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PREFACE

Of the marine fish landings of 2.6 million metrictons in 1994-1995 in

India, the penacid prawns, which mainly contribute to precious forcign
exchange are steady at 1,73,000 metrictons. Thus, a quantity of 51,000 mt in
1978-1979 and 57,800 mt in 1989-1990, has almost doubled, expanding our
cash reserves through export of this very important commodity. An important
factor, contributing to this major improvement was the role played by
aquaculture or more precisely, its metaphor, the brackish water shrimp culture

which is synonymous to the Blue Revolution, and itsrise into an industry.

Aquaculture is an important intcrvention of man, in trying to increasc
proteinaceous food for the geometerically increasing population of today. It
also helps in reducing fishing pressure on the depleting resources {rom naturc;
the existance of which is threatened by an ever increasing fishing flect. With
the cxpahding global market, including exports, the additional quantity of
shrimp through aquaculture, has helped in increasing the much needed revenue
from developed countries such as The United States and Japan, where shrimp

is a habitual menu preferred for its low cholesterol white meat.

The picture of this ever expanding shrimp culture industry, is
not rosy. It has its share of problems that accompany intensification. One major
problem is the outbreak of diseases, especially due to improper management
of the culture envioronment. It affected many world leaders in shrimp culture,
like China, and Thailand. India had a similar experience during which

entreprenuers faced massive losscs.

The aquatic environment offers the greatest intimacy between itself and
the organisms which it bathes and whose life it suppor'ts. Thus it is the
environment that determines the health and growth of the culture animals.
Abuse of this often results in stress which would invariably lead to discascs
of animals. Many protozoan discases are directly connected to poor water
quality, which helps them to thrive well and make the cultured animals an
easy target. Hence, more and more investigations are needed to relate the

various discases with the existing water quality.
1
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INTRODUCTION

Crustaceans have attained recognition in todays world as primary animals
for aquaculture. Those that have attained this distinction arc the penacid
shrimps, which are in the fore-front; lobsters; and the fresh-water prawns ol
of the genus Macrobrachivum , crayfish and some of the crabs like the Blue
crab in the United States, and Mud crab in the South Eab:t Asian region.
Commercial scale culture of penaeid shrimps have been achieved, and that of
others'are in the experimental, developmental or pilot plant stages. The
intensification has held responsibility to problems that the industry is facing,
which arc various. Almost without e¢xception are the discase problems that
have surfaced. Commercial crustacean culture is plagued by various discase

causing agents, including Protozoa.

Cruslr_aceans serve as hosts to symbiotic, commensal, parasitic and
pathogcnip recpresentatives of all major taxa of Protozoa. Studies of
micro_spc_)gidi:ln epizootics in shrimp (Visoca, 1943; Lightner, 1977), crayfish
(Pixei‘l‘ -;'lG'oodrich, 1956), amoebic epizootics (Johnson, 1977) dinoflagellate
infcction‘H(Ncwman and Johnson, '1975; Couch, 1983) and ciliate protozoan
outbrcak:‘;-fin shrimps, crabs and cray fish (Couch, 1978; Overstreet, 1973;
Lightner, 1\9757; Scott and Thune, 1986) demonstrate the periodic and chronic
impact‘of‘li’rotozéa.. Cilihted protozoans are frequently associated with
commcfciaiiv important species of decapod crustaccans as commensals,
parasites or pathogens. Many of them arc also known to harbour several species
of cctocommens:ilic-cl:iliatcs, especially peritrichs (Kane, 1965; Lightner, 1977,

Sindermann, 1977; Fisher, 1977)

Owing to-the; commeércial importance of decapod crustaccans, various
studies on the zisso’éiation between (his group and ectocommensal citiates have
bcen conduci—cd, lv@fhich help to spot-light the importance of such associations.
The stalked peritrich, Zoothamnium sp and Epistylis sp have been scen in the
Pink Shrimp (Penaeus deorarum), White shrimp: (Penaeus setiferus), Brown

shrimp (Penaeus aztecus), Blue shrimp (Penaeus stylirostrisj, Mexican white
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shrimp (Penaeus vannamei) and the Central American White Shrimp (Penacus
occidentalis) (Lightner, 1977). High infestations of the peritrichous citiates
of the gencra Lagenophrys and Epistylis were seen on moulting blue crabs
(Callinectes sapidus) from Chesapeake Bay (Couch, 1967). The peritrichous
ciliate Epistylis, Lagenrophrys and the suctorians Acineta and Cothurnia, were

scen in the gills of nearly 94% of crayfish (Scott and Thune, 1986).

