SEAWEEDS AS BIOFILTER
FOR MONITORING WATER QUALITY IN
AQUACULTURE SYSTEMS

Dissertation submitted in partial fulfillment
of the requirements
for the degree of

MASTER OF FISHERIES SCIENCE
(MARICULTURE)

OF THE

CENTRAL INSTITUTE OF FISHERIES EDUCATION
(Deemed University)
Mumbai-400061

By
SEEMA.C
(MC@&Lmﬂmmwmm:r%
\ e ‘EB.E} 2,002
s £a ﬁm-:“g) o
&% Ko Ak 9 a "8 (\.L‘u‘-
1% W u iwew S - .,..........-...
IC AR

CENTRAL MARINE FISHERIES RESEARCH INSTITUTE

Indian Council of Agricultural Research
COCHIN -682014
INDIA

JULY 2002



S
TC%g;
y
B
D




g

Flwge () 1 194867/ L Ead
391407

)

ol L/ Tebgam 3 CADALNIN EXNM
q " 4 Tekx : (3856435 BIFRI IN
E\Bﬁm i‘lﬂﬂ ml?@aﬁl Slﬁi‘:l'dﬁ 0T Fax : 84399909
.. - o E-nail 1 nudenaiiGnnd venl net in
T ST A 505, SROTHETA, BETH45 014
b
CAR CENTRAL MARINE FISHERIES RESEARCH INSTITUTE

PO3T BOX Mo 150_3. EEMAKULAM COCEIN-632014
( HIHRT Ef% 31: e tli:%zh.}

Unsdian Couned of Agricultural Research)

Dated 18 JULY, 2002

CERTIFICATE

Certified that the dissertation entiled “SEAWEEDS AS
BIOFILTER FOR MONITORING WATER QUALITY I[N
AQUACULTURE SYSTEMS” is a record of independent bonafide
research work carried cut by Ms Seema. C (MC- 66} during the
period of study from September 2000 to August 2002 under our
supervision and guidance for the degree of Master of Fisheries
science (Mariculture) at the Central Marine Fisheries Research
Institute, Kochi, and that the dissertation has not previously formed
the basis for the award of any degree, diploma, associateship,
fellowship or any other similar title.

Major Advisorichairperson

NSO KOy

ReetalJayasankar
enior Scientist
Fishery Environment
Management Division

) Advisory committee /
)H/ el .'x.xc--x.-\--\) rf/

R o]

Grace Mathew ' Josileen Jose
(Ce-chairman) {Member)
Principal Scientist Scientist (Sr. Scale)
Demersal Fishery Division Crustacean Fishery Division



DECLARATION

| hereby declare that the thesis entitled “SEAWEEDS AS BIOFILTER
FOR MONITORING WATER QUALITY IN AQUACULTURE SYSTEMS” is an
authentic record of my own research work and that no part thereof has been
presented for the award of any degree, diploma, associateship, fellowship or
any other similar title.

Seema .C
18" July 2002 M. F. 8¢ student,
Cochin Central Marine Fisheries Research Institute






ACKNOWLEDGEMENTS

| express my deep sense of gratitude to my major advisor
Dr. (Mrs) Reeta Jayasankar, Senior Scientist, CMFRI, Cochin for her effective
guidance, timely help, unstinted support and immense encouragement extended to
me during the whole period of work and also in the preparation of manuscript. My
sincere thanks go to Smt. Grace Mathew (Principal Scientist) and Dr.Josileen
Jose (Scientist, Senior Scale), members of the advisory committee for the kind
support extended to me during the tenure of this work.

| am extremely grateful to Dr. Mohan Joseph Modayil
Director, CMFRI, Cochin for providing me all the facilities to carry out my
dissertation work. | take this opportunity to thank Dr. R, Paul Raj, Principal Scientist
and OIC,PGPM, CMFRI, Cochin for all the encouragement and support. Words
cannot express my sincere gratitude to Dr. M. Rajagopalan, Head, FEM Division for

allowing me to have access to all the facilities available in his Division.

My sincere thanks are due to Dr. N. Kaliaperumal,
Principal Scientist and QIC, Mandapam Regional centre of CMFRI, Mr. Edwin
Joseph (Librarian), Mr., Shanmugam (Lab assistant) and other staff members of
Mandapam Regional centre of CMFRI for their kind cooperation and helps during the

caollection of samples.

I would like to express my ceep felt thanks to Dr. Somy
Kuriakose for her valuable support for the statistical analysis for this work. | extend
my sincere thanks to Dr. P.Kaladharan, Dr. Sunil Kumar Mohammed and Dr. V.
Kripa for their encouragement and helps during the course of study.

| wholeheartedly thank Mr. A. Nandakumar, Mr. L. R.
Khambadkar, Mr.Nandakumar Rao and Mr. T.G.Thippeswamy for their valuable
help during the period of my research work. | also thank Smt. Valsala, Smt. Leelabai
and Ms, Dhanya for helping me in analyzing samples.



| am very much grateful to my friends Divya, Smitha, Vikas,
Anand and Edwin for all their encouragement and helps. My special thanks are due
to Latha, Sandhya, Liya, Juliet and Neetha for their valuable suggestions, timely
help and encouragement throughout the period of my work.

