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Abstract                                                                                                            
        Basrah city is one of the most polluted areas in Iraq because it contains many oil and gas 
fields. In addition to urbanization process as well as emissions of vehicle on bird biodiversity , 
current study was designed to evaluate the effects of two polluted air gases  on bird biodiversity in 
Basrah, Carbon monoxide (CO) and methan (CH4) were measured in air. The present finding 
indicated that Al-Qurna and Shatt-Al Arab sites hosted the highest diversity of bird. While, Khor 
Al-Zubair was represented by the lowest diversity. Both CO and CH4 showed the highest level in 
Al-Maqal ; 17,800±3.401 ppm, and 12.700±1.135 ppm respectively .Carbon monoxide and 
methane  showed significant effects on bird diversity at different habitats. Negative relationships 
were detected between gasses levels and alpha diversity indices except with dominant index . In 
general both CO and CH4 revealed a significant effect on bird diversity in both Khore Al-Zubair 
and Al-Qurna.In sum , the oil mining and industrial activities stations were the most affected areas 
by air pollutants.  
Key words: gaseous, pollution, birds, diversity.        
    1.Introduction  The increasing demand for energy has had repercussions on biodiversity, as the 
increase in the different industrial activates has led to lose in wildlife, loss of habitat by increasing 
in pollution and changes in carbon stocks and water resources (Piersma et al., 2017). To date, few 
studies have explored how chemical characteristies of the air affect non- human animal species, 
especially animals in wild populations (Garcia-Fernandez et al.,2020) .Among  non-human animal 
species birds particularly vulnerable to air pollutants that are harmful to living organisms 
(Sanderfoot et al.,2017). The avian respiratory system in birds is characterized by unidirectional 
airflow and cross-ccurrent gas exchange unlike the mammalian respiratory system , therefore, 
more likely to be susceptible to high concentrations of toxic gases and aerosoles in the air than 
mammalian species and used like indicators of air quality (Tanneberger et al., 2022). In addition, 
wide bird flight ranges are useful in studying the spatial distribution of air pollutants (Oppel et al., 
2018). The city of Basrah in southern Iraq is one of the most polluted cities in Iraq (Al Sawafi and 
Al Maliki, 2020), as the city includes many oil and gas fields whose mining is accompanied by 
toxic gas emissions that are dangerous to the environment and living organisms (Al-Imarah and 
Al-Saad, 2021). Such as the North Rumaila field, Majnoon oil field, West Qurna field, South 
Rumaila field, Zubair field, South Gas Company and other industrial facilities (Albidhani and 
Akkurt, 2019). Urbanization with industrialization have also led to a significant increase in sewage 
sludge (Filipkowska et al. , 2000) which cause microbiological emissions and gases emitted from 
the activities of bacteria decomposing sewage sludge, which is a major source of air pollution, as 
its disposal has become an urgent problem that must be solved in the field of environment (Liang 
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et al., 2021). Hazardous rates of air pollution were also recorded from domestic waste remnants 
that remain without landfill (Al Sawafi, 2020). In addition to high recorded rates of toxic gases, 
smoke and chemical compounds that are released to the air resulting from burning some waste and 
turning it into ash in large proportions in the city (Albidhani, 2019). Most studies at the present 
time focus on pollutants, their classification and their impact on humans(Theerthagiri et al.,2021; 
Qalyoubi et al.,2021; Teodosiu et al.,2018)  , but for the lack of studies on the impact of these 
pollutants on wildlife, this research was conducted to shed light on the impact of toxic gases on 
the biological diversity of birds in different habitates of the Basrah city.    
2.Methods                                                                                                                              
 Study station                                                                                                                       

      Four sites were selected were as follow : Khor Al-Zubair station, which is a desert habitat station 
N:30 17 115 E:47 42 744, Al-Maqal station with a dense urban habitat and industrial facilities N :30 
33 298 E:47 47 682 , Shatt Al-Arab station which is agricultural station  N:30 30 300 E:47 49 811., 
and Al-Qurna station, which is marshes and swamps station N:30 59 227 E:47 16 111. (Fig.1) .                                                                               

           
Figure (1) study sites in Basrah province 
Bird srvey                                                                                                       .2.2  