Most of the cctocommensal ciliates belong to the subphylum Ciliophora
of the phylum Protozoa. Organisms of class Ciliata, under ciliophora, possess,
as the name implies, cilia, in atleast one stage of their life. Sessile stalked
ectocommerrals arc scen under the subclass Pritrichia, cg: colonial forms like
Zoothamnium, Epistylis and single forms like Vorticella, which are bell shaped,
and have an adoral row of clila along the peristome; and Suctoria eg: Acineta
and Stentor whose adultattach by a stalk and possess cilia only in their young
stages. Suctorians sieve the water for food, with tcntaclcx The host merely
acts as a substratum. Thus these are not pathogcm in the tLuc scnse. But there
is ample evidence that these ciliates arc one of the main causes for mortalitics
of commercially important decapods in culture fields, especially, when these
ectocommensals heavily infest the site of respiration, ice.the gills thus reducing
the respiratory surface. This happens more frequently in stressed conditions.
Although stalled sessilesare found attached to gills, appendages and body
surface, it is more advantageous for those like Zoothamniimz to attach to gills
than to the other regions, since the branchlal chamber is protected by an
overlying carapacc or bmnchxoslchte Also the gill chamber provides a
constant flow of water across the gill 5urfacc enabling thcsc protozoans to
feed on a stcndy current of bacteria, the principal food or dict of colonial
peritrichs (Slcngh 1973). The ectocommenals utilize the cuticular surface of
decapods, merely as a substratum for altachmcnt H".:‘ntolovlcal 1(‘:\1011 of the
gills, appcnd'lgcs or gencral body surface have not been demonstrated at the
site of attachment of a colony of Zoothamnium sp (Overstreet, 1973). The
stalks of the colonies of this p‘rotozoan attach to the surface of the cuticle and

do no mechanical damage to the cuticle. There is no foreign body response by
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the shrimp's haemocyte at the site of attachment (Overstreet, 1973). The
Scanning and Transmission Electron Microscopic study of the ultra-structure
of Zoothamnium and its infestation on the gills of Penaeus aztecus and Penaeus
setiferus, by Foster etal. (1978) supports previous histological evidence

(Lightner, 1975) that Zoothamnium sp neither penetrates the cuticle or elicits

a haemocyte response,

In healthy environment, penacid shrimps can toterate a large number of
these ectocommensals, with no apparent effect. However, heavy infestation
of Zoothamniwm on gills of crowded pond-reared shrimps, in conjugation with
low dissolved oxygen levels have been implicated in mass mortalities of
cultured stocks in Texas in Louisiana (Johnson etal., 1973; Overstreet, 1973).
This is due to suffocation of the shrimp, from the dense colonies of citiates on

the gills, that reduce the effective respiratory surface (Lightner, 1975)

Experimental infestation of Zoothamnium rigidum on rcared individuals
of Metapenaeus monoceros and the Tanaidacean,ApsedeuS chilkensis (Chilton)
showed colonies larger than those from the nature. This shows the probable
conduciveness of “stagnant water and overcrowding for infesation
(Santhakumari and Gopalan, 1980; Overstreet, 1973). Information from such
studies show that epicommensal ciliate infestation is related to the water
quality. For aquaculturists, water quality refers to the qulality of waters, that
enables successful propagation of the desired organisms (Boyd, 1988). Various
parameters that define the quality of the culture environment inluence the
growth of the culture animals as well as that of the ectocommensals. Scott and
Thune (1986) found significant association between the incidence of
ectocommensal citiates on the gills of crayfish Procambarus clarkii (Girard)
and water quality variables indicative of primary productivity. Turbidity was
significantly related with the incidence of peritrichous ciliates Cothurnia and

Epistylis.

Most peritrichs feed on bacteria and must have proper substratum and

water temperature for repro"ﬁluction and growth. Unfortunately, the practice of
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intensive culture of a variety of shrimp species providesthose exact conditions,
ie, an abundance of substrata (host cuticle surface) and concentrated bacterial
population duc to organic wastes and other factors associated with large
numbers of shrirhp, closely crowded for maximum yield. Many a times, good
water quality has been recommended as an important preventive measure
(Johnson, 1978; Johnson etal., 1973). Rigid water control, filtration and,
sterilization of incoming waters and removal of organic detritus should be

applied as preventive measure (Lightner, 1975).

Little work has been done to correlate water quality parameters with ciliate
infestation in pcnacids. Hudson and Lester (1991) found correlation between
water quality parameters and the presence of ectocommensals in Penaeus
Japonicus from a commercial Prawn farm at Cleveland, Brisbane, Australia.
Zoothamnium showed positive correlation with temperature and stocking
density. Sawyer et al. (1976) suggested that the suctorian Ephelota found on
lobsters and rock crabs may be useful as an indicator species classification of
freeliving ciliates according to the saprobic systems of water quality of their

environment, was proposed by Sladeck (Foissner, 1988).

Penaeus (Fennero penaeus) indicus H. Milne Edwards is one of the best
suited species for aquaculture and ranks second only to Penaeus monodon in
its commercial culture. Wide ditribution, fast growth and production of seeds
in hatcheries have made its culture easier. This "hard-cash cropping" shrimp
specics is cultured in all the maritime states with the exception of Maharashtra.

The existing culture practices are traditional and semi intensive.

Hence Penaeus indicus was chosen for the present work duc to its
commercial importance. The study elucidates the relationship between the
occurence of ciliates on this commercially important species with the existing
water quality parameters such as temperature, salinity, hydrogen ion
concentration, dissolved orthophosphate and nitrate and total suspended solids
(T.S.S.). An experiment was also conducted to see whether stress from salinity
and poor water quality had any effect on the occurrence and abundance of the

ciliaté,s on the Indian White Shrimp.
7



PLATE I

A= Station I. Pond at Narrackal

B: Station II. Pond at Puthuvgypp&—_

—




MATERIALS AND METHODS

The site for the present study was confined to 2 different locations on the 24km.

long Vypeen Island, Kerala, which is flanked by the Cochin back waters on its eastern

side and by the Arabian sea on the west.

