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Introduction 
As a conspicuous part of the biota of water bodies, 
water birds are indicators of their trophic state both 
in terms of species composition (quality) as well as 
occupancy and breeding (quantity). Birds may also 
infl uence the trophic state of a water body by import-
ing nutrients (e.g. resident or migrating birds feed-

ing on adjacent watersheds or the sea). One of the 
very important functions the wetlands perform is to 
provide suitable site for the breeding of the resident 
as well as a wintering ground for short and long dis-
tance migratory water birds. A wide variety of birds 
use wetland habitats for all or part of their life. They 
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form one of the major components of the wetland 
ecosystems.

But now only little is known about the infl u-
ence of birds on other species in ecological com-
munities and on processes operating in ecosys-
tems. PALMGREN (1936) successfully related the 
trophic state of lakes (e.g. eutrophic, oligotrophic) 
to bird communities (species composition) and 
their abundance in some 60 water bodies in Aland, 
Finland. A water body’s trophic status is a major 
factor infl uencing bird species abundance and rich-
ness (MURPHY et al. 1984, BROWN and DINSMORE 
1986). Productive aquatic ecosystems are able to 
support a greater number of birds and more spe-
cialized species (WRIGHT, 1983). Bird abundance 
and species richness is increased on eutrophic 
lakes because productive lakes have greater food 
resources (HOYER and CANFIELD, 1994). Selection 
of wetlands by waterfowl is infl uenced by a com-
plex of characteristics including water chemistry, 
aquatic vegetation, invertebrate fauna and physi-
cal features (Des GRANGES 1989, HEGHUND et al. 
1994). PATTERSON (1976) performed the study on 
the role of environmental heterogeneity in the reg-
ulation of duck population. Swanson and MEYER 
(1977) and MCINTYRE (1988c) studied about the 
impact of water levels on feeding ecology of blue-
winged teal. 

HEGLUND et al. (1994) worked out the rela-
tionship between limnological characteristics of 
wetland and waterfowl population. NORTH and 
RYAN (1989) explained about the characteristics of 
lakes and nest sites used by loons in Arctic Alaska. 
Consultants, limnologists and water-supply man-
agers are interested in water birds because nutri-
ents in their feces reduce water quality in lakes 
and reservoirs (MANNY et al. 1994). Several works 
have been done on bird-nutrient relationship in 
different types of wetlands (GERE and ANDRIKOVICS 
1992, MANNY et al. 1994). DOBROWOLSKI et al. 
(1976) and Gremillion and Malone (1986) indi-
cated the birds as the cause of eutrophication in 
several Polish wetland. Vegetative habitat (macro-
phytes) has been reported by several workers as an 
important biotic factor controlling the selection of 
wetlands by waterfowl (LILLIE and EVRARD 1994, 
HOYER and CANFIELD 1994). Several works have 
been done about the relation between macroinver-

tebrates and wetland related avifauna (MCNICOL 
and WAYLAND 1992, LILLIE and EVRARD 1994). 

Although few works have been done by 
several scientists, very little is known about the 
ecology of wetland related birds, their diversity 
and relation with the trophic status of wetlands in 
India. Several works have been done on bird cen-
sus in Indian wetlands (ALI 1933, 1963, NATARAJAN 
1991, NANDI et al. 1993, PRASHANT et al. 1994, 
KUMAR and CHOUDHURY 1994, BARMAN et al. 1995, 
SRINIVASULU et al. 1996, PRAKASH 2000). PRAKASH 
and SHARMA (1995) explained the population den-
sity of wetland avifauna related to macrophytes, 
molluscs, insects and fi shes. SAMMAIAH and SINGH 
(2004) indicated the species diversity of water birds 
as a pollution indicator. 

In West Bengal, MUKHERJEE (1975, 1976) stud-
ied on the food habits of waterbirds of Sundarbans. 
GHOSH (1990), GHOSH and CHATTOPADHYAY (1990) 
listed some birds of wetlands of East Calcutta and 
Brace Bridge wetlands respectively. Zoological 
Survey of India and Nature Environment and 
Wildlife Society has done few works on water 
birds of West Bengal (NEWS 1998). DEUTI et al. 
(1998) and DEUTI (2000) observed Baikal Teal at 
Tilpara Barrage and Santragachi Jheel respective-
ly. GHOSH and CHATTOPADHYAY (1994) and NEWS 
(1998) made a generalized view about the avifau-
na of Santragachi Jheel. But all these works are 
done based on occasional and seasonal census of 
the bird. No work has been done in West Bengal 
on the relationship between wetland avifauna and 
trophic status of the wetland. No systematic and 
comprehensive report is available on the avifaunal 
diversity in Santragachi Jheel. So, to supplement 
the present knowledge in this subject the freshwa-
ter Jheel in the District of Howrah, W.B., has been 
chosen for conducting the surveys of avifauna and 
their relationship with wetland chracteristics in-
cluding limnological, macrophytes and macroin-
vertebrate fauna during 2000-2002.

The objectives of the present work are (i) to 
study the avifaunal abundance in Santragachi, (ii) 
to determine the relationship between avifaunal 
abundance and physico-chemical characteristics 
of Jheel, (iii) to understand the interrelationship 
between avifauna and macrophytes, macroinverte-
brates in Jheel, (iv) to fi nd out the avifaunal popu-
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lation diversity in the selected Jheel, (v) to assess 
the pollutional impact on avifaunal diversity in the 
selected Jheel. 

Materials and Methods
Study area

Santragachi Jheel (22° 58΄N and 88° 27΄E) is one 
of the most important urban wetland of the District 
Howrah, W.B., India. It is located on the southern 
side of Santragachi Railway station of South Eastern 
Railway, Govt. of India. This wetland was initially 
linked with the river Ganga, but now it is fed by rain-
water. The Santragachi Jheel has received various 
sewage waters from the nearby localities of Howrah 
township. The total area of Santragachi Jheel is 
10.87 ha. The shape of Santragachi Jheel is roughly 
rectangular. Its length is about 915 m and width is 
305 m, perimeter is 2418 m and mean depth varies 
from 4-7 ft. Santragachi Jheel has been owned by 
South-Eastern Railways, but since August, 1992 the 
Wild-life wing of the Forest Department, Govt. of 
West Bengal has taken up management and devel-
opmental work of this wetland. Later on it would be 
included under a special wetland Circle of the Forest 
Department which is yet to be constituted. This 
Jheel is surrounded on all sides by human habita-
tion including railway quarters, shops, railway yard, 
a number of industrial units, domestic and commer-
cial cattle shed. Jheel has to receive domestic sew-
age water, waste materials, materials from unauthor-
ized cow and buffalo sheds, fecal matters from the 
unwanted users of some parts of it, sewage waters 
from shops beside Jheel. There are about 11 sewage 
inlets surrounding it. People use some parts of Jheel 
as the dumping ground of their waste materials and 
garbage. 

