The Effects of Suspended Particles on Opercula Beats and Cough Rates in
Oreochromis niloticus (Bangkok Strain)

Olendi Robert
Department of Fisheries and Aquatic Sciences, University of Eldoret,
P.O. Box 1125 -30100, Eldoret, Kenya
rjolendi@yahoo.com

Abstract

A study on the effects of suspended particles on the opercula beats and cough rates in
Oreochromis niloticus was conducted in aquaria tanks using different concentrations of
algae, silt and sand particles. Microcytis aeruginosa cultured in the laboratory was
used. Silt particles obtained from bottom mud of Airthrey Loch were used while sand
particles used were sieved through a series of sieves down to 63um. Three static 5-litre
capacity experimental tanks maintained at 27°C and vigorously aerated were set in the
laboratory. Acclimatized O.niloticus of 7.50mg mean weight were put in each tank.
Concentrations of 50mg/l and 150mg/I of algae and silt and algae and sand were added
to experimental tanks. The results showed in 50mg/I of algae and silt mixture both the
opercula beats (P<0.000) and cough rates (P<0.000) increased significantly compared to
the control. In 50mg/I concentration of algae and sand there was significant increasein
operculabeats (P<0.000) and cough rate (P<0.000).Between 50mg/l algae and sandand
algae and silt, there was significant increase in opercula beats (P<0.000) and no
difference in cough rates (P<0.226) In the 150mg/l concentration of algae and silt, the
results showed both the opercula beats (P<0.000) increased significantly and cough
rates (P<0.000). The implication of these results in light of breathing and coughing rates
in O. niloticus are discussed.
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INTRODUCTION

Suspended solids in water are normally defined as solid matter which is retained on a fine
filter paper after filtration of water samples. Suspended solids in water bodies can
originate from either external or internal water sources. In the tropics, the effect of
suspended solids on fish in water bodies and ponds can be a problem following torrential
rains accompanied by surface runoff. The actual effect on fauna would depend on the
physical characteristics of the particle. For example, larger particles having greater
angularity have generally been found to be more lethal than smaller and smoother
particles (Appleby & Scarratt, 1989; Newcombe, 1994a). Smaller particles can also cause
mechanical damage to gill tissue and are capable of stimulating mucous production in the
gill epithelium (Newcombe, 1994).

Turbidity refers to the concentration of particulate organic and inorganic matter
suspended in the water column of a pond. Most ponds in Africa are supplied from
perennial streams and prolonged rainfall causes a considerable rise in turbidity due to
clay particles (Okorie, 1975). Organic turbidity consists of plankton and fecal matter
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from culture organism. Inorganic turbidity usually consists of fine clay and silts which
enter the ponds from surface runoff from rainfall and from pond bank erosion.

Fish that feed on bottom dwelling organisms and sedimented organic matter, such as the
mud carp (cirrhina molitorella) and mrigal (Cirrhina mrigal) also stir up pond sediments
(Havens, 1991; Riise & Roos, 1997). Suspended particles have been found to
significantly affect growth rate in sarotherodon galilaeus (McNally, 1988). The same
worker found increased opercula beat and cough rates with increased level of suspended
particles. In order to meet the increased demand for oxygen by the tissues, opercula
activity is enhanced but this too has a limit beyond which activity stops resulting in the
death of fishes.

There are several reasons why inorganic turbidity should be avoided in culture ponds.
Suspended particles absorb light radiation which would otherwise be available for algal
photosynthesis. Clay particles readily absorb phosphorous and ammonia making them
less available for algae nutrition. The settling of these particles may remove algae
nutrients from the water column (Grobbelaar, 1983).

A part from the actual physical damage on fish, the suspended solids interfere with their
natural habitat when deposition occurs rendering spawning grounds and shelters
unavailable. Food available to fish becomes less due to reduced algae growth as a result
of increased turbidity thereby limiting the light penetration in ponds (Alabaster & Llyd,
1982). There has been some benefit from increased suspended sediments in aquatic
ecosystem. These include increased protection to prey fish predators (Bruton, 1985;
Doan, 1941) as well as predators themselves (Gregory & Northcode, 1993).

In this study, the effects of suspended particles on opercula beats and cough rates in O.
niloticus was investigated. Furthermore, the hypothesis that suspended particles has
influence in opercula and cough rates was tested.

MATERIALS AND METHODS

The study was conducted at the Institute of Aquaculture, University of Stirling, Scotland.
Microcystisaeruginosa was cultured in BG11 Algal growth medium. Algae in suspension
were introduced into flasks containing autoclaved BG Il growth media. The initial culture
was subcultured in a five liter autoclaved demijohn. The culture vessels on shelves were
maintained at 28°C and illuminated for 24 hours. The vessels were aerated and placed on
Stuart SM4 magnetic stirrer. O. niloticus of 7.5gm mean weight fed on a micro-pelleted
diet were reared in a re-cycle water system at 27°-28°C were selected for the experiment.

Silt particles were extracted from the mud of Airthrey Lock by sieving through a series of
sieves down to 63pum. The resulting suspension was poured into 1 liter cylinder and left
to settle for about 5 minutes and finer clay particles were then decanted. 100 ml of
collected decanted material was re-suspended and poured into a tray placed in a drier set
at 60°C for 8-12 hours. The process was repeated until enough silt was obtained. Sand
particles were obtained by sieving in series down to 68um and collected in a tray. The
process was repeated until enough sand particles were collected.
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Fish were transferred from rearing tank to holding tank and left for 24 hours without
feeding. From the holding tanks 15 fish were taken and weighed after drying on
absorbent tissue paper. Five fish of mean weight of 7.50gm were then put into three 5
liter experimental tanks with two replicates and control and left for 3 hours to acclimatize
before experiment.