Station 1 :

A pond of arca 0.04ha., at the Central Institute of Brackish water Acquaculture,
Narakkal was chosen as station I. The 0.5 to 1.0m deep pond had a single sluice gate,
and drew water from the nearcby brackish water canal. The stocking density in the

pond was very low. Natural stocking of seeds was done depending on the tidal influx.

The pond bottem was predominently clayey (Pl 1 A),

Station II :

The perennial pond at the Fisheries Station,” Kerala Agricultural University,
Puthveyppu, was chosen as station IL The 0.1 ha, ¢.75 - 1m deep pond had a sluice

opening at one end, drawing water from a feeder canal. The pond bottom was silty -

clayey. Here also the stocking density was very low (Pl-' 1 B)

Period of Sampling :

Station I:

Sampling was done during May - June, 1997. Samples were taken on the 8" and
27" of May and the 2,16™ , 26", of June. Except on the 27" of May which was taken

at 3.00 PM., evening, all the other samples were made before noon, preferably between
9.30 AM and 11.00 A.M.

Station I1 :

Samples from station II were collected, starting from the 4% to the 23 of June,
1997. Sampling was made on the 4", the 9", 17*" and 23", All the samples were taken
between 9 AM and 11 AM.

Method Of Sampling

The shrimp sampling were made just after the water samples were taken so also

8



as to get a clear picture of the interaction between the existing conditions and the

ectocommensal infestation, as well as not to disturb the pond bottom.
The water samples were collected for the analysis of the following parameters :
1. Temperature
2. Salinity
3. Dissolved oxygen
. 4. Hydrogen ion concentration
5. Nutrients
6. Total suspended solids

Of these, the samples for the analysis of nutrients, salinity, total suspended solids
(T.S.S.) and dissolved oxygen (after fixing the oxygen with Winkler A and Winkler B
respectively) were brought back to the laboratory for analysis. The water temperature
and, the Hydrogen ion concenration of the pond sediment were measured at the site of
sampling. Shrimp samples were examined microscopically on location. Utmost care.

was taken not to disturb the pond bottom during sampling.

Sampling of Water :

A 0-50°C calibrated mercury thermometer was used for reading the water

temperature. Samples for the analysis of salinity were taken in 25ml plastic bottles.

For dissolved oxygen, samples from the surface as well as th;: bottom were taken.
For this, 125m! Corning bottles with tight fitling stoppers were used. For surface
sampling the bottles were tilted to the side, just at the surface, so that water flowed in,
through the sides. Care was taken not to entrap air bubbles. Once full, 1ml of Winkler
A and 1ml of Winkler B was added to fix the existing oxygen in the sample. The
bottles were closed and shaken well. The bottom samples were taken by immersing
the stoppered bottles and opening just above the pond bottom. To the full bottle Iml.
each of Winkler A and Winkler B were added and stoppered. The samples were brought
to the laboratoryfor analysis.



The "Universal Indicator solution” (Glaxo India Ltd) was used to measure the
hydrogen ion concentration of the pond se?inient. The sediment was taken using a 1
inch pipe to get 10 ¢m deep sample. 1gm of the sediment was diluted with 10+2 ml of
distilled water, shaken vigorously and kept to scttle. To 10ml of supernatent solution,
4 drops of indicator solution was added, shaken vigorously anél the colovdeveloped

was compared with that given in the chart to obtain . the pH value.

500 ml clean dry plastic bottles were used to take bottom samples of water for
nutrient analysis. The closed bottles were immersed and opened just above the pond
bottom. To the samples, 2-5drops of chloroform were added to preserve them during
transportation. On reaching the laboratory the samples were immediately kept in a

deep freczer for further analysis.

One litre clean plastic bottles were used to take water samples for the analysis of

total suspended solids.

Analysis

The water samples for oxygen, salinity, nutrients, and total suspended solids,

brought back to the laboratory were analysed as follows :
SALINITY
Reagents :
1. Silver Nitrate (24.5 gm/litre)
2. Potassium Chromate - {(10%) 10 gms in 100 .
3. Standard Sea Water |
Procedure :

Pipette out 10+t of Standard Sca water into a 250 ;+i conical flask. Add 4 drops
of potassium chromate solution and titrate aganist silver nitrate solution. Repeat to
concordance. Pipette out 10 -» of the sea water sample into the conical flask and

proceed as above.

Salinity is calculated as follows :

10



Let Volume of Silver nitrate for 10 i
Standard Sea water = V1

Volume qf silver nitrate

for 10 cc Sample = V2
Salinity of Standard Sea water = S
Salinity of sample = V2 x §

Vi

DISSOLVED OXYGEN
Reagents
1. Sodium thiosulphite solution (1.25 gms in 1 litre)

2. Starch solution -1gm  starch made into a paste with distilled water and diluted

to 100 cc, boiled and kept.
3. Winkler Solution A (20 gms of Manganese chloride in 100 ml water)

4. Winkler solution B (41 gm of sodium hydroxide +25 gm of potassium Iodide-

in 100 cc water)
5. Concentrated Hydrochloric Acid

6. Standard potassium iodate ( Accuratclj weigh out 0.1784 gm of potassium

iodate into a 1 Rre volumestric flask and dissolve and make up to the volume: This is
0.005N)

