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Abstract
Objectives: The present study was focused on feeding behaviour and forag-
ing success of Indian pond heron (Ardeola grayii) in different seasons and habi-
tats. Methods: The study was carried out in three habitats, lake, pond and
marshy area from September 2016 to December 2017. All activities such as
feeding behaviour, foraging success, prey abundance, success ratio, feeding
frequency (foraging attempt and success) of A. grayii were compared in three
habitats with three seasons by using binocular and video recorder. Statisti-
cal analysis: Data were analysed by SPSS (21 version) and graph pad prism.
In this study, prey abundance and foraging success in three habitats and sea-
son differed statistically significant (p < 0.05). By using non-linear regression on
foraging attempt and success in three habitats three curve (exponential, cubic,
growth and power) best fitted to analyzed data sets. These curve shows varia-
tion in feeding pattern. Findings: Stand andwait is dominant feeding behaviour
followed by walk slowly and walk quickly in all three habitats and season. Prey
was abundantly present during monsoon, as a result feeding frequency and
success ratio maximized. Structure of habitats, vegetation, and water depth
also influenced foraging success of Ardeola grayii. Thus, overall finding showed
that Indian pond heron feeding behaviour and foraging success affected by
structure of habitats and seasons.

Keywords: Habitat; season; feeding; frequency; behaviour; prey

1 Introduction
Feeding is a crucial activity of the bird’s life which is vital for its survival however the
demands of food acquisition impose significant challenges to both physiology andbehaviour
of birds. The bird species, directly and indirectly, depends on different habitats for feed-
ing, breeding, nesting and resting. Wading birds are most commonly associated with
wetlands, streams, and other aquatic habitats such as ponds, lake etc. The members of
family Ardeidae are medium to large wading birds, consist of 9 species viz.
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Ardeola grayii (Indian Pond Heron), Nycticorax nycticorax (Black-crowned Night Heron), Ardea cinerea (Grey Heron), Ardea
purpurea (Purple Heron), Egretta garzetta (Little Egret), Bubulcus ibis (Cattle Egret), Mesophoyx intermedia (Median egret),
Casmerodius albus (Large egret) and Ixobrychus cinnamomeus (Chestnut Bittern). All those large wading birds captured prey
by employing stand and wait for strategy (1; 2), or by walking slowly towards the prey and waiting for surprise attack (3).

Various feeding behaviour of Ardeola grayii were observed by many authors such as; walk slowly, surprise attack (3), fish
baiting using bread crumps (4), scavenging behaviour (5), stand and wait (2), probing (6), floating behaviour (7). Feeding
behaviour and feeding frequency of herons are affected by several factors, including; prey density and prey availability (8),
seasons (9), habitat characteristics (10) and height of vegetation (11).

Seasonal variation in food abundance often influences the use of different habitats while seasonal rainfall changes the avail-
ability of food, geomorphology of habitats and seasonal crops (12; 13; 14). Seasonal variation in resource availability plays a
dominating role in the evolution of species and communities (12; 13; 15). For most of the wading birds, critical seasonality is a
wet and dry cycle of weather (16). Availability of aquatic prey may vary with seasons but this also depends on the fluctuation in
water level condition. The availability of prey directly or indirectly affected by wet and dry conditions of weathers (16; 17), that
can be a major limiting factor of avian populations (18; 19). Many studies have shown that prey availability within a habitat is
important in determining wading birds’ for selection of a foraging sites (20; 21; 22; 23). Besides the season and availability of
prey, water depth can also affect both accessibility of foraging habitat and the vulnerability of prey to wading birds.

A. grayii is a long-legged wetland bird species and commonly known as Paddy bird. Ardeola grayii is generally fed alone or
with small groups in all types of wetlands (5; 24) by its long bill. Ardeola grayii (Indian Pond heron) mainly forages on insects,
amphibians, annelids, crustaceans and plant material on the ground (25) but during breeding preferred to feed on fishes (5).
There are no ample studies available on the foraging ecology of Indian pond heron, only a few studies documented (26; 27).
In India, most of the work was done on their breeding biology, but very few study carried out on foraging behaviour including
feeding success, food items and feeding behaviour ofA. grayii.Therefore this study aimed to access the effect of seasonal changes
on foraging success and feeding behaviour of Indian Pond heron (A. grayii). Here tested variables for completing aim of this
study are; (i) prey abundance in different feeding areas of A. grayii (ii) Prey abundance affect foraging success in different
seasons, (iii) the foraging attempt and success (success ratio) in three habitats and season, (iv) Feeding behaviour in different
habitats.

2 Methods

2.1 Study area

Field observations were carried out from September 2016 to October 2017 in the foraging habitats of A. grayii. The whole
study period was divided into three seasons: monsoon (July - October), winter (November - February) and summer (March
- June). The study was carried out in Lucknow (26.8470 N and 80.9470 E), and its associated areas (up to 50km). Three types
of Wetlands Lake, pond and marshy area were selected, these all were manmade wetlands. According to Ramsar convention
2008, these wetlands were defined as Marshes which are periodically saturated flooded, or ponded with water characterized by
herbaceous plants which fluctuate seasonally with wet and dry conditions. In this study site, marshy areas were flooded during
rainy and sometime it dried out for grasses, rushes and low growing shrubs to flourish.

Lake is deep water body surrounded by woody and non-woody tree habitats of many flora and fauna. In this study site, the
lake is surrounded byAzadirachta indica, Eucalyptus globules,Mangifera indica, Vachellia nilotica, , Ipomoea carnea, Eichhornia
crassipes, Pithecellobium dulce etc.

Pond is shallow, permanent or semi-permanent water with little flow; in this study site, the pond is near to temple withmany
surrounding trees such as Ficus benghalensis, F. virens, F. racemosa, Mangifera indica, Azadirachta indica etc.