       The field survey of birds was carried out for 6 months at the specified study stations from 
December 2021 until May 2022. Binocular Telescope 114m/1000m, Amazon-Celestron USA, 
camera Nikon D90, were used to identifay the birds and record their number . Point transect  
method was used  in Al Maqal Station while line transect method used in AL- Qurna, Shatt Al 
Arab and Khor Al Zubair stations for watching birds( Cumming and Henry, 2019).                                                                                     
 2.3. Gases measurement                                                                             t                                Carbon 
monoxide and methane were measured in 3  replicates per month from December 2021 to may 
2022 by Gas Alert-MaxXT11/USA. accuracy 1% parts per million (ppm).                                           .                                                                                                                                    
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 . Biodiversity indices                                                                                                    2.4 
       Paleontological Statistics Software Package for Education and Data Analysis (PAST,V.4) was 
used to measure the following  biodiversity indices;Taxa ,Simpson ,Brillouin, Menhinick 
,Evenness, Dominance.                                                             
Resulte                                                                                                                              .3  
3.1. Biodiversity Indices for birds                                                                                        
The highest Taxa index was recorded among the stations in Al Qurna site, as it reached 18 species, 
while the lowest value was recorded in Khor Al Zubair site  it was only 4 species, The results also 
indicated that the highest value of Simpson's index reached 2.989 in Al-Qurna site, while the 
lowest value was recorded in Khor Al-Zubair site, which amounted to 0.523, smilarly the highest 
value of the Menhinick index among the sites was 1.048 at Al-Qurna site, while the lowest value 
was recorded at Khor Al-Zubair site, which amounted to 0.227 in contrast The results of the 
Evenness analysis showed that the highest value was recorded between the sites in Khor Al Zubair 
site, that was 0.826, while the lowest value was in Shatt Al Arab site, which amounted to 0.336. 
As for the Brillouin index, it indicated that the highest value among the sites was recorded in Al-
Qurna site, which reached  to 1.762, while the lowest value recorded in Khor Al-Zubair station 
amounted to 1.168. The highest value of the Dominance index was 0.532 in Khor Al-Zubair site, 
while the lowest value was recorded in Al-Qurna site, which was to 0.389 .                                                                                                                            
3.2. CO and CH4 level  in the study sites                                                  .                             Carbon 
monoxide and methane were measured in the four study sites, and differences in the level of these 
gases was observed between the sites, The results of the statistical analyzes showed that there were 
significant differences in carbon monoxide gas among the study sites p≤ 0.0001. The highest level 
of gas concentration was recorded in Al-Maqal site at 17.800±3.401 ppm, while the lowest level 
of gas was recorded in the Al-Qurna site, 11.078±3.466 ppm . Methane gas showed significant 
differences between the study sites at the level of significance p ≤ 0.0001. The highest 
concentration of methane was recorded in Al-Maqal site 12,700±1.135 ppm, while the lowest 
concentration was recorded in Khor Al Zubair site, 9.039±1.346 ppm ( Fig.2 ).                                                  
.                       
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Figure (2) The locational differences of the gases in the study stations            

 
The effect of carbon monoxide gas on bird diversity .                                                               
                 The results of the current study indicated that there are significant negative relationships 
between the level of CO gas in air and the biodiversity indices at Khor AlZubair ( Taxa, Simpson, 
and Brillouin )indices p≤0.003, p≤0.001, p≤0.0001 respectively, while the results showed a 
positive relationship between gas level and the dominance index r= 0.942, p≤ 0.003. The predictive 
values of indicated that it is expected that when the gas concentration increases 1ppm , there will 
be a decrease in the diversity of indices, where the rate of decrease of Taxa index will be -0.399, 
Simpson index -0.164, and Brillouin index -0.160, at the level of significance p≤0.006, p≤0.001, 
p≤0.001 respectively (Table.1).                                                                                             
    Table (1) The effect of carbon monoxide (CO) gas on the  biodiversity of birds at Khor Al 
Zubair site                                                              

Gas 
biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CO 

Taxa 0.936-  0.003 0.876 28.244 0.006 0.399-  5.315-  0.006 
Simpson 0.974-  0.001 0.948 72.948 0.001 0.164-  8.541-  0.001 

Evenness 0.537-  0.136 0.288 1.168 0.272 0.021-  1.272-  0.272 

Brillouin 0.978-  0.0001 0.956 87.462 0.001 0.160-  9.352-  0.001 

Menhinick 0.280-  0.295 0.078 0.340 0.591 0.013-  0.583-  0.591 
Dominance 0.942 0.003 0.886 31.223 0.005 0.080 5.588 0.005 