Words cannot express my deep felt gratitude to my
grandparents, parents and family members for the moral support,
encouragements and good wishes which helped me to complete this research  work

successfully,

| hereby acknowledge to Indian Council of Agricultural
Research, New Delhi for awarding me Junior Research Fellowship during the tenure
of study period at CMFRL.

L.et me thank God Almighty for giving me such an opportunity in
my life.



g 7 A |, AT Soaree A g o dwregar agdt o @ 2.
R wads Sy evae @ andwr wonmRa gRuW e |
A Ty ) wuel § A wae ok amifrn, ArEee ok AsEEe
SRY ATEZIOE w1 daae fae WY o 8 9 & Rew g
SEEl ® AaE T8 97 oy €. 39 Rewwa @ PP wvs o @
T &R T YT 7 § AsHad o e ™ g 99e a3
T @ § v e e, A sifaem @ wigar wmw elR
SIRTERAY TS smavaear w9 xS Ul @Y T /1 8. 3
W e & | Aoel ok s R Wy Shal w1 ag Weda R
i o e o i e B e R B G B L R L R R R
sRerfera oRE Sopd wEEE BT o1 wear ©. 39 gHwel %
frafke & fag «wm semm e T oR Ao sfEwnl aur S
sl # Rftw wph dael St IReRer #ifSder, s deegar
AR srear MWparer T WY T W WERSHS IR Fwd.
od T @ R § wgd dow v TR v W g A
U ST |, W UF W SUEaST ¥, @Y v ont 8 ot &
7odl afwm § SR fey g of. Fiffder @ g dmeger S
daral A o @ wWimen mEw: 18.29 ¥ 2.1 alv 2.33 Amum
srcH/far aw w9 oy . A eRa dara sier Megeler wr s
T & WY SIER TR U 3 44 § 10 A sreny/fer. o
v T ofN 3T ¥ 9 SuER o W 320 & 22 A srew/fe.
% 0T 7T, DR @ 7 3 afEar §8 SN oeen & awelt
afk-orat o Ty wher &, wwelt aun @i efdamal | fsy o adae
ofiem ZRT 9ga AT 1Y ¥ we Frem g 5 .

—



ABSTRACT

Aquaculture poses a great potential for protein production world wide.
Land-based facilities reduce many of the obstacles such as predation,
poaching, weather conditions and regulation connected with offshore
mariculture.  Onshore mariculture faces a lot of difficulties due to
accumulation of phosphate and nitrogeneous compounds such as ammonia
nitrate and nitrite to a toxic level which makes the water unfit for aquaculture.
Macroalgae plays a vital role in controlling this toxic wastes to a reasonable
and cultivable limits. Also, it improves the water quality by lowering pH,
increasing dissolved oxygen concentration and lowering biochemical oxygen
demand. This aquaculture management can be made either through a
polyculture system of marine organisms such as fish and shrimp with
seaweeds or by recirculating the effluents from the culture tank to the treated
- tank supplement with seaweeds. To understand these problems, the present
experiment was planned and encouraging results were achieved from the
treatment of fish effluent and shrimp effluent by different seaweeds such as
G.corlicata, Ulva lactuca and Ulva reticulata. Ammonia, a major metabolite
available in the fish and shrimp effluent was drastically reduced when treated
with seaweeds. Both the seaweeds, G.corficata and U.lactuca used for the
treatment of fish effluent reduced ammonia concentration from 13.29 to 2.1
and 2.33 ug atom/l respectively. On the other hand, the green algae Ulva
reticulata treated with shrimp effluent and also cultured along with shrimp
showed reduction of ammonia from 44 to 10ug atom/l in the earlier case and
320 to 22ug atom/l in the later case. The increase in phosphate content is a
major problem in the fish effluent in closed agquaculture system. Removal of
phosphate was found to be very slow in the present experiment from both fish

and shrimp effluent.
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1. INTRODUCTION

The term aquacutture denotes the farming of aquatic organisms for food
or for commercial purposes. The importance of aquaculture production in providing
high protein foods and enhancing economics worldwide is increasing.

World aquaculture production from inland and marine waters in 1999 is
32.9 million tones. Asian region, particularly China dominated world production.
Water is the life support system of any aqualic organisms under culture. Thus
ensuring the water quality in the culture site is the fundamental management
requirement and role of the industry. Over the last two decades, many intensive
aquaculture enterprises have suffered severe losses due to disease outbreak, poor

farm management and degrading quality of the aquatic environment.

The discharge of low-quality water from land-based mariculture facilities
cause environmental and economic concerns, since fish excrete to the water 70-80%
of their ingested protein nitrogen. The intensive marine shrimp culture has had a

negative influence on water quality of coastal zone.