2.1.1 Feeding frequency (Foraging attempt /success)
Feeding activities of A. grayii was observed using binocular (Celestron Upclose G2, 6.8°/354FT/118m (10×50X) and digital
camera (Sony and Nikon Coolpix). Feeding frequency of A. grayii recorded for three hours per day for five days every month
without disturbing their activities. Feeding frequency was counted with a stopwatch and whenever possible through visually
for each 15 min feeding bout (15-minute observation whether a prey species was captured by pond heron or not). A 15 min
foraging attempt was considered successful if A. grayii caught any prey items, and was considered unsuccessful if it failed to do
so. For calculating success ratio, foraging success was divided by foraging attempts (success/attempts) for every 15 minute of
observation.

Success ratio = No. of foraging success/ No. of foraging attempt (for every 15 minute success and attempt was calculated)
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2.1.2 Feeding behaviour
The different feeding behaviour of A. grayii was recorded for five days in every month, in this study feeding behaviour terms
was followed by kushlan and many authors (3; 6; 7; 8; 16; 28; 29). Feeding behaviour such as a stand and wait, walk quickly,
diving, bill dipping, crouched position, neck movement and Hopping were recorded. The recorded video was played back in
slow motion and frequencies of every feeding behaviour were assessed for every 15 minutes.

2.1.3 Prey abundance
For the seasonal variation in prey availability, aerial prey and benthic prey were collected in foraging sites on all three study
sites once in a fortnight. The prey species were identified and recorded. Prey items were sampled by 5 sweeps (30; 31) of a long-
handled net from the water edge randomly between 0 and 5 meters, distance from water edge was measured by meter stick.
Fishes were collected with the help of fisherman. Aquatic insects and fishes were identified following (31; 32) respectively. The
size (length and weight) of prey items was measured with a scale, and released at the site of capture.

2.1.4 Statistical analysis
All statistical analysis was performed using SPSS (version 21.0). Normality and homogeneity were evaluated for the distribution
of data sets. P < 0.05 was considered as statistically significant. Prey abundance of lakes, ponds and marshy area was found
normally distributed (p > 0.05) except amphibians of lakes and annelids of ponds (p < 0.05). Data of foraging success of Indian
pond heron in all three seasons in lakes and ponds for amphibians, annelids and molluscs for the lake, ponds and marshy
area were found not normal (p < 0.05) while the rest of them were normally distributed (p > 0.05). Crouch position and Neck
movements were found not normally distributed (p < 0.05) while the rest of feeding behaviour were found normally distributed
(p > 0.05). For normally distributed data set ANOVA and for not normal data set Krushkal walis H-test were used to evaluate
the differences in prey abundance, foraging success and feeding behaviour of A. grayii in three different habitats and seasons.
We used curve fitted model to show different pattern of foraging attempt and success in different seasons and habitats.

3 Results

3.1 Prey abundance

In the current study, five types of prey items were recorded in three feeding habitats of A. grayii ( Table 1). These three habitats
comes under city area, and their distance to each other are as follows; distance between lake and marshy area is 4km, lake to
pond 10km, marshy to pond 8km. Main prey items were insects (Belostomatidae, Argyroneta aquatica, Theatops californiensis
Eurymerodesmus), annelids (Pheretima posthuma, Hirudo), fish (Channa punctata, Channa striatus, Clarias batrachus, Punc-
tius chola, Chela atpar, Labeo rohita), Amphibians (Rana tigrina) and Mollusc (Snail). Insects were most abundant prey items
(48%, 45% and 37% in lake, marshy and pond respectively), while of fishes were second most abundant (27%, 25% and 17%
in pond, lake and marshy area respectively) in feeding habitats of A. grayii. Annelids (17%) and Molluscs (9%) were highest in
marshy area followed by pond (12% and 10%) and lake (10% and 7%).

Prey abundance varies seasonally. Insects (34.58±12.37), fishes (20.55±6.54), amphibians (13.08±7.31), annelids (14.58±8.01)
and molluscs (8.04±3.19) were most abundant in monsoon in all three habitats, while lowest prey abundance was in winter (
Table 1). There were statistically significant differences in prey abundance of pond in three different seasons (p < 0.05, Table 1).
Insects (F = 6.03, p < 0.05), fishes (F = 6.41, p < 0.05) and molluscs (F = 3.64, p < 0.05) differed statistically significant for all
three seasons in lake ( Table 1), but in marshy area only fishes (F = 4.53, p < 0.05) and annelids (F = 5.29, p < 0.05) differed
seasonally ( Table 1).

Table 1. Prey abundance in three different habitats at different seasons
Prey Summer Monsoon Winter F/H* p
Fishes 14 ± 5.97 19.25 ± 7.32 9.12 ± 2.74 6.445 0.007
Insects 24.87 ± 8.99 37.37 ± 12.22 20.25 ± 9.05 6.031 0.009

Lake Amphibians 7.62 ± 12.38 7.5 ± 6.50 2.75 ± 0.70 0.232* 0.63
Annelids 5.875 ± 6.03 8.12 ± 2.74 3.62 ± 1.18 2.678 0.092
Molluscs 4.25 ± 2.05 5.12 ± 2.41 2.62 ± 0.74 3.641 0.040
Fishes 14.75 ± 4.97 19.75 ± 5.47 10.75 ± 2.76 7.826 0.003
Insects 14.12 ± 3.48 31.12 ± 8.37 15 ± 4.07 22.254 0.001

Pond Amphibians 5.37 ± 7.58 16 ± 5.09 3.12 ± 1.15 13.448 0.001
Continued on next page
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Table 1 continued
Prey Summer Monsoon Winter F/H* p
Annelids 4.5 ± 4.37 12.87 ± 7.45 2.5 ± 0.75 10.128* 0.006
Molluscs 3.12 ± 3.64 9.75 ± 2.60 2.25 ± 1.03 19.107 0.001
Fishes 7.75 ± 13.57 22.25 ± 6.84 4.75 ± 0.95 4.529 0.044
Insects 23.5 ±10.27 35.25 ± 16.52 25 ± 9.48 1.047 0.39

Marshy Amphibians 6.5 ± 11.70 15.75 ± 10.34 2 ± 0 4.891 0.037
Annelids 6.5 ±11.70 22.75 ± 13.84 4.5 ± 0.57 5.298 0.03
Molluscs 4.75 ± 3.09 9.25 ± 4.57 5.5 ± 0.57 2.262 0.16

* Kruskal Wallis-H Test

Over all abundance of prey in all three habitats did not differ significantly ( Table 2) except insects in all three habitat (F =
3.2, p < 0.05).

