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ABSTRACT 
 

Estuaries are areas of interaction between fresh and salt water along the coasts.  They are 
areas of remarkable biological productivity and diversity.  Due to anthropogenic activities 
like construction of dams, diversions and upstream withdrawals the amount of water that 
reaches the estuary viz. environmental flow undergoes many variations.  This will have 
profound effects on estuarine conditions including changes in the hydrometeorological and 
hydrodynamic regimes that in turn will upset the ecological balance.  As there exist strong 
correlations between freshwater inflows and the salinity gradients and between salinity and a 
wide variety of biological productivity, the health of the estuarine ecosystem is affected 
seriously.  In this context, it is necessary to know the amount of freshwater reaches estuarine 
ecosystem and their natural variability by reflecting the monthly flow time series. This flow 
time series is referred to as the reference hydrological time series. Pichavaram wetlands, 
which houses a vast diversity of mangrove species, is located in between the Vellar and 
Coleroon estuaries, drained by distributaries of the Cavery River, Tamil Nadu, India.  The 
total extent of the wetland is around 2300 ha, out of which only around 858 ha is covered by 
dense mangrove vegetation at present. Pichavaram receives freshwater mostly during the 
northeast monsoon season from October to November.  In this area dry season is long, 
extending from February to September and correspondingly, the average salinity of the 
mangrove water is also high during the dry season, ranging from 35 to 45 ppt.  This indicates 
the greater need for protecting the existing swamp and also for increasing the areal extent.  
This can be effected only by understanding the factors influencing the survival and growth 
of the different species, among which the quantity and quality of water flows is the most 
important. The paper focuses on understanding the present environmental flow reaching the 
estuary by desktop Environmental Flow Assessment (EFA) and reflecting the reference 
hydrological time series. And also Flow Duration Curves are obtained for the Coleroon river 
to upgrade the ecosystem to the desired Environmental Management Class. 
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INTRODUCTION 
River flow fluctuates on many scales 

(monthly or seasonal) and the fluctuations 
are the result of complex non-linear 
interactions between rainfall processes, 
topography and geography.  The fluctuation 
in the flow over a time period is also due to 
anthropogenic activities like construction of 
dams, diversions and upstream withdrawals.  
These fluctuations may have profound 
effects on ecosystems such as an estuary 
which has remarkable biological productivity 
and diversity. As there exist strong 
correlations between freshwater inflows and 
the salinity gradients1 and between salinity 
and a wide variety of biological 
productivity2, if the quality and quantity of 
river water is reduced it will affect the health 
of the estuarine ecosystem seriously.  
Moreover, the floristic composition and 
vegetation community structure in wetlands 
are determined by frequency, duration, depth 
and season of flooding.  The assemblages of 
plant species in wetland habitat are the result 
of a particular flooding regime occurring 
through time3.  Both seasonal and year-to-
year variations in rainfall and runoff produce 
natural cycles of water level fluctuation in 
wetlands.  As the water regime is a 
fundamental component of wetland 
management, and as the ecological processes 
occurring in wetlands are driven by 
hydrology, disturbance to hydrological 
processes is the greatest threat to wetland 
conservation values and historically has 
caused most wetland degradation4,5.  In this 
context it is vital to know the dynamics of 
freshwater river flow reaching the ecosystem 
i.e. the environmental flow to understand the 
present status of the system.  This study 
pertains to the Coleroon river, a distributary 
of the Cauvery river, India and its tail end 
estuarine ecosystem viz. Pichavaram 
wetlands. 

Objectives of the study 

The objectives of this research were to 
(a) assess the past and present dynamics of 
the Coleroon river by compiling records of 
virgin and present-day monthly average 
discharge data (b) assess the other 
hydrological information such as seasonal 
index, flood duration curves etc in various 
formats (c) analyze the flow related 
information considering mangrove as an 
essential component in the ecosystem and to 
upgrade the ecosystem to the desired 
Environmental Management Class (EMC). 

MATERIAL AND METHODS 
Study area 

Pichavaram is located 15 km northeast of 
Chidambaram, Cuddalore district, Tamil 
Nadu, between latitudes 11º 20’ and 11º 30’ 
north and longitudes 79º 45’ and 79º 55’ east.  
It is an estuarine type of mangrove situated 
in between the Vellar and Coleroon estuaries.  
Fishermen hamlets, agricultural lands and 
aquaculture ponds surround the area.  This 
mangrove environment is a major tourist 
attraction in Tamil Nadu.   

