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Abstract 

The trophic status of Yardantsi Reservoir, Gusau was evaluated using Carlson‘sTrophic State 

Index (CTSI). Samples were collected between May 2015 and April 2017. Environmental 

variables were determined using standard methods, in which total phosphorus and 

Chlorophyll-a were measured spectrophotometrically using Sherwood colorimeter 257 at 

660nm and Jefferson 721A at 662nm respectively; while Secchi transparency was determined 

in situ. The following results were obtained; during 2015/2016 and 2016/2017 CTSI values 

were found to be 34.45 and 33.56 respectively, this revealed that the Reservoir is 

oligotrophic. The water may be suitable for an unfiltered water supply. The Reservoir is 

shallow, as such ithas a tendency of becominganoxic in the hypolimnia. The reservoir 

therefore needs to be monitored regularly using CTSI and there is need to reduce discharge 

ofanthropogenic nutrient as well as manual cleaning of macrophytes and algal biomass to 

protect these water bodies from further degradation.  
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Introduction 

The quality of an aquatic ecosystem is 

governed by its physical, chemical and 

biological factors, all of which interact 

with one another and greatly influence its 

productivity (Ajana et al., 2006). The basic 

approaches to the assessment of water 

quality included the use of physical and 

chemical variables of aquatic system to 

provide some insight in to the water 

quality (Thagaradjouet al., 2012) and the 

biological factors, which is governed by 

the theory, provide direct measure to 

ecological integrity using biota response to 

changes in environmental conditions 

(Joshi et al., 2013).  

Carlson and Simpson (1996) 

defined trophic state as the total weight of 

living biological material (biomass) in a 

water body at a specific location and time. 

Time and location-specific measurements 

can be aggregated to produce water body-

level estimations of trophic state. Trophic 

state is understood to be the biological 

response to forcing factors such as nutrient  

 

 

 

additions (Naumann, 1929), but the effect 

of nutrients can be modified by factors 

such as season, grazing, mixing depth, etc. 

In accordance with the definition of 

trophic state given above, the trophic state 

index (TSI) of Carlson (1977) uses algal 

biomass as the basis for trophic state 

classification. Three variables; chlorophyll 

pigments; Secchi depth and total 

phosphorus are used to estimate algal 

biomass. The three index variables are 

interrelated by linear regression models 

and should produce the same index value 

for a given combination of variable values 

(Carlson and Simpson, 1996).Kleeberg 

and Dude (1977) have advocated the direct 

role of phosphorus in the eutrophication of 

freshwater bodies. Martynez et al. (2005) 

found that oligotrophic nature of lake is 

indicated by the decreased concentration 

of totalphosphorus. Bergmen (1999) 

observed pronounced increase in 

phosphorus and chlorophyll concentrations 

with the decrease in Secchi‘s depth 

transparency 
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Trophic state monitoring is an 

important part in assessing and managing 

lake ecosystems. As phosphorus is 

alimiting nutrient in algal growth(Horne 

and Goldman,1994), total phosphorus is 

commonly measured in theassessment of 

trophic state. Algal concentration can be 

estimated indirectly by determining the 

chlorophyll-a. Themore chlorophyll 

corresponds to more phytoplankton and 

more eutrophic state of the lake.The 

productivity of an aquatic ecosystems is 

assess using Carlson‘s Trophic Status 

Index (TSI) as an indicator to monitor the 

system (Xu et al., 2015). Hosmani (2010) 

opinesthat measurement of chlorophyll-a 

can be used as a primary index for trophic 

state classification and to infer 

thefunctioning of the lake. Secchi‘s disc is 

used to measure the transparency of water 

which depends uponthe density of algal 

populations and other suspended solids in 

water (Heiskary, 1985).  

Although eutrophication is a 

natural process, over a period it is often 

accelerated by humanactivities which is 

termed as cultural eutrophication 

(Steffanson et al., 2001). The nutrients 

may enter in to lakes as agricultural runoff, 

sewage or waste water and by cattle 

ranching.This causes over enrichment of 

nutrients inthe water bodies leading to the 

algal blooms. The decaying process of 

dead algal biomass may also result in 

thedepletion of dissolved oxygen in the 

lakes causing anoxic environment.The 

major strength of TSI is the 

interrelationship between the variables can 

be used to identify certain conditions inthe 

lake that are related to the factors that limit 

the phytoplankton biomass (Carlson,1980). 