Table 2.Over all prey abundance in three differenthabitats
Prey Lake Pond Marshy
Fishes 14.13 ± 6.85 15.08 ± 5.75 11.58 ± 11.27 2.941* 0.23
Insects 27.50 ± 12.23 20.08 ± 9.69 27.92 ± 12.55 3.2 0.048
Amphibians 5.96 ± 8.07 8.17 ± 7.65 8.08 ± 8.28 0.708* 0.702
Annelid 5.88 ± 4.16 6.62 ± 6.63 11.25 ± 11.61 3.128* 0.209
Mollusc 4.00 ± 2.08 5.04 ± 4.26 6.50 ± 3.55 4.822* 0.09

*KruskalWallis- H test

3.2 Foraging attempt and success (Success ratio) of A. grayii

Feeding success ratio of A. grayii differed seasonally. The feeding frequency was recorded in morning to evening in all three
habitats of A.grayii. During summer ( Figure 1A), in all three habitats it started feeding in morning hours the first peak of
feeding was recorded at 8:00 A.M. While second peak at 11:00 A.M. and after 14:00 P.M. third peak of feeding was obtained and
feeding continued till late in evening. In case of monsoon season ( Figure 1B) first peak of feeding was obtained at 7:00 A.M.
and at 8:00-11:00 A.M. Feeding activity continued i n same pattern neither increases nor decreases in all three habitats, second
peak of feeding was recorded at 12:00 P.M. and third at 15:00 P.M. During winter ( Figure 1C), there was more fluctuation than
other two season, because of temperature and availability of food. First peak of feeding was recorded at 8:00 A.M. While second
and third peak at 11:00 A.M. 13:00 P.M. respectively. After 13:00 P. M. feeding activity continued with low frequency in all three
habitats.

To see if there were any relationship between foraging attempt and success ofA. grayii in all three habitats and seasons, some
models were used to described it. Out of 11 models (Tables 7) applied to identify for the attempt and success relationship of A.
grayii, the best fit models were cubic, exponential, growth and power.

The exponential model was found the best fit in monsoon and winter for lake and pond, and marshy land in winter; initially
the curve increased steeply and grows until it approaches stability attaining the asymptote.

The growth model (Table 7 ) was found to best fit model in summer season for marshy land and
pond. In growth model curve, initial point of curve was lower, and with time foraging attempt
and success of pond heron increasing and after a certain point, it stabilized. Growth curve
represents that in mid of summer season, due to rainy started there was abundant prey
available so the peak of the curve was reached a maximum in mid-point. The cubic model
(Table 7)was found to best fit model in summer season for the lake. In cubic curve, itcurve was
in stationary phase and after 13:00 there was exponential growth.Power model was found to
best fit model in monsoon season in marshy land;in power curve, there was a proportionate
increase in both variables (foraging attempt and success).
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Fig 1. Represents success ratio of A. grayii during Summer (A), Monsoon (B), and Winter (C) seasons
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3.3 Foraging success with reference to prey abundance

Foraging success of any birds depend on selection of habitats and prey. But some factors also influence its activity such as
foraging ground, vegetation, anddepth ofwaterwhich influence the foraging success ofA. grayii. It was observed that it preferred
to feed near edge of water body or if any aquatic vegetation such as water hyacinth present then perched on that for feeding.
A. grayii preferred habitat if water depth was 10-17cm, that’s why it never feed in flooded water body. The structure of foraging
habitat is also a determining factor for their foraging success, habitats rich with trees, shrubs, grasses mostly choosed for their
daily activities.

The foraging success was highest in pond (33.60± 29.30) followed by lake (31.87± 30.85) and marshy area (11.13± 11.61).
Foraging success also differ seasonally, it was observed that foraging success of A. grayii maximum in monsoon and lowest in
winter in all three habitats ( Table 3 ).The current study revealed that foraging success ofA. grayii differed significantly for fishes
( F = 9.82, p < 0.05), insects (F = 27.82, p < 0.05), amphibians (H = 17.28, p < 0.05), annelida (H = 13.06, p < 0.05), and mollusc
(H = 8.32, p < 0.05) in ponds ( Table 3), while in lake fishes (F = 5.07, p < 0.05) and insects (F = 4.15, p < 0.05) and in marshy
fishes (F = 4.03, p < 0.05) and annelids (F = 5.39, p < 0.05) differed significantly ( Table 3).