7. Potassium iodide.
Procedure

Collect the water sample in a 125 ml glass stoppered bottle without entangling
any air bubblc;s. Take out the stopper and add 1 mt eachof Winkler A and winkler B
solution. Close the bottle. Shake the i)ottle gently till the precipitation formed is evenly
distributed. Allow to settle. Then add 2ml conc. Hyd' rochloric acid, close the bottle

and gently shake till the precipitate is completely dissolved.
1



Pipette out 10ml of potassium iodate solution into a conical flask. Add 1 gm of
potassium iodate and 2 ml of conc. Hydrochloric acid. Dilute to 100 ml and titrate

against sodium thiosulphate solution till the blue colour disappears using starch_as
an indicator. ‘

Pipette out 100 ml of the preserved sample and titrate against st. sodium

thiosulphate as above.
Calculation

Calculate the normallity of potassium iodate as

Weight/litre
= = 0.005 = NI

35.67

Calculate normality of thiosulphate as=N x 10  divided by
Titrate value of thiosulphate for 10m! of potassium iodate = N2

Hence amount of dissolved oxygen in m/litre

ml.thioxn2x 8 x 1000x R

)

100 x 1.429

(Where 1.429 being weight of 1ml of bxygen in miligrams. R is known as the

correction. factor and which is roughly equal to 1.01 in majority of the cases)
REACTIVE PHOSPHORUS
Reagents
1. Ammonium molybdate solution

15 gms of A.R. quality Ammonium molydate in 500 ml distilled water. Store in

plastic bottle, keep away from sunlight.
2. Sulphuric .acid Solution
140 ml of A .R. quality sulphuric Acid added to 900 ml of distilled water.

3. Ascorbic acid solution

12



Dissolve 27gm of Ascorbic acid (A.R. quality) in 500ml distilled water. Frecze

the solution and for use then and bring to laboratory temperature.
After use again freeze the solution
4. Potassium .antimony tartrate solution

Dissolve 0.34 gm of good quality of potassium Antimony tartrate in 250 ml

distilled water.
5. Mixed Reagent

Mix together 50 ml of Ammonium molybdate. 125 ml of Sulphuric Acid, 50 ml
of Ascorbic .acid and 25 ml of Antimony tartarate solution. Mix well and the solution

can be kept for 6 hours. And the above quantity is sufficient for about 50 samples.
Procedure.
To 10m] of sample at laboratory temperature add 10 ml of Mixed Reagent . After

5 minutes and preferably within the first 2-3 hours measure the extinction of the solution,

in a 10 centimeter cuvette at a wave length 8850° A units in a spectrophotometer.
Phosphate Standard.

Dissolve accurately 0.816 gm of anhydrous potassium dihydrogen phosphate in
1000 ml of distilled water. Store in a dark bottle with 1 ml of chloroform. 1 ml of the
solﬁtion = 6pg. at. / Itr phosphate phosphorus. 1 ml of this solution is made upto 100ml.
From this Sm! is taken and diluted to 106ml. 100 ml sample is taken in a conical flask, and 10
ml of mixed reagent is added to the standard and sample. After 10 minutes the colour

comparison of these 2 solutins is made in a Spectrophotometer.

- The strength of the colour developed being proportional to amount of phosphate, calculate
the phosphate concentration in sample using the standard strength of the standard potassium

phosphate solution.
NITRATE
Reagents
1. Phenol solution

13



Dissolve 46 gm of dry A.R. quality phenol in 1000 ml. of distilled water. It i3
stored in a glass bottle tightly.

2. Sodium hydroxide

Dissolve 20 + 0.5 gms of A R..quality sodium hydroxide in distilled water. Cool
and dilute to 2000 ml.

3. Buffer Reagent

Pippete out 25ml of phenol solution into a dry beaker and add 25 ml of sodium

hydroxide solution. The solution is stable for one hour,
- 4. Copper sulphate solution
Dissolve 0.1 gm of A.R. copper sulphate in 1000 ml of distilled water.

5. Hydrazine sulphate solution

Dissolve 14.5 gm of A.R. quality hydrazine sulphate in 2000ml of distilled water.

Store ina dark glass bottle. The solution is stable for one month.

6. Reducing Agent

Mix 25ml of copper sulphate solution and 25ml of hydrazinc sulphate solution

in 5?0 m| measuring cylinnder. The solution is stable for one hour.
7. Acetone
8. Sulphanilamide solution

Dissolve 5 gm of sulphanilamide in a mixture of 50 ml con. hydrochloric acid
and about 300 ml distilled water. Diluted to 500 ml with water. It is stable for many

months.

~ 9. NI-Napthyl Ethylene Diamine Di-hydrochloride solution (N.N.E.D) Dissolve
0.5 gm of N.N.E.D, in 500 ml distilled water. Store the solution in a dark bottle.

10. Standard Nitrate solution -

Dissolve 1.53 gm of analytical reagent quality potassium Nitrate in 1000 ml.

14



[ PLATE 11

Penaeus indicus




Imt=15.0ug _dytNitrogcn. Dilute Sml of this solution to 250 ml with water. It is stored
in dark bottle.