TSI is an important aspect in water 

qualitysurvey and this can be used as a 

tool to measure trophicstate where the 

biomass is involved (Sandeepet al., 2008).  

Chlorophyll-a is an essential 

indicator of aquatic ecosystems 

productivity, which aid in the survival of 

aquatic plants organisms, therefore, 

monitoring concentration of chlorophyll-a 

in an aquatic ecosystem serve as a measure 

of tracking phytoplankton growth (Duka et 

al., 2014). Considering forecasted 

increases in global agricultural production 

and fertilizer application, as well as the 

persistence of anthropogenic phosphorus 

in agricultural soils and aquatic ecosystem, 

eutrophication is increasingly a severe 

problem in unmonitored reservoirs such as 

Yardantsi Reservoir. Increase in nutrients 

is part of a natural process, which is 

sometimes referred to as ―water aging‖ 

and it is the manifestation of natural 

evolution of all aquatic ecosystem. 

However, accelerated eutrophication of 

many reservoirs is because of 

anthropogenic activities, thereby changing 

the status and quality of surface water 

(Siemieniuk et al., 2016). The aim of this 

study was to evaluate the tropic status of 

Yardantsi Reservoir, Gusau using 

Carlson‘s Trophic Status Index (TSI). 

Table 1: Possible Changes that Might be Expected in Temperate Lake as the Amount of 

Algae Changes along the Trophic State Gradient (Carlson and Simpson, 1996). 

TSI Attributes Water Supply Fisheries & Recreation 

< 30 Oligotrophy: Clear water, 

dissolved oxygen throughout the 

year in the hypolimnion. 

Water may be suitable for an 

unfiltered water supply. 

Salmonid fisheries dominate. 

30–40 Hypolimnia of shallower lakes 

may become anoxic. 

 Salmonid fisheries in deep 

lakes only. 

40–50 Mesotrophy: Moderately 

clearwater and an increasing 

probability of hypolimnetic 

anoxia during summer. 

Raw water turbidity requires 

filtration before use. Iron, 

manganese, taste, and odor 

problems worsen.  

Hypolimnetic anoxia results in 

loss of salmonids. Walleye may 

predominate. 
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50–60 Eutrophy: There is possible 

macrophyte problems and 

anoxic hypolimnia. 

 Warm-water fisheries only. 

Bass may dominate. 

60–70 Cynophyte dominate algal 

scums and extensive 

macrophyte problems occur. 

Episodes of severe taste and 

odor possible. 

Nuisance macrophytes, algal 

scums, and low transparency 

may discourage swimming and 

boating. 

70–80 Hypereutrophy: Dense algal 

blooms and macrophytes that 

lead to limited light 

productivity.  

  

> 80 Algal scums and few 

macrophytes 

 Rough fish dominate and there 

is possible summer fish kills. 

The major strength of TSI is that the 

interrelationships between variables can be 

used to identify certain conditions in the 

lake or reservoir that are related to the 

factors that limit algal biomass or affect 

the measured variables (Table 2). When 

more than one of the three variables are 

measured, it is possible that different index 

values will be obtained. Because the 

relationships between the variables were 

originally derived from regression 

relationships and the correlations were not  

perfect, some variability between the index 

values is to be expected. However, in some 

situations the variation is not random and 

factors interfering with the empirical 

relationship can be identified. These 

deviations of the total phosphorus or the 

Secchi depth index from the chlorophyll 

index can be used to identify errors in 

collection or analysis or real deviations 

from the ―standard‖ expected values 

(Carlson, 1981).  

Table 2: Some possible interpretations of deviations of the index values (updated from 

Carlson 1983). 

Relationship Between TSI Variables Conditions 

TSI(CHL) = TSI(TP) = TSI(SD) Algae dominate light attenuation; TN/TP ~ 33:1 

TSI(CHL) > TSI(SD) Large particulates, such as Aphanizomenon flakes, 

dominate 

TSI(TP) = TSI(SD) > TSI(CHL) Non-algal particulates or colour dominate light attenuation 

TSI(SD) = TSI(CHL) > TSI(TP) Phosphorus limits algal biomass (TN/TP > 33:1) 

TSI(TP) >TSI(CHL) = TSI(SD) Algae dominate light attenuation but some factor such as 

nitrogen limitation, zooplankton grazing, or toxics limit 

algal biomass. 

Materials and methods  

Study area 

Yardantsi Reservoir is located in Gusau 

Local Government Area of Zamfara State,  

 

 

 

Nigeria (Latitude 12°10'12.86"-

12°17'02.40"N and Longitude 

6°39'50.83"-6°66'41.20"E), and occupies 

an area of 3,364 km
2 

(Jabbi et al., 2018). 

