
INTRODUCTION

Lakes become more productive as they accumulate

nutrients with time and this process is called natural

eutrophication which probably occurs very rarely [1].

In the last few decades man induced processes

have tended to cause major changes in trophic

status including changes in composition of living

organisms.

Numerous attempts were made for understanding

and management of eutrophication in lakes. Trophic

state index (TSI) or Carlson index [2] , which is an

easy to apply method for defining trends in lake

ecosystems, was chosen to understand trophic

status of Lake Mogan and if this trophic state can be

correlated with zooplankton. 

MATERIALS AND METHODS

Study area and data collection
Mogan is a shallow lake with surface area 5.5 km2 in

the close vicinity of Ankara, Turkey. Lake and

connected wetland in south part is decleared

Special Environmental Protected Area (SPA) in

1990, and is also an Important Bird Area (IBA). Lake

is under pressure of urban and industrial pollution,

and it has a large basin (954 km2) with agricultural

runoffs. Generally, in winter lake is covered with ice
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Lakes become more productive as they accumulate nutrients with time and this process is

called natural eutrophication which probably occurs very rarely. This natural eutrophication

is generally fastened by antropogenic factors. Lake Mogan is a shallow lake with surface

area 5.5 km2 in the close vicinity of Ankara, Turkey. Lake is under the recreational use.

Natural process of eutrophication gained a momentum due to anthropogenic effects in the

last decade. Numerous studies and suggestions have been made as well as prevention,

but process is continuing as represented in this study. Lake eutrophication assessment

was done in order to illustrate trophic gradient changes and its impact on zooplankton and

zoobenthos. Trophic state index (TSI) which consists three parameters; total phosphorus

(orthophosphate), chlorophyll-a concentration and Secchi disc depth, is constructed. No

possible trophic gradient change was observed in lake spatially but changes according to

seasons are evaluated.
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about 2 months and in spring and summer algal

blooms distracts surrounding area and can cause

oxygen deficits causing fish kills. Previous studies

in lake showed that lake is in a meso-eutrophic state

[3,4] but later studies showed that lake is showing

hypertrophic tendency [5].

A large database is constructed with the samples

collected from September 2006 to September 2007,

in 5 stations (Figure 1). Physico-chemical properties

of water, plankton and zoobenthos samples were

collected at monthly intervals. Quantative and

qualitative studies of water quality, zooplankton and

zoobenthos were based on given literatures [6-8]

respectively. Some references used in identification

are [9-11]. Rotifera and Chironomidae taxa are used

for decisive stages as these are considered as

indicators of trophic status in previous studies [12].

Carlson index
Carlson index is a simple method of calculating and

explaining trophic state using Secchi depth,

chlorophyll-a and total phosphorus measurements.

Index is given with the abbreviations in Table 1.

which will be used in rest of this paper. 

Each major division in Table 1 (10, 20, 30 etc.) can

be explained as a doubling in algal biomass. Total

phosphorus is reduced to ortho-phosphate in this

study which is the most common form of phosphate

in waterbodies [13]. Simplified equations used in

constructing index are as follows;

TSI(SD) = 60 - 14.41 ln(SD)

TSI(CHL) = 9.81 ln(CHL) + 30.6

TSI(TP) = 14.42 ln(TP) + 4.15 

RESULTS AND DISCUSSION

TSI values are calculated for each season between

years 2006 and 2007 and summarized in Table 2.

Table 1. Trophic State Index and associated parameters. 

TSI Secchi Disk (SD) (m) Surface Phosphorus (TD) (mg/m3) Surface Chlorophyll (CHL) (mg/m3)

0 64 0.75 0.04

10 32 1.5 0.12

20 16 3 0.34

30 8 6 0.94

40 4 12 2.6

50 2 24 6.4

60 1 48 20

70 0.5 96 56

80 0.25 192 154

90 0.12 384 427

100 0.062 768 1183

Figure 1. Location of Lake Mogan, Turkey and sampling

stations (1/48000).
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Phosphorus is the key limiting nutrient in Lake

Mogan [3], so TSI values equally effect overall [2].

For year values, chlorophyll of summer and average

values of other parameters are used as advised by

author of index.

Another question in this study rather than defining

its status was to determine if any zooplankton taxa

can identify trophic state of lake. Trophic state

differences between stations were examined and no

polarity was found between them in sampling

period. This can be due to size of lake and drainage

basin. Lake has a large basin where as it is shallow

and has a narrow surface area. Multiple regression

is conducted using TSISD, TSITP, TSICHL and month

as independent variables, and separately

abundance and quantity of 4 rotifer species

(Keratella quarata, Hexarthra sp., Asplanchna sp.,

Brachionus urceolaris) as dependent variables. After

that analysis it is understood that none of index

values shows similarity with biological data.

Changes in rotifer abundance is directly related to

months (p<0.001) and seasonal variance is a known

fact for rotifers. Zooplankton species didn’t show any

corelation with index values but zoobenthic species

Chironomus sp. corelated with month (p<0.001) and

TSICHL (p<0.01) values. However, long term data is

needed for more clear results. 

Many rotifers have a wide range of temperature

tolerance [14] so it is not thought to be the reason of

monthly differences. And high trophic degree and

high production can lead to high oxygen

concentrations due to photosynthetic activity, but

may also cause oxygen depletion by high respiration

rates [15] so this species are thought to show wide

O2 toleration and seasonal oxygen concentration

differences was not thought to effect them this

much. Effects of catastrophic like shifts in shallow

lakes, which is previously mentioned for Lake

Mogan [16], can effect zooplankton succession but

this needed to be studied in detail. Lake Mogan is a

shallow lake with a muddy bottom, this bottom

cause extreme turbidities when disturbed. Wind and

fish induced turbidity can be seen especially in non-

vegetated period.

In a study done in 39 lakes (Florida), has shown

there is a positive relation between zooplankton and

lake trophic state [17]. But in another study done in

Lake Meive (Poland), according to abundance and

biomass of zooplankton lake is considered as

mesotrophic but according to TSISD it is

mesoeutrophic [18]. As mentioned before, long term

data or bigger sampling is needed to get a more

clear picture.

According to literature [19]; five factors seem to

influence species’ abundance and cause species

succession: 1) physical and chemical limitations, 2)

food and exploitative competition, 3) mechanical

interference competiton, 4) predation, 5) parasitism.

It is obvious that to get a more clear vision of Lake

Mogan rather than physico-chemical properties of

water, intraspecific relations are needed to be

studied in detail to understand species succession.

Database is constructed from this study with a main

goal of monitoring the trophic status of the lake. As

a conclusion Carlson index is an easy tool for

determining trophic state with few variables and can

be used especially for comparing trophic state of

other lakes of Turkey. But dominant species in

eutrophic lakes and their interactions are needed to

be studied in detail, perhaps with bioassay

experiments, to find indicator species for lakes.

Table 2. TSI values in correspondence with seasons.

SEASON

TSI

Autumn 

n:3

Winter 

n:2

Spring 

n:3

Summer 

n:2

2006-2007 

n:10

SD 56 56 51 57 55

TP 67 73 73 95 77

CHL 52 46 41 53 53

Overall 58 58 55 68 60
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