Sampling sites 

To study the limnological changes, regular samplings 
of water were done fortnightly during February, 
2000 – January, 2002 from three selected sites/sta-
tions of Jheel as follows:

 Station 1(S1): Located at the Western side of 
Jheel near the commercial cattle shed. Several sew-
age points are located on this side. 

Station 2 (S2): Located at the middle of Southern 
side and this station is devoid of sewage points.

Station 3 (S3):  Located at the Eastern side. Most 
of the major sewage points are located on this side.

Collection and preservation of water samples

Water samples were collected fortnightly in clear 
glass bottles from surface (max. depth 20 cm) and 
vegetated zone of three different sites/stations of 
Jheel. Water samples were collected in three repli-
cates from surface, column and bottom of each sta-
tion and mean values of all three observations were 
taken into consideration. For BOD estimation, water 
samples were collected separately in dark bottles.

Physico-chemical parameters like water tem-
perature, pH, dissolved oxygen, free  carbon-diox-
ide, total alkalinity and conductivity were measured 
in the fi eld. Other parameters were mostly tested 
within 24 h of collection. Preservation of water sam-
ples was done at 4° C.

Analysis of water sample

A total of 17 limnological parameters of water viz., 
temperature, transparency, pH, dissolved oxygen, 
biological oxygen demand, chemical oxygen de-
mand, free carbon dioxide, total alkalinity, conduc-
tivity, CaCO3 hardness, total suspended solid, total 
dissolved solid, chloride, ammonia, nitrite, nitrate 
and phosphate were determined. All the parame-
ters were analyzed following the standard methods 
(GOLTERMAN 1969, MICHAEL 1984; TRIVEDI and GOEL 
1984 and APHA, 1989) and by spectrophotometer 
SQ 118. Temperature of water (WT) was recorded by 
digital centigrade thermometer (-50 °C to +150° C). 
Transparency (Tr) was determined by standard Secchi 
disc. pH was determined by pH meter (model pH 320, 
Merck, Germany). Dissolved oxygen (DO) of water 
was estimated by Azide modifi cation of Winkler’s 
iodometric method (APHA, 1989). Biological oxy-
gen demand (BOD) was estimated by measuring the 
amount of dissolved oxygen consumed by the sam-
ple in fi ve days at 20 0C (APHA, 1989). Chemical 
oxygen demand (COD) was measured by refl uxing 
the sample with potassium dichromate and sulphu-
ric acid and then titrating the residual potassium di-
chromate against ammonium ferrous sulphate using 
feroin as an indicator (APHA, 1989). Free CO2 (F 
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CO2  ) was estimated by titrating 100 ml of sample 
solution by 0.0227(N) NaOH (MICHAEL, 1984) using 
phenolphthalein as an indicator. Total alkalinity (TA) 
was measured by titrating 20 ml of water sample 
with 0.02(N) sulphuric acid using phenolphthalein 
and methyl orange as an indicator (APHA, 1989). 
Conductivity (con) was estimated by conductiv-
ity meter (Model LF320, Merck, Germany). CaCO3 
hardness (CaHa) was measured by EDTA titrimetric 
method (APHA, 1989), where the water sample was 
titrated with 0.01M EDTA titrant using Ediochrome 
black T dye and sodium chloride as a dry powder in-
dicator. Total suspended solids (TSS) were obtained 
by fi ltering 250 ml of sample water and weighing 
the dried residue left over the fi lter paper. Total dis-
solved solids (TDS) were estimated as residue left 
after evaporation of fi ltered sample. Chloride (Cl) 
was measured following Argentometric method 
(APHA, 1989), where 0.0141(N) Silver nitrate solu-
tion was used to titrate the water sample with potas-
sium chromate indicator solution. Ammonia (Amn) 
was obtained by Micro-Kjeldahl distillation method. 
Nitrite (NO2) was estimated colorimetrically by 
developing a colour with EDTA, sulphanilic acid, 
naphthylamine hydrochloride and sodium acetate 
(APHA, 1989). Nitrate (NO3) was measured colori-
metrically following phenol-disulphonic Acid meth-
od (APHA, 1989). Phosphate (PO4) was determined 
colourimetrically by ammonium molybdate-stanous 
chloride method. Phosphate reacts with ammonium 
molybdate to form phosphomolybdic acid which on 
being reduced by stannous chloride produces a blue 
complex that was recorded spectrophotometrically.

Collection of macrophytes and macroinverte-
brates 

Collection of data on biotic component of 
Jheels was performed fortnightly along the littoral 
zone usually delimited by the rooted aquatic vegeta-
tion. 

Qualitative sampling of macrophytes and mac-
roinvertebrate fauna were made by means of hand 
picking, drag netting and a sampler measuring 20 
x 20 x 40 cm3 (PAL and NANDI, 1997) at different 
depth of three selected stations of each Jheel. For 
effective evaluation of the data, total 9 samples were 

taken from each station and in all 27 samples from 
each Jheel. For the isolation of macroinvertebrate 
fauna from weeds, the macrophytes enclosed in 
the sampler were soon washed thoroughly in water 
and fi ltered subsequently through a sieve of 0.5 mm 
mesh size (HAVGAARD 1973, PARSONS and MATHEWS 
1995). Macroinvertebrates retained in the sieve were 
brought to the laboratory and sorted in a large enam-
el tray in fresh condition. The sorted organisms were 
preserved in 70% alcohol. The macrophytes were 
manually collected, processed and herbaria were 
also prepared for identifi cation. 

Identifi cation of macrophytes and 
macroinvertebrates 

Identifi cation of preserved macrophytes was done by 
consulting available literature sources (BISWAS and 
CALDAR 1936, APHA 1989, GHOSH 1994 ANONYMOUS 
1998). The macroinvertebrates associated with the 
macrophytes were identifi ed with the help of the 
Experts of Zoological Survey of India, as well as us-
ing the available literature (TONAPAI 1980, SRIVASTAVA 
1993, JAYARAM 1981, SUBBA RAO 1989, DE and 
SENGUPTA 1993). 

Biomass estimation of macrophytes 

The biomass was determined as dry weight. The mac-
rophytic samples were dried at 60о C for 48 h (RAI 
and SHARMA 1991) and then weighed after cooling.

