).

The FWD technology embodies a complex microbialtmdnsystem that leads to
degradation of waste materials, facilitates theyckrg of nutrients and proliferation of
microflora that flourishes under optimum C/N ratithe FWD technology represents a
biofloc microcosm where the decomposing fish tisspeoduce diverse microbial flora,
which also form zooplankton diet. The system als@ets opportunistic benthic community
that feed on the detritus and bioflocs. In addititre dissolved nutrients from FWD, in
presence of sunlight, facilitate primary productmhnphytoplanton that is grazed upon by
the zooplankters. The complex food web that exist&=WD aided culture system is

summarized in Figure 6.
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Figure 6-1: Schematic flow of nutrients from FWDWE, detritus and carbon source (C) to
biotic communities in the tank culture system. FWDfishwaste diet; CME = chicken

manure extract

Initiatives geared towards developing nutritionatdgies such as bioflocs and
periphyton that maximizes the contribution of natuand supplemental feeds in culture
facilities would help to expand aquaculture product Studies have proposed the use of
aeration devices and PUFA-rich carbon sources gygerol (Ekasari et al. 2010) to
improve the efficiency of biofloc aided systems,t dhese proposals may increase
production cost. Also, aeration may facilitate almsition of toxic ammonia accumulated at
the bottom of culture facility, and this may causéfer culture crash. A combination of
fishwastes and CME can be used as cheap and diable obtain up td50, 12, and 8 ind
ml™ of rotifers, copepods and cladocerans, respeytivelweekly basis in outdoor cultures
However, the success of the FWD technology couldirbged by presence of pathogenic
microbes, which may affect the cultured animalspé&pmds produced extensively may

cause mass mortalities in cultured fishes througsimission of viruses and parasites (Su et
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al. 2005). Further studies are needed to investigia¢ dietary value of the FWD-fed

zooplankton species for larviculture activities.

In terms of production costs, successful microatgéture in conventional larviculture
systems basically depends on availability of optipgaameters such as nutrients, light, pH
range, aeration, temperature and salinity (Steif8L9n addition to these parameters, high
ratio of algal biomass to target species (usuddbyua 5-10:1) elevates the cost of microalgae
production (Treece 1995). On average, mono-spedlial cultures cost up to USD 120-200
kg' DW, where labour accounts for 50-85%, pumping;4862 nutrients; 4-20% and
mixing; 5-8% of the total production costs (Treet@95). Guillard & Ryther (1962)
estimated the cost of algae production using Quikaf/2 medium at USD 0.002%
Consequently, the high microalgae production codtaence the zooplankton production
costs. For example, the estimated cost of rotif@ssrproduction using large scale batches is
USD 4.5/ million rotifers where feeds, live algagdayeast account for 72, 50 and 22% of
the production costs, respectively (Treece 1998mgaratively, the FWD (Chapter V) is
significantly cheaper because fishwaste, whichhes main ingredient in the diet, can be
obtained for free. In addition, the efficacy of #i&/D can be improved by addition of cheap
carbon source. In general, the estimated cost tdergroduction in 500 | culture tanks

using FWD is approximately USD 0.01/ million roti$e

Fish larval rearing is the most critical stage tthettlermines the success of aquaculture.
At the time of hatching, most marine fish larvaekldunctional organs and have relatively
small yolk reserves. Even after the endogenoudrigethe onset of exogenous feeding is
still synchronized with a primitive digestive systeand a small mouth gap that limits their
successful first feeding (Lavens & Sorgeloos 199Q).this stage, adequate and timely
supply of appropriate nutrition is critical. Roti$eespecially Brachionid spp. are considered