Eifluents from intensive tarming contain much organic matter, nitrogen
compounds, phosphorus and other nutrients lead to eutrophication. Nutrient load of
the water encourages toxic plankton blooms and morality of the aquatic animals.
The aquaculture enterprises will eventually collapse if the water quality is allowed to
deteriorate either through self-pollution arising from uncontrolled culture practices or

through pollution from external sources.

Biotiltration, the treatment of eftluenis using live organisms has been
found successful for improving water quality in aquaculture systems. The new
approach is essentially to use closed systems of farming coupled with the application
of biotechnological bacterial products and the integration of compatible candidate
species of bivalves, fishes, sea cucumbers and seaweeds in the farming systems.

Since, it does not harm the environment and utilize ecological niches
fully and yield maximum, it may be called “ecological aguaculture”. These biofilters
have proved to be potential removers of particulate and dissolved metabolites from



shrimp/fish ponds. This production process has the advantage that it produces high
priced products, while sharing many of the production inputs such as feed, water,

energy and ponds.

The aquatic vegetation is an important factor in the self-cleansing
capability of the water, This vegetation includes microscopic algae as well as
macroscopic plants such as duckweeds, water hyacinths, seaweeds etc. Most of the
metlabolites are removed through assimilation by vegetation and biological
conversion. Integration of economically important marine plants in an aguaculture
system allows the management of eutrophication problems associated with the
present fish mono-aquaculture and coastal agriculture or urban or industrial

practices.

Seaweeds can clean the excess nutrient supply and other animal
metabolic by-products and simultaneously grow and provide a significant amount of
the needed oxygen for the farms through their photosynthetic activity. Seaweeds not
only participate in the bioremediation of nutrient enriched coastal waters, but are also
a high-value crop that diversifies sources of revenue and labour force of the

aquaculture industry.

The polyculture of various species of fish with detritus feeders and
plants has been used traditionally in land-based aquaculture Worldwide to exploit
more foods naturally available. The excretion of one organisms in such system often

supply food to ancther (Mohan, 1990).

The present study aims to study the impact on water quality when
seaweeds are cultured in effluents of fish and shrimp and seaweeds with shrimps in a
polyculture system. Water quality parameters like pH, dissolved oxygen, biological
oxygen demand, nitrate, nitrite, ammonia, phosphate, silicate, were monitored to
assess the change in water quality as a result of uptake of nutrients by the

seaweeds,






2. REVIEW OF LITERATURE

The most direct aquaculture impact and the one most receiving

attention is concern for maintenance of water quality.

Degradation of water quality and effluents by particulate and dissolved
nutrients from animal excretion and uneaten food from land-based mariculture has
been reported (Krom and Neori, 1989; Neori et al., 1989). These effluents may have
a negative impact on the receiving environment (Tomascik and Sander, 1985; Bell et
al., 1989)

The technique of biofiltration (treatment of effluent using living
organisms) was found successful because it would pave way for additional income
besides improving the quality of source water through abatement of aquatic poliution
(Oswin and Rahman, 1997)

The work on the use of biofilters in aquaculture system has been
attempted by few workers (Cohen and Neori, 1991; Rosenthal, 1991). In these
studies, biofilters of bacteria, phytoplankion, suspension feeders (bivalves) and

seaweeds, separately or in combination has been incorporated.

In closed systems of fish culture, ammonium and nitrite can accumulate
to toxic concentrations. In fresh water culture, nitrifying and denitrifying bacteria are
used to detoxify and eliminate these compounds (Meade, 1974). In marine systems,
seaweeds are a logical alternative to bacteria because they have capacity to clean
the excess nutrient supply and other animal metabolic by—products, and
simultaneously grow and provide a significant amount of the needed oxygen for the
farms through their photosynthetic activity, By selecting seaweeds of commercial

value, additional profits can be made.

integrated approach can be applied where wastes from one crop are
recycled within the farm as inputs for another crop (Ruddle, 1991), Integrated
aquaculture, otherwise termed, as “Ecological aquaculture” is energy efficient,
recycles wastes, minimizes environmental impact and is integrated with other food

production systems



It is generally accepted hypothesis that seaweeds in co-culture systems
incorporate the metabolic wastes of animals into algal biomass resulting in a high
growth rate (Harlin ef al., 1978). The animals in the system presumably benefit from
improved water quality. In Israel, the concept of developing an “environmentally
clean” aquaculture based on an integrated fish- molluscs- macroalgae system was
first proposed by Gordin et al. (1981). Such a system was also tested at Eilat in
Israel (Gordin, 1982; Gordin et al,, 1990, Shpigel ef al., 1991, Mukhi et al., 1993).

Systems integrating fish and macroalgae (Mc Donald, 1987), fish or
shrimp and oysters in land based facilities (Wang, 1990) or in offshore facilities

{Jones and lIwama, 1991) have been conducted.

The combined culture of marine algae and animals has been tested in
China and Taiwan. This system is based on the concept that algae actively uptake
COg,, release oxygen to the surrounding environment and utilize metabolic wastes
from the culture organisms. As a result algae can create a favourable environment for

animal growth {Shan and Wang, 1985).

