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ABSTRACT: The Biological and chemical properties of water in the Anzali International Wetland 
were estimated using multiple linear regression (MLR), artificial neural network (ANN), and genetic 
algorithm(GA) and simulated annealing algorithm (SA) as optimization methods. The obtained results 
from MLR-MLR, SA-ANN and GA-ANN techniques were compared and a high predictive ability was 
observed for the GA-ANN model with the root-mean-sum-squared error (RMSE) of 0.0079 and 0.01535 
in L. Claparedeianus and L. hoffmeisteri, respectively. The results obtained using the GA-ANN method 
indicated that abundance of L. Claparedeianus and L. hoffmeisteri in the Anzali International Wetland 
depends on different parameters, which include: that NH3 concentration, total nitrogen (TN), dissolved 
oxygen (DO), Sodium chloride (Sali), Nitrat (NO3), total phosphorus (TP), Biochemical Oxygen 
demand (BOD), Total dissolved solids (TDS) and electrical conductivity (EC) in water. In conclusion, the 
comparison of the quality of the ANN with different MLR methods showed that GA-ANN has a better 
predictive capability.
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Quantitative structure-activity relationship (QSAR) 
methods are important for prediction of abundance of 
Oligochaetes based on mathematical and statistical re-
lations.  The data sets for QSAR modeling, which con-
tain the Biological and chemical properties of water, 
are generated by experimental scientists and available 
in various data sources [1, 2]. There are several vari-
able selection QSAR methods including multiple linear 

regression (MLR), genetic algorithm (GA), simulated 
Annealing algorithm (SA) and so on [3-9]. Benthic 
macro-invertebrate communities establish an impor-
tant connection as food reservoir for fishes and other 
animals in aquatic food chain [10]. The Oligochaetes 
are benthic macro-invertebrate communities and abun-
dant animal groups, which are strongly influenced 
by environmental conditions. Out of more than 5000 
known species of class Oligochaeta, approximately 
1100 species live in freshwater [11, 12]. Limnodrilus 
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claparedeianus are considered as the most tolerant oli-
gochaets to aquatic pollution. Therefore identification 
and biological characteristics of this taxon are of great 
help to evaluate the ecosystem of water bodies [13]. 
Limnodrilus hoffmeisteri, also known as red worm, is 
one of the most widespread and abundant oligochaetes 
in the world [14]. They live in fine, sandy and coarse 
sediments of watercourses, pond and lakes, hyporheic 
zone and groundwater, feeding on microorganisms 
and organic material [15, 16].  Due to the lack of gill, 
it breathes through skin. This worm is well recognized 
indicator of organic pollution and low dissolved oxy-
gen [17]. It is increasingly being used to test the toxic-
ity of sediment-associated contaminants and their bio-
accumulation [18]. In present work, MLR and ANN 
modeling tools coupled with SA and GA optimization 
techniques were used to find the best set of bio-chem-
ical parameters of the water (depth, temperature, dis-
solved oxygen, and pH) that correlate the abundance 
of Limnodrilus claparedeianus and Limnodrilus hoff-
meisteri in the Anzali International Wetland.

Linear and Non-Linear Methods 
Aquatic oligochaetes were collected twice a season 
from 13 sites in the Anzali Wetland from August 2012 
to June 2013. The samples were taken with a bottom 
grab (0.04 m2) from the surface layer of bottom sedi-
ments among the submerged macrovegetation. During 
each sampling period, water temperature was mea-
sured with a thermometer with a sensitivity of 0.1°C, 
dissolved oxygen was measured with an oxygen meter 
WTW-OXI 330/SET, and pH was determined with a 
pH meter WTW pH 330/SET-1. Details of Sampling 
and sample processing of Limnodrilus claparedeianus 
and Limnodrilus hoffmeisteri were given in ref. [13].
Some bio-chemical parameters of the water including 
mixture is sodium chloride and water  (Salin), dis-
solved oxygen (DO), pH, TOM (total organic mate-
rial), turbidity (turb), electrical conductivity (EC), to-
tal soluble solids (TSS), Total dissolved solids (TDS), 
total phosphorus (TP), NO2, NO3, NH3, Viruses and  
Worms counting (Vw), total nitrogen (TN), Biochemi-
cal oxygen demand ( BOD), chemical oxygen demand 
(COD), chlorophyll-a (chla), Photovoltaic (Pv), Non-
invasive ventilation (Niv), Part By Weight (Pbw) , 
CrS, PbS, Pressure Sensor (Ps), NiS, Vs were mea-

sured at the sampling from 13 sites in the Anzali  Wet-
land in 7 species of aquatic oligochaetes including L. 
claparedeianus and Limnodrilus hoffmeisteri [12, 13].