The Pichavaram mangrove wetland has 
51 islets and the total area of the Vellar-
Pichavaram-Coleroon estuarine complex is 
2335.5 ha of which only 858 ha is occupied 
by dense mangrove vegetation6. The entire 
mangrove vegetation in this area has been 
declared as a reserve forest by Government 
of Tamil Nadu since 1880.  Two major rivers 
viz. Vellar river and Coleroon river in this 
area drain into the Bay of Bengal.  The area 
between the two rivers is identified as 
brackish water with mangrove vegetation.  
The area is covered by alluvium in the 
western part and fluvial marine and beach 
sands cover the eastern part of the area.  
Geomorphologically, a major area is covered 
by flood plains, sedimentary plains and 
beach sand.  The slope in most of the region 
is very mild.  The area receives freshwater 
mostly during the northeast monsoon season 
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from October to December.  Thus in this area 
the dry season is long, extending from 
February to September, and corresponding to 
it, the average salinity of the mangrove water 
is also high during the dry season, ranging 
from 35 to 45 ppt7. 

Importance of mangroves 

Pichavaram houses a vast variety of 
mangrove species (as association of  
halophytic trees), which provides habitat for 
fish and shrimp and support a rich variety of 
flora and fauna and are particularly important 
as resting and feeding grounds for migratory 
birds.  Mangroves produce nutrients and 
enrich the coastal sea.  Pichavaram mangrove 
water contain four times more nitrate, 20 
times more suspended organic matter and 
inorganic phosphates as compared to 
adjoining seawater of the Bay of Bengal8.  
When the nutrient rich mangrove water 
mixes with sea, it results in increased fertility 
of the sea.  So they serve as prime breeding 
and nursery grounds for many animal species 
especially for prawns, shrimp and fishes.  
Mangroves provide direct and indirect 
employment for the fishermen community.  
Though they exist under hostile and 
inhospitable conditions, they do require a 
certain input of fresh water in order to 
mitigate the salinity stress.   

Historical flow record 
The minimum requirement for desktop 

Environmental Flow Assessment (EFA) 
application at any site in a river basin is 
sufficiently long (at least 20 years) monthly 
flow time series reflecting, as much as 
possible, the pattern of 'natural' flow 
variability. This flow time series is referred 
to as the reference hydrological time series. 

Historical flow record methodology is 
formulated to assess virgin and present-day 
monthly average discharge data and the in-
stream flow requirements of the Coleroon 
river by considering mangrove as an 
important component in the Pichavaram 

ecosystem. Long term hydrological data on 
natural daily flow is provided to allow 
assessment of the flooding regime that 
occurred historically at the site.  They are 
seen as ideal because they provide 
comprehensive information on the timing, 
magnitude, frequency and duration of flow 
conditions that occur often in the river.  
Besides, natural flow regime is one of the 
driving forces that has sculpted both the river 
channel and the character of its biological 
communities. The result of the analysis is 
used to ascertain the amount of water that 
must be left in a regulated river system 
during different times of the year to preserve 
the health of the mangrove ecosystem.  The 
monthly river data were collected from the 
Public Works Department, Lower Anaicut (a 
downstream flow observation station) for the 
period 1934–2007 (74 years).  Hydrological 
time series analysis was carried out by using 
MS Excel software for yearly as well as 
monthly time series.  Statistical analyses 
such as mean, median, standard deviation, 
variance etc. were performed and salient 
results were obtained for the 74-year record. 

Seasonal index 

The seasonal patterns of the river flow 
were analyzed statistically. To obtain a 
statistical description of a pattern of seasonal 
variation, it was decided to first free the data 
from the effects of trend, periodicity and 
irregular variation.  Once these components 
were eliminated seasonal variation was 
calculated in index form, referred to as 
Seasonal Index.  For monthly data, a 
seasonal index consists of 12 numbers, one 
for each month of a year.  A typical seasonal 
index is obtained by averaging a number of 
specific seasonals.  It is thus a generalized 
expression of seasonal variations for a series.  
Seasonal indexes are given as percentages of 
the average, i.e., each month is represented 
by a figure expressing it as a percentage of 
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the average month.  Method of Simple 
Averages is adopted to arrive at the seasonal 
index for the Coleroon data. 

Flow duration curve 

Flow duration curves (FDC) show the 
percentage of time that certain values of 
weekly, monthly or yearly discharge were 
equaled or exceeded in the available number 
of years of record.  The flow duration curve 
is actually a river discharge frequency curve 
and longer the period of record, more 
accurate is the indication of the long term 
yield of a stream.  The monthly flow values 
for the 74-year period (1934–2007) were 
arranged in the ascending order of magnitude 
and the number of occurrences of each flow 
value was recorded.  From this the number of 
times and the percent of time each flow value 
has been equaled or exceeded in the period 
of record was obtained.  Then FDC is 
represented by a table of flow values 
(percentiles) covering the entire range of 
probabilities of occurrence.  In this study 
FDC was represented by a table of flows 
corresponding to 14 fixed percentage points: 
0.75, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 
95, 99, 99.9, and 99.99 percent as against 16 
fixed percentages adopted by9.  These points 
ensure that the entire range of flows is 
covered adequately.  