Folke and Kautsky (1992) proposed polyculture with interacting species,
which would recycle nutrients and minerals. Focus is mainly on the use of bivalve
molluscs (oysters, mussels and clams), seaweed and mangroves to reduce the

environmental effects of fish and shrimp culture.

The filter feeders like molluscs remove the particulate suspended
matter and deposit it on the bottom as faeces and pseudofaeces (Inui et af., 1991).
Molluscs, which recycle waste products (uneaten food, faeces etc.) keep the
surrounding water clean, reduce sedimentation and decrease the risk of algal blooms

and turbidity in the water.

Seaweeds such as species of Gracilaria have been tested to grow in
polyculture system, because the.y absorb or remove soluble nutrients (Nitrogen and
Phosphorus), which are not absorbed by molluscs (Inui et al, 1991; Macintosh and
Philips, 1992). The advantages of this type of polyculture are decreased feeding
requirement, fuller use of ponds, enhanced utilization of water, reduction of costs,

increase of profits and a decrease in pollution.



Kappaphycus alvarezii and Pinctada martensia were used as
experimental materials for integrated cultivation (Pei-Yuan et al., 1996). They found
that algae removed wastes released by pearl oysters very efficiently, especially
ammonium. The algae treated with pearl oyster wastes grew much faster than those

without oyster wastes.

Several workers have attempted integrated cultivation of salmonids and
seaweeds. Gracifaria chilensis used in tank cuttivation of salmonids resulted in 25%
Nitrogen and 3.5% Phosphorus removal (Buschman ef al., 1994). Mwandya et al.
(1999). studied the efficiency of macro algae like Euchema denticulatum, Gracilaria

crassa and Ulva reticulata to remove nutrients from fish tanks.

Neori et al. (1996) suggested a system of integrated culture of fish
Sparus aurata and Ulva lacluca. L. Seawater was recirculated between intensive
fishponds and seaweed ponds. The seaweeds remove most of ammonia excreted by

fish and oxygenated the water.

Integrated cultivation of salmonids and seaweeds in open systems was
conducted by Petrell et al. (1996) to provide information on production, nutrient
removal and technical and economic feasibility of different production strategies.

Radhakrishnan (2001) conducted an experiment on the use of
seaweeds for removal of nitrogenous wastes in closed lobster culture system. The

seaweeds used were Gracilaria corticata and Gracilaria verrucosa.

A clean technology in aquaculture has been suggested by Torjan et al.
{1996) which involves a theoretical model! linking production of salmon, mussels and
seaweeds in floating, enclosed units based on field data, laboratory tests and

literature data.

‘A simulation model was developed for an experimental recirculating
mariculture system in Israel (Stephen et af,, 1996). Several studies have reported
(Chiang, 1980; Chang and Wang, 1985; Lou and Wei, 1986; Tian et al, 1987:
Chunhan, 1989; Trono, 1989; Wei, 1990) enhanced growth rate of seaweeds and

animals in integrated culture.



The advantages of intensive closed system aquaculture are greater
control over water quality, more production per unit area and controllable growth
rates. The feeding techniques and high loadings generally produce a concentrated
wastewater that must be treatéd by physical, chemical and biological processes

before reuse.

Biological treatment process appears to be economical, sound and
scientifically acceptable, because of its simplicity, ease of operation and
maintenance. Mangroves, seaweeds, bivalve molluscs have been used for effluent

treatment.

Mangroves offer protection to coastal ponds by removing nutrients,
heavy metals, suspended solids and toxic hydrocarbons (Landers and Knut, 1991).
Use of mangroves to treat shrimp pond effluent, either by retention of a buffer zone or
by replanting méngroves has been tried by Macintosh and Philips (1992). Oswin and
Rahman (1997) studied the treatment of waters in effluent treatment plant (ETP) of a
coastal shrimp farm (Bismi Aqugfarms, Perunthottam) using seaweeds (Gracilaria
verrucosa), mussel (Perna virdis) and oyster (Crassostrea madrasensis) and proved

their efficiency in considerably reducing the suspended solids, nitrates and

phasphates.

The biological treatment of sewage by algae and bivalves was also
studied by Ryther ef al. (1972 and 1975). In this secondarily treated sewage, mixed
with seawater was used to culture unicellular algae. These algae and the remaining

dissolved nutrients were removed by bivalves and seaweeds.

Duck weed culture in waste water has gathered much scientific
concern, since the removal of Biochemical Oxygen Demand, suspended solids,
nitrogen, phosphorus and metals by duckweed from waste water has been reported
to be appreciably high. (Reed et al., 1998; Ayyappan, 2001).

Asare (1980) found that animal waste could be used as nitrogen source
for cultivated Gracilaria tikvahiae and Neogardhiella baileyi. In Thailand, seaweeds
such as Gracilaria fisheii and Gracilaria tenuistipitata or colonies of green mussel in
drainage canals removed nutrients before the water was discharged
(Chandrakrachang et al., 1991; Lin et al, 1992). Mans et al. (1994) used bivalve



mollusc and seaweeds for treatment of shrimp farm effluents. In this study,

concentration of phosphate, amrn_onium and nitrate showed significant reduction.