The physico-chemical parameters values in Linear 
and Nonlinear QSAR models were normalized using 
the equation (1) in Excel program.

(1)

SPSS [19] program was employed to select the best 
physico-chemical parameters. An ideal method is one 
that has low standard deviation, high correlation co-
efficient (R2) and root mean of square error (RMSE) 
[20], where the RMSE is defined as follows:

(2)

The correlation coefficient (R2), root mean of square 
error (RMSE) were calculated by using the linear 
method (MLR) approach in the unscramble [20] pro-
gram. The bio-chemical parameters chosen in the pre-
vious primary linear selection were implemented un-
der further screening using QSAR methods including 
GA-ANN, SA-ANN, and MLR-GA as shown in Fig. 
1. In each run via ANN, the 3-5 bio-chemical param-
eters selected by the optimization method (GA or SA) 
were used as the inputs and corresponding values of 
(abundance of L. claparedeianus) were utilized as the 
target values (Fig.1). 
This study also used three neurons in the hidden layer 
of the ANN approaches 80%, 10% and 10% of data 
sets in these models were randomly chosen as train-
ing, validation and test sets, respectively. The net-
works were trained by using the TSET members with 
Levenberg-Marquart Algorithm [8], while Logarith-
mic sigmoid and linear transfer function were used as  
the hidden and output transfer function, respectively. 
Logarithmic sigmoid transfer function is defined as 
follows: 

(3)

A genetic algorithm (GA) is a method for solving both 
constrained and unconstrained optimization problems 
based on a natural selection process that mimics bio-
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logical evolution. The algorithm repeatedly modifies a 
population of individual solutions [21]. SA is a descent 
algorithm modified by random ascent moves in order 
to escape local minima which are not global minima. 
It has been used in statistical physics to choose sample 
states of a particle system model to efficiently esti-
mate some physical quantities [6]. Matlab 2014a was 
used for modeling and optimization calculations.

RESULTS AND DISCUSSION

QSAR investigations in  Biological and chemical 

properties of water in the L. claparedeianus and L. 
hoffmeisteri  were  performed using multiple linear re-
gression (MLR) and artificial neural network (ANN) 
as modelling tools and simulated annealing (SA) and 
genetic algorithm (GA) as optimization methods.  Ac-
cording to the types of variable section method and 
feature mapping techniques, these models were shown 
as MLR-MLR, SA-ANN, MLR-GA and GA-ANN. In 
MLR-MLR, MLR-PCR and MLR-PLS1 methods, the 
best physico-chemical parameters were selected us-
ing MLR procedure of SPSS [9] software .Then the 
selected physico-chemical parameters were used as 
input in unscramble software and statistical param-
eters were calculated using PCR and PLS1 methods 
(Tables 2, 4). The RMSE and the correlation coeffi-
cient (R2) for predicted the abundance of L. claparede-
ianus and L. hoffmeisteri in MLR–MLR were found 
to be [0.1535-0.47015] and [0.01535-0.4701], respec-
tively. Furthermore, the calculated parameters indi-
cated that MLR–MLR method was better than the two 
other employed linear methods. The definition of the 
bio-chemical parameters in the MLR-MLR method is 
shown in Tables 1, 4. To establish the SA-ANN and 
MLR-GA and GA-ANN models, the 28 bio-chemical 
parameters were fed to the neural network to select the 
best bio -chemical parameters. Also we used 3 neu-
rons in the hidden layer of the ANN models (Fig.1). 
The statistical parameters of all QSAR approaches are 
shown in Tables 2, 4. In GA-ANN, SA-ANN, MLR-
GA methods, 80%, 10% and 10% of data sets were 
randomly chosen as training, validation and test sets, 
respectively. The results of the QSAR models proved 
that non-linear feature selection approaches were 
better than their linear models. The obtained results 
demonstrated that the GA-ANN method led to better  

Fig. 1. The employed procedure for finding optimum de-
scriptors of the ANN models.

Table 1. The best selected bio-chemical parameters of water using QSAR Meth-
ods in L. Claparedeianus

MLR-MLR SA-ANN GA-MLR GA-ANN

Sali TN COD NH3

Tss NH3 BOD TN

COD pH Sali DO
NH3 Sali TN Sali
Chla Chla NH3 BOD
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results with good predictive ability than the other 
QSAR models. Therefore, the selected the best bio 

-chemical parameters using GA-ANN are discussed 
here (Tables 1, 3).