 
The results of the study showed a negative relationship between the concentration of CO gas and 
the biodiversity indices at Al-Qurna station. A significant negative relationship was recorded 
between gas and level; Simpson's index, Brillouin's index, and Menhinick's index  p≤0.022 ,p 
≤0.03,  p≤0.023, respectively. As same as Al Zubair, gas concentration. r = 0.491 . The results also 
showed that the effect of CO gas led to a variation in the biodiversity indices of Taxa, Brillouin 
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and Minhinick as follows: r2 = 0.529, 0.677, 0.603, 0.670, respectively. The predictive values for 
changes in the biodiversity indices under the influence of CO gas were for Simpson's index -0.064, 
and Menhinick's index -0.088 at the level of significance of p≤0.044, p≤0.046 
respectively(Table.2)                                          .                                                                                                   .                         
Table( 2)The effect of carbon monoxide gas on the biodiversity of birds                     at Al- 
Qurna site 

Gas 
Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CO 

Taxa 0.728-  0.051 0.529 4.498 0.101 0.703-  2.121-  0.101 

Simpson 0.823-  0.022 0.677 8.384 0.044 0.064-  2.896-  0.044 

Evenness 0.376 0.231 0.142 0.659 0.462 0.019 0.812 0.462 

Brillouin 0.777-  0.035 0.603 6.078 0.069 0.052-  2.465-  0.069 

Menhinick 0.819-  0.023 0.670 8.129 0.046 0.088-  2.851-  0.046 

Dominance     0.491 0.161 0.241 1.270 0.323 0.015 1.127 0.323 
 
As for the Al-Maqal station(Tab.3) and Shatt Al-Arab(Tab.4), a negative relationship appeared 
between the carbon monoxide level in air and the Biodiversity indices, but this relationship were 
not significant.                                                                                          
Table( 3)The effect of carbon monoxide on  the biodiversity of birds                        at Al- 
Maqal site 

Gas 
Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CO 

Taxa 0.115-  0.143 0.013 0.053 0.829 0.043-  0.231-  0.829 
Simpson 0.062-  0.083 0.004 0.015 0.907 0.004 0.124 0.907 
Evenness 0.283-  0.095 0.080 0.348 0.587 0.009 0.590 0.587 
Brillouin 0.203-  0.150 0.041 0.172 0.700 0.012 0.414 0.700 
Menhinick 0.298-  0.118 0.089 0.390 0.566 0.009 0.624 0.624 
Dominance     0.353 0.199 0.125 0569 0.492 0.008 0.755 0.492 

Table(4 )The effect of carbon monoxide gas on the biodiversity of birds                    at Shatt 
Al-Arab  site 

Gas 
Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CO 

Taxa 0.671-  0.072 0.451 3.284 0.144 0.168-  1.812-  0.144 

Simpson 0.547-  0.131 0.299 1.706 0.262 0.015-  1.306-  0.262 

Evenness 0.688 0.065 0.474 3.598 0.131 0.009 1.897 0.131 

Brillouin 0.379-  0.230 0.143 0.670 0.459 0.012-  0.818-  0.459 

Menhinick 0.682-  0.068 0.465 3.479 0.136 0.021-  1.865-  0.136 

Dominance       0.043-  0.468 0.002 0.007 0.935 0.0001 0.087-  0.935 
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The effect of methane gas on the biodiversity of birds                                                    
The inferential indices showed a negative relationship between methane gas concentration and 
biodiversity indices at Al-Qurna site. Significant negative relationships were recorded with Taxa, 
Simpson, Brillouin, and Menhinick at a significant level of p≤0.021, p≤0.001, p≤0.001, p≤ 0.026, 
respectively. Simulation value of variance that recorded in Simpson and Brillouin were  r2= 0.945, 
0.939, respectively, at a significant level of p≤0.001, p≤0.001. There perdition values negative 
prediction values were calculated that indicated to decrees level in indices under the effect of CH4 
pollution the values of prediction  were for Taxa=  -1.017, Simpson index -0.097, Brillouin index 
-0.082, Menhinick index -0.110 at significant levels of p≤0.042, p≤0.001, p≤0.001, p≤0.052  
respectively (Table.5).                              .                                               
Table (5)The effect of methane gas on the biodiversity of Al - Qurna site         