Determination of population density and 
percentage frequency 

The number of individuals per unit area represents 
the population density. The number of macroinver-
tebrates associated with macrophytes was expressed 
as number of individuals per metre square using the 
formula put forwarded by WELCH (1948).

        
o 

 
n =  x 10,000
     

a x s

where 
n = number of organisms per metre square 
o = number of organisms counted
a = area of the sampler
s = number of replicates taken
Percentage frequency is the percentage of 

quadrats in which a given species is found and is 
determined as follows:
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                 Number of quadrats in which the species occurred
Percentage frequency =   x 100

                          Total number of quadrats

Bird census

Bird counts were carried out weekly from sampling 
sites S1 to S3 of the Santragachi Jheel. Bird census 
was carried out by fi xed-width transect method 
(EMLEN 1971). The bird density (D) was calculated 
according to FRANZREB (1981) and CHAKRABORTY 
(1982) as 

           AZ
D = , 
         2YX

where A = Total area under study
Z = Number fl ushed
Y = Average fl ushing distance
X = Length of line 
The number of birds visiting a study site in 

15 min period was taken as one population count. 
The average value of 10 such counts represents the 
population of birds (BHAKTA and BANERJEE, 1995). 
All the observations were made using prismatic 
binoculars and telescope. Photographic documen-
tation was done with a Nikon FM2 camera with 400 
mm. telephoto lens. Bird density was expressed as 
the number of birds per hectare of Jheel. 

Identifi cation of birds

Identifi cation of birds was done initially with the 
help of experts of the Zoological Survey of India, 
Kolkata, W.B., INDIA. Subsequently the birds were 
identifi ed using the reference collection and availa-
ble literature (WHISTLER 1941, ALI and RIPLEY 1983b, 
WOODCOCK 1986, ALI 1996, WWF-India, 1998). 

Analysis of species community 

For the analysis of species community, fi ve biologi-
cal indices, viz., Shannon-Wiener index of diversity 
(SHANNON-WIENER 1949), Species richness (MARGALEF 
1958), Index of dominance (SIMPSON 1949), Evenness 
index (PIELOU 1966) and Sorensen’s index of similar-
ity (SORENSON 1948) were employed for the. 

Statistical analysis 

Stepwise multiple regression 
For the analysis of relationship between the 

controlling factors i.e., physico-chemical character-
istics, macrophytes, macroinvertebrates and avifau-

na stepwise multiple regression method was applied. 
The analysis was worked out by SPSS programme, 
version 6.0. 

Results
Physico-chemical characteristics 

The result of different physico-chemical characteris-
tics of water of the Santragachi Jheel are represented 
in Table 1 (PATRA et al. 2010). 

Macrophytes

The aquatic macrophyte species recorded during this 
study period are listed in Table 2. Based on the habit 
of the macrophytes, they are broadly divided into six 
categories, viz., obligatory submerged or partially 
submerged plants with aerial shoot and infl orescence 
stalk, free fl oating, rooted fl oating leaved plants, 
rooted fl oating stem plants, emergent and marginal. 
These macrophytes are represented by 29 species 
belonging to 23  

Macroinvertebrate fauna 

Qualitative study reveals the presence of 3 major 
phyla represented by 69 species under 32 families.

Phylum Annelida includes Oligochaeta, repre-
sented by 2 species belonging to Tubifi cidae family 
and Hirudinea, represented by 2 species. 1 species 
belong to the family Glossophonidae and 1 species 
in Hirudidae (Table 3a).

Phylum Arthropoda includes Crustacea and 
is represented by 3 species. 2 species belong to the 
family Palaemonidae, and 1 species in the families  
Potamonidae. Arachnida is represented by 7 species 
under 4 families and Insecta by 41 species under 15 
families (Table 3b).

Phylum Mollusca includes Gastropoda and 
is represented by 11 species under 6 families. 
Bivalvia is represented by 4 species under 2 families 
(Table 3a). 

Avifauna of Santragachi Jheel

The avifaunal species recorded during the study pe-
riod are listed in Table 4. The avifaunal diversity was 
represented by 33 species belonging to 8 families and 
23 genera. Birds are divided into 3 categories, i.e., resi-
dent (R), resident migratory (RM) and migratory (M). 
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Table 1. Physico-chemical characteristics of water of  antragachi Jheel (February, 2000 - January, 2002).

Physico-chemical characteristics Mean ± S.D.

Water temperature  (WT) (0C) 27.58 ± 3.29

Transparency (Tr) (cm) 56.42 ± 8.58

pH 7.48 ±  0.49

Dissolved Oxygen (DO) (mg.l-1) 6.04 ±  1.59

Biological oxygen demand  (BOD) (mg.l-1) 30.48 ± 6.05

Chemical oxygen demand (COD) (mg.l-1) 163.32 ± 31.48

Free CO2 (F CO2 ) (mg.l-1) 4.10 ±  1.12

Total Alkalinity (TA)  (mg.l-1) 183.12 ± 31.18

Conductivity (Con)  (μmos.cm-1) 898.53 ± 111.58

CaCO3 hardness (CaHa)  (mg.l-1) 223.72 ± 29.48

Total suspended solid (TSS) (mg.l-1) 199.52 ± 60.28

Total dissolved solid (TDS) (mg.l-1) 569.38 ± 75.39

Chloride (cl) (mg.l-1) 131.71 ± 31.98

Ammonia (Amn)  (mg.l-1) 3.10 ± 0.28

Nitrite (NO2) (mg.l-1) 0.17±0.10

Nitrate ( NO3)  (mg.l-1) 1.01 ± 0.25

Phosphate (PO4)  (mg.l-1) 1.30 ± 0.31

Density of avifauna population (Ind/ha) 

Monthly mean density of total avifauna ranged 
from 13.54 Ind/ha (October, 2000) to 687.86 Ind/
ha (January, 2001). The population showed winter 
maxima at all three sites and mean abundance de-
creased from the year 2000-2001(124.84 Ind/ha) to 
the year 2001-2002(116.00 Ind/ha). The midwinter 
avifaunal abundance decreased remarkably at S3 site 
from January, 2001 to January, 2002. Avifauna was 
represented by 8 families, which are summarized in 
Table 5a, 5b, 5c.

Anhingidae 

Family Anhingidae is represented by Anhinga rufa. 
Maximum density of Anhinga rufa. (4.86 Ind/ha) 
was recorded at S3 site during June, 2001. 

