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Abstract Waterbirds constitute a prominent biota and reflect the ecosystem health and functionality of the
freshwater wetlands. Documentation of the bird species assemblages of wetlands is therefore carried out as a part of
monitoring of wetlands from a sustainability viewpoint. Using the emerging wetland of Purbasthali, West Bengal,
India, as a model study area, the diversity of the associated bird species was estimated to supplement necessary
information for conservation management of birds and ecosystems. The point count method was applied to count
the waterbirds from each sighting location with a 25 m radius covering 360° arc and the counting period lasted
10 min for each site, and counts were made in the winter of 2016/2017. The data on the waterbirds encountered
were recorded and subjected to diversity analysis, including the residential status, global population trend and
feeding guilds. Apparently, the wetland was considered as suitable habitat for 27 waterbird species, which could
be grouped under 24 genera, 10 families and 5 orders. Among these, the family Anatidae with maximum relative
density and abundance dominated in the wetland. Out of the 27 recorded species, 5 species were widespread
winter visitors, 3 species widespread resident, as well as, widespread winter visitors and 2 species were sparse
local winter visitors. A globally near threatened species, the Black-headed Ibis (Threskiornis melanocephalus)
was very common in the sampling sites. The waterbird assemblage in the wetland was dominated by carnivores
followed by omnivores and herbivores. The abundance of the waterbirds with considerable variations in the
foraging guild reflects availability and exploitation of multiple resources of the Purbasthali wetlands. Prominence
in the differences in relative abundance of the different waterbirds could be linked with the heterogeneity in the
habitat quality. The present information on waterbird assemblage calls for appropriate measures for conservation
of the species and appropriate management of Purbasthali wetlands.
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Osszefoglalas A vizimadarak tbbnyire feltiing egyiitteseket alkotnak, és jol tiikrozik az édesvizi él6helyek dko-
szisztémajanak allapotat és miikodését. A vizes ¢l6helyek madarfaj-egyiitteseinek dokumentalasat ezért ezen él6-
helyek fenntarthatésagi szempontii monitorozasanak részeként végzik. Az indiai Nyugat-Bengaliaban talalhato
Purbasthali nevii vizes él6hely, mint mintateriilet vizsgalata az ott el6fordulé madarfajok sokféleségére vonatko-
76 becslések szerint olyan kiegészité informaciokat szolgaltat, amelyek sziikségesek a madarak és az okoszisz-
témak megfeleld természetvédelmi kezeléséhez. A vizimadarak szamlalasara minden egyes megfigyelési helyen
pontszamlalasi modszert alkalmaztak egy 25 m sugart korben, 360°-os ivet lefedve, egyenként 10 perces id6tar-
tamban. A vizsgalat 2016/2017 telén zajlott. A megszamlalt vizimadarak adatait rogzitették és diverzitds elemzés-
nek vetették ala, beleértve az ¢16helyi statuszt, a globalis populacios trendet és a taplalkozasi guildeket is. Ez a vi-
zes él6hely 27 vizimadarfaj szdmadra bizonyult megfelelonek, amelyek 24 nemzetségbe, 10 csaladba és 5 rendbe
sorolhatok. A teriileten az Anatidae csalad dominalt, maximalis relativ denzitassal és abundanciaval. A 27 meg-
figyelt faj koziil 5 gyakori téli vendég, 3 gyakori alland6 faj, valamint gyakori téli vendég, 2 faj pedig ritka he-
lyi téli vendég volt. Egy globalis 1éptékben mérve mérsékelten veszélyeztetett faj, a feketefejli ibisz (Threskiornis
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melanocephalus) nagy gyakorisaggal fordult el6 a mintavételi teriileteken. A vizes él6helyen megfigyelt vizima-
darak egytittesében, sorrendben, a ragadozok, majd a mindenevok és a ndvényevok dominaltak. A vizimadarak
gyakorisaga és a taplalkozasi guildek jelentds eltérései jol mutatjak a Purbasthali vizes élohely rendelkezésre al-
16 er6forrasainak gazdagsagat és kiaknazhatosagat. Az egyes vizimadarfajok relativ abundanciajaban mutatkozo
kiilonbségek dsszekapcsolhatok az él6hely mindségének heterogenitasaval. A vizimadarak egyiitteseirdl jelenleg
rendelkezésre allo informaciok megfeleld intézkedéseket tesznek lehetéve és sziikségessé a faj megdrzése és a
Purbasthali vizes ¢l6helyek kezelése érdekében.

