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ABSTRACT

Carlson’s Trophic State Index(CTSI) was appliedwo lakes of Mandya. This index requires the deitemtion
only three physic chemical variables viz., Chlorgt#{CA), total phosphorus(TP) and Secchi disc Hept
transparency. The index values ranging from O t0 40d can be used for classification of trophidestaf the lakes.
The results of the study showed that the valu€sT&fl of these lakes ranged between35-53 indicatiagthey are
mesotrophic. Periodic removal of algal mass and moplkytes may be helpful for minimize pollution and
conservation of these still water ecosystems.

Keywords: Carlson’s Trophic State Index, mesotrophic, Secdisic depth transparency, total phosphorus,
Chlorophylla

INTRODUCTION

Classification of lakes based on various methods$ iadices have been made by various workers. Brewn
al.(1970)developed National sanitation foundationewauality index for the assessment of water guaiitunited
states. In Canada, the water quality index wasditced in mid-90’sby Water Quality Guidelines T&ioup of the
Canadian Council of Ministers of the EnvironmenheTTask group included the environmental scientath as
Rocchini and Swain (1995), Dunn(1995) and Hebe®()ThisTask Group created the Water Quality Index
Technical sub-committee that in turn modified thigioal British Columbia Water Quality Index intbe CCME
Water Quality Index (WQI), which was endorsed by @CME (CCME, 2001).

The classical and most commonly used method isdbaisehe productivity of the water body is the bas® related
trophic state index developed by Carlson(1977).96als Trophic State Index (TSI) is a common metliod
characterizing a lake’s trophic state or overaliltte This method uses Secchi’'s disc transparectdprophyll-a,
and phosphorus measurements. Trophic state isedefis the total weight of the biomass in a watetybat a
specific location and time. Trophic state is theoldjical response for nutrient additions to the ewat
bodies(Nauuman,1929). But this nutrient effects imaynodified by parameters such as seasonal \ar&tjrazing
of phytoplankton by zooplankton and mixing depttitef water etc.,

Carlson’s trophic state index mainly uses algafizies involving three variables namely chlorophyiC4), Secchi
disc depth(SD) and total phosphorus(TP). The aeevafues of TSI of these three parameters willdresiclered in
determining the Carlson’s trophic state index. Ttophic continuum is divided into units based oe thase 2
logarithmic transformation of SD. Each 10 unit digh of the index represents a halving or doubbhghe SD.
Because TP often corresponds with the transparencigubling of TP often corresponds to halving &f £A

doubles every seven units(Carlson,1980). The rahgfge index is from 0 to 100 and has an advantage the use
of raw variables. It is easier to memorize units 16f rather than the decimal fractions of raw phosps,

chlorophyll and secchi’s depth values. The threinvariables are integrated by linear regressiodas. Any of
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the three variables can therefore theoreticallyded to classify the state of the water body. Gigbyll.a is given
higher priority for classification, because thigighle is the most accurate among the three fomptiediction of
algal biomass.

MATERIALS AND METHODS

Arakerelake is located at the southeast side ofitlzge. It is mainly rained and also receivesatamater an outlet
of river Cauvery during part of the year. The auoe run off from the neighboring crop fields a¢sders the lake.
The sewage of the village also joins the lake durainy season. The total water spread area dfatiieis 140ha.
The anthropogenic activities such as cloth washgigg detergents added to enrichment of the nutsiaus of the
water body. The macrophytes are not dense in iee la

Thaggahallilakeis located at Northern side of thiage. It receives water from the surface flowtloé crop fields
and the canal water throughout the year. The tediéér spread area of the tank is 50ha. The antgmpo activities
such as cloth washing are at the out lets of the. [Bhe macrophytes are dense in the lake.

The two lakes are economically important as fishawgivities are being carried out in both the lakBsside
Arakere lake is ecologically significant, becau$é&oproximity to the bird sanctuaries such as @drsahalli and
Ranganathittu.