Two treatments of 50mg and 150mg of sand and silt were weighed separately on
aluminium foil. Each of these were added algal suspension of 50mg and 150 mg dry
weight. The experimental tanks were covered by black polythene with a small window on
the side left for observation. The breathing and coughing rates were counted for one
minute at five minutes interval. One way Anova calculated using minitab was used to
determine opercula beats and cough rates.

RESULTS

The results of this work indicate that opercula beats and cough rates were highly variable
over short time period. It was also seen that in general, both the opercula beats and cough
rates increased with increased concentration of suspended particles. In low concentration
tanks of 50mg/l of silt and algae mixtures and algae and sand there was significant
increase of opercula beats (F=15.17, P<0.000) Fig.1 and cough rate (F=65.56, P<0.0000)

(Fig. 2).

In high concentration tanks with 150mg/I silt and algae opercula beats (F=1287.39,
P=0.000) and cough rate (F=171.00, P=0.000) both increased very significantly. In
150mg/I of silt and algae opercula beats (F=155.68, P=0.000) Fig.3 and cough rates
(F=68.69, p=0.000) Fig. 4 both increased significantly.
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Figure 1. Opercula beats in 50mg/liter of treatments
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Figure 4. Cough rates in 150mg/liter of treatments
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DISCUSSIONS

Several species of fish have been found to be relatively tolerant of high suspended
sediments concentrations (Petticord, 1976). Fish can tolerate short episodes of extremely
high levels of suspended sediments by exuding a protective mucus on the skin and gills.
Avoidance is the primary fish behavioral response to locally turbid water. Avoiding areas
with elevated Total Suspended Solids (TSS) or turbidity may lead to fishless reaches in
natural systems (DeVore et al., 1980; Birtwell et al., 1984; Scannel, 1988). Excessive
levels of silt clog opercula cavities and irritate gills leading to respiratory difficulties and
poor health (Philips, 1971). At very high turbidities, sediment-clogged gills cease to
function as oxygen exchange sites and the fish dies from a combination of anoxemia and
carbon dioxide retention (Ritchie, 1972). In a study with green sunfish, Hokel and
Pearson (1976) found that ventilation rates increased under highly turbid conditions to
compensate for reduced respiratory efficiency while maintaining a constant oxygen
uptake.

In most cases, elevated suspended sediments have sub-lethal effects. These may include
increased fin rot and body abrasion (Herbert & Merkens, 1961; Ritchie, 1972). Paler
coloration (Mc Leay et al., 1984), delayed maturation (Reynolds et al, 1988) elevated
cough frequency (Servizi & Artens, 1992), elevated micro-hematocrit (packed red blood
cells volume hemoglobin concentration and red blood cell counts (Appleby & Scarratt,
1989; Redding et al., 1987). The tolerance to high concentration of suspended solids
varies from species to species. Tilapia, carps, and catfish can tolerate greater than 10,000
mg/l.

There was a considerable increase in opercula beat rate in silt suspension compared with
levels recorded in sand suspension (McNally, 1988). He argued that the physical
characteristics of the sediments such as angularity and shape may enhance the clogging
of the gill surfaces, thus reducing respiratory areas, followed by increased breathing rate.
He also found that cough rates increased proportionally to the suspended silt and sand
particles up to a concentration of 250 mg/l. Increased breathing rate and coughing rate
was seen in Oreochromis aureus when subjected to high densities of algae (Briggs,1985).
Of key importance in considering the effects of TSS on fish are the frequency and the
duration of the exposure, not just the concentration (Newcombe & Jensen, 1996). They
further stated that diverse effects can become more pronounced with increased TSS
concentrations and longer exposure durations in aquatic systems where elevated TSS
conditions occur infrequently.

Impacts are based on intensity which is defined as the product of concentration of
suspended sediments multiplied by the duration (hours) of exposure of the organism
(Newcombe, 1996). Model on fish and aquatic life indicate that Severity of ill effect
(SEV 5) caused minor physiological stress, increase in rate of coughing and increased
respiration rate. Additional behavioral effects include gill flaring and coughing responses.
These responses increase in frequency at higher concentrations (30 to 60 Nephlometric
Turbidity Units (NTU), Berg and Northcode, (1985) and 230 mg/l TSS Servizi and
Martems (1992) While the effects of chronic exposures to increased turbidity are evident,
there is evidence that short exposures to very high turbidity (100,000ppm) have no
lasting effects (Rowe et al., 2003).
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In this study, it can be concluded that breathing and coughing rates increased or fastened
with increased concentration of suspended particles in O.niloticus. It can be generalized that
although both trials of silt and sand showed increased breathing and coughing rates,silt
particles had more effect. Using density of 106 cells/ml of algae (Briggs, 1985), andusing
500mg/I of silt and sand, McNally (1988) observed increased opercula beats andcough
rates. This can be supported by the fact that silt and algae were trapped in the gills. The rate
increased to compensate for the deficiency for oxygen as a result of the reduced
respiratory surface. Coughing action on the other hand was an activity that necessitated
the removal of irritants and perhaps larger particles such as sand which could damage the
delicate gill apparatus a part from orienting the gathered particles for subsequent
swallowing into the esophagus by the action of the pharyngeal pads. Although O.
niloticus can tolerate high concentration of suspended particles in water column, very
high turbidity could be avoided as it has profound effects on the behavioral and physical
aspects of fish including natural habitat. Where necessary settling ponds can be
constructed above the inlet to allow sedimentation before inflow into ponds
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