Phalacrocoracidae 

Family Phalacrocoracidae was represented by two 
species – Phalacrocorax niger and Phalacrocorax 
fuscicollis. It showed peak density in summer season 
at all sites. The population density was highest (7.12 

Ind/ha) at S3 site during June, 2000. The density de-
creased in the winter season. 

Ardeidae 

The representatives of the family Ardeidae in the 
Santragachi Jheel are Ardea alba, Bubulcus ibis, 
Egretta intermedia, Ardeola grayii, Nicticorax nyc-
ticorax, Ardea cinerea and Ardea purpurae.

Ardea alba was very infrequent in Santragachi 
Jheel. Some Ardea sp. (0.30 Ind/ha at S1 site, 0.26 
Ind/ha at S2 site and 0.45 Ind/ha at S3 site) were ob-
served in May-June, 2000. The population density 
of Bubulcus ibis varied from 0.41 Ind/ha at S2 site 
during August, 2000 (Table 5b) to 7.90 Ind/ha at 
S3 site during June, 2000. The population showed 
marked increase in pre-monsoon and declined con-
siderably during monsoon period. Egretta interme-
dia showed maximum density at S3 site (3.24 Ind/
ha) during June, 2001. The population was lower at 
S2 site than S1 and S3 sites. Peak density of Ardeola 
grayii was observed (7.90 Ind/ha) at S3 site during 
June, 2001. The population density showed summer 
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Table 3a. Qualitative occurrence of macroinvertebrate fauna (Annelida and Mollusca) associated with macrophytes in 
Santragachi Jheel. 

Annelida Mollusca
Oligochaeta Gastropoda
Family: Tubifi cidae Family: Viviparidae
Branchiura  sowerbyi Bellamya  bengalensis
Limnodrilus  hoffmeisteri Family: Thiaridae
Hirudinea Brotia  costula
Family: Glossophonidae Thiara  granifera
Hemiclepsis  marginata asiatica Family: Bithyniidae
Family: Hirudidae Digoniostoma  cemeopoma
Hirudinaria  manillensis Gabbia  orcula

Family: Pilidae
Pila  globosa
Family: Lymnaeidae
Lymnaea  luteola
Lymnaea  accuminata
Family: Planorbidae
Gyraulus  convexiusculus
Gyraulus  labiatus
Indoplanorbis  exustus
Family: Unionidae
Lamellidens  corrianus
Lamellidens  marginalis
Family: Pisidiidae
Pisidium  clarkeanum

Table 3b. Qualitative occurrence of macroinvertebrate fauna (Arthropoda) associated with macrophytes in Santragachi 
Jheel.

Arthropoda
Crustacea Arachnida Insecta

Order: Decapoda Order: Araneae Order: Ephemeroptera
Family: Palaemonidae Family:Lycosidae Family: Baetidae
Macrobrachium  dayanum Evippa shivajii Cloeon sp.
Macrobrachium lamarrei Paradosa annandalei Order: Odonata
Family: Potamonidae Paradosa birmanica Family: Libellulidae
Sartoriana  spinigera Paradosa pusiota Brachythemis  sp.

Family: Araneidae Family:Coenagrionidae
Larinia sp. Agrioenemis pygmaea
Family: Salticidae Ceriagrion coromandelianum
Myrmarachni sp. Ischnura senegalensis
Family: Theridae Ischnura aurora
Theridion sp. Pseudagrion sp.

Order: Hemiptera
Family: Gerridae
Gerris adeloidis
Gerris spinolae
Limnogonus sp.(2 species)
Micronecta sp.
Family: Hydrometridae
Hydrometra  sp. (2 species)
Family: Nepidae
Ranatra elongata
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Arthropoda
Crustacea Arachnida Insecta

Ranatra  fi liformis
Ranatra  sordidula
Laccotrephes grisesus
Family: Belostomidae
Diplonychus  annulatum
Diplonychus  sp.
Family: Pleidae
Plea  sp.
Family: Notonectidae
Anisops breddini
Order:Coleoptera
Family: Chrysomelidae
Dicladispa  armigera
Cassida sp.
Family: Dytiscidae
Hydrocoptus  subvittulus
Hydaticus  fabricii
Hydrovatus sp.
Canthydrus  laetabilis
Canthydrus  luctuosus
Clypeodytes  sp.
Laccophilus  sp.(2 species)
Family:Hydrophilidae
Amphiops  pedestris
Berosus  indicus
Helochares  anchoralis
Sternolophus  rufi pes
Order: Diptera
Family: Chironomidae
Chironomus sp.(2 species)
Family: Culicidae
Anopheles  sp.
Culex  sp.
Family: Stratiomyidae
Odontomyia dorsoangulata

maxima. Lowest population density was observed 
(0.53 Ind/ha) at S2 site during December, 2000. 
Nycticorax nycticorax did not show any defi nite 
seasonal pattern. It was observed in summer month 
with maximum abundance in June, 2001 at S3 site 
(0.48 Ind/ha). Ardea cinerea was very infrequent in 
occurrence with maximum abundance at site S3 in 
January, 2001 (0.62 Ind/ha). The peak abundance 
of Ardea purpurea was observed in winter season. 
The maximum density was observed at S3 site in 
February, 2001 (1.80 Ind/ha). 

Rallidae 
The mean density of the family Rallidae varied from 
2.73 Ind/ha (April, 2000) to 12.80 Ind/ha (January, 

2001). Peak density was observed in winter season. 
The population density is higher at S3 site than S1 
and S2 sites. The population density of Rallus stria-
tus showed winter maxima. Maximum density was 
observed during January, 2002 at S3 site (5.28 Ind/
ha). Porphyrio porphyrio and Gallinula chloropus 
were observed only during winter season. Maximum 
density of Porphyrio porphyrio (4.02 Ind/ha) and 
Gallinula chloropus (9.20 Ind/ha) was observed at S3 
site during January, 2001. The abundance of Fulica 
atra was maximum at S1 site during February, 2000 
(6.90 Ind/ha). Amaurornis phoenicurus showed re-
markable seasonal fl uctuation in terms of abundance 
increasing during monsoon and postmonsoon with 

Table 3b. Continued.
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Table 4. Avifauna of Santragachi Jheel recorded during the period February, 2000 – January, 2002 (R: Resident Bird, 
RM: Resident Migratory,  M: Migratory).