Gas 
Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CH4 

Taxa 0.827-  0.021 0.684 8.653 0.042 1.017-  2.942-  0.042 

Simpson 0.972-  0.001 0.945 68.608 0.001 0.097-  8.283-  0.001 

Evenness 0.343 0.253 0.117 0.532 0.506 0.022 0.729 0.506 

Brillouin 0.969-  0.001 0.939 61.450 0.001 0.082-  7.839-  0.001 

Menhinick 0.807-  0.026 0.652 7.487 0.052 0.110-  2.736-  0.052 

Dominance      0.262 0.308 0.069 0.296 0.615 0.010 0.544 0.615 

 
As for the sites of Khor Al-Zubair (Table. 6), Al Maqal (Table. 7) and Shatt Al Arab (Table. 8), it 
was found that there were negative relationships between the biodiversity indices and the gas level 
in air, but this relationship were not significant.                          
Table (6) Effect of methane gas on the biodiversity of birds at Khor Al Zubair Station 

Gas Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CH4 

Taxa 0.662-  0.076 0.439 3.126 0.152 0.601-  1.768-  0.152 

Simpson 0.506-  0.153 0.256 1.377 0.306 0.182-  1.173-  060.0  

Evenness 0.182 0.365 0.033 0.137 0.730 0.015 0.370 0.730 

Brillouin 0.546-  0.131 0.298 1.697 0.263 1.190-  1.303-  0.263 

Menhinick 0.214 0.342 0.046 0.192 0.684 0.021 0.438 0.684 

Dominance 0.382 0.227 0.146 0.685 0.454 0.069 0.828 0.454 

 
Table (7) Effect of methane gas on the biodiversity of birds at Al-Maqal station 

Gas Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CH4 
Taxa 0.339-  0.251 0.115 0.518 0.512 0.485-  0.719-  0.512 

Simpson 0.114-  0.322 0.013 0.053 0.830 0.026-  0.230-  0.830 
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Evenness 0.387-  0.834 0.150 0.706 0.448 0.044 0.840 0.448 

Brillouin 0.034-  0.438 0.001 0.005 0.949 0.008-  0.068-  0.949 

Menhinick 0.241-  0.676 0.058 0.246 0.646 0.028 0.496 0.646 

Dominance 0.455 0.901 0.207 1.043 0.365 0.040 1.021 0.365 

 
Table (8) Effect of methane gas on the biodiversity of birds at Shatt Al Arab station 