Large scale experiments on purification of nutrient rich effluents have
been made with seaweeds, principally Gracilaria (Ryther et al., 1979). Buschman et
al. (1994) conducted a study on the use of salmon tank effluents for Gracilaria
chilensis cultivation. Seaweeds are known to utilize different sources of nitrogen
simultaneously but nat necessarily at the same rate. Nitrate and ammonia are equally
effective in promoting growth of Chondrus crispus (Neish and Shacklock, 1971). Ulva
lactuca is more efficient in assimilating total nitrogen than Chondrus crispus when

nitrogen is in excess.

Lapointe and Tenore (1981) found that uptake of nitrate by Ulva
fasciata depends mostly on daily nitrogen supply of that nutrient, Ryther ef af. {1981)
demonstrated a8 much higher ammonium uptake rate in nitrogen starved Gracilaria

tikvahiae than in nitrogen sufficient seaweed.

Most of the work on seaweeds as biofilters for marine fish pond
effluents is based on ammonium biofiltration (Cohen and Neori, 1991; Jimenez ef al.,
1984). The use of Ulva spp as biofilters has been suggested as an efficient method to
recover large amounts of dissolved inorganic nitrogen (Fralick ef al., 1979,
Vandermeulen & Gordin, 1990; Jimenez ef al,, 1996)

Fish pond biofilters with green seaweed Ulva factuca L. remained clean
and functional for years with minimal maintenance, producing high yields using only
fish pond effluents for water and nutrition. (Vandermeulen and Gordin, 1990; Cohen
and Neori, 1991; Neori ef al, 1991).

Macroalgae showed many physiological mechanisms for responding to
environmental changes and the ability to tolerate environmental disturbances
(Kuebler et al., 1997). The survival of the species is often determined by its ability to

acclimate to such environmental changes.






3. MATERIALS AND METHODS

3.1. Collection of seaweeds and experimental animals

Species of Gracilaria corticata and Ulva lactuca were collected from
Thonithurai (9°17° N and 70°11'E), located on the south east coast of TamilNadu,
near Mandapam. Samples were collected during low tide in the morning and
transported to the laboratory of Mandapam Regional Centre of C.M.F.R.l. The plants
were brushed off epiphyles and cleaned well in running seawater 3-4 times. They
were kept under running seawater in fibre glass tanks in the green house. Healthy
seaweeds were sorted out and packed in perforated polythene bags and transported
to CMFRI, Cochin. They were maintained in the seaweed culture laboratory of marine
hatchery complex for 1-2 days to overcome the transportation stress before starting

the experiment.

Ulva reticulata was collected from Ashtamudi lake(8°45-9°28'N and
76°25'-77°17'E) near Dalavapuram in Quilon.The plants were cleaned thoroughly in
running water to remove the debris. Fresh seaweeds were sorted out and tranSpdned
to Cochin in perforated polythene bags kept with a bucket of estuarine water.

Indian white shrimp (Penaeus indicus), H.Milne Edwards (1837) were
collected from the ponds of valappu and brought to the marine hatchery complex in
25 1 jerry can filled with water. Fish effluents were collected from the Fisheries
Harbour laboratory of CMFRI, Thopumpaddy, where the grouper fishes are
maintained in 5 ton capacity fibreglass tank. The shrimp effluent was collected from

the shrimp farm {Ajanta) near Valappu.
3.2. Experimental set up

3.2.1 Fish effluent

Experiments were set up in the Marine Hatchery complex to assess the
change in water quality of fish effluent when treated with seaweeds. Transparent

rectangular Perspex tanks of 100 | capacity were used for these experiments. Two



sets of experiments were set up in duplicate with different seaweeds whereas one set
was kept as control.

Inthe control tank the fish effluent (90 1) were kept without any seaweed
with adequate aeration. Whereas in the treated tanks 200g of Gracilaria corticata
and Ulva lactuca were kept separately on the nylon mesh just dipped in the effluent
(Plate 1). Vigorous aeration was provided to in the treated tank to allow the sffluents
mixed up uniformly. All the experiments were carried out in duplicate.

3.2.2 Shrimp effluent

In this experiment, shrimp effluent was treated by green seaweed Ulva
reticulata Two hundred gram of seaweed was placed on the nylon mesh of the tank
just dipped in the effluent. Adequate aeration was provided in the treated tank to
allow the effluents mixed up uniformly. All the experiments were carried out in
duplicate. The shrimp effluent without seaweed was taken as control (Plate.2).

3.2.3 Shrimp with seaweed

In this experiment 4 shrimps of body weight, 20g (fresh weight) were
kept in tanks with 90 | water of 23 ppt salinity and 100 g seaweed Ulva reticulata with
a ratio of 1.5, In the control tank the shrimps of same body weight were kept in the
water of 23 ppt (90 I) without seaweed (Plate.3).

This experiment was planned to know the stocking density of seaweed
and shrimp in a closed aquaculture system and to evaluate the efficacy of seaweed
to remove the waste dissolve toxic material from the system. All the experiments
were carried out in duplicate. Adequate aeration was provided from the compressor

with a control valve.