Environmental management classes 
(EMCs)  

Environmental flows aim to maintain an 
ecosystem in, or upgrade it to, some 
prescribed or negotiated condition also 
referred to as 'desired future state', EMC, 
'ecological management category', 'level of 
environmental protection' etc10. The higher 
the EMC, more the water needed to be 
allocated for ecosystem maintenance or 
conservation and more flow variability will 
need to be preserved.  

Ideally, EMCs should be based on 
empirical relationships between flow and 

ecological status/conditions associated with 
clearly identifiable thresholds. However, at 
present the evidence for such thresholds is 
not sufficient and these categories are simply 
a management concept, which has been 
developed and used in the world because of a 
need to make decisions under conditions of 
limited lucid knowledge. Placing a river into 
a certain EMC is often accomplished by 
expert judgment using a scoring system11. 
Alternatively the EMCs may be used as 
default 'scenarios' of environmental 
protection and corresponding environmental 
flows as 'scenarios' of environmental water 
demand.  

RESULTS AND DISCUSSION 
For the hydrological time series analysis 

the entire period i.e. from 1934 to 2007  
(Fig. 1) was divided into three subgroups viz. 
1934 to 1963 (Fig. 2), 1964 to 1991 (Fig. 3) 
and 1992 to 2007 (Fig. 4) as there exists a 
profound variation in discharge over the 
given period.  Between 1934 and 1963 the 
tail end ecosystem received a maximum of 
0.35 million cusecs in the years 1946 and 
1961.  For rest of the years the freshwater 
flow was found to be above 0.05 million 
cusecs.  Between 1964 and 1991 the 
maximum discharge of 0.2 million cusecs 
was observed in the year 1981 and for rest of 
the years the discharge was below 0.15 
million cusecs.  An infinitesimal discharge 
was observed in 1968, 1974, 1976, 1982, 
1983 and between 1985 and 1991.  Between 
1992 and 2007, the highest maximum of 3 
million cusecs was observed in the year 2005 
and for rest of the years the discharge was 
below 1 million cusecs against a minimal 
discharge in 1992, 1995 and in between 2001 
and 2003.  An erratic high flow was observed 
since 1992 compared to the flow of 
preceding years.  In general the analysis 
showed a downtrend in the freshwater flow 
reaching the mangrove ecosystem and in 
particular, for a 20-year period, an 
infinitesimal discharge was observed in the 
river. 
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Fig. 1 : Hydrological time series analysis from 1934-2007. 

 
Fig. 2 : Hydrological time series analysis from 1934-1962. 

 
Fig. 3 : Hydrological time series analysis from 1964-1991. 

 
Fig. 4 : Hydrological time series analysis from 1992-2007. 
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Fig. 5 : Monthly discharges in the Coleroon River 1934-2007. 
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The monthly time series analysis (Fig. 5) 
clearly depicts the seasonal variation in the 
discharge over the period of years.  The 
maximum discharges of 0.96, 1.407 and 0.78 
million cusecs were observed in the months 
of October, November and December.  This 
shows that the Coleroon river and the 
associated mangrove ecosystem get their 
maximum freshwater during northeast 
monsoon season. A smaller contribution 
from southwest monsoon was also clearly 
observed till 1980s in the months of July, 
August and September and the mean 

discharges are 0.009, 0.0151 and 0.0059 
million cusecs, respectively.  In the year 
2005, the highest maximum discharge was 
observed in October–December. An 
infinitesimal discharge was the order for 
most of the years, for the months of 
February, March, April, May and June, 
which are considered to be the dry periods of 
Tamil Nadu.  The detailed analysis 
showcased the increased upstream 
withdrawals from 1987 onwards and the 
consequent decrement in the river flow and 
its associated ecosystem. 

The seasonal disturbances in the river 
flow data were analyzed statistically and are 
illustrated in the form of seasonal variation 
index (Fig. 6).  The index was found to be a 
maximum during the months of October, 
November and December with values of 
213.33, 479.79 and 267.30%, respectively. 
Index value of 35–95% was observed 
between July and September. Therefore the 
index clearly depicts the contribution of 
northeast monsoon season as more than 
200% and 65% average for southwest 
monsoon. 

The analysis of the river flow data by 
FDC is performed to know the percentage of 
time certain value of yearly discharge is 
equaled or exceeded in the available years of 
record (Fig. 7).  It was observed that for 

higher flows the percentage time was lower 
and for lower discharges the percent of time 
was higher.  From the literature12 it is learnt 
that to sustain the health of mangrove 
ecosystem a flood of 35 m3s-1 is required for 
a 40 ha mangrove forest.  With an aerial 
extent of 858 ha, Pichavaram Mangrove 
Ecosystem (PME) thus requires a freshwater 
flow of 0.0265 million cusecs. The 
percentage time for the above discharge 
value was found to be 9.36, which is too low 
to conserve the ecosystem.  Hence to 
improve the status of the system it is 
imperative to increase the percentage time of 
the given discharge by implementing a 
perceptive environmental management plan.  

