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Abstract 

       The principal factors favorable for the propagation, growth and general welfare of an oyster 

community are character of bottom, water movements, water temperature, salinity and food. The 

unfavorable or destructive factors that tend to inhibit the growth and productivity of an oyster 

community are sedimentation, pollution, competition, disease and predation. The effects of 

commercial harvesting, storm and erosional activities could account for some oyster bed losses. 

Boating activities, pollution, excessive sedimentation and extreme turbidity can also cause 

changes in intertidal oyster beds. Changes in oyster abundance and distribution can be used as 

indicators of environmental changes.  Therefore, it is important to document the currently 

existing oyster beds so as to enable the future researchers to evaluate future changes to the oyster 

population. 
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______________________________________________________________________________ 

 

 Introduction 

      Oysters are found worldwide in the coastal waters of temperate, subtropics and tropics 

(Grabowski et al., 2008). They generally inhabit in lagoons, estuaries and backwaters. They are 

sedentary with pelagic larval stages. They are ecosystem engineers influence on many ecological 

processes such as maintenance of biodiversity, population and food web dynamics, nutrient 

cycling and water quality maintenance (Alexandra et al., 2010). They are considered as the 

keystone species that provide habitat, shelter and food for their associates and are excellent tools 
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for biodiversity restoration in degrading brackishwater ecosystems (Sanjeevaraj, 2008). Besides, 

oyster beds serve as breakwaters to protect adjacent shorelines from erosion (Hosack et al., 

2006).                        

     The biology of oyster is greatly influenced by the environmental factors in the habitat. 

Feeding, growth, maturation, spawning and development are greatly influenced by the varying 

environmental factors such as water temperature, salinity, pH, dissolved oxygen, current velocity 

and phytoplankton (Tolley et al., 2005).  The temperature regime affects the life of the oyster by 

controlling the rate of water transport, feeding, respiration, gonadal development and spawning 

(Fulford et al., 2007). The temperature along with salinity determines solubility of oxygen in 

water and affects the metabolism, reproduction and behavior of associated organisms (John and 

Megan, 2005). Salinity is the one of the most important environmental factors affecting oyster 

populations (Dame et al., 2002). Oysters can be adapted to diurnal, seasonal and annual 

fluctuations of salinity. Dissolved oxygen influences the population and individual growth of the 

oysters (Molnar et al., 2008). The rate of settlement of oyster spat is influenced by physico-

chemical and biological factors in the habitat (Nestlerode et al., 2007). The study of rate of 

settlement of oyster spat is important to determine the potential for oyster fisheries in 

brackishwaters. However, a precise knowledge of the oyster stocks and their ecological 

conditions is necessary to plan for oyster culture.   

 

Influence of environmental factors  

Temperature 

        Temperature is one of the principle variants in benthic communities. The oysters are  

poikilothermic (cold blooded) organisms distributed in waters with temperatures ranging from 1 

to 36ºC (Galtsoff, 1964).  Many researchers have studied the oysters from different waters and 

found that growth was confined to periods when water temperatures were higher. Water 

temperature is known to influence the filtering activity of the oysters (Ward et al., 2000). 

Various studies support the idea that sea water temperature affects the metabolic activities such 

as growth, reproduction and larval development in most marine invertebrates (Dame, 1996). 

Kinny (1988) reported that the responses of marine invertebrates to temperature may be modified 



International Journal of Advanced Scientific and Technical Research                  Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 343 
 

by variations in the intensity of other simultaneously effective environmental factors, especially 

light, salinity, pressure and dissolved gases. 

         

       Davis and Calabrese (1964) found that the time required for C.  virginica larvae to reach the 

setting stage in the laboratory ranges from 10-12 days at 30-32ºC to 36-40 days at 20 ºC. Garton 

and Stickle (1980) studied the predation and ingestion rate of Thias haemastoma on C.  virginica 

spat and observed that it was sensitive to temperature. The threshold temperature for predation 

was between 10 and 12.5 ºC. Carlson (1982) found that temperature had a significant effect on 

the setting of Pacific oyster larvae. Between 15 and 30ºC, the percentage of setting larvae during 

48h period increased with temperature. In C. madrasensis the spat settlement was achieved 

within 15-20 days at a temperature range of 27-30 ºC although the optimum water temperature 

was not known (Nayer et al., 1984). Scholz et al.(1985) recorded the levels of setting of 

Crassostrea gigas spat as 15% at 15 ºC, 39% at 20 ºC and 67% at 25 ºC after 24h. 

Kalyanasundaram and Ramamurthy (1986) observed that temperature range of 25 -30 ºC was 

optimum for embryonic development of S. cucullata. Functioning of adductor muscle was 

weakened in C. madrasensis at 40ºC and as a result mortality occurred (Mahadevan and 

Nagappan Nayar, 1987). 