Procedure

Measure out 50 ml of the sea water sample with a 50m! measuring cyliner into a
250 cc conical flask, when (sample should acquired room temperature). And 2 ml
buffer reagent and mix. After the buffer has been added to all the samples, add with
rapid mixing 1.0 ml of reducing agent and keep the flasks away from sunlight in a
dark place for about 20 hours. Add 2 ml of acetone, and after 2 minutcs add 1 ml of

sulphanilamide solution, After 2 minutes, but not later than 8 minutes add 1.0 ml of

N.N.E.D. solution and mix.

Sampling of Shrimp

To get an exact picture of how the existing environmental conditions influenced
the ciliate infestation in Penaeus indicus, the shrimps were sampled immediately after
the water sampling. From both the stations, the shrimpswere sampled using a cast net
and their gills rﬁicroscopically examined for ciliates at the respective stations. During

the examination, the shrimps were kept alive in clean pond water with aeration (PLII).

Total length of the shrimp was taken from the tip of the rostrum to the tip of the
telson. The gills on the left side were dissected out using fine scissors. The gills were
arranged on a clean glass slide in gro.ups of three. The gills were then examined under
a compound microscope. 10 animalls each were examined on all sampling days from

both the stations. Colonies of ciliates of the gills were counted and recorded group

wisec.

The various ectocommensal-. cilisates encountered were identified from the

standard keys (Kudo, 1966)

The Prevalence (%) was calculated from the total number of shrimps examined

and the number of shrimps infested with ciliates

Prevalence (%) =Number of infested shrimps x 100

Total number of shrimps examined
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In order to get a clear picture of their degree of infestation, the average number

of ciliates per gill (on the left side) were also taken for each sample.

Abundance = Total number of ciliate colonics

Number of infested shrimps

Correlation Studies

The various water quality parameters analysed were then studied {or correlation,
between themsclves as well as with prevalence and abundance of ciliates. For this

Karl Pearson's method was used, the Pearson's cocefficient of corrclation being

== Covariance of X.Y

\/ Covariance of X x Covariance Y

To see whether there was any preference for site of attachment on the gills, the

average number of colonies on the anterior, middle, and posterior were recorded

separately.

Experiment :
APLII) o
To obtain a better view on ciliate infestation under stressed conditions such as

poor water quality and different water salinities, an experiment of two weeks duration
was conducted at the field laboratory of the Central Institute of Brackish Watcr
Aquculture, Narakkal. Shrimpsranging from 45mm to 75mm were sclected. After an
acclimation of 3days, the shrimps were stocked in four 380 litre rectangular fibre glass
tanks, filled up to 360 litres and provided with good aeration. The shrimps were stocked
at 35 per tank. The salinity of the control and the tank with no water cx_changc was at
20 ppt. In the other two tanks, the animals were acclimatised to 13 ppt and 30 ppt
salinity. Excei)t the tank in which stress from water quality was studied, in all the other

tanks 50% of the water was changed daily; adding fresh filtered water. The animals

were fed ad libitum on clam meat. The left over feed and faccal matter were siphoned
out daily, Samples of 5 shrimps cach were taken from all the tanks at regular intervals

and the gills examined for the prevalence and abundance of ciliate colonies.
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RESULT

Both the ponds were abundant in the number of cctocommensal: ciliates, showing
a value of more than 80% incidence. The ecttommensal ciliates encountered during
the period of study, were Acineta, Vortic ella and Zoothamniwm, of which Zoothamninm
was the predominant specics. Zoothamnium was noticed through out the study period,
while the single forms made their appearence only towards the fag end of the study,
and that too in ncgligible numbers. The Zoothamnium with minimum 2 trophonts were
found atached to the gills. They occurred in large numbers, when compared o (he

other stalked ciliates. (P1. 1V ).

Station 1:

Samples of shrimp from this pond revealed that the pond was highly infested
with Zoothamnium colonies. Both the prevalence and the abundance recorded on the
various sampling days were high, an average of 84% and 60 numbers respectively.
The abundance ranged from about 20 colonies on average per gills (on the left side) to
a high value of 140. High valués of prevalence were recorded, the values reading as
high as 100% in the initial samples. All in all, the pond showed a high abundance and

prevalence (Table 1) .

Temperature values didnot show high fluctuations, and showed a gradual decline
through the sampling period. The highest recorded was 38°C and the lowest, 31°C
(Table 1). Salinity ranged from 11ppt to 18 ppt. The pH of the pond sediment showed

a constant value of 7.5 except for 7.0 (on the 2nd of June).

Dissolved oxygen of the surface waters showed a range from a maximum of
7.7m! per ltr to a minimum of 5.47 ml per ltr, during the period of study. The botlom

water samples showed an average value of 4.28 ml per ltr.,

Of the nutrients analysed, the values of phosphate were within a range of 4.1
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Figure. 1: STATION II

DISTRIBUTION OF CILIATE PREVALENCE,ABUNDANCE
IN Pindicus AND DISSOLVED OXYGEN
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Itg at per Itr to 12.2 pg at per ltr, The range for the nitrate concentration was from 1.0

Mg at per ltr to 1.4 g at per ltr, The phosphate: nitrate was in the ratio 6:1.

The concentration of the total suspended solids in the pond ranged from

123.2mg per Itr to 307.2mg per Itr. It has: an avaerage value of 185.2 mg per lir.