Avifauna
Family Common name Scientifi c  name Status
Anhingidae Darter Anhinga  rufa RM*

Phalacrocoracidae Little  Cormorant Phalacrocorax  niger RM
Indian  Shag Phalacrocorax  fuscicollis RM

Ardeidae

Great Egret Ardea  alba RM
Cattle Egret Bubulcus  ibis R
Median Egret Egretta  intermedia RM
Pond Heron Ardeola  grayii R
Night Heron Nycticorax  nycticorax R
Grey  Heron Ardea  cinerea RM
Purple  Heron Ardea  purpurae RM

Rallidae

Banded  Rail Rallus  striatus RM
Purple  Moorhen Porphyrio  porphyrio RM
Indian  Moorhen Gallinula  chloropus RM
Coot Fulica  atra RM
White Breasted Waterhen Amaurornis  phoenicurus R

Jacanidae Bronze Winged Jacana Metopidius  indicus R
Pheasant Tailed Jacana Hydrophasianus  chirurgus R

Alcedinidae
Common Kingfi sher Alcedo  atthis R
White Breasted Kingfi sher Halcyon smyrnensis R
Pied  kingfi sher Ceryle  rudis R

Anatidae

Lesser Whistling Teal Dendrocygna  javanica M
Pintail Anas  acuta M
Common Teal Anas  crecca M
Gadwall Anas strepera M
Shoveler Anas  clypeata M
Garganey Anas  querquedula M
Mallard Anas platyrhynchos M
Cotton  Teal Nettapus  coromandelianus M
Baikal  Teal Anas  formosa M
Nakta Sarkidiornis  melanotos M

Scolopacidae
Common Snipe Gallinago  gallinago M
Marsh  Sandpiper Tringa  stagnatilis RM
Wood  Sandpiper Tringa  glareola M

the maximum density at S3 site during August, 2000 
(8.38 Ind/ha). 

Jacanidae

Family Jacanidae was represented by two species – 
Metopidius indicus and Hydrophasianus chirurgus. 
Peak density of family Jacanidae was recorded in 
monsoon and post-monsoon season and it was high-
er at S3 site than S1 and S2 sites. The population den-
sity of Metopidius indicus was signifi cantly higher 

(8.42 Ind/ha) at S3 site during September, 2001. 
Hydrophasianus chirurgus showed maximum den-
sity at S3 site (3.00 Ind/ha) during September, 2000.

Alcedinidae 

Family Alcedinidae was represented by the species 
Alcedo atthis, mean abundance was maximum dur-
ing May, 2000 (0.71 Ind/ha), Halcyon smyrnensis 
showed maximum density at S3 site (0.75 Ind/ha) 
during March, 2001 and Ceryle rudis did not show 
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any regular patterns of variation in Santragachi Jheel. 
However, maximum density was recorded during 
June, 2001 at S1 site (0.50 Ind/ha). 

Anatidae

Family Anatidae was represented by 10 species. Some 
of them are migratory and others are resident migrato-
ry. The peak mean density of this family was observed 
(663.52 Ind/ha) during January, 2001. The mean den-
sity was higher at S1 site than S2 and S3 sites.

The population density of Dendrocygna javanica 
was observed to be highest at S1 site (829.13 Ind/ha) 
during January, 2001 (Table 5a). This species contrib-
utes almost 80% abundance of the family Anatidae. 
Peak density of Anas acuta was observed at site S1 
during January, 2001 (66.72 Ind/ha). In comparison 
to fi rst year, the population density was decreased in 
second year, i.e., January, 2002. The population den-
sity of Anas crecca was higher at S1 site (8.07 Ind/ha) 
during January, 2001. During the second year, i.e., 
winter season, 2002, this species was totally absent 
at all the three sites. The abundance of Anas strepera 
was lower at S2 site than S1 and S3 sites in Santragachi 
Jheel. It showed the highest peak at site S3 during 
January, 2001 (21.86 Ind/ha). Maximum density of 
Anas clypeata (19.00 Ind/ha) was observed at S3 site 
during January, 2001. Anas querquedula abundance 
showed peak density (21.47 Ind/ha) at S1 site during 
January, 2001. Anas platyrhynchos was absent at all 
three sites during the second year of observation i.e., 
January, 2002. It showed maximum abundance (2.54 
Ind/ha) at S1 site during February, 2000. The popula-
tion of Nettapus coromandelianus showed peak den-
sity (10.12 Ind/ha) at S3 site during January, 2001. 
Anas formosa is a rare bird species in India. It was 
observed only during January, 2001 (0.26 Ind/ha at 
S1 site). Sarkidiornis melanotos was observed during 
January, 2001(0.45 Ind/ha at S3 site). 

Scolopacidae

Family Scolopacidae was represented by 3 species. 
The population density was highest during win-
ter season. Highest mean population density was 
observed during January, 2001 (2.68 Ind/ha). The 
abundance of Gallinago gallinago was highest at S3 
site during January, 2001 (3.28 Ind/ha). The popula-
tion density of Tringa stagnatilis was highest at S3 
site during June, 2001 (1.92 Ind/ha). Peak density 

of Tringa glareola was recorded at S3 site during 
January, 2002 (0.98 Ind/ha). 

Avifaunal community analysis in Santragachi 
jheel  

 In the present study, Shannon-Wiener diversity in-
dex (H′) of avifaunal community was observed to 
be highest (2.689) at S1 site during the year 2000-
2001 and lowest (2.098) at S2 site during the year 
2001-2002 in Santragachi Jheel. The species rich-
ness value was comparatively high (3.148) at S1 site 
during 2000-2001 year and low (1.705) at S2 site 
during 2001-2002 year in Santragachi Jheel. The 
evenness index of avifaunal community was found 
to be maximum at S2 site (1.642) and minimum at S1 
site (1.028) in Santragachi Jheel (Table 6). Avifaunal 
coeffi cient of similarity (Sorensen’s index of simi-
larity) was maximum between S1 and S3 sites (80%) 
and minimum avifaunal similarity was observed be-
tween S1 site (37%).

Statistical analysis

Multiple regression analysis between physico-
chemical parameters and abundance (Ind/ha) of 
avifauna 

Stepwise multiple regression analysis is applied to 
study about the physico-chemical parameters af-
fecting the avifaunal abundance. Results of mul-
tiple regression analysis are presented in Table 7. 
In Santragachi Jheel, highest R2 value related to 
Rallidae (0.9507**). The R2 value showed for 
Anhingidae by conductivity, chloride and pH was 
0.8569**. Nitrate and phosphate content of water 
explained 90% variation of Jacanidae population 
in Santragachi Jheel. Abundance of Anatidae was 
controlled simultaneously by two physico-chemical 
parameters i.e., dissolved oxygen and nitrate and ex-
plained 82% variability. 