          

     The temperature regime affects the life of the oyster by controlling the rate of water transport, 

feeding, respiration, gonad formation and spawning (Ward et al., 2000). Using the seasonal 

fluctuations of temperature, it is easy to determine the percentage of time during which oysters in 

any given locality continue to feed and reproduce (Narashiman, 2005). Ciliary motion of the 

gills, which is responsible for the transport of water was maximum at temperature of about 24-26 

ºC in C. virginica (Galtsoff, 1964). The ciliary activity declined rapidly below 20.5ºC and ceased 

completely at 5-7ºC. At temperature above 32ºC, there was also a declined in ciliary movement. 

Gonadal formation (gametogenesis) and spawning are also directly related to environmental 

factors, primarily temperature. Spawning of ripe gonads is triggered by a rapid rise or fall in 

temperature and has not been associated with a specific critical temperature (Randal and Randal, 

1989). The temperature along with salinity determines solubility of oxygen in water and affects 

the metabolism, reproduction and behavior of associated organisms (Randal and Randal, 1989). 

Metabolic rates of predators, parasites and competitors are accelerated in spring and summer 
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months at the time when oysters are most vulnerable to damage due to spawning and glycogen 

losses(Ward et al., 2000). The water temperature may also influence on the percentage 

prevalence of different oyster species at the same bed (Ganapathi Naik and Gangadhara Gowda., 

2013a). 

 

Salinity 

      Salinity is the one of the most important environmental factors affecting oyster populations 

(Dame et al., 2002). Oysters are euryhaline organisms able to live in waters of a wide range of 

salinity. Galtsoff (1964) found oysters inhabiting waters with a range of salinity from 5 to 40ppt. 

Oysters can be adapted to diurnal, seasonal and annual fluctuations of salinity. The mean value 

of these salinities is of little significance because of the oyster’s ability to isolate itself from the 

environment by tightly closing its valves (Galtsoff, 1964). In this way it may survive in adverse 

conditions, provided they do not last indefinitely.  

 

       Fluctuations in salinity have been suggested as a possible factor regulating metabolic 

activities in those marine invertebrates living in shallow marine areas and estuaries. Chestnut 

(1946) observed that in places where salinity was very low, feeding was often stopped during 

low tide. Several workers have reviewed the information available on the response of marine and 

brackish water invertebrates to salinity (Moore, 1958). Duppy et al. (1977) reared the larvae of 

C.  Virginica and C. gigas to setting stage in 9-11 days at salinities 17.5-20ppt. Garton and 

Stickle (1980) observed that oyster drills did not feed below 7.5 ppt. The oyster drills exposed to 

diurnal tidal fluctuation of salinity had predation rates significantly less than those at the 

optimum salinity of 20ppt. Significant difference in setting of C. gigas spat at salinities ranging 

from 15 to 30ppt was recorded by Carlson (1982). The larvae of C. madrasensis reached the 

eyed stage from 13
th

 to 15
th

 days at salinities of 30.50ppt (Nayar et al., 1984). Angell (1986) 

reported the mass mortalities of oysters due to low salinity during monsoon period. 

Kalyanasundaram and Ramamurthy (1986) found that salinities between 25-35ppt were optimum 

for embryonic development of   S.  cucullata.  Mean values of diurnal, seasonal, and annual 

salinities are of little significance for evaluating their effect on the oyster population (Galtsoff, 

1964). Oysters inhabiting the parts of estuaries in which salinity is below 10ppt would be 

seriously affected by fresh water influx (Loosanoff and Davis, 1952). Under certain 
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circumstances the influx of fresh water into estuaries may be beneficial. Some of the carnivorous 

gastropods, flatworms and starfishes, which are highly destructive to oysters, are killed by fresh 

water (Ronaldo et al., 2010).  Periodical flushing wipes out the predators and restores the 

productivity of beds.  

        

       Nell and Holiday (1988) recorded the highest growth rates of S. commercialis at salinities of 

23-29ppt and survival rates at 27-39ppt.  Sundaram and Syed Shaffee(1992) have conducted 

experiment on salinity tolerance of various bivalves. The results obtained show that C. 

madrasensis can tolerate appropriate low salinity of 7ppt under lab conditions. Lowered 

salinities have been directly correlated with increase in mortalities (Butler, 1949). Marine 

bivalves have weak osmotic regulation capabilities when placed in diluted seawater and can 

prevent loss of salts only by closing their valves.  Excessive freshwater influx caused oyster mass 

mortalities in the Gulf of Mexico estuarine complex and Galveston Bay, Texas (Buyers et al., 

2006). Coen et al. (1999) indicated that commercial oyster harvest in the Apalachicola estuary in 

Florida showed a strong correlation with annual river flow. In addition, there is the effect of 

salinity on the oyster larvae. Several authors have reported the lack of spat fall in salinities below 

10ppt (Randal and Randal, 1989; Mahadevan and Nagappan, 1987). 