Kulcsszavak: megujulo vizes €l6hely, vizimadar, él6helyek alkalmassaga, megdrzés

Department of Zoology, University of Calcutta, 35 Ballygunge Circular Road, Kolkata 700019, India
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Introduction

Wetland ecosystems are the most productive and diversified aquatic ecosystems with higher
economic, as well as, ecological values representing a balance between the environment and
the life in it (Aynalem & Bekele 2008, Khan 2010). They provide an array of precious services
for the environment and civilization (Zedler & Kercher 2005, Biggs et al. 2017). Occupying
about 6% of the Earth’s surface, they are able to maintain ecological sustainability and by
providing suitable habitat for a large number of species established as assets of biodiversity
(Gopal & Sah 1995, Zedler & Kercher 2005). However, huge resource availability and
habitat suitability makes the wetland favourable place for many of the species; among them,
waterbirds are the most important component of that ecosystem (Collar & Andrew 1988,
Adhurya et al. 2020). Waterbirds absolutely depend on wetland habitat for their existence.
They use certain wetlands as a microhabitat for their reproduction, nesting and feeding
activities (Weller 1999, Hazra et al. 2012). Many of these waterbirds spend a certain period
of time in one wetland and the rest of the time to another showing seasonal migratory
behaviour (Gatto et al. 2005). Owing to their insightful response to sudden changes in
habitat quality, vegetation composition and resource availability of the wetland, the species
composition, diversity and abundance in waterbird populations are strongly affected,
thus, they are considered to be an excellent bio-indicator in favour of the health of the
ecosystem (Gregory et al. 2003, Bhat & Hosetti 2009). Due to the lack of proper knowledge
on functioning wetlands, numerous threats arise because of anthropogenic activities that
could lead to habitat destruction, pollution and overexploitation of the resource in wetlands.
According to some estimates over 50% of the wetland habitats of the world are lost in
the last century (Fraser & Keddy 2005, Datta 2011, Davidson 2016). Thus, to protect the
wetlands from serious threats spreading of awareness, making conservation policies and
their proper implementation is necessary (Islam & Rahmani 2008, Céréghino et al. 2014).
India is blessed with a large number of wetlands varied from larger to smaller in size
occupying about 15.26 million ha of the area (Panigrahy ez al. 2012, Kumar et al. 2016).
In addition to 37 wetlands with international importance under Ramsar convention, India
has more than five hundred thousand other natural or artificial wetlands containing inland
deltas, freshwater ponds, permanent or intermittent freshwater or brackish lakes extended
in an area of 2.25 ha (Panigrahy et al. 2012). All of these wetlands providing a suitable
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habitat, which ensures the existence of more than 310 bird species, out of them, 107 winter
migrants are known to depend completely on wetland habitat (Manakadan & Pittie 2001,
Kumar et al. 2005). All of these birds are known to gather in wetlands of different parts
of India and their diversity become highest during the winter season (Khan et al. 2016,
Mazumdar 2019). Diversity of waterbirds is one of the most essential features explaining
of the status, productivity and the health of wetlands (Mufioz-Pedreros & Merino 2014).
That is the way it is more preferable to observe the community structure of waterbirds to
get adequate information about the impact of environmental changes and anthropogenic
activities on sustainability of wetland ecosystems (Islam & Rahmani 2008, Mukhopadhyay
& Mazumdar 2017). Therefore, in the course of the survey of waterbirds, and estimating the
species assemblage pattern, a prediction on the functional integrity of the ecosystem, as well
as, planning for proper protection of water bodies can be made.