3.3. Sampling

All the experiments were continued for 20 days. Regular sampling was
done in control and different treated tanks at initial period i.e before treatment (BT),
10 days after treatment (10 DAT) and 20 days after treatment (20 DAT).



Plate 1.Experimental set up of fish effluent treated with seaweeds



Plate 2.Experimental set up of shrimp effluent treated with seaweeds.

Plate 3.Experimental set up for polyculture of shrimp and seaweeds



3.3.1 Monitoring environmental parameters

All the experiments were carried out in the controlled condition in
seaweed culture laboratory of Marine hatchery complex. The temperature was
maintained at 28° C. Hanging tubelights were provided above each tank to get
uniform light intensity. Salinity of the seawater was maintainéd 35 ppt in the fish
effluent whereas it was 23 ppt in shrimp effluent. Aeration was provided from the

compressor with controlled valve,
3.3.2 Monitoring water quality parameters

Various water quality parameters were estimated at each sampling
period from initial to 20 days of treatment from both control and treated tanks.

Dissolved oxygen was estimated by the standard procedure of
Strickland and Parson (1968) by using Winkler's reagent. The pH was taken by a
digital pH meter. Salinity was recorded by using a refractometer with reference to
distilled water. Biochemical Oxygen Demand (BOD) was estimated by incubating the
water sample in a BOD incubator for 5 days at 20° C under complete darkness.

Ammonia estimation was carried out by the methad of Solarzano (1969)
where the seawater was f{reated with a[kaline— citrate medium with sodium
hypochlorite and phenol in presence of sodium nitroprusside which act as a
catalyzer. The blue indophenol colour with ammonia was measured at 640 nm by a
U 2010 UV-Visible Hitachi spectrophotometer.

Nitrate was estimated by the modified method of Morris and Riley
(1963) with some modifications suggested by Grassenhoff (1964) and Wood ef al
(1967). The sample was allowed to get reduced by a buffer reagent and reducing
agent for 20 h and then react with sulphanilamide in an acid solution. The highly
coloured azo dye was measured at a wavelength of 545 nm in U-2010 UV-Visible

Hitachi spectrophotometer.

Nitrite was estimated by Shinn method (1941) modified by Bend
Schneider and Robinson (1952). The sample was allowed to react with

sulphanilamide in an acid solution. The resulting diazo compound is reacted with N
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(1-Naphthyl) ethylene Diamine to form a highly coloured azo dye, which was
measured at 545 nm in the above menticned spectrophotometer.

Phosphate was estimated by the method of Murphy and Riley (1962).
The sample was allowed to react with a composite reagent containing molybdic acid,
ascorbic acid and trivalent antimony. The resulting complex was reduced to blue

colour and measured at 885 nm in spectrophotometer.

Silicate was estimated by the method of Mulin and Riley (1955). The
sample is allowed to react with molybdic acid. The resulting complex is reduced with
a composite reagent containing oxalic acid, sulphuric acid and metol sulphite and the
colour developed is measured at 810 nm in the UV-visible spectrophotometer.

3.3.3 Estimation of photosynthetic pigments

All the pigments such as chlorophyll (chlorophyll a and b) and
accessory pigments (Phycoerythrin, phycocyanin and allophycocyanin) were
estimated in the seaweeds Ulva lactuca, Ulva reticulata and Gracilaria corticata by

the standard method of Jeffery and Humphrey (1975).

Known quantity of plant material were cut into pieces, ground in a pre-
cooled mortar cum pestle with 80% acetone. The extract was centrifuged at 8000
rev/min in a Hitachi refrigerated high-speed centrifuge at 4°C. (Himac model CR 21
G) for 10 minutes. The clear supernatant was made up to a volume of 6 ml and
optical density was measured at 630, 645 and 663 nm by UV-visible
spectrophotometer (Hitachi model U-2210). Chlorophyll a (Chl a) was estimated for
Gracilaria corticata and Chlorophyll a & b (Chl b) were estimated in Ulva lactuca and
U.reticulata by the following formulae were expressed as microgram of chlorophyll

per gram fresh weight.

Chia =(12.7x AB63) — (2.96x A645)
Chib =(22.9x AB45) - (4.68x ABE3)

The accessory pigments such as Phycoerythrin (PE), Phycocyanin (PC)
and Allophycocyanin (APC) of Gracilaria corticata were extracted with 0.5 M
phosphate buffer at pH 6.8. The apical portion of the thallus were cut into small
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pieces and ground in the above mentioned buffer in a pre-cooled mortar cum pestle.
The extract was kept in the refrigerator for 24 h for complete extraction of pigments

and then centrifuged at 10,000 rpm for 15 minutes by the refrigerated centrifuge at
4°C. The volume was adjusted with the buffer to 6 ml and the optical density was

measured by the Hitachi spectrophotometer at wavelengths of 498, 614 and 651 nm.
The pigments were estimated by the formulae as follows. The pigments content were

expressed as milligram of pigment per gram fresh weight.
PE = (155.8x A498) — (40.4xA614) — (10.5x A651)
PC  =(151.1x A614) - (99.1xA651)
APC =(181.3x AB51) - (22.3x A614)

3.3.4 Monitoring the live stock of prawn

The animals were fed daily with pelleted diet, 2% of their body weight.
Adequate aeration was provided from the compressor with controlled valve. The live

animals were observed daily and replaced if mortality any was recorded.