           

     The reproductive capability of oysters is reduced by low salinity. Butler (1949) showed that 

gametogenesis is inhibited in oysters maintained in salinities of less than 6 ppt. He attributed this 

failure of gonad development to variations in food availability and feeding rather than direct 

inhibition of sexual activity. Davis and Calabrese (1964) related rate of growth to type of food 

organisms available. The type and abundance of food organisms are determined by 

environmental factors such as salinity. Variations in the chemical composition of the oysters 

follow distinct patterns related to the environment and season of the year. The major 

environmental factor affecting the chemical composition is the salinity of the season (Galtsoff, 

1964). Claude et a1. (1999) revealed that copper, zinc and silver accumulation in oysters are 

inversely related to salinity. Salinity influences on trace metal (Cu, Zn, Ag) accumulation at the 

molecular, cellular and organism level in the oyster, C. gigas.   Oyster landings were inversely 

related to freshwater inflow.  Landing in Breton Sound, Lousiana were inversely related to river 
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discharge. There is an inverse relationship between freshwater inflow and oyster landings in Gulf 

of Mexico (Goodwin, 2007).  

 

 Dissolved oxygen(DO)  

       Dissolved oxygen influences the population and individual growth of oysters (Mathew, 

2008). Oysters are tolerant of low dissolved oxygen, surviving at concentrations as low as 1ppm 

(Andrews, 1982). In laboratory studies, larvae ceased to swim and died after 3 days when oxygen 

concentration was 0.1ppm and young spat died within a week; however, adult oysters survived 

much longer at the same concentration (Haven et al, 1985). Hourly oxygen uptake is low in 

oysters, 15.5cc/kg dry weight, as would be expected for a sedentary animal (Nell, 1996). 

Furthermore, oysters probably use less than 10% of the oxygen available in the feeding currents 

passing over their gills (Galtstoff, 1964).  

 

 pH 

       In the case of C. viriginica, the pH of tidal estuary must not fall below 6.75. The species 

does not reproduce successfully in waters where the pH remained above 9.00 (Mathew et al, 

2008). In C. madrasensis, the rate of pumping was normal at a pH of 7.75; at 6.75-7.00, first 

vigorous and then declined and at 4.0- 6.5 decreased by 10% of the normal (Madhavan and 

Nagappan Nayar, 1987). 

 

 Substratum  

       Oyster communities are generally either associated with a large reef formation or they are 

spread out on the water bottom. The character of the bottom is of great importance for the 

survival of oysters (Mahadevan and Nagappan Nayar, 1987). Oysters grow best on bottoms that 

are hardened with firm mud or shell; they do not grow well on sandy or soft bottoms (Randal and 

Randal, 1989). The oysters grow equally well on a hard rocky bottom or semi hard mud firm 

enough to support their weight (Mahadevan and Nagappan Nayar, 1987).  The abrasive action of 

shifting sand will cause valve injury and shifting mud may cause death of the oysters by 

suffocation (Bennet, 1946). With the exception of these extreme conditions oysters adapt 

themselves to a variety of bottoms. They thrive on shore rocks and underwater structures which 
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are exposed at low tides. No oyster can survive several hours of exposure to below or above 

ambient temperature (Mathew   et al., 2008). Therefore, very little settlement and growth is seen 

very near the surface.  

    

Habitat 

      The preferred habitat for oysters in the South Atlantic region is from just below the mean low 

water level to about 1m above mean low water (Kochmann et al., 2008). If all other conditions 

are suitable, a firm bottom is not necessary for a reef to become established (Mathew   et al., 

2008). A few oysters may attach to a bit of shell or wood in a mudflat and other oysters attach to 

them, pushing them into the mud and smothering them but providing substrate for subsequent 

spat. This process continues until the first set sinks deep enough into the mud to reach a 

sufficiently firm substratum to prevent further subsidence. Shells growing on top of the buried 

shell reach the surface of the mud and provide attachment area for subsequent crops of oysters. 

The reef then expands from this beginning. 

         

      Water currents must be strong enough to provide food. Galtsoff (1964) estimated that water 

passing over an oyster reef should be renewed 72 times in 24 hours period. Also, currents must 

wash away sediments and biodeposits of animals inhabiting the reef (Haven and Fritz, 1985). 

Currents of high velocity can interfere with feeding and cause structural damage (Galtsoff, 

1964). The current only has to be strong enough to carry away liquid and gaseous metabolic 

wastes and feces and to provide oxygen and food. Free exchange of water is essential for the 

growth, fattening and reproduction of oysters (Galtsoff, 1964). The ideal flow of water for an 

oyster bed is steady and non turbulent.  