The mean annual rainfall in the area is 990 

mm. The type of vegetation in this area is 
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the Sudan savannah, mostly dominated by 

grasses, and small trees (Ibrahim and 

Magami, 2016). The Reservoir was 

constructed purposely to provide water for 

domestic uses to Gusau populace as well 

as to improve, irrigation and fishing 

activities in the area (ECAN, 1990). 

Sample collection  

Samples were collected monthly in one 

litre capacity plastic bottles, between 6am 

and 7am, from five sampling stations for a 

period of 24 months, i.e. from May 2015 

to April 2017. Collected samples were 

transported from the field in an ice box to 

Hydrobiology Laboratory of Biology Dept, 

Ahmadu Bello University, Zaria for 

determination of physico-chemical 

parameters as describe by UNEP (2004). 

Secchi depth (transparency) was 

determined in-situ.  

Determination of TSI variables 

a. Chlorophyll-a 

Chlorophyll-a was determined by filtering 

0.7 ml of the water sample through 0.2 

mm mesh size net, and then filtrate was 

mixed with 10ml 95.5% acetone in 25ml 

glass vial and blended with a homogenizer. 

The glass vials were sealed with paraffin 

to prevent evaporation and stored in a 

refrigerator for 2–5 days after which the 

intensity was measured using a UV visible 

Mc JEFFERSON‘s Spectrophotometer 

(Model 721A) at 662nm and 644nm. 

Chlorophyll-a was obtained using the 

formula by Tada et al. (2004): 

 

             (    ⁄ )  
                     (      )

                 (  )
     ( ) 

 

b. Phosphorus 

Two (2) ml of the surface water sample 

was measured into 50ml of volumetric 

flask, followed by the addition of 2ml 

phosphorus extraction solution, 2ml of 

ammonium molybdate and 35ml of 

distilled water into the flask with 1ml of 

fresh diluted stannous chloride. The flask 

was then shaken, and the colour intensity 

was observed using Sherwood colorimeter 

257 at 660 wavelength or nanometre. The 

reading was recorded for the calculation of 

phosphorus using equation ii.  

 

 (    )  
                                         (    )                  

                           
   (  ) 

 

c. Secchi depth (transparency) 

Secchi-disc of 30cm diameter was used to 

determine the transparency, by lowering 

the disc vertically with measuring tape 

attached in the water; the measurement of 

the distance when the disk disappeared 

was recorded as P1; The disc was then 

pulled out and the distance when the disk 

re-appeared was measured and recorded as 

P2. The transparency was calculated by 

taking the average of these distances, using 

the following formula as expressed by 

equation iii (UNEP, 2004):

 

              
      
 

      (   ) 

Determination of TSI values 

The trophic state index (TSI) of Carlson 

was calculated using the following 

simplified equations: 

a.                      (   )  
                   (    )  
       (  ) 

b.                          (  )  
                         (   
 )        ( ) 
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c.                     (  )     
                    ( )  (  ) 

Where TSI is Carlson Trophic 

State Index and In is natural 

logarithm. 

Averaging TSI values 

There has been a tendency to average the 

three variables rather than to prioritize  

 

their use individually (Osgood 1982; 

Kratzer and Brezonik 1981). Therefore, 

 

       ‘                      (    )   
,    (   )     (  )     (  ) -

 
     (   ) 

 

Based on the values of CTSI obtained the 

Reservoirs are classified as oligotrophic 

(low productive); mesotrophic (moderately 

productive); eutrophic (productive) and 

hypereutrophic (highly productive). The 

range of the Carlson‘s trophic state index 

values and classification of lakes are 

presented in the Table 1. 

Data analysis 

The data obtained from the field and 

laboratory were statistically analysed. IBM 

SPSS Statistics software version 22 was 

used was used to generate the means. 

 

Results and discussion 

The mean TSI values for each of the 

parameters and their attributes for 

Yardantsi Reservoir Gusau over a period 

of twoyears are presented in the tables 

3.The graphical representation of the 

Carlson‘s trophic state index of the 

Reservoir s is given in the figure1. During 

2015/2016 Carlson‘s trophic state index 

values of the Reservoirranges between 

29.49in June to 39.58 in February. During 

2016/2017 CTSI values of the 

Reservoirranges between 29.22in May to 

37.68 in March (Table 3). Our study 

revealed that CTSI values are higher 

during dry season, and lesser during rainy 

season, this may be attributed to the 

dilution because of inflow of water in to 

the reservoir during rainy season, this 

study agrees with the findings of Devi-

Prasad and Siddaraju, (2012)in their study 

of two Lakes in Mandya district.