The water samples were collected for the analysisvo parameters, total phosphorus and chlorophylbver a
period of two years. Transparency of the water maasured by Secchi’'s disc of 20cms in diametertlaedalues
are expressed in meters.The maximum depth at vthecklisc can be seen when lowered in to the witenarked
and measured. Total phosphorus was analysed bmeh®od prescribed in 4500-P; APHA,1995. Chlorophyltas
estimated by Acetone method and measured usingaremeter. Chlorophyll was extracted in 80% acetand
the absorption at 660 nm and 620 nm were readsimeatrophotometer. The amount of chlorophyll wdsutated
using the absorption co-efficient,. Chlorophyll ggat in the extract, mg of chlorophyll per gramsuis was
calculated using the following equation.

mgchla/g tissue = 12.76) — 2.69 (Aod) X oo

The trophic state index(TSI) of Carlson was calmdaising the following formulae

a. TSl for Chlorophyll-a (CA)TSI = 9.81In Chlorophydi( ug/L)+30.6
b.TSI for Secchi depth (SD)TSI = 60-14.41In Secaptt( Meters)
c. TSI for Total phosphorus ( TP)TSI =14.42 In Tgihbsphorous ( ug/l) + 4.15

where TSl is Carlson Trophic State Index and INasural logarithm.
Carlson’s trophic state index (CTSI) = [TSI (TP)4{GA)+TSI(SD) /3
TP and Chlorophyll-a in micrograms per litre, SBrigsparency in meters.

Based on the values of CTSI the lakes are cladsd oligotrophic (low productive), mesotrophic @acately
productive) and eutrophic (highly productive). Thange of the Carlson’strophic state index values a
classification of lakes arepresented in the Table:1

RESULTS AND DISCUSSION

The index for each of the parameters and theiibaters for Arakere and Thaggahalli lakes over aopeof two
years are presented in the tables 2 to 5.The gralpfépresentation of the Carlson’s trophic statiex of the two
lakes is given in the figure.1. Carlson’s tropHiats index values of the two lakes recorded in betw35 to 53 and
showed seasonal fluctuations. Our study revealedatt that the CTSI values are higher during sumseason,
lesser during rainy season and moderate duringewibturing 2009-10 Both lakes showed higher valuetsveen
summer (May to july) and lesser values during auwtuand winter. On the other hand during 2010-11,
Thaggahallilake showed higher values during sumamgl Arakere lake showed a slight higher value duthre
middle of the rainy season and lowest values dunihgr months. The average index data of the tvewsyperiod
classifies both the lakes as mesotrophic.
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Table.1 : Carlson’s trophic state index values andlassification of lakes

TSI Trophic
values Status
<30 Oligotrophic | Clear water, oxygen throughowt ylear in the hypolimnion
30-40 | Oligotrophic| A lake will still exhibit oligobphy, but some shallower lakes will become andxiing the summer
40- 50 | Mesotrophic| Water moderately clear, butéasing probability of anoxia during the summer
50-60 Eutrophic Lower boundary of classical eutsofbecreased transparency, warm-water fisherigg onl
60-70 Eutrophic Dominance of blue-green algae,l algam probable, extensive macrophyte problems
70-80 Eutrophic Heavy algal blooms possible thraughhe summer, often hypereutrophic
>80 Eutrophic Algal scum, summer fish kills, fewenaphytes

Attributes

Table.2 : Carlson Trophic State Index , Arakere Lale 2009-10

SI.No | Parameter| Apr | May | Jun Jul Aug Sep Oct Nov Dec| Jan Feb Mar | Ave
1 TSlof SD | 72.84] 77.35 88.38 93.18 63.68 63|39 963. 60.14| 61.67| 57.7 58.36 59.16 6747
2 TSIof TP | 9.06| 8.02] 9.80 2057 1527 942 1643.33| 16.43| 1140 1420 14.20 13.60
3 TSIof CA | 4250| 43.69 59.34 42.86 43.20 40/94 345. 44.20| 42.75 37.3 40.70 44.88 43,98
4 CTSI 41.47| 43.03 5249 5220 40.68 37|92 34.59.904p 40.28| 35.49 37.75 3941 41.68