It gave a high correlation value of 0.8479 with femperature.
Station II :

The ciliate infestiation at this station recorded {an avérage | 82% prevalence and
abundance 30. The prevalence ranged from 50% to 100%, while abundance from 11.5
to 52.2. Intially, both the abudance and prevalence were of low valves, which showed
a grddual increase afterwards. At the end of the period of study, the prevalence increased

to 100% though there was a gradual decrease in the abundance (Table 11).

‘Of the water quality parameters, temperature ranged from 30°C to 34°C during
June 1997, and didnot show much fluctuation. Salinity showed a decrease from 25.4ppt
to 13.4 ppt. It rose to 21.0 ppt within the next 6 days. The prevalence as well as the
abundance showed a negative trend with salinity. The hydrogen ion concentration of
the pond sediment, ranged from 7.0 to 8.0 (on the 13™ day). On all the other days it

remained at a value of 7.0,both values being normal for aquaculture.

The dissolved oxygen for the surface and bottom waters were more or less similar.
The surface recorded a high value of 8.23 ml per ltr and a low value of 2.9ml per Itr.
Dissolved oxygen of the bottom sar’nple:; ranged from 2.8 mi per Itr to 7.58 ml per Itr.
Both the prevalence and the abullance showed a negative trend with respect to oxygen '
values (fig.1). The oxygen values had a negative relationship with the concentration
of total suspended solids, the values of 2.8 ml per ltr and 3.38 ml per ltr being recorded
at higher T.S.S. values and vice versa. They showed high negative corrclations, that
for surface oxygen being significant (5%), with a correlation coeflicient of 0.9507
and, for the bottom a value of 0.9312.

Phosphate values showed a minimum of 12 ug at per Itr and a maximum of 30.7
21



Hg at per Itr. There was a sharp decline in the phosphate values, during the period of
study. Nitrate values were more or Iess stable, ranging from 1.35 pg at per ltrto 1.75
pg at per ltr. Both nutrients showed good relation: with temperature

(-PO, r=0.899; - NO, r = 0.867). The abundance of ciliates showed a positive

relation with the nutrient concentration...

Total suspended sol ids in the pond ranged from 91.2 mg per ltr to 225mg per ltr.,
"a'general increasc being recorded over the period of study. The T.S.S. value, at a low
of 112mg per Itr showed an increase to 203.2mg per lir on the 9 of Junc. It then
dropped to the lowest value recorded, 91.2mg pet Itr on the 17 and then increased to
225.6mg per ltr on the 23", Interestingly the prevalence also showed a similar trend as
that of the increasing T.S.S. values (fig 25. At the lowest T.S.S. value of 91.2mg per It
both the surface and bottom samples showed the highest oxygen concentration . values
of 8.23ml per Itr and 7.58 ml per lItr respectively. At the highest T.S.S. value of 225.6
mg per ltr both the oxygen samples showed their minimum values of 2.9 ml per ltr and
2.8 ml per Itr respectively. The values of T.S.S. showed a positive trend with

temperature .

Experiment :

In the experiment conducted, to sce the effects of stress from poor water quality
and salinity variations on the ciliate infcstation, the control showed a steady prevalence.
The first day of sampling showed 40% prevalzence which rose to 50% on the 5th day
of the experiment. After that, it remained at a value of 40 % till the end of the experiment.
The abundance showed high fluctuation. The average number of colonics counted per
gill rose from 2 on the first day, to 13.5 on the 5" day and fell to a low value of 4 on the

7" day. It further rosc to 8.5 on the final day of sampling. (Table. 3).

In the tank with no water exchange the percentage of prevalence was 100 in the
beginning. But the value dropped to 60% on the 5 of experiment. It then picked upto
100% after 2 days, finally decreasing to 25% after 3 days, thus showing high {luctuation.
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Theabundance also showed a similar trend, recording a high abundance of 38.2 on the

I* day and then decreasing to 3.33 after a gap of 4 days, It again increased to 21.2 and

decreased to a low value of 1.

In the tanks of 13 ppt and 30 ppt, the condition seen was different from that of
the control. When the prevalence increased and steadied in the control, high fluctuations
were seen in both the tanks. But on an average, the prevalence in the tank of 13 ppt
water was more when compared to that of 30 ppt. In the latter, the prevalence reached
a value of zero, quite unlike the other instances.There was also a marked differcnce in
the abundance in both the tanks. In the tank with 13 ppt water, the abundance decreased
but, unlike those in other tanks, it stcﬁdily increased ( Fig 3,C ). In the tank with 30 ppt
water, the abundance decreased steadily from 18.4 to the lowest value of zero . Thus
from the 3 stressed conditions, the hightest abundance was seen in the tank with 13

ppt water, and lowest in 30 ppt.