3.4. Statistical analysis

Results were interpreted by analyzing tha data statistically by Analysis
of Variance (ANOVA) for each character and treatments with or without replications.
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4. RESULTS

4.1. Treatment of fish effluent with seaweeds

Fish effluents collected from Fisheries Harbour Laboratory of CMFRI,
Thoppumpady were treated by two different types of seaweeds. Gracilaria corticata,
a red algae widely available in the Indian coast and Ulva lactuca, a green algae also

available in most of the area in Indian coast.

It was observed that the pH values in fish effluents treated with
Gracilaria corticata and Ulva lactuca showed a declining trend on 20 DAT aiter an
initial rise in pH by 1 % on 10" day. The decline was more pronounced with G,
corticala (22.5 %) than U. lactuca (5.27 %) (Fig.1). The analysis of variance did not
show any significant ditference between the treatment and control tank throughout

the experimental period (Table.1).

Dissolved oxygen (DO) content of the treated and control tank showed
almost a similar trend. There was an initial increase of DO for 10 days and then
declined on 20 DAT. The increase was of DO is only 8.25 % compared 1o 33 % in
treated tank of G. corticata but no change was cbserved in U lactuca. On 20 DAT
the DO declined by 38 % in G.corticata, 16 % in control tank but only 2 % in U.
lactuca with reference to 10 DAT. The overall decline was more pronounced in the
tank treated with G. corticata (Fig.1). Statistical interpretation did not show significant
diiference between the control and treated tanks (Table,1).

The Biological oxygen Demand (BOD) also showed a similar trend like
dissolved oxygen. There was an initial increase in BOD on 10 days of treatment
which was more pronounced in G.corticata followed by a decline on 20 DAT both in
control and treated tanks. The decline on the BOD was maximum in G. corticata
(61.5 %) and 28.6 % in U.lactuca from the initial value. The analysis of variance
table showed no significant difference in BOD values between treatment and control
tanks throughout the experimental period (Table 1).
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Fig.1. Water quality parameters of fish effluent treated with seaweeds.
CANOVA pH
Source Sum-of-Squares | df Mean-Square | F-ratio P
_IBEATMENT 0.008672 2 0.004836 | 1.297317 | 0.367907
PERIOD 0.009372 i 0.004686 | 1.257079 | 0.377054
[ Error 0.014911 4| 0.003728
TOTAL 0.033956 8
ANOVA DO
source Sum-of-Squares df Mean-Squarg | F-ratio P
TREATMENT 0.105622 2 0.052811 | 0.182562 | 0.839705
PERIOD 1.567222 2 0.783611 | 2.708853 | 0.180387
Error 1.157111 4 0.289278
TOTAL 2.829956 8
ANOVA BOD
Source Sum-of-Squares | df Mean-Square | F-ratio P
TREATMENT 0.154156 2 0.077078 | 0.704284 | 0.546968
PERIOD 0.511489 2 0.255744 | 2.336751 | 0.212682
Error 0.437778 4 0.109444
TOTAL 1.103422 8

Table 1. Anova table for the water quality parameters of fish effluent treated with
T ggaweeds,




Ammonia, an important parameter of water often showed a very high
value in the effluent. In the present experiment, the ammonia concentration declined
gradually to a greater extent in the treatment tanks. In the control tank, initially there
was an increase in ammonia concentration by 39 % but then it declined to 34 % in
the next 10 days. The decline of ammonia in treatment tanks ranged from 82 % in U.
factuca to 84 % in G. corticata from BT to 20 DAT, where as they were 63 to 70 %
decline over control after 10 DAT and 73- 75 % after 20 DAT (Fig.2). Analysis of
variance clearly indicated the significant difference in ammonia values between the
* treatment and control tanks and also among the days of treatment throughout the
experimental period {Table.2).

The nitrate concentration showed a different trend in the treated and
control tanks. In the initial period of treatment from BT to 10 DAT, the Nitrate
concentration increased to a very high value and then declined marginally in the
treated tanks. In the control tank, the nitrate content increased further at 20 DAT.
While comparing with control at 20 DAT, the nitrate content was found to be declined
from 54 and 72 % in G‘codic.ata and Ulactuca respectively (Fig.3). Statistical
interpretation showed highly significant difference in nitrate values between the
treatments and control, period of treatment and period / treatment throughout the

experimental period (Table 3).