  

    The settling behavior of the oyster is important for oyster culturists to collect the oyster seeds 

from wild. Most biological studies of the potential oyster culture have dealt with settling 

behavior of the oyster larvae. The biological cues to oyster larval settling are related to the fact 

that oyster larvae are gregarious and respond to a waterborne pheromone or metabolite released 

by oysters that have already metamorphosed (Hidu and Haskins, 1971).   
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     Richie and Menzel (1969) observed that the oyster larvae preferred the dark under surface of 

the shells for the settlement under laboratory conditions. While investigating the importance of 

temperature and light they concluded that orientation of the cultch (material on which the oyster 

spat settles) is an important factor in natural waters for spat settlement. In general, concave or 

convex substrates seem to be more attractive for larval settlement than flat or even substrates; 

similarly, poorly-illuminated areas are preferred to clear or illuminated surfaces (Doroudi and 

Southgate, 2002). Soong et al. (1981) reported that C.gigas preferred concave surface than 

convex surface of the clutch material in Shun Sun Sandy beach estuary, China. Studies of Angell 

(1986) on C. gryphoides revealed that horizontally suspended collectors collected more spat on 

their lower surface. A detailed investigation by Muthaiah (1987) on oyster farming suggested 

that condition of the cultch and method of exposure were the major factors for oyster settlement. 

The low number of collected spat may   be due to an inappropriate collection technique and /or 

the poor condition of the larvae. Experiments using different spat collectors showed that empty 

oyster shells and close meshed plastic baskets were more efficient (Reuben et al., 1983). The 

environmental factors such as water temperature and salinity influence on the rate of oyster spat 

settlement. Recently, rate of oyster spat was assessed in a tropical estuary, south west coast of 

India and found that the most suitable period for oyster spat collection is from December to 

January and April to May. January and April appeared to be the months of peak settling 

(Ganapathi Naik and Gangadhara Gowda, 2013b). During this period, the water temperature, 

salinity, DO and pH fluctuated between 29.0 and 34.70 ºC, 9.87 and 33.69ppt, 3.87 and 5.66mg/l 

and 7.14 to 7.84 respectively.  There was a significant positive correlation between oyster spat 

fall rate and   water temperature, salinity, DO and pH.   

 

     Carlson (1982) in his experiment on C. gigas found that temperature had a significant effect 

on the settling of larvae. At temperature from 15 to 30ºC, the percentage of larval settling 

increased as temperature increased during 48h period. Scholz et al. (1985) also showed that the 

water temperature plays an important role in settlement of C. gigas spat. At 10ºC no settling 

occurred while good settling of spat occurred at 21 ºC. Experiments on American oyster, C. 

virginica showed that settling started when the water temperature reached 21.6±0.7ºC in April 

(Kenny et al., 1988).  
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     Nair and Nair (1985) while studying settlement pattern of C. madrasensis at different habitats 

in and around Cochin Harbour reported that the settlement pattern was considerably influenced 

by the distribution of salinity at various stations. The peak settlement was recorded when salinity 

ranged between 22.4 and 33.0ppt.  Thangavelu (1988) studied the settlement of C. madrasensis 

in Pulicat Lake and showed that the settlement of spat was high during May and low during 

November, when the salinity was high and low respectively.  The proportion of C. gigas larvae 

settling was also affected by temperature, salinity,  feeding levels, depth, tidal phase, water 

circulation rate and cultch type(Poland and Broadely,1998). Davis (1985) demonstrated that 

lowering of salinity from normal level to 15% has not resulted in mortality of the larvae. 

However, at salinities below 12.5ppt, 90-95% of the larvae died indicating that they are lethal. 

Optimum growth and setting of the larvae of C. madrasensis have been observed at salinities 28 

to 31.5ppt and at temperatures of 25 to 27ºC (Narashiman, 2005). Duppy et al. (1977) have 

successfully settled the larvae within 9-11days at salinity ranges of 15- 20ppt at a temperature of 

27 ºC and the larvae of C. gigas at 20ppt and in  27 ºC.  Growth and setting of the larvae have 

been observed to be optimum when salinity and temperature regimes are steady (Aswani et al., 

2008).  Recently,  a study conducted in Mulky estuary, south west coast of India revealed that the 

water temperature, sediment temperature, salinity, DO, pH, sediment organic carbon, 

sedimentation rate and phytoplankton wet weight influence on growth and survival of 

transplanted oysters(Ganapathi Naik ., 2012). 

 

Conclusion  

     There is a wide scope for oyster culture in brackish waters of India. A thorough knowledge of 

the environmental factors affecting feeding, growth, survival and spat fall rate of oysters is 

essential to initiate successful cultural practices in commercial scale. Combating the aquatic 

pollution and restoration of aquatic resources are the present needs for the enhancement of oyster 

production through culture as well as from wild. 
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