During the examination of the shrimp gills, it was seen that the porterior group

of gills were maximum infested when compared to the other 2 groups (Fig4).
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DISCUSSTON

The study on the occurrence of cctocommensal ciliates on Penaeus indicus in
the culture ponds, revealed that these commensals flourished in the site of study. Of
the ectocommensals encountgd, the predominant form was of the genus Zoothamnium
from both the s%tcs. This reflected upon, the high abundance and prevalence values
from the ponds, an average of 83% and 43, respectively. These values were contributed
mainly by Zoothamnium, as the other ectocommensals encounted namely Acineta and
Vorticella were in negligible numbers. There have been reports of the occurrence of
ectocommensal: ciliates in culture ponds of crustaced.’An accont by Overstreet (1973)
on the common and rare organisms and discases in the Northern Gulf of Mexico and
from the ponds at Grand Terre, Lousiana shows the predominance of the
ectocommensals ciliates of the genus Zoothamnium associated with the white shrimps
(Penaeus vannamei) and brown shrimps (P aztecus). Ciliate protozoans of the genera
Epistylis, Abinefa, Lagenophrys, and Cothurnia, were found to be associated with
cray fish (Procambarus clarkii {Girard]) culture in commercial ponds (Scott and Thunes,
1986). 94% of these crayfish were infested and 65% of them had more than 100
ectocommensals on the gill surface. Santhakumari and Gopalan (1980) observed the
peritrichous ectocommensals Zoothamnium rigidum (Precht) and the heterotrich,

Stentor coeruleus, to be associated with t.he estuarine shrimps Metapenaeus monoceros
(Fabricius) and tanaidacean Apseudes chilkensis (Chilton) from the Cochin back waters.
Nurdjana et al., (1977)reported that -'Zoothamuium was the most common ciliate to
appear in larval rearing tanks as well as nursery tanks. Couch (1967) highlighted the
infestations of the genera Laéenophrys and Epistylis on moulting blue crabs

(Callinectes sapidus).

These previous accounts strengthen the possibility of the conducivencss of the
culuture ponds, as in Narrackal and Puthveyppu, for the high population of
ectocommensals ciliates. As Couch (1986) states, it could be due to the prevaling
environmental parameters in the culture field-such as the abundance of substrata in
the form of the c;ulturc animals and lﬁe rich baterial population:, which is the principal

diet of colonial peritrichs like Zoothamnium (Scott and Thune, 1986; Sleigh, 1973)
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assciated with high organic load in such cnvironments. Such factors make culture

environzments appreciable to ciliates and thus shows their occurrence in relation to

water quality.

In the present study, the ciliate infeshtion showed a positive relation with
température. The temperature recorded at the st:itions did not show much fluctuation
and showed an average value of 33°C, The temperature seemed not to influence the
ciliate prevalence and abundance to a great extent. Couch (1973) found that optimum
temperature for the culture of the prawns, is often adequate or optimum for the
cctdcommensaiﬂ ciliates. But the study by Hudson and Lester (1991) on the
cctocommensal infestations in Penacus juponicus and its rclation to water qualily
parameters. showed that lower than op.timum level of temperature are also adequate
for their growth. In the study, the occurrence of Zoothamnium at higher temperature
during summer months may show that these ciliates can tolerate both high and low

temperatures.

Santhakumari and Gopalan (1980) has observed that, the Zoothamnium rigidum
infestations increased during the monsoon period and substantiated this to the low
salinity of the period. Overstreet in 1973 found high infestations in the wild population™
of the brown shrimps, P aztecus to occur more often at times of low salinitics. In the
present study ciliate colonics were prevalent durng all the salinities encountered. This -
may show the high tolerance they have to a wide range in salinity. But the negative
rclation obtained during thi§ study supports the former observationsby %S_amhakumari

and Gopalan, and Overstreet, and showed that Zoothamnium scen on P indicus showed

preference towards lower salinities.

As there was no substantial fluctuations in the pH at both the stations, the relation
between this parameters and ciliates infestation in P indicus could not be found.
However Nurdjana et al., (197 reported the high occurrence of ciliat es in hatcheries

especially at pH values lower than 7.

Dissolved oxygen is the most important factor in the culture environment which

has a profound influence on the well being of the culture animals. Shrimps being
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benthic animals,are known to tolerate low oxygen concentration to an extent. But
mortalities of brown and white shrimps reared in ponds at Téxas, during concentration
of dissolved oxygen Qf 2.6ppm was attributed to the heavy infestations of Zoothamnium
on their gills. The dissolved oxygeﬁ concentration encountered in the present study
were relatively high for prawn culture sometimes showing supersaturation as on many
sampling days. The average dissolved oxygen concentration was nearly 5.0ml per ltr.
The ciliate prevalence and abundance showed a negative trend with the dissolved

oxygen concentration. The highest prevalence was seen during the lower valucs of

dissolved oxygen.

However, a high positive rclation was obscrved between Zoothamnium colonies
and the concentrations of total suspended solids. As the T.S.S. concentration increased,
the Zoothamniﬁm colonies were also found to increase. The high negative relation
between dissolved oxygen and T.S.S. values showed the probablity of the occurrence
of high org'anic matter in the ponds, as the ponds also show high phosphate value
during the study. Thus the reduction in oxygen at high T.S.S. values could be [~ 7]
due to * , the bacterial degradation of organic matter (may be as the result of the
degradation of planktonic matter) which is substantiated by the high phosphate value
due to dccompositiron, by bacterial activity, From the observation it can be inferred
that one main cause for the infestation of P indicus wasdue tof ™" ihigh organic
coﬁtent in the culture medium. Rise in infestation with turbidity due to organic matter
has been mentioned by Hudson and Lester (1992), Scott and Thune (1986). Nardjana
et al., (1977) reported the increase in infestations by Zoothamnium in hatcherics as the
result of high organic matter. San.thakumari and Gopalan in 1980 also observed the
high incidence of Zoothamniwm rigidum in M,monocer .os and A.chilkensis during the
instence of crowdin?;"fligh organic content in the water. Couch (1967) highlighted the
infestation of genera Lagenophrys and Epistylis on moulting blue crabs during the rise '

in the stocking density as well as organic content of the culture waters.