Table 3. Foraging success of Indian pond heron in three different habitats and seasons
Habitats Prey Summer Monsoon Winter F/H p

Fishes 4.75 ± 3.01 7.25 ± 3.53 2.75 ± 1.58 5.068 0.016
Insects 9.75 ± 3.10 13.37 ± 4.56 8.12 ± 3.35 4.153 0.03

Lake Amphibians 1.87 ± 2.47 2.62 ± 3.12 1 ± 0 3.844 * 0.146
Annelida 1.87 ± 1.80 1.87 ± 1.12 1 ± 0 4.519* 0.104
Mollusca 1.12 ± 0.35 1.37 ± 0.74 1 ± 0 2.277* 0.32

Fishes 2.75 ± 4.85 7.75 ± 3.59 1 ± 0 4.034 0.05
Insects 8.75 ± 4.78 13 ± 5.71 9.5 ± 4.79 0.786 0.485

Marshy Amphibians 2.5 ± 4.35 5.25 ± 3.77 1 ± 0 3.775 0.065
Annelida 2.25 ± 3.82 8.25 ± 5.18 1 ± 0 5.394 0.029
Mollusca 1 ± 0.81 1.5 ± 1 1 ± 0 1.114* 0.573

Fishes 6.5 ± 2.87 9.25 ± 2.91 3.62 ± 1.59 9.818 0.001
Insects 4.87 ± 1.95 13.87 ± 3.52 5.12 ± 2.53 27.823 0.001

Pond Amphibians 1.87 ± 2.47 5.37 ± 3.20 1 ± 0/ 17.285* 0.001
Annelida 1.62 ± 1.40 5 ± 4.10 1 ± 0 13.057* 0.001
Mollusca 1.6 ± 1.34 2.37 ± 1.50 1 ± 0 8.316* 0.016

*Kruskal wallis H-test

When we compare foraging success of A. grayii for prey items as: insects, fishes, amphibians, annelids and molluscs in three
different habitats, we found that foraging success of A. grayii only differs in case of fishes (H = 6.49, p < 0.05, Table 4).

Table 4. Foraging success of Indian pond heron in different habitats
Prey Lake Pond Marshy F/H p
Fishes 4.92 ± 3.29 6.46 ± 3.37 3.83 ± 4.34 6.488* 0.03
Insects 10.42 ± 4.21 7.96 ± 5.01 10.42 ± 5.01 1.963 0.15
Amphibians 1.83 ± 2.31 2.75 ± 2.95 2.83 ± 2.76 4.021* 0.13
Annelida 1.58 ± 1.24 2.54 ± 2.99 3.92 ± 4.42 3.088* 0.21
Mollusca 1.17 ± 0.48 1.70 ± 1.26 1.25 ± 0.62 2.663* 0.26

*Kruskal wallis H test

3.4 Feeding behaviour of A grayii

In the current study, nine types of feeding behaviour of A. grayii recorded in different seasons and habitats : stand and wait
(SW), walk slowly (WS), walk quickly (WQ), crouched position (CR), diving (DIV), bill dipping (BD), neck movement (NM),
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hopping (HOP) and probing (PROB). We found that stand and wait was frequently used behaviour followed by walk slowly,
walk quickly, crouched position, diving, bill dipping, neck movement, hopping and probing at different habitats ( Table 5).
Ardeola grayii did not used bill dipping in marshy and probing in pond. Stand and wait (SW) (F = 5.25, p < 0.05) and bill
dipping (BD) (F = 3.18, p < 0.05) statistically differed in all three habitats ( Table 5), while WS, WQ, CR, DIV, BD, NM, HOP
and PROB showed no significant differences in lake, pond and marshy area (p > 0.05, Table 5).

Table 5. Variation in feeding techniques of Indian pond heron at different habitats
Behaviour Lake Marshy Pond F/H p
SW 34.17 ± 6.87 25± 12.18 36.08 ± 6.68 5.25 0.01
WS 7.75 ± 2.7 6.17 ± 4.17 6.33 ± 4.22 0.64 0.53
WQ 5.42 ± 2.02 4.50 ± 2.9 4.33 ± 2.96 0.57 0.56
CR 2.33 ± 1.15 2.33 ± 1.61 2.67 ± 2.01 0.19 0.90
DIV 4.0 ± 1.80 3.0 ± 1.63 2.75 ± 1.81 1.53 0.23
BD 4.08 ± 2.15 1± 0 3.17 ± 2.36 3.18 0.05
NM 9.08 ± 9.34 3.67 ± 4.57 4.42 ± 3.57 5.45* 0.06
HOP 3.50 ± 2.17 2.33 ± 1.43 2.83 ± 1.52 1.04 0.36
PROB 3.50 ± 2.87 3.33 ± 2.22 1 ± 0 2.61 0.09

*Kruskal wallis H-test

In lake, A. grayii showed significant differences in hopping (F = 20.63, p < 0.05) and probing (F = 14.54, p < 0.05) for three
season ( Table 6), in all three season, hopping was least used feeding techniques in winter (1 ± 0), followed by summer (2.75
± 1.70), and monsoon (6.75 ± 2.06), probing was used only in summer (2.75 ± 1.70), and monsoon (6.75 ± 2.06). In marshy,
walk slowly (F = 4.96, p < 0.05), neck movement (H = 8.89, p < 0.05), hopping (H = 7.85,p < 0.05), and probing (F =5.54, p <
0.02) differed significantly in three seasons. In marshy area, diving was used in monsoon season not in other two seasons. In
pond, stand and wait (F= 4.58, p < 0.05), diving (H = 6.09, p < 0.05), and bill dipping (H = 9.35, p < 0.05) differed significantly in
all three season. Overall results showed that in all three habitats and seasons, stand and wait was dominant feeding techniques
used by A. grayii, these were depended on type of prey and structure of habitats.