 

Table 3: The mean monthly TSI and CTSI values of Yardantsi reservoir Gusau 
Month 2015/2016 2016/2017 

TSI(CHL) TSI(TP) TSI(SD) CTSI TSI(CHL) TSI(TP) TSI(SD) CTSI 

MAY 31.51 8.56 49.34 29.80 30.21 10.23 47.22 29.22 

JUNE 28.36 7.91 52.21 29.49 31.42 9.48 51.73 30.88 

JULY 28.73 9.32 52.64 30.23 29.17 8.54 50.03 29.25 

AUG. 30.09 10.01 54.68 31.59 30.11 11.42 53.31 31.61 

SEPT. 29.59 12.43 57.01 33.01 32.42 11.84 55.27 33.18 

OCT. 31.44 14.21 60.11 35.25 30.33 12.69 58.79 33.94 

NOV. 30.58 13.54 59.35 34.49 32.58 13.61 53.82 33.34 

DEC. 33.82 15.37 62.32 37.17 32.91 14.09 57.42 34.81 

JAN. 32.41 15.82 61.44 36.56 31.75 14.75 60.58 35.69 

FEB. 34.38 16.42 67.95 39.58 33.06 15.63 62.93 37.21 

MAR. 33.92 15.99 63.52 37.81 34.51 16.86 61.66 37.68 

APR. 34.65 17.02 63.58 38.42 32.84 14.72 60.37 35.98 

AVER. 31.62 13.05 58.68 34.45 31.78 12.82 56.09 33.56 

Note: TSI = Trophic State Index; CHL = Chlorophyll-a; TP = Total phosphorus; SD = Secchi 

depth; CTSI = Carlson‘s Trophic State Index and Aver. Average 
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The average CTSI values of theYardantsi 

Reservoir during 2015/2016 and 

2016/2017 were found to be 34.45 and 

33.56 respectively, this revealed that the 

Reservoir is oligotrophic. The water may 

be suitable for an unfiltered water supply. 

The Reservoir isshallow, as such ithas a 

tendency of becominganoxic in the 

hypolimnia. This may be due to 

continuous inflow / surface runoff of 

nutrients fromthe neighbouring crop fields 

in the catchment area in rainy season, 

which in turn enhances the growth of 

phytoplankton and other macrophytesin 

the Reservoir. 

 

 
Figure 1: Radar diagram of Carlson’s trophic state index (CTSI) of Yardantsi 

Reservoir Gusau 

 

The enhanced growth and decay of 

planktons and macrophytes may lead the 

lake towards anoxic conditions. The main 

parameter in deciding the trophic status of 

an aquatic water body is its phosphorus 

concentration. Any changes in the 

phosphorus concentration of fresh water 

ecosystem can also alter its trophic status. 

According to Carvalho and Kirika (2003) 

decline in inflow of nutrients reduces 

phosphorus concentration in Reservoirs 

which in turn reduces phytoplankton 

biomass. This observation is found to be 

true from the present study of 

YardantsiReservoir.  

 

Conclusion 

The progression of freshwater bodies from 

oligotrophic (low productive) to 

hypereutrophic (highly productive) is a 

gradual process in nature. The conversion 

from one status to the other is defendant 

on the series of changes of nutrient inflow. 

Based on the CTSI values obtained the 

Yardantsi Reservoir is classified as 

oligotrophic. The water may be suitable 

for an unfiltered water supply. The 

Reservoir isshallow, as such it has a 

tendency of becoming anoxic in the 

hypolimnia. The CTSI values obtained are 

at upper limit, as such the Reservoir has 

the tendency of becoming mesotrophic if 

necessary measures are not taken. 

 

Recommendations 

i. Less anthropogenic nutrient input 

as well as manual cleaning of 

macrophytes and algal biomass is 

needed to protect these water 

bodies from further degradation.  
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ii. The CTSI require minimum data 

and easy to understand, it is ideal 

for volunteer water conservation 

programmes and Government to 

adopt it for monitoring of the 

Reservoir, to conserve the water 

and it resources. 

iii. There is need to educate the 

common man regarding the threats 

to the water bodies like reservoirs 

and conservation strategies that can 

be adopted. 
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