Of the nutrient concentrations, that of nitrate was at optimum levels. But the

concentration of phosphate was very high and could be due to the high bacterial activity
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in the ponds. The high phosphate value, the high surface oXygen concentrations as
well as the negative relation between oxygen and total suspended solids strengthens

the possibililty of the bacterial activity ‘and i the phytoplankton in the pond.

_ Bacteria form the principle food for many peritrichous colonial ectocommensals
(Scottand Thunc, 1986; Couch, 1986; Sligh 1973). Thus the high incidence of peritrich..!
Zoothamnium in the ponds show the probable abundance of bacteral population from

the plankton dic-off.
Experimental Studies

The fluctuations in the ciliate abundance and prevalence in the stress conditons
of water quality and salinitics, from that of the control, show the positive influence of
stress. In stress conditions, the infestation increases, as has been seen in the works of
Couch (1986), Lightner (1977), and Santhakumari and Gopalan (1980). Even though
no morta}itics were reported during the experiment, there could be every possibility
that a Jow oxygen concentration could have detrimental effects. All the tanks showed
higher prevalence and abundance, thus concerting the effect of stress. Another
interesting feature that was scen in the experiment was the increase in the abundance
in the 13ppt tank, When compared to 30ppt, it showed high abundance and prevalence
with rcspéct to the control. Not only that, the increasing abundance over the days

showed that low salinity were favourable for these commensals.

The study on the prevalence of ciliates on the site of the gills also yielded
interesting results. The occurrence of ciliate colonies on the posterior gills in almost
all of the experimental animal as wéll as those from the samples from the ponds show
the prefarence for the site of attachment among the gills, Couch (1986) has cited that
among the sites of attachment, the gills are a better location, as they offer better
protection as well as a better supply of food. The overlying branchiostegite offers
protection to thesc sessile ciliates. The steady current of water filtered through the
gills also help in providing a continuous flow of bacteria present in the medium, which

is the principal diet of colonial ciliates (Sleigh, 1973). The ciliates use the gills mercly
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as a place of attachment (Couch, 1986; Lightner, 1975). This information has been
proved both histologically (Lightner, 1975) and electron microscopically by Foster et
al(1978). Lightner found that there were no mechanical injuries at the site of attachment
of the ciliates. There was no foreign - body response from the host hacmocyte as well.
The reason to this was explained by Foster et al.,(1978) through the first ever clectron
microscopic study of the attachment of Zoothamnium sp. on gills and pereopods of
Penaeits| aztecus and PénaeuS setiferus. They found that the base of the stalk of
Zoothamnium forms circular disc that fuses with the epicuticlcibut does not penetrate
the underlying cuticle or epitheliurri. Thus the mode of attachment does not cause
injuries or affect the growth of the animal. Thus they become detrimental to the shrimps
when they block the area of respiration. Thus the suffocate the host by reducing the

function of the gills, especially in stress conditions due to the deterioration of the

culture environment.

The ectocommensal ciliates form an important group of organisms that cause
problems to the shrimps and other cmétacean cultures. Although they do not cause
mechanical injuries or any other lesions on the sight of attachment, the massive
mortalities of cultured invertebrates associated with these protozoans highlight their
importance. Many studies have been made on the incidence of these ciliates when
associated with such mortalities. But, more work has to be conducted to corrclate the
various environmental entities with incidence of ciliate occurrence and abundance in
the various culturable animals, it infests. Many observations provide important
information about the mortalities inflicted by the low oxygen co.nccntration, during
their infestations. But experiments ﬁnd observations have to be made to sce how these
ciliates interact during such instances. This will help in the effective monitoring of,

and the control of these vast occuring protozoans.
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SUMMARY

The important observations made during the study are summarised below

1. More than 80% of the shrimps, P, indicus from the different stations, seemed

to be infested with ectocommensal - ciliates.

2, The ectocommensals encountered were of the genera Zoothamnium, Vorticellu

and Acineta.

-3. Of the ectocommensals, Zoothamnium was the predominant, contributing to

ncarly 95% of the total number of ectocommensals ciliates.

4. The abundance, which is the number of ciliates per gill, was scen to be about

54 in each individual,

5. From the observation of water quality parameters, the dissolved oxygen total

suspended solids and salinity were found to influence the infestations in P indicus.
6. Oxygen concentration showed a negative relation with the infestation.

7. The concentrations of T.S.S. showed high positive relation with infestation

and a negative with dissolved oxygen.

8. Infestation also showed a negative trend with salinity, although present in a

wide range of salinity; this showsits euryhaline nature.

9. The experiment conducted helped to show that stress from the deteriorating

quality of water as well as salinitics 13ppt and 30ppt showed an increase in the

infestations.

.IO. The abundance and prevalence at 13ppt strengthen the observation that a

lower salinity is preferred.

11. The examination of gills showed the higher occurrence of the ciliates on the

posterior ones.
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