Table.3 : Carlson Trophic State Index , Arakere Lale 2010-11
SI.No | Parameter | Apr May | Jun Jul Aug Sep Oct Nov Dec| Jan Feb Mar | Ave

1 TSIof SD | 56.55| 56.33 59.86 67.12 70.57 57|37 9%6.55.99| 60.58 6251 60.89 60.58 6044
2 TSIof TP | 21.40[ 2227 1643 17.04 19.05 14/20 436.19.79| 17.68 17.04 1420 17.68 1777
3 TSIof CA | 38.81] 35.04 34.44 33.09 33.90 32|78 980. 35.57| 34.83 34.7 40.41  46.13 35/94
4 CTSI 38.92| 37.87 36.91 39.08 41.17 34|78 34.77.128y 37.70| 38.08 38.5 41.66 38.05

Table.4 : Carlson Trophic State Index , ThaggahallLake 2009-10

SI.No | Parameter| Apr May | Jun Jul Aug Sep Oct Nov Dec| Jan Feb Mar | Ave
TSlof SD | 75.12] 69.1% 69.70 83.93 64.93 6555 0%3. 67.12| 66.65 65.9 65.98 67.36 6871
TSI of TP 736 9.80[ 802 1228 1228 9.80 12747.04| 1527 9.80| 1643 16.42 12.27
8 6
D

TSIof CA | 43.11] 4182 43.08 39.5 38.p1 42{86 74Q. 46.41| 39.97 49.67 48.2 52.96 43,88
CTSI 41.86| 40.24 40.2y 4526 38.41 39/40 38.85.5248 40.63| 41.82 43.56 45.58 41.62

HIW[IN|F

Table.5 : Carlson Trophic State Index , ThaggahallLake 2010-11

SI.No | Parameter| Apr May | Jun Jul Aug Sep Oct Nov Dec| Jan Feb Mar | Ave

1 TSlof SD | 69.15| 65.98 66.66 64.93 6395 67,84 3%4.55.67| 59.85 61.67 60.14 59.16 63[28
2 TSIof TP | 25.26] 26.42 1527 18.35 17.68 15|27 3598.17.04| 1584 18.3 15.84 14.Y3 18J20
3 TSIof CA | 46.17| 41.66 40.80 38.17 39.85 32/30 63Q. 40.01| 38.72 3354 46.74 52.01 40,93
4 CTSI 46.86] 44.69 4091 40.68 40.49 38J47 41.10.573f 38.14| 37.85 40.9 41.97 40.80

The average CTSI has shown that Arakre lake is tragsuc during 2009-10 and oligotrophic during 2010
11.According to the indices though Arakere lakenligotrophic during 2010-11, it has a tendency etdming
anoxic during march recording the CTSI value o681 .Thaggahallilake is categorized as mesotrophiing both
the years. The water of the lake classified undisrdategory is moderately clear and there is asirg probability
of anoxia during summer.

Arakerelake receives the canal water only durinpé of the year and for the remaining period itiépended on
rain. The CTSI value during the year 2010-11iséesand it showed higher values during 2009-10s Tay be
attributed to the scanty rain falland dwindling whter level in the lake which has enhanced theienis

concentrations. Although Thaggahallilake receivasewfrom V.C canal, an outlet of Cauvery rivemtighout the
yeatr, it is classified as mesotrophic during bt years. This may be due to continuous inflow utfiants from

the neighbouring crop fields which in turn enhanitesgrowth of phytoplankton and other macrophyésinlakes.
The enhanced growth and decay of planktons andaphgtes may lead the lake towards anoxic conditions