Table 6. Seasonal variation in feeding techniques of Indian pond heron at different habitats
Habitats Behaviour Seasons F/H p

Summer Monsoon Winter
SW 29.75 ± 2.06 35.50 ± 9.846 37.25 ± 5.56 1.39 0.29
WS 6.25 ± 3.30 8.50 ± 3.10 8.50 ± 1.29 0.91 0.38
WQ 4.25 ± 1.25 6.25 ± 2.36 5.75 ± 2.21 1.07 0.38
CR 2 ± 0.81 2 ± 0.81 3 ± 1.63 1 0.40

Lake DIV 4 ± 2.16 4.75 ± 1.70 3.25 ± 1.70 2.44 0.10
BD 3.50 ± 3.10 5.50 ± 0.57 3.25 ± 1.70 1.41 0.29
NM 11.75 ± 10.93 12 ± 11.34 3.50 ± 3.10 1 0.37
HOP 2.50 ± 1.29 6.75 ± 1.70 1.25 ± 0.50 20.63 0.001
PROB 2.75 ± 1.70 6.75 ± 2.06 1 ± 0 14.54 0.002
SW 38 ± 6.37 31 ± 4.54 39.25 ± 7.04 2.13 0.17
WS 2.25 ± 2.50 9.0 ± 4.39 7.75 ± 2.36 4.96 0.03
WQ 2 ± 1.5 6.50 ± 2.88 5 ± 2.16 3.7 0.06
CR 2.25 ± 1.89 2.50 ± 1.91 2.25 ± 1.50 0.02 0.97

Marshy DIV - 3 ± 1.63 - - -
BD - 3 ± 1.63 - - -
NM 1 ± 0 1.25 ± 0.50 8.75 ± 4.99 8.89* 0.01
HOP 1.75 ± 0.95 4 ± 0.81 1.25 ± 0.50 7.85* 0.02
PROB 1.75 ± 0.95 5.50 ± 2.08 2.75 ± 1.70 5.54 0.02
SW 34 ± 2.94 27 ± 12.49 14 ± 10.23 4.58 0.04
WS 8.25 ± 3.86 7.75 ± 4.03 2.5 ± 2.38 3.3 0.08
WQ 6.50 ± 3.10 4.50 ± 2.64 2 ± 1.41 3.26 0.08
CR 4.0 ± 2.82 2.50 ± 1.29 1.50 ± 1 1.78 0.22

Pond DIV 4.25 ± 0.97 2.75 ± 2.21 1.25 ± 0.50 6.09* 0.04
BD 5.50 ± 1.73 3 ± 2 1 ± 0 9.35* 0.01

Continued on next page
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Table 6 continued
Habitats Behaviour Seasons F/H p

NM 3.75 ± 1.25 6.25 ± 5.96 3.25 ± 1.70 0.77 0.49
HOP 4 ± 1.82 2 ± 0.81 2.50 ± 1.29 2.29 0.15
PROB - - - - -

Table 7. Seasonal variation in feeding frequency of (A. grayii) Indian pond heron at different habitats
Habitat Seasons Model S2

Lake
Summer Cubic 1.273
Monsoon Exponential 5.439
Winter Exponential 2.428

Pond
Summer Growth 2.084
Monsoon Exponential 3.240
Winter Exponential 0.504

Marshy land
Summer Growth 1.114
Monsoon Power 5.870
Winter Exponential 3.253

S2 = Residual sum of square

4 Discussion

4.1 Prey abundance

In the current study A. grayii used lake, pond and marshy area for feeding activity. Insects were the most abundant prey items,
while fishes second most abundant in all three habitats of A. grayii. Fishes and amphibians were highest in ponds while insects,
annelids, and molluscs were in the marshy area. All three habitats having different structures therefore availability of prey
items also varies (33). During summer prey availability decreases in lake, but as rainy starts availability of prey increases (34).
Thus the availability of prey in the lake is maintained in every season. In the pond, mainly fishes are available in all seasons
rather than other prey items. In all three habitats, the availability of all preys such as insects, fishes, annelids amphibians and
molluscs were highest inmonsoon (35), while lowest in winter.The availability of prey depends on both structure of habitats and
seasons (36; 37). During monsoon (36; 38; 39), most of the fishes, amphibians, annelids and aquatic insects are in reproductive
phase, so their number increases in all types of habitats (40), which guarantee a relatively high abundance of potential prey for
A. grayii (27). The marshy area after winter dries rapidly and becomes inadequate for feeding site for A. grayii. These results
suggest that prey diversity increased in number during monsoon, so all prey items were present abundantly while in summer
and winter insects and fishes mainly present in all habitats.

4.2 Foraging attempt and success (Success ratio) of A. grayii

Prey abundance, the structure of habitats, variation in seasons determined the success ratio of A. grayii . In the summer season,
due to high temperature all wetlands having scarcity of water, so there was less availability of prey, as a result, success ratio graph
showed temporal variation in every hours of observation for every season. In summer, birds come in feeding ground early in
the morning while in winter late in morning, and in summer feeding continued till evening. In monsoon, A. grayii having a
diverse diet, because in monsoon it is a reproductive period for amphibians, insects, Annelida, and fishes. So their number was
higher as a result success ratio of A. grayii was higher. In monsoon, foraging success did not only depend on prey abundance
but also water level. If the water level was not approachable to A. grayii, it did not feed; as the water level goes down it started
to feed. In winter, as temperature decreases very few preys available, so A. grayii success ratio decreases.

Exponential curve showed feeding pattern ofA. grayii in winter andmonsoon season in all three habitats. Exponential curve
pattern shows in starting of winter foraging attempt and success was increased but as temperature decreases, availability of prey
decreased as a result foraging frequency decreased. In case of monsoon. The availability of prey abundance increased but A.
grayii was not easily approached to prey on them so initially there was low frequency of feeding, but as water level goes down
the feeding frequency again raised.
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Growth curve represents the feeding pattern of A. grayii in summer season in both pond and marshy land. Such type of
pattern of curve was due to availability of prey in habitats, in summer. The starting of summer season is the starting of breeding
period of A. grayii. Most of the time, it was observed busy in searching suitable place for nest construction, so the feeding
frequency becomes low. But as the part of breeding is over, its feeding frequency gradually increases (27).

The cubic curve showed the feeding pattern of A. grayii in the lake during the summer season. The cubic curve showed
the initial frequency of feeding as slow but after sometimes it increases. In summer, the availability of prey was not abundant
as monsoon season, but the requirement of energy for A. grayii was high in summer due to breeding period so the foraging
attempt in that case increased. Power curve represents the feeding pattern of A. grayii in marshy land during monsoon season.
In this curve, both foraging attempt and success is in equal proportion due to availability of prey abundantly.