excellent first nutrition for most marine fish lae, but difficulties in production of
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sufficient quantities continue to frustrate the-planning of fish seedling production in
microalgae-based hatcheries (Lubzens et al. 189®)hapter V.3, | presented a preliminary
data on the food value of FWD-fed rotifd, rotundiformisSS-type, for larviculture of
Japanese whittings. japonica The significant increase in total and standardytle at 10
dph for the fish larvae fed with FWD-cultured ret$ compared with those given control
diet, and similar growth and development parameiéfsh larvae in all the diets suggests
the usability of the FWD-fed rotifers for larvicule. Also, there were no significant
differences in the dry weight, survival rate, vlapi and quantity of ingested rotifers
between the diets. The quality of FWD can be imptoperhaps by several screenings to
eliminate organic particles that may compromiseewguality faster. It is also possible that
FWD could contain some pathogenic microflora, wigah be detrimental to the fish larvae.
These factors may have caused the low survivalafdfish larvae that was observed during
experiment. The survivability of fish larvae stréndepends on the amount of essential bio-
molecules e.g. DHA and EPA present in their foodr(ifa et al. 2000). Due to high larval
fish mortality, amounts of fish samples were ndfisient for total lipid analysis. Therefore,

it is difficult to conclusively discuss the totahaunts of DHA and EPA in th8. japonica
larvae fed with the two diets. The DHA/ARA ratio Bf4 obtained for the fish larvae fed
with FWD-rotifers (Table 5-3.3) still falls belowné recommended threshold (about 10) for
larviculture (Sargent et al. 1999). Further expemnis are recommended to draw more

concrete conclusions on the food value of the F\WiDdrviculture initiatives.
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Conclusions and recommendations

The Kenyan rotiferB. angularishas a small lorica size (length: 85.6 um, width47
um) and optimally reproduces at°@5with 2.5x18algal cells mf* of C. vulgarismaking it
appropriate for enhancing local aquaculture. Massdywction of B. angularis can be
enhanced with 2.0 m*l of CME. In order to reduce overdependence on frasiae,
euryhaline rotifers can be pre-incubated with 50 M@f GABA for 48 h to achieve
maximum production within a week using dried dietg. N. oculataand C. vulgaris To
eliminate microalgae from aquaculture productioaichFWD is a promising alternative.
The production flow-chart is summarized in Figur2 ®elow. FWDcan produce up to
1,200 rotifers mt bi-weekly, thus presents a self sustaining biatetdgy for stable
production of DHA- and EPA-rich rotifers, for aqudtcre. FWD causes proliferation of
micro-flora, suppresses rotifer mictic cycle andoig parthenogenetic reproduction of
rotifers. FWD combined with CMBproduced about 150, 12, and 8 ind'ndf rotifers,
copepods and cladocerans, respectively, on weekdysm outdoor culture tanks. FWD
production protocol is cheap and costs about USI/0nillion rotifers. Therefore, FWD is
convenient for profitable aquaculture productiorrtipalarly in the countries without
sophisticated infrastructural investments for hagnse microalgal production. However,
further studies should document a comprehensiveusmtof the microbial flora associated
with the FWD, including their successive coloniaati overtime. Even though the
preliminary data showed thBWD-fed rotifers can be used for larvicultureSfjaponicas
more studies are needed to authenticate thesen@sidFWD appears to be a major leap
toward making pre-planning of fish seedling productin aquaculture facilities feasible.
Further studies are recommended to investigatsuhability of the FWD for mass culture

of other planktonic live food resources e.g. copispaladocerans anéirtemia There is
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need to test the suitability of other environmemtaktes e.g. from livestock abattoirs for

live food production.

I Fishwastes mainly heads (Fishwaste diet (FWD)) I

2 5g

I Crush FWD using mortar and pestle I

25

Weigh 0.5 g/L of FWD and wrap in 200um
plankton net and insert in about 150 cm? text liner
container

Culture conditions

¢ Sea water 22ppt.

¢ inoculate 20
rotifers/mL

+» Monitor water quality
in the tanks daily (NH3-
N, DO, and pH).

Add 0.2 g/L of carbon
source (wheat flour)

water bath system /
maintained at 28+1°C
-

\ 4 \ 4 A\ 4 \ 4
1%tharvesting day 5 and 2"d harvesting day 10 and 3rd harvesting day 14 and Wash and disinfect tanks
add new water and FWD add new water and FWD add new water and FWD and restart cultures

Figure 6-2: Flowchart for rotifer production usitige low-cost and stable FWD technology
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