Multiple regression analysis between macrophytal 
biomass (gm. dry wt./m2) and abundance (Ind/
ha) of avifauna 

The result presented in Table 8 shows the infl uence of 
macrophytes on avifaunal abundance. In Santragachi 
Jheel, the R2 value showed for Antidae by RFLP and 
Emergent was 0.8188**. Marginal macrophytes ex-
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Table 6  Avifaunal community indices (Mean) of Santragachi  Jheel. 

I
N
D
E
X

Avifaunal community Indices (Mean)

2000-2001 2001-2002

S1 S2 S3 Mean S1 S2 S3 Mean

H′ 2.689 2.148 2.294 2.377 2.348 2.098 2.100 2.153

d 3.148 1.842 2.442 2.447 3.004 1.705 2.372 2.360

e 1.028 1.548 1.204 1.260 1.314 1.642 1.418 1.458

 H′ =  Shannon - Wiener  index  of  diversity
  d  =  Margalef’s species  richness
  e  =  Evenness  index

Table 7. Stepwise multiple regression analysis between physico-chemical characteristics of water and avifaunal 
abundance (Ind/hectare) in Santragachi Jheel.

Avifauna Physico-chemical
parameters 

Multiple regression values between physico-chemical 
parameters of water and avifaunal abundance

βj SE βj βo SE βj R2

Total Avifauna
Total suspended solids 

(TSS) -1.2091** 0.3211
154.8461** 38.9104 0.6643**

Nitrate (NO3) 3.9899* 0.6545

Anhingidae
Conductivity (Con) -0.0229** 0.0057

110.9215** 29.3349 0.8569** Chloride (Cl) 0.3823* 0.0469
pH -14.1799** 3.5443

Phalacrocoracidae
Temperature of water 

(WT) 1.3146** 0.2914
7.0841** 12.8231 0.8921**

Total alkalinity (TA) 0.3308** 0.0651

Ardeidae
Transparency (Tr) -0.5067* 0.1934

6.9709** 1.6909 0.6366**
Dissolved oxygen (DO) -0.0114* 0.0019

Rallidae
Total suspended solids 

(TSS) -0.2776** 0.0495
483.3054** 56.2780 0.9507**

Nitrate (NO3) 3.6857** 0.7745

Jacanidae
Nitrate (NO3) -2.0064** 0.5178

136.5152** 19.5887 0.9007**
Phosphate (PO4) 17.2487** 3.0947

Anatidae
Dissolved oxygen (DO) 7.6365** 1.0561

-0.0664* 0.0111 0.8194**
Nitrate (NO3) 0.1184** 0.0271

Scolopacidae
Total dissolved solids 

(TDS) 3.7784* 0.4351
-80.6837** 43.7241 0.9120**

Dissolved oxygen (DO) -6.8089* 2.4414

ßj    = Partial regression coeffi cient
ß0  = Constant
SE = Standard error
R2  = Coeffi cient determination
* : p< 0.05,    ** : p< 0.01
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Table 8. Stepwise multiple regression analysis between macrophytal biomass (gm.dry wt./m2) and avifaunal 
abundance (Ind/hectare) in Santragachi Jheel.

Avifauna
 Macrophyte category Multiple regression values between macrophytal biomass 

and avifaunal abundance

βj SE βj βo SE βj R2

Total Avifauna
Obligatory or partially 

submerged plants -1.9402** 0.6758 5.9725* 3.4212 0.6529**
Emergent 3.5621* 1.3628

Anhingidae Free fl oating 0.0323* 0.0089 8.1762** 3.7357 0.5379**
Emergent -0.0736** 0.0189

Phalacrocoracidae Free fl oating 0.0483* 0.0081 5.1866* 3.3684 0.6859**
Emergent -0.0688** 0.0171

Ardeidae Free fl oating 0.0795* 0.0142 21.3159** 5.9346 0.7091**
Rooted fl oating leaved plants -0.1581** 0.0301

Rallidae Marginal -1.1753** 0.3864 275.8364** 79.8986 0.2960*
Jacanidae Free fl oating 0.0396* 0.0104 -3.2423* 3.2999 0.3959*
lcedinidae Emergent -0.0172* 0.0037 3.7189* 0.5812 0.4939*

Antidae Rooted fl oating leaved plants -56.1553* 6.3162 4465.1380** 522.0331 0.8188**
Emergent 24.2729* 5.1289

Scolopacidae Emergent -0.0367* 0.0097 7.0761** 1.5157 0.3948*

ßj    = Partial regression coeffi cient
ß0  = Constant
SE = Standard error
R2  = Coeffi cient determination
* : p< 0.05,    ** : p< 0.01

Table 9. Stepwise multiple regression analysis between the abundance of macroinvertebrates  (no/m2) and avifauna 
(Ind/hectare) in Santragachi Jheel.

Avifauna Macroinvertebrates
Multiple regression values between  the abundance of 

macroinvertebrates and avifauna

βj SE βj βo SE βo R2

Total avifauna Oligochaeta - 3.5249** 0.6061 58.0400** 14.2423 0.6677**Gastropoda 0.1147* 0.0205

Anhingidae Oligochaeta -0.0839** 0.0179 15.6711** 1.9093 0.5418*Diptera -0.0634** 0.0165
Phalacrocoracidae Ephemeroptera -0.3953* 0.1314 15.9408** 2.3288 0.2915*

Ardeidae Ephemeroptera -0.9022* 0.2573 46.2637** 7.5394 0.3796*Hemiptera -0.2408* 0.1082

Rallidae Hemiptera -1.7409** 0.6745 166.1188** 37.1863 0.4080*Bivalvia -14.1463* 4.7220
Jacanidae Ephemeroptera -0.3868** 0.1257 15.1180** 2.2281 0.3009*

Alcedinidae Hirudinea -0.0298** 0.0126 1.1428* 0.4559 0.5206*Coleoptera 0.0173* 0.0058

Anatidae
Odonata 15.3414** 5.2462

-946.5090** 136.5807 0.9618**Diptera 17.3386** 1.6202
Gastropoda 31.9089** 6.7672

Scolopacidae Oligochaeta -0.0213* 0.0092 2.8359* 0.7139 0.1970*

ßj   =  Partial regression coeffi cient
ß0  = Constant
SE = Standard error
R2  = Coeffi cient determination
* : p< 0.05,    ** : p< 0.01
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plained only 29% variation of Rallidae abundance in 
Santragachi Jheel. Free fl oating and emergent plants 
jointly controlled 71% variation of Ardeidae abun-
dance in Santragachi. 