4.3 Feeding behaviour of A grayii

A. grayii varied their feeding techniques according to habitats (33) along with several environmental factors such as water
depth (40) , the height of vegetation (41; 42), and availability of prey (40). A. grayii mainly used the stand and wait technique
in all three habitats. However, in addition to stand and wait, A. grayii also adopted the walking slowly, similar techniques also
adopted by Great egrets and Little egrets (5; 43; 44). A. grayii used walk slowly for capturing sedentary or slow-moving prey
in shallow water, marshy and vegetated area (6; 43; 45). Stand and wait is better for capturing large prey in deep water or for
finding hidden prey (46). Crouched position, hopping and probing was very least preferred techniques by A. grayii for foraging
in all three habitats. Time spent in Stand and wait technique differ in ponds, lakes and marshy area, while time spent in other
techniques did not differed in all three habitats. A. grayii did not use bill dipping in marshy and probing in the pond. Feeding
techniques used byA. grayii did not varied with seasons, only hopping (HOP) and probbing ( PROB) varied in lake and marshy
while diving ( DIV) and bill dipping (BD) in ponds.

In this study, it was observed that pond was generally choosen during breeding period by A. grayii, because in that period it
had to construct nest, feedmale to female, female tomale during rearing, and chick also. So near pondmany trees were available
for construction of nest, and fishes (5) available as food. That’s why near pond mostly these three techniques (stand and wait,
diving and bill dipping) used by them. The present study indicates that prey availability, habitat structure, feeding techniques,
all depend on variation in season, which ultimately affects feeding activities of A. grayii.

5 Conclusion
In this study, it was concluded that A. grayii employs different behaviour for feeding, but stand and wait was dominant feeding
behaviour. Insectswere present abundantly in all three habitats. So foraging success for insectswere higher than other prey items.
But during summer and starting of monsoon fishes were mostly preferred by A.grayii. Monsoon season was the favourable
season for feeding of herons due to availability of prey. So in all three habitats, foraging success was higher in monsoon. In
this study it was observed that insects were mostly consumed prey by A. grayii. So it plays a significant role in controlling the
population of insects and other invertebrates on which they fed and supports the farmers. However, the rapid urbanization
and development of the area for living and other human purposes may create a threat to these birds by the destruction of
natural habitats through anthropogenic activities. Thus, if any disturbances occur in habitats ofA. grayii, its feeding activity will
affect; as a result, their breeding activity will hamper and finally decrease their populations. Not only A. grayii but all wetlands
dependent birds will also be affected. Thus proper conservation the wetland bird species is important for the conservation of
entire ecosystem.

Acknowledgment

The authors acknowledge department of Biostatistic (Mr. Subhash Yadav, Assistant professor) for suggestion in data analysis
part in this study. Research work is not funded by any National or International bodies.

References
[1] Kushlan JA. Wading bird predation in a seasonally flooded pond. The Auk. 1976;93:464–476.
[2] Anthal A and Sahi DN. Feeding guild structure of wetland birds of Jammu and Kashmir India. International journal of Innovative Research in Science,

Engineering and Technology. 2017;6(2). Available from: https://doi.org/10.15680/IJIRSET.2017.0602044.
[3] Kushlan JA and Hancock JA. The Herons (Ardeidae). vol. 15. New York.. Oxford University Press . 2005,. Available from: https://pubs.er.usgs.gov.
[4] Reglade MA, Dilawar ME and Ulhas A. Active bait-fishing in Indian pond heron Ardeola grayii. Indian Birds. 2015;10(5):124–125.
[5] Roshnath R. Preliminary study in diet composition of Indian pond heron during breeding season. International Journal of Biochemistry and Biotechnology.

2015;4:574–577.

https://www.indjst.org/ 2211

https://doi.org/10.15680/IJIRSET.2017.0602044
https://pubs.er.usgs.gov
https://www.indjst.org/


Dwivedi et al. / Indian Journal of Science and Technology 2020;13(22):2203–2213

[6] Porte DS, Gupta S and Kankariya S. Temporal pattern in foraging behaviour of the Indian pond heron, Ardeola grayii at Ratanpur, Chhattisgarh, India.
Biological Rhythm Research. 2018;49(5):761–771. Available from: https://dx.doi.org/10.1080/09291016.2018.1424768.

[7] Greeshma P and Jayson EA. Is floating and wading, a common behaviour of Indian pond heron (Ardeola grayii)? Journal of Entomology Zoological
Studies. 2018;6(1):179–180.

[8] Richardson AJ, Taylor IR and Growns JE. The Foraging Ecology of Egrets in Rice Fields in Southern New South Wales, Australia. Waterbirds: The
International Journal of Waterbird Biology. 2001;24(2):255–255. Available from: https://dx.doi.org/10.2307/1522039.

[9] Lekuona JM. Food intake, feeding behaviour and stock losses of cormorants, Phalacrocorax corbo, and grey herons, Ardea cinerea, at a fish farm in
Arcachon Bay (Southwest France) during breeding and non-breeding season. Folia Zoologica. 2002;p. 23–34.

[10] Matsunaga K. Effects of tidal cycle on the feeding activity and behavior of Grey Herons in a tidal flat in Notsuke Bay, northern Japan. Waterbirds: The
International Journal of Waterbirds Biology. 2000;23:226–235.

[11] Lantz SM, Gawlik DE and Cook MI. The Effects of Water Depth and Submerged Aquatic Vegetation on the Selection of Foraging Habitat and Foraging
Success of Wading Birds. The Condor. 2010;112(3):460–469. Available from: https://dx.doi.org/10.1525/cond.2010.090167.