QSAR study for choosing biological and chemical parameters of ...

QSAR Model R2 RMSE

MLR-PLS1 0.4691 0.1536
MLR-MLR 0.4701 0.1535
MLR-PCR 0.4684 0.1537
MLR-ANN 0.6543 0.0154
SA-ANN 0.7861 0.0095
GA-ANN 0.8292 0.0079
GA-MLR 0.8129 0.0084

MLR-MLR SA-ANN GA-MLR GA-ANN

Sali Ph TSS EC

Ph TN Sali TDS

TSS COD NH3 NH3

NH3 EC Ph TN

Table 2. Statistical parameters of different linear QSAR models in L. Cla-
paredeianus

Table 3. The best selected bio-chemical parameters of water using QSAR 
Methods in L. hoffmeisteri

QSAR Model R2 RMSE

MLR-PLS1 0.3039 0.1147
MLR-MLR 0.3555 0.1140
MLR-PCR 0.2523 0.1189
MLR-ANN 0.5932 0.0077
SA-ANN 0.7075 0.0055
GA-ANN 0.7668 0.0044
GA-MLR 0.6159 0.0073

Table 4. Statistical parameters of different linear QSAR models in L. hoffmeisteri

Fig. 2. Correlation between experimental and predicted 
abundance values calculated by using GA-ANN method L. 
Claparedeianus.

Fig. 3. . Correlation between experimental and predicted 
abundance values calculated by using GA-ANN method L. 
hoffmeisteri.
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Table 1 shows that NH3 concentration, total nitrogen 
(TN), Dissolved oxygen (DO), Sodium chloride (Sali),  
Biochemical Oxygen demand (BOD) are the best se-
lected Biological and chemical properties of water in 
L. Claparedeianus in GA-ANN method. In Table 3 the 
electrical conductivity (EC), Total dissolved solids 
(TDS), NH3, total nitrogen (TN) are the best selected 
biological and chemical properties of water in L. hoff-
meisteri in GA-ANN method. The plot showing the 

variation of observed versus predicted abundance val-
ues in L. Claparedeianus and L. hoffmeisteri are shown 
in Figs. 2, 3.  A good correlation between the calculat-
ed and empirical values of abundance can be observed 
in these Figures that approves the appropriateness of 
the developed model. The graphs of the found most 
effective Biological and chemical properties of water 
in L. Claparedeianus (NH3,TN,DO,Sali,BOD)  and 
L. hoffmeisteri (EC,TDS, NH3, TN) versus the abun-

Fig. 4. Experimental values of abundance versus NH3, TN, DO, Sali, BOD Values in GA-ANN method in L. Claparedeianus.

Fig. 5. Experimental values of abundance versus EC, TDS, NH3 and TN Values in GA-ANN method in L. hoffmeisteri.
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dance are plotted in Figs. 4, 5.
The charts showed that the abundance value in the 

L. Claparedeianus increases with increasing NH3 con-
centration, Dissolved oxygen (DO), Sodium chloride 
in water (Sali). Also the total nitrogen (TN) increased 
the abundance value decreased.  As the Biochemical 
Oxygen demand (BOD) increased to 0.8, no change 
in abundance was observed. Thus during this period, 
a bar was seen in the abundance.  The charts in Fig. 
5 showed that with increase in EC, TDS and NH3 
concentration. The abundance values in the L. hoff-
meisteri were increased. By increasing the TN the re-
sponse was increased and then reduced. The results in 
this work proved Nitrogen fixation was also enhanced 
in soils enriched with L. Claparedeianus and L. hoff-
meisteri. 

CONCLUSION

The obtained results from QAR models showed that 
GA-ANN combination were better than the other 
models used and also proved that NH3 concentration, 
total nitrogen (TN), Dissolved oxygen (DO), Sodium 
chloride (Sali), Biochemical Oxygen demand (BOD), 
Total dissolved solids (TDS) and electrical conductiv-
ity (EC) were more significant than other Biological 
and chemical properties of water and predicting abun-
dance values in L. Claparedeianus and L. hoffmeisteri 
substitution patterns. Thus NH3 concentration, Dis-
solved oxygen (DO), Sodium chloride (Sali) and to-
tal dissolved solids (TDS) and electrical conductivity 
(EC) and NH3 concentration increase the population 
of L. Claparedeianus and L. hoffmeisteri and the soil 
becomes fertile. It can be concluded that simultaneous 
use of GA-ANN methods give deeper and more com-
prehensive knowledge of the effect of Biological and 
chemical properties of water on the abundance values 
in  L. Claparedeianus and L. hoffmeisteri worms. 
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