Multiple regression analysis between the 
abundance of macroinvertebrates (No/m2) and 
abundance (Ind/ha) of avifauna

Results of multiple regression analysis for the presen-
tation of avifaunal dependence on macroinvertebrates 
are presented in Table 9. Oligochaeta and Diptera 
explained 54% variation of Anhingidae abundance 
in Santragachi. R2 value for Phalacrocoracidae by 
Ephemeroptera was only 0.2915* in Santragachi Jheel. 
Antidae was infl uenced jointly by Odonata, Diptera 
and Gastropoda (R2 = 0.9618**) in Santragachi Jheel. 

Discussion
Present studies reveal seasonal variability of avi-
faunal abundance in terms of Ind/ha in Santragachi 
Jheel. Total avifaunal abundance was correlated 
signifi cantly with seasons in it. BHUPATHY et al. 
(1998) pointed out the avifaunal population fl uc-
tuations in different seasons in Keoladeo National 
Park, Bharatpur, India. CAYFORD and WATERS 
(1996), DEVOS and ULENAERS (1997) reported the 
winter maxima of avifauna in various water bodies 
which holds true for Santragachi Jheel during the 
present investigation.

It is well known that the water birds play a vital 
role as indicators of nutrient status of wetland eco-
system (TAMISIER and BOUDOURESQUE 1994). A water-
body’s trophic status is a major factor infl uencing 
species richness (MURPHY et al. 1984, BROWN and 
DINSMORE 1986). In Santragachi Jheel, avifaunal 
species richness was high. Species richness is in-
creased in eutrophic lakes because productive lakes 
have greater food resources (NILSSON and NILSSON 
1978, HOYER and CANFIELD 1994). According to 
SOMASHEKAR and RAMASWAMY (1984) larger value of 
the index of species richness denotes a more healthy 
body of water. In the present observation avifaunal 
species richness is high in Santragachi Jheel. This 
may be due to high nutrient level for birds in it.

Present study suggests that trophic status is the 
most important factor related to use of water bodies 

by avifaunal representatives. Selection of wetland by 
avifauna appears to be infl uenced by the trophic status 
of the wetlands. When a wetland is productive there 
is probably enough food for the avifauna. The impor-
tance of associations among avian species distribu-
tions and limnological characteristics of wetlands has 
been recognized (HOYER and CANFIELD 1990, KEREKES 
1990). MURPHY et al. (1984) stated that physico-
chemical characteristics of water bodies regulate 
the abundance of waterfowl. HOYER and CANFIELD 
(1994) and TERE and PARASHARYA (2004) observed 
that sewage areas as well as productive ecosystem 
are able to support a greater number of birds. This 
fi nding corroborates with the present observation 
that the population density of different species 
of the family Anhingidae and Phalacrocoracidae 
is higher in sewage sites than nonsewage sites in 
both Santragachi Jheel. WETZEL (1975) pointed out 
that total dissolved nitrogen and phosphorus refl ect 
the pond productivity. According to SAVARD et al. 
(1994) total dissolved nitrogen levels were usually 
associated positively with density of most bird spe-
cies. TODHUNTER (1995) reported the limnological 
factors as the key factor of waterfowl aggregation 
in North American wetlands. According to TUITE 
et al. (1984) waterfowl abundance was affected by 
nitrogen and phosphate fl uctuations of waterbod-
ies. During the present investigation total avifau-
nal abundance as well as the population density of 
family Antidae has a positive correlation with ni-
trate and phosphate in Santragachi Jheel. MARCOS 
et al. (1995) pointed out the lake hydrology as 
the cause of Scolopacidae abundance at Chozas 
Lagoon, North Spain. Different species under the 
family Ardeidae have greater population density 
at sewage sites of Santragachi Jheel. This high 
density of Ardeidae family occurred in the water 
body, i.e., Santragachi Jheel, receiving large inputs 
of phosphorus and nitrogen rich nutrients. High 
density of birds belonging to families Rallidae and 
Jacanidae in the sewage sites of Jheel may be at-
tributed to increased eutrophication. The higher 
population density of other families, viz., Anatidae 
and Scolopacidae in Santragachi Jheel corroborates 
with the fi ndings of SILLEN and SOLBRECK (1977) 
and HOYER and CANFIELD (1994).

ALVO et al. (1988) identifi ed a positive relation-
ship between waterfowl density and Secchi transpar-
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Fig. 1. Figure showing the regression relation between abundance (Ind/ha) of avifauna (Family: Phalacrocoracidae) 
and total alkalinity (mg/l) in Santragachi Jheel.

Fig. 2. Figure showing the regression relation between abundance (Ind/ha) of avifauna (Family: Anhingidae) and free 
fl oating macrophytes (gm.dry wt./m2) in Santragachi Jheel.
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Fig. 3. Figure showing the regression relation between abundance (Ind/ha) of avifauna (Family: Alcedinidae) and 
Coleoptera population (no/m2) in Santragachi Jheel..

Alcedinidae vs Coleoptera population

0
0.6
1.2
1.8
2.4

3

5 25 45 65 85 105
Coleoptera population(no/m2 )

A
lc

ed
in

id
ae

 a
bu

nd
an

ce
(I

nd
/h

a)

 

Y = 1.143 + 0.017X 9 ( p < 0.05 ) 

ency in lakes of Ontario, Canada. KEREKES (1990) 
found that birds have no preference to the transpar-
ency of water. However, in Santragachi Jheel family 
Phalacrocoracidae and Alcedinidae showed negative 
relationship with the transparency of water.

The degree of eutrophication is an index for 
the phosphorus content and thus for primary produc-
tion. Using it in connection with waterfowl, it may 
be regarded as a variable integrating the feeding con-
ditions. Theory predicting that more productive wet-
lands should have higher bird densities and species 
numbers is largely supported by many Ornithologists. 
NILSSON and NILSSON (1978) found positive correla-
tions between nutrient content and waterfowl abun-
dance for most avifaunal species. SUTER (1994) also 
reported that waterfowl densities were low in most 
nutrient loaded river dams than in more moderately 
polluted areas. In the present study a remarkable de-
cline of winter avifaunal density at S3 site (hypereu-
trophic zone) in Santragachi Jheel from winter season 
2000-2001 to 2001-2002 supports this fi nding.