[12] Beals EW. Birds of a Euphorbia-Acacia Woodland in Ethiopia: Habitat and Seasonal Changes. The Journal of Animal Ecology. 1970;39(2):277–277.
Available from: https://dx.doi.org/10.2307/2971.

[13] Fogden MP. The seasonality and population dynamic of equatorial forest bird in Sarawak. Ibis: International Journal of Avian Science. 1972;114:307–343.
[14] Karr JR. On the relative abundance of migrants from the North Temperate Zone in tropical habitats. The Wilson bulletin. 1976;88:433–458. Available

from: https://www.jstor.org/stable/4160782.
[15] Leck CF. Seasonal changes in feeding pressure of fruit and nectar feeding birds in the neotropics. The Condor. 1972;972(74):54–60. Available from:

https://www.jstor.org/stable/1366449.
[16] Kushlan JA. Commensal foraging in the Little Blue Heron. The Auk. 1978;95:677–681. Available from: https://www.jstor.org/stable/4085354.
[17] Kushlan JA. Responses of Wading Birds to Seasonally Fluctuating Water Levels: Strategies and Their Limits. Colonial Waterbirds. 1986;9(2):155–155.

Available from: https://dx.doi.org/10.2307/1521208.
[18] Skutch AF. Do tropical birds rear as many young as they can nourish. Ibis: International Journal of Avian Science. 1949;91:430–455. Available from:

https://doi.org/10.1111/j.1474-919X.tb02293.
[19] Ricker WE, Lack D, Andrewartha HG and Birch LC. The Natural Regulation of Animal Numbers. In: The Journal of Wildlife Management. vol. 19.

JSTOR . 1955,. p. 487–487. Available from: https://dx.doi.org/10.2307/3797467. doi:10.2307/3797467.
[20] Baidu NY, Piersma T, Wiersma P, Poot M, Batley P and Gordon C. Habitat selection, daily foraging routines and diet of waterbirds in coatal lagoon in

Ghana. Ibis: International Journal of Avian Science. 1998;140:89–103. Available from: https://doi.org/10.1111/j.1474-919X.1998.tb04545.x.
[21] Laubhan MK and Gammonley JH. Density and Foraging Habitat Selection of Waterbirds Breeding in the San Luis Valley of Colorado. The Journal of

Wildlife Management. 2000;64(3):808–808. Available from: https://dx.doi.org/10.2307/3802751.
[22] Safran RJ, Colwell MA, Isola CR and Taft OE. Foraging Site Selection by Nonbreeding White-Faced IBIS. The Condor. 2000;102(1):211–215. Available

from: https://dx.doi.org/10.1093/condor/102.1.211.
[23] Gawlik DE. THE EFFECTS OF PREY AVAILABILITY ON THE NUMERICAL RESPONSE OF WADING BIRDS. Ecological Monographs.

2002;72(3):329–346. Available from: https://dx.doi.org/10.1890/0012-9615(2002)072[0329:teopao]2.0.co;2.
[24] Santharam V. Indian pond heron (Ardeola grayii) feeding on dragonflies. Journal of Bombay Natural History Society. 2003;100.
[25] Sodhi NS. Food –niche relationships of five sympatric North Indian herons. Forktail: Journal of The Oriental Bird Club no 7. 1992;7:125–130. Available

from: https://orientalbirdclub.org/wp-content/uploads/2012/06/sodhi-Herons.pdf.
[26] Andrew MI and Mathew TK. Some observations on the feeding behaviour of the cattle egret Bubulcus ibis coromandus (Boddaert) and the pond heron

Ardeola grayii (Sykes). Pavo: Indian Journal of Ornithology. 1997;35:67–73.
[27] Seedikkoya K, Azeez PA and Ea AS. Breeding biology of pond heron Ardeola grayii, kerala, South India. Scientific Journal of Zoology. 2012;3(1):42–51.
[28] TOJO H. Habitat Selection, Foraging Behaviour and Prey of Five Heron Species in Japan. Japanese Journal of Ornithology. 1996;45(3):141–158. Available

from: https://dx.doi.org/10.3838/jjo.45.141.
[29] Fasola M. Resource Use of Foraging Herons in Agricultural and Nonagricultural Habitats in Italy. Colonial Waterbirds. 1986;9(2):139–139. Available

from: https://dx.doi.org/10.2307/1521206.
[30] Saksena DN and Kaushik S. Trophic status and habitat ecology of entomofauna of three water bodies at Gwalior, Madhya Pradesh, in perspective in

entomological research. agrwal OP, editor. Jodhpur. Science Publisher . 1994,.
[31] Jayaram KC. The Freshwater Fishes of the Indian Region. Delhi. Narendra Publishing House . 1999,.
[32] Jhingran VG. Fish and Fisheries of India. Delhi. vol. 954. and others, editor. Hindustan Publishing Corporation . 1982,. Available from: https://www.

abebooks.co.uk/book-search/title/fish-and-fisheries-of-india/author/jhingran-v-g/.
[33] Meganathan T and JeevanandhamP. Foraging behaviour of asian openbill stork Anastomus oscitans in different habitat at sembanarkoil region. A Journal

of Composite Theory. 2019;12(8):201–206.
[34] Pramanik AK, Santra KB andManna CK. SomeObservations on Breeding Behaviour of the AsianOpen-Billed Stork (Anastomus oscitans) in the Raiganj

Wildlife Sanctuary. International Research Journal of Environmental Science. 2015;5(9):10–21.
[35] González AJ. Seasonal Variation in the Foraging Ecology of the Wood Stork in the Southern Llanos of Venezuela. The Condor. 1997;99(3):671–680.