The method of shifting the FDC curve by 
one percentage point along the time axis 

 
Fig. 6 : Seasonal variation index for the Coleroon River. 
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from the original FDC position was proposed 
in9, where the EMCs were shifted one step to 
the left.  In this study, a shift to the right 
instead is performed owing to the flow 
characteristics. An FDC shift by one step 
means that a flow which was exceeded 0.75 
percent of the time in the original FDC will 
now be exceeded 1 percent of the time.  The 
flow at 1 percent becomes the flow at 5 
percent etc.  The procedure is graphically 
illustrated in Figure 8.  A linear extrapolation 
is used to define the ‘new high flows’ at the 
upper end of a shifted curve. Hence by 

shifting the curve by 3 steps, the percentage 
time for the required discharge was increased 
to 40. Thus the shifting of FDC curve will 
give a clear insight to the water managers in 
protecting the ecosystem by ensuring 
adequate freshwater flow and by providing a 
balance between nature and developmental 
projects. If the proposed increase in water 
flow as devised by the FDC shift is adopted 
for the Coleroon river, it will enhance the 
dynamics of the downstream Pichavaram 
ecosystem and possibly result in an increased 
coverage of mangroves. 

CONCLUSION 
Analysis of the historical flow records of 

the Coleroon River reflects the dynamic 
variation in the discharge over a 74-year 

period.  It also indicates how the dynamic 
status of the river has changed due to the 
upstream developmental projects and the 
seasonal variations in the discharge.  The 

 
Fig. 7 : Flow duration curve for the Coleroon River discharge. 

 

 
Fig. 8 : Shifting of the flow duration curve. 
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seasonal variation index demarcates clearly 
the contribution of northeast and southwest 
monsoons.  Maximum flow to the mangroves 
occurs in Oct–Dec. There was a decreasing 
trend of flow from the Coleroon until 1993, 
after which the annual inflows have been 
highly erratic. This disturbance in seasonality 
is not a good indicator for the health of the 
ecosystem. The minimum flow needed for a 
healthy mangrove system in Pichavaram is 
0.0265 million cusecs; however, this is 
achieved only 9% of the time. Shifting of the 
flow duration curve indicates that with 
proper planning, inflows into the Coleroon 
can be increased so that the mangroves will 
get more freshwater. This study is a step 
towards developing a formal management 
strategy without which the PME is likely to 
suffer irreversible change, for the worse, for 
mangrove forests and its associated 
biodiversity. 

REFERENCES 
1. Jasshy A.D. et al. Isohaline position as a 

habitat indicator for estuarine 
populations, Eco. Appl., 5(1), 272-289, 
(1995). 

2. Sklar F.H. and Browder J.A, Coastal 
environmental impacts brought about by 
alterations to freshwater inflow in the 
Gulf of Mexico, Env. Mgmt, 22(4), 547–
562, (1998). 

3. Robert O.Mc Cosker, Methods 
addressing the flow requirements of 
wetland, riparian and flood plain 
vegetation, Chapter 3, 47-60, (1998) 

4. Arthington A.H. and Zalucki J.M. (eds). 
Comparative evaluation of 

environmental flow assessment 
techniques: Review of methods. 
LWRRDC Occasional Paper 27/98, 
(1998) 

5. Gippel C.J. et al., A Review of 
Environmental Water Requirements of 
the Thomson River from Downstream of 
the Thomson Dam to Upstream of 
Cowwarr Weir. Report to Melbourne 
Water Corporation. (Centre for 
Environmental Applied Hydrology, 
University of Melbourne: Victoria.) 
(1992) 

6. Swaminathan M.S. Research Foundation, 
18th Annual Report, (2007–2008) 

7. Selvam V., Environmental Classification 
of Mangrove wetlands of India, Current 
Science, 846, 25, (2003). 

8. Balasubramanian T. and Ajmal Khan S., 
Mangroves of India, State of the art 
report, Envis Publication series, 2, 
(2002) 

9. Smakhtin V. and Anputhas M, An 
assessment of Environmental Flow 
Requirements of Indian river basins, 
Research report 107, IWMI,  (2006). 

10. Aereman M and Dunbar M. J., Defining 
Environmental river flow requirements – 
a review, Hyd. and Earth sys. Sci., 8, 
861-876, (2004). 

11. Dwaf, White paper on a national water 
policy for South Africa, Department of 
Water Affairs and Forestry, South 
Africa. (1997). 

12. Qureshi M.T. et.al, Indus case study 
Report IUCN, Karachi, (2000). 

 
����� 

 