A suite of characteristics refl ecting higher 
trophic status, from water quality to invertebrate 
and macrophytic biomass, were correlated with 
the avifaunal density (STAICER et al. 1994). Most 

statistical methods used to examine the species-envi-
ronment relations have assumed normal distributions 
and linear associations. Although strong linear rela-
tions have been demonstrated among certain habitat 
characteristics and species use, work conducted on 
vegetation-environment gradients suggests the lin-
ear models may not adequately explain species-hab-
itat relations without quadric or more complex terms 
(WHITTAKAR 1967, AUSTIN 1980, WEINS 1985). Total 
avifaunal density has been related positively (P < 
0.05) with total macrophytic biomass in Santragachi 
Jheel. Aquatic macrophytes are important to bird 
populations that use water bodies and the man-
agement of aquatic macrophytes has the potential 
to affect bird populations. In the present study, 
population of Aantidae family is correlated (P < 
0.05) with submerged macrophytes in Santragachi 
Jheel. Similar types of observations were found by 
RAVELING and HEITMEYER (1989). ALTHOUGH HOYER 
and CANFIELD (1994) reported that the removal of 
aquatic macrophytes from lakes may have no ef-
fect on annual average bird abundance (numbers 
or biomass) or total species richness. DE-SZALAY 
and RESH (1997) reported that controlled remov-
al of macrophytes of lakes enhances the avifau-
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nal density. In the present study Ardeidae and 
Jacanidae families were positively correlated with 
the free fl oating macrophytes in both Santragachi 
Jheel. Their population has been increased during 
summer months, i.e., breeding season. TALUKDAR 
(1996) reported the relationship between free fl oat-
ing vegetation and the population of Metopidius 
indicus. MCKINNON and MITCHELL (1994) also cor-
related the winter population of black swans with the 
biomass of macrophytes and constitute their food in 
a group of shallow lakes in New Zealand which span 
a wide range of size and trophic status. NELSON and 
KADLEC (1984) described the interactions occur-
ring among macrophytes, macroinvertebrates and 
water birds in freshwater wetlands as a complex 
interdependency in which dynamic changes in the 
abundance and distributional pattern of macro-
phytes resulting from processes in litter decompo-
sition and macroinvertebrate communities that, in 
turn, affect avifaunal abundance in water bodies. 
In the present study a clear positive correlation 
has been found between macroinvertebrates and 
avifaunal abundance in both Santragachi Jheel. In 
Santragachi Jheel the population of adult Jacanidae 
and Rallidae followed by the juveniles were related 
positively with the macroinvertebrate food contents. 
Carter (1976) reported the positive relationship be-
tween waterfowl and Chironomidae (Diptera) popu-
lation of Lough Neagh, Northern Ireland. Similar 
types of observations were found between Diptera 
and avifaunal abundance in Santragachi Jheel. GOLE 
(1983) also pointed out the positive relationship be-
tween bird population and organic enrichment of 
waterbody. According to MARION et al. (1994) birds 
play small role in eutrophication of hypereutrophic 
Lake Grand-Lieu, France. They reported that the role 
of birds in total input of nitrogen and phosphorus is 
small due to human sewage inputs. In the present 
observation also in Santragachi Jheel with heavy 
human sewage input, the winter migrant Anatidae 
population as well as total avifaunal population was 

positively correlated (P < 0.05) with phosphate con-
tent of water. The sharp rise of phosphate content of 
water at S1 site (high avifaunal density) during win-
ter season, 2000-2001 seems to be due to avifaunal 
defecation as well as the addition of guano. PAULRAJ 
(1988) also established an inverse relationship be-
tween avifaunal density and transparency of water. 
Though a signifi cant relationship was not observed 
between the transparency and avifaunal density in 
Santragachi Jheel, but a sharp decline of transpar-
ency value of water of different sites was observed 
with the arrival of migratory birds. The transparency 
of water decreased promptly due to constant addi-
tion of guano and birds movement (PAULRAJ, 1988). 

Birds aggregation is related with various fac-
tors, e.g. limnological, macrophytal, macroinverte-
brate and other physical factors of Jheel. Birds usu-
ally prefer the productive nature of the wetland. But 
they avoid very much productive i.e., polluted areas 
of water bodies, as evidenced in S3 site of Santragachi 
Jheel where the avifaunal population was decreased 
in the winter of the year 2001-2002 in comparison to 
the year 2000-2001. Submerged macrophytes have 
a positive impact on avifaunal abundance. Birds be-
longing to the family Jacanidae are closely related 
with free fl oating macrophytes for their food as well 
as breeding ground. The population of some mac-
roinvertebrate faunal dependent birds is increased 
proportionately with the abundance of macroinverte-
brates. It is well known that the guano of bird is rich 
with nitrate and phosphate. So, the present studies 
on avifaunal population show a positive relationship 
with these two nutrient factors in Santragachi Jheel. 
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Връзка между богатството и разнообразието на водни 
птици, макрофити, макробезгръбначни 
и физико-химичните характерисктики в Сантрагачи 
Джиил, Западна Бенгалия, Индия

А. Патра, К. Б. Сантра, Ч. К. Манна

(Резюме)
Изследването цели изучаване на разнообразието на фауната на птиците в Сантрагачи Джиил. 
Популацията показва различна сезонна динамика. Общо 33 вида, принадлежащи към 8 семейства 
и 23 рода са регистрирани и категоризирани като постоянно гнездещи, гнездещи мигриращи и 
мигриращи птици. Устанавена е максимална плътност на популацията през зимата. Сем. Anhingidae, 
Phalacrocoracidae и Ardeidae показват предмусоннен максимум във всички местообитания (S1, S2 и 
S3) в Джиил. Богатството на сем. Rallidae и Anatidae е по-голямо през зимата, докато плътността 
на сем. Jacanidae е най-голяма през предмусонния период. Регистрирани са високи стойности на 
индекса Shannon-Wiener за разнообразието и богатството по Margalef за птичата фауна. Най-висока 
стойност на сходство е наблюдавана при местообитания S1 и S3. Богатството на птици е ясно свързано 
с разнообразните физико-химични параметри на водата, макрофитите, макробезгръбначните и други 
физични фактори на Джиил. Общото богатсво на птиците е положително повлияно от разтворения 
кислород (DO) и NO3. Сем Ardeidae показа положителна корелация в температурата на водата 
(WT). Anatidae показва положителна връзка с NO3. Ardeidae има добра положителна карелация със 
свободно плаващите макрофити. Сем. Jacanidae е положително повлияно от общите макрофити 
(T-MACP) и свободно плаващите макрофити (FF). Птичата фауна е повлияна от богатството на 
макробезгръбначните. Сем. Rallidae и Anatidae показват положителна корелация с ракообразните. 
Anatidae има положителна връзка с Diptera и Gastropoda. 

Популацията на птиците в Сантрагачи Джиил варира сезонно при различните местообитания. 
Установена е връзка между плътността на птиците и трофичните характеристики, особено със 
съдържанието на фосфати.