Available from: https://www.jstor.org/stable/1370479.
[36] Kushlan JA. Feeding Ecology and Prey Selection in theWhite Ibis. TheCondor. 1979;81(4):376–376. Available from: https://dx.doi.org/10.2307/1366963.
[37] Kumar S and Kumar V. Population status, habitat preference, and nesting characteristics of blackheaded ibis Threskiornis melanocephalus Latham, 1790

in southern Rajasthan. India Journal of Asian -Pacific Biodiversity. 2018;11:223–228.
[38] Kushlan JA. The terminology of courtship, nesting, feeding and maintenance in herons. Unpublished report. International Union for Conservation of.

Nature Heron Specialist Group. 2011;.
[39] Maheswaran G and Rahmani AR. Foraging behaviour and feeding success of Black- necked storks in Dudwa national parks. Journal of Zoology London.

2002;258:189–195.
[40] Bates EM and Ballard BM. Factors Influencing Behavior and Success of Foraging Reddish Egrets (Egretta rufescens). Waterbirds. 2014;37(2):191–202.

Available from: https://dx.doi.org/10.1675/063.037.0213.
[41] Hafner H, Vincent B and Gory G. Feeding methods, flock size and feeding success in the little egret egretta garzetta and the squacco heron ardeola

ralloides in camargue, southern france. Ardea. 1982;70:45–54.
[42] Hom CW. Foraging Ecology of Herons in a Southern San Francisco Bay Salt Marsh. Colonial Waterbirds. 1983;6:37–37. Available from: https://dx.doi.

https://www.indjst.org/ 2212

https://dx.doi.org/10.1080/09291016.2018.1424768
https://dx.doi.org/10.2307/1522039
https://dx.doi.org/10.1525/cond.2010.090167
https://dx.doi.org/10.2307/2971
https://www.jstor.org/stable/4160782
https://www.jstor.org/stable/1366449
https://www.jstor.org/stable/4085354
https://dx.doi.org/10.2307/1521208
https://doi.org/10.1111/j.1474-919X.tb02293
https://dx.doi.org/10.2307/3797467
http://dx.doi.org/10.2307/3797467
https://doi.org/10.1111/j.1474-919X.1998.tb04545.x
https://dx.doi.org/10.2307/3802751
https://dx.doi.org/10.1093/condor/102.1.211
https://dx.doi.org/10.1890/0012-9615(2002)072[0329:teopao]2.0.co;2
https://orientalbirdclub.org/wp-content/uploads/2012/06/sodhi-Herons.pdf
https://dx.doi.org/10.3838/jjo.45.141
https://dx.doi.org/10.2307/1521206
https://www.abebooks.co.uk/book-search/title/fish-and-fisheries-of-india/author/jhingran-v-g/
https://www.abebooks.co.uk/book-search/title/fish-and-fisheries-of-india/author/jhingran-v-g/
https://www.jstor.org/stable/1370479
https://dx.doi.org/10.2307/1366963
https://dx.doi.org/10.1675/063.037.0213
https://dx.doi.org/10.2307/1520965
https://dx.doi.org/10.2307/1520965


Dwivedi et al. / Indian Journal of Science and Technology 2020;13(22):2203–2213

org/10.2307/1520965.
[43] Lantz SM, Gawlik DE and Cook MI. The Effects of Water Depth and Emergent Vegetation on Foraging Success and Habitat Selection of Wading Birds in

the Everglades. Waterbirds. 2011;34(4):439–447. Available from: https://dx.doi.org/10.1675/063.034.0406.
[44] Hafner H, Dugan PJ, Kersten M, Pineau O and Wallace JP. Flock feeding and food intake in Little Egrets Egretta garzetta and their effects on food

provisioning and reproductive success. Ibis: International Journal of Avian Science. 1993;135:25–32.
[45] Papakostas G, Kazantzidis S, Goutner V andCharalambidou I. Factors Affecting the Foraging Behavior of the SquaccoHeron. Waterbirds. 2005;28(1):28–

34. Available from: https://dx.doi.org/10.1675/1524-4695(2005)028[0028:fatfbo]2.0.co;2.
[46] Dimalexis A, PyrovetsiM and Sgardelis S. Foraging Ecology of theGreyHeron (Ardea cinerea), Great Egret (Ardea alba) and Little Egret (Egretta garzetta)

in Response to Habitat, at 2 Greek Wetlands. JSTOR . 1997,. Available from: https://dx.doi.org/10.2307/1521692.

https://www.indjst.org/ 2213

https://dx.doi.org/10.1675/063.034.0406
https://dx.doi.org/10.1675/1524-4695(2005)028[0028:fatfbo]2.0.co;2
https://dx.doi.org/10.2307/1521692
https://www.indjst.org/

	Introduction
	Methods
	2.1 Study area
	2.1.1 Feeding frequency (Foraging attempt /success)
	2.1.2 Feeding behaviour
	2.1.3 Prey abundance
	2.1.4 Statistical analysis


	Results
	3.1 Prey abundance
	3.2 Foraging attempt and success (Success ratio) of A. grayii
	The growth model (tw-d3133fcf78eaTable 7 ) was found to best fit model in summer season for marshy land and pond. In growth model curve, initial point of curve was lower, and with time foraging attempt and success of pond heron increasing and after a certain point, it stabilized. Growth curve represents that in mid of summer season, due to rainy started there was abundant prey available so the peak of the curve was reached a maximum in mid-point. The cubic model (tw-d3133fcf78eaTable 7)was found to best fit model in summer season for the lake. In cubic curve, itcurve was in stationary phase and after 13:00 there was exponential growth.Power model was found to best fit model in monsoon season in marshy land;in power curve, there was a proportionate increase in both variables (foraging attempt and success).
	3.3 Foraging success with reference to prey abundance
	3.4 Feeding behaviour of A grayii

	Discussion
	4.1 Prey abundance
	4.2 Foraging attempt and success (Success ratio) of A. grayii
	4.3 Feeding behaviour of A grayii

	Conclusion
	Acknowledgment