The main parameter in deciding the trophic stafusnoaquatic water body is its phosphorus concgatraAny
change in phosphorus concentration of fresh watasystem can also alter its trophic status. Adngrdo
Carvalho and Kirika(2003) decline in inflow of nigints reduces phosphorus concentration in lakeshaini turn
reduces phytoplankton biomass. This observatidousd to be true from the present comparative stfdyrakere
and Thaggahalli lakes. Kleeberg and Dude (1977¢ laalwocated the direct role of phosphorus in ehioapion of
water bodies. But Bennion and Smith (2002) arénefdpinion that phosphorus play no direct roleutv@phication.
Bergmen(1999) observed pronounced decrease in iRedepth transparency with the increase in phogmhand
chlorophyll concentrations. Lech Kufe(2001) cortethchlorophyll with phosphorus in mesotrophic mk&Xieet
al,(2003) reported persistent coincidence betweenotiwairrence of microcystis bloom and that of phosp$o
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Martynezt. al(2005) found that oligotrophic nature of lake islicated by the decreased concentration of total
phosphorus.

Trophic state monitoring is an important part irsessing and managing lake ecosystems. As phospiois
limiting nutrient in algal growth(Horne and Goldm&894), total phosphorus is commonly measured & th
assessment of trophic state. Algal concentrationbm estimated indirectly by determining the chidrgl.a. The
more chlorophyll corresponds to more phytoplanktand more eutrophic state of the lake. Hosmani @0@pines
that measurement of chlorophyll.a can be used @ignzary index for trophic state classification awadinfer the
functioning of the lake. Secchi’s disc is used tasure the transparency of water. The transparelepgnds upon
the density of algal populations and other suspeérstdids in water(Heiskary,1985). According to &taforet.
al.(2001) although eutrophication is a natural proces®r a period of time it is often accelerated Hhyman
activities which is termed as cultural eutrophioati Human beings influence lake ecosystems ingrgagie
concentration of plant nutrients, primarily phospigfHarper,1992). The nutrients may enter in toedalas
agricultural run off, sewage or waste water and alg cattle ranching.This causes over enrichmemudfients in
the water bodies leading to the algal blooms. Téeaging process of dead algal biomass may alsdt riesthe
depletion of dissolved oxygen in the lakes causimgxic environment.

Figure.1 :Radar diagram of Carlson’s trophic stae index(CTSI) of Arakere and Thaggahalli lake (20040 to 2010-11)
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The major strength of TSI is the interrelationshgiween the variables can be used to identify icecanditions in
the lake that are related to the factors that Ithetphytoplankton biomass (Carlson,1980). Saretesjf2008) have
found that TSI as an important aspect in lake syrwater quality and this can be used as a toaidasure trophic
state where the biomass is involved. Shaetra, have applied Carlson’s TSI and Indiana TSI fer &ssessment of
trophic status of lakes and found that both tystesns can be very well used for the assessmentSifof the
lakes.

CONCLUSION

The progression of lake from oligotrophy to Eutnimpstate is a gradual process in nature. The ¢siorefrom one
life stage to the anotheris based on the changid®idegree of nutrient inflow and the productivitythe lake. The
cultural eutrophication can significantly alter ttete of the natural process and shorten theskfeectancy of the
affected aquatic body. This can be avoided by adgsuitable conservation measures.
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Carlson’s Trophic State Index(CTSI) values recorftedArakere and Thaggahalli lakes were in betwggro 53.
These values showed seasonal fluctuations and wnatreuniform. Carlson’s Trophic State Index categedi
Arakere lake as mesotrophic and oligotrophic du@6§9-10 and 2010-11respectively. This indicates the lake
has the tendency of becoming anoxic during sumfrteggahallilake is categorized as mesotrophic dubisth the
years. It is evident from findings of the presdntly thaggahalli lake is facing more stress ofuralt eutrophication
as compared to Arakere lake. As both lakes arsifiled as mesotrophic, manual cleaning of macrogghgind algal
biomass is needed to protect these water bodies fiscther degradation. As Carlson’s Trophic Statdex needs
minimum data and easy to understand, it is idealédunteer water conservation programmes and twae the
common man regarding the threats to the water bdittie lakes and conservation strategies that esawlopted.
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