Gas 
Biodiversity 
indices 

r Sig r2 F Sig ß T Sig 

CH4 

Taxa 0.271-  0.302 0.074 0.317 0.603 0.592-  0.563-  0.603 

Simpson 0.304-  0.279 0.092 0.406 0.559 0.075-  0.637-  0.559 

Evenness 0.200 0.352 0.040 0.166 0.704 0.022 0.408 0.704 

Brillouin 0.217-  0.340 0.047 0.198 0.679 0.060-  0.445-  0.679 

Menhinick 0.337-  0.257 0.114 0.513 0.513 0.092-  0.716-  0.513 

Dominance 0.145 0.392 0.021 0.086 0.784 0.009 0.294 0.784 

 
Discussion                                                                                                                         .4  
Biodiversity Indices for birds 
        The results of the study of bird diversity in the four specific sites in Basrah indicated that the 
highest values of the species diversity index were: Taxa, Simpson, Berluion and Menhinick, were 
recorded in the Qurna site, followed by Shatt al-Arab, and the reason for this is due to the fact that 
the regions are rich in a variety of bird species,as it is mainly wetland and agriculturalarea. This is 
finding agreement with the (Habib and Jalil, 2018) of the biological diversity of birds in the eastern 
Hammar region. The marshes of northern Basra, where the values of the wealth index ranged 
between (1.05 - 2.53) during the survey.                                                                                             
It also agreed with the study of Kandoh and Salim (2021), as it was mentioned that the marshland 
environments and agricultural lands are among the richest regions in Iraq in biodiversity of birds. 
This study also almost agreed with the study of Lewis-phillips et al., (2019) as it was mentioned 
that the ponds in The United States enhances the abundance and species richness of bird 
communities in agricultural lands.                         
      The study also indicated that the lowest biodiversity was recorded in the site of Khor Al-Zubair, 
as it showed the least species of birds, and the diversity was limited to only 4 species and in small 
numbers, since this area characterizes with high temperature  with little water ,as the presence of 
water was limited to artesian wells used to irrigate trees. This almost coincides with Brown,( 2009) 
of the birds of the deserts of Kuwait, which indicates that the numbers and species of birds are 
remarkably low in the Arabian Peninsula due to the lack of rainfall and high temperatures. 
     On the other hand, the Evenness and Dominance indiceis recorded the highest values in the 
Khor Al-Zubair site, and the reason for this is attributed to the small number of bird species due to 
the dominance of the house sparrow and the Dove, while the lowest values were recorded in the 
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two sites of Al-Qurna and Shatt Al-Arab due to the equal distribution of the number of individuals 
on the species, This is in agreement with Ali and Salem, (2022) where the index of Dominance 
and Evennes record (0.193-0.170), where he attributed the increase in value to the dominance of 
the European cormorant and the Alexandrian plover, where the evidence values indicated the 
dominance of a few species over the bird community.                                                                                         
CO and CH4 level  in the study sites and its impact on the biodiversity of birds 
The results of the current study indicated a variation in the levels of carbon monoxide  in the 
province of Basrah, but all the levels measured monthly during the study period were higher than 
the global determinant of the risk level for carbon monoxide, which is 1.4 parts per million 
(Hockstad, et al., 2014). The recorded gases were found to have exceeded the danger stage in large 
concentrations. The highest percentage CO was recorded in Al-Maqal station, 17,800 ± 3,401 ppm, 
at a significant level of  p≤0.001.                                                            .                                                         
         Methan gas levels readings recorded during the months of the study showed that all 
concentrations exceeded the global determinants of the hazard level specified for methane, 3.7 
ppm (Stockwell et al., 2018).                                                                          
   This shows how much danger of this gas to the local environment in Basrah and the organisms 
that live in it, the highest concentration of methane gas was recorded in Al-Maqal station, with an 
average concentration of 12.700±1.135  % at a significant level of  p≤0.0001.                                                            
    The reason for the pollution of these two sites with carbon monoxide and methane has been 
attributed to the fact that this site is urban and characterized by population density and the density 
of vehicles in it, which leads to the release of high rates of these gases to the air. Also, the presence 
of the Al-Maqal port and the mooring of dozens of ships dependent on running on fossil fuels in 
daily This leads to a significant increase in air pollution in this site. This is in agreement with 
Saurabh and Vandana ., (2019), as they indicated a significant increase in the proportion of toxic 
gases in urban cities, seriously threatening living organisms and the environment.                           
.           This study also agreed with Caesar et al.,( 2021), referred in their study to the concentration 
of pollution in the center of Basrah due to the large overpopulation and the large number of 
vehicles and industrial facilities in it. Which threatens to contaminate the habitats and organisms 
in this area.                                                                                 
        As for the sites of Khor Al Zubair (Tab 6) and Al Qurna (Tab 7), they also recorded high 
concentrations of carbon monoxide and methane, but these percentages have less impact on 
environmental indicators compared to other sites. The reason for the presence of these gases in 
these two locations is due to the presence of oil and gas mining facilities and the associated toxic 
gas emissions. This agreed with Stockwell et al., (2014), who indicated that oil derivatives 
refineries in Montana in America cause toxic gas emissions that threaten an environmental disaster 
in the area.                                       
And agreed also with Khare et al.,( 2020), which indicated that the increase in the concentrations 
of toxic gases leads to an increase in temperatures, as they are considered greenhouse gases and 
cause climate shifts and many pressures on biodiversity and negative effects on ecosystems. And 
agreed with Khatun et al., (2017), stating that oil extraction has devastating effects on ecosystems 
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due to habitat loss, food chain destruction, changes in air and soil components, and water pollution.                                       
It also agreed with Li et al., (2021) finding that mentioned  the extraction of oil and high level of 
the accompanying emissions of gases have dangerous repercussions on biodiversity in terms of 
increases in wildlife mortality, loss of natural habitats and changes in atmospheric gases 
concentrations. Methane gas has shown a negative impact on the biodiversity of birds at the Gourna 
site at significant levels, and the reason for this is that this station contains the second largest oil 
field in the world which accompanies its mining by emitting this gas(Arango and Krauss, 2013).                                                 
The high levels of methane and carbon monoxide levels recorded in the study sites are higher than 
the internationally permissible exposure limit. These high levels led to a clear decrease in the 
biodiversity indices of birds and this was agreed with Khare et al., (2020), indicated that the 
increase in greenhouse gas concentrations leads to an increase in temperatures and causes climate 
shifts and many pressures on biodiversity and negative effects on ecosystems.                                                                                            
   5- Conclusions                                           
      The main point that was concluded from the study is that all study sites contain high levels of 

carbon monoxide and methane, more than the internationally defined danger level, This serious air 
pollution was due to the presence of oil and gas mining fields and the extensive urban expansion in 
the city, which led to the negative impact of the biological diversity of birds by the presence of these 
gases.                                                                      
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