The nitrite content of the fish effluent exhibited an initial increase in
both control and the tanks treated with G. corticata where as the treatment with
U.lactuca showed a gradual decline. In G.corticata the nitrite content declined to a
greater extent by 63.7 % on 20 DAT over the initial value where the decline was
marginal in control tank (20.6 %). In Ulva the nitrite content declined to 96 % after 20
DAT (Fig.4). The analysis of variance showed a significant difference in nitrite values
between the treatment and control tanks throughout the experimental period (Table
4),

Phosphate is a general problem in the closed aquaculture system. The
level of phosphate increased due to the feed given to the fish. In the present
experiment, there was a gradual decline in the phosphate content treated with
seaweeds. But the decline was very slow. It was observed that the phosphate
declined by 26.6 % at 10 DAT in G.corticata tank and then increased marginally.
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Fig.2. Ammonia content of fish effiluent treated with seaweeds

Source Sum-of-Squares | df Mean-Square | F-ratio P
PERIOD 197.138 2 58,569 50.225 0.000
TREATMENT 284.523 2 142.262 72488 0.000
PERIOD TREATMENT 143.150 4 35.787 18.235 0.000
Error 17.663 9 1.963

Table 2. Anova table for the ammonia content of fish effluent treated

with seaweeds
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Fig.3. Nitrate content of fish sffluent treated with seaweeds.
Source Sum-of-Squares | df Mean-Square | F-ratio P
PERIOD 6969.893 2 3484.947 87.07 0.000
TREATMENT 30992.805 2 15496.403 390.005 0.000
PERIOD*TREATMENT 5071.607 4 1267.902 31.910 0.000
Error 357.605 9 39.734
Table 3. Anova table for the nitrate content of fish effluent treated
with seaweeds.
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Fig.4. Nitrite content of fish effluent treated with seaweeds.

Source Sum-of-Squares | df Mean-Square | F-ratio P
PERIOD 1404.436 2 702.218 112.614 0.000
TREATMENT 1457.121 2 728.561 116.838 0.000
PERIOD'TREATMENT 947.091 4 236.773 37.971 0.000
Error 56.121 g 6.236

Table 4, Anova table for the nitrite content of fish effluent treated with

seaweeds.




But the overall decline was found to be 14.6 % over control. In U.lactuca, the
phosphate declined by 22-25 % on 10 DAT and 20 DAT. The overall decline was
more than 16 % than control. In control tank, the phosphate content declined
marginally and then increased (Fig.5). The analysis of variance showed a significant
difference in phosphate values between the treatment, period and periods and
treatments (Table 5).

The silicate value in contro!l and fish effluent tank treated with seaweeds
showed generally an increasing trend in all experiment. While comparing with control
the silicate value was found to be less by 26 % in the tank freated with U.factuca and
26.2 % in G.corticata (Fig.6). The analysis of variance showed a significant difference
between periods, however no significance was found between treatments and

between treatments and periods (Table 6).

The qualitative changes in the physiological parameters are many, but
here emphasis is given only to the change of photosynthetic pigments of seaweeds.
The pigment concentration such as chlorophyll a, phycoerythrin and phycocyanin and
allophycocyanin were found to decrease in G.corticata treated with fish effluent within
10 DAT. The accessory pigments were found in reasonably high concentration
declined drastically in the initial 10 days but recovered marginally after 20 DAT. The
chlorophyll concentration showed a gradual decline with in the experimental period
(Fig.7). Whereas in U. lactuca an increase in chlorophyll a and b concentration was
observed during the first 10 days of treatment. Further it declined to a marginal extent

(Fig.8).
4.2. Treatment of shrimp effluent with seaweed

The pH of the shrimp effluent showed a gradual increase from initial
period to 20 days in control and treated tanks. The increase was found fobe 2 -3
% in control tank and 1 - 4 % in treated tanks (Fig.8). No significant difference was

found in the pH value of control and treated tank (Table 7).

The dissolved oxygen showed a gradual increase from 4.09 to 4.31 ml
Oafl in treated tank compared to 4.23 ml O,/l in the control tank. The DO in the
control tank showed a marginal decline on 10 DAT (1.5 %) and then increased to 5 %

in the next period of treatment.
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Fig.5. Phosphate content of fish effluent treated with seaweeds.

Source Sum-of-Squares df Mean-Square { F-ratio P
PERIOD 989.267 2 494.633 15.877 0,001
TREATMENT 7195.391 2 3597.696 115.483 0.000
PERIOD TREATMENT 624.624 4 156.156 5.012 0.021
Error 280.382 5 31.154
Table 5. Anova table for the phosphate content of fish effluent
treated with seaweeds.
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Fig.6. Silicate content of fish effluent treated with seaweeds.

|

Source Sum-of-Squares d Maan-Square | F-ratio P
PERIOD 21.515 2 10.757 2.008 0.190
TREATMENT 207.601 2 103.801 19.371 0.001
PERIOD*TREATMENT 11.399 4 2.850 .532 0.716
Error 48227 9 5.359

Tabla 6. Anova table for the silicate content of fish effluent treated

with seaweeds.
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Fig.7. Pigment constituents of G.corticata treated with fish effluent.
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Fig.8. Pigment constituents of U.lactuca treated with fish effluent.


















































