The wetland of Purbasthali, physiographically an oxbow lake of Gangetic Alluvial Plains
(Mandal & Siddique 2018), has long been familiar as it provides suitable habitat for a large
number of bird species. However, few works have been accomplished (Jha 2013, Debnath
et al. 2018) on the diversity and distribution of various bird species that reside in this
wetland. This is the first time when a survey was focused mainly on diversity of all kinds
of waterbird considering their foraging guilds during midwinter, when they are known to
show maximum abundance (Khan et al. 2016). Thus, the present study aims to represent
the species diversity through field observation and count of the waterbird population
during winter, to characterize the species assemblage of waterbirds and to identify the
waterbirds with global importance. The study explores the primary observations made on
the waterbird species (Mandal & Siddique 2018) emphasizing the trophic guilds, relative
abundance and diversity indices. The monitoring of the waterbirds is promoted as a basis
for conservation management and sustenance of the ecosystem services derived from the
freshwater wetlands. The resultant information of the present study will facilitate planning
strategies for conservation of the waterbirds, as well as the emergent freshwater lake of
Purbasthali, West Bengal, India.

Material and Methods

Study area

The present study was conducted in Purbasthali Oxbow Lake (regionally named as Chupi
char), is actually categorized as a wetland of Gangetic Alluvial Plain (Mandal & Siddique
2018). This wetland is formed naturally by the meandering of Bhagirathi River on its right
bank. Geographically, it is situated at the boundary of Burdwan and Nadia districts of West
Bengal, extending in between the coordinates of 23°25'55"N to 23°27'52" N and 88°19'45”
E to 88°21'55" E (Figure 1). The spatial coverage of water in this wetland area was 3.2 km?
during the study period. The maximum depth and width of wetland range from 2.5-6.0 m
and 450-550 m, respectively. The cold season starts in the beginning of November and lasts
for four months, to the end of February. The average temperature was 20 °C during the study
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period. Throughout its entire area, the wetland possesses a large number of macrophytes
like common water hyacinth (Eichhornia crassipes), duckweed (Lemna minor), water
lettuce (Pistia sp.), water nymph (Najas spp.), floating heart (Nymphoides spp.), ditch
grasses (Ruppia spp.), pondweed (Potamogeton spp.), etc. Several snail species including
Lymnaea acuminata, Indoplanorbis exustus, Gabbia orcula and Gyraulus convexiusculus
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Figure 1. Location of the study area and the sampling sites along the Purbasthali wetland, West
Bengal, India

1.dbra A vizsgadlati teriilet és a mintavételi helyek elhelyezkedése a Purbasthali melletti vizes
él6helyen (Nyugat-Bengdlia, India)
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were observed attached with the leaves of the macrophytes. Moreover, it also supports a
rich diversity of insects, crustaceans and fish. In course of the observations on the wetland
waterbirds, selected physicochemical parameters of the wetland water were estimated and
the values were (represented as Mean+SE); pH: 7.2+0.27, Total Dissolved Solids: 148+13.8
ppm, Dissolved Oxygen: 7.11£0.19 ppm, NH,*-N 0.31+0.04 mg/L, PO,-P: 0.04+0.009
mg/L and NO,™-N: 0.12+0.02 mg/L.

Census methods

The present study was carried out between November 2016 to February 2017 to have the
comprehensive idea about the diversity and abundance of waterbirds at Purbasthali wetland.
The waterbird counts were made by employing boat and following the same methods
suggested by Wetlands International (2006) and Sinha ef al. (2011). Each time of the survey,
the waterbird counts were started at 8:00 AM and continued until the counts on entire area
could be completed, approximately till 6:00 PM in the evening. In this study, the point count
method was applied (Bibby et al. 1993) to count the waterbirds. In each day, the wetland was
entirely surveyed by moving slowly on the boat following the same route and stopping at
each preselected vintage point to count the waterbirds. The positions and numbers of vintage
points were placed randomly in view of the size of the wetland. Waterbirds counts from all
points were repeated at a regular interval of 7days and for each site, counting period lasted
for 10 min to minimize the counting errors (Sarkar ef al. 2014, Mufioz-Pedreros et al. 2018,
Issa 2019). Birds were counted from each sighting point with a 25 m radius covering 360°
arc (Hutto et al. 1986, Issa 2019). The intensity of sampling was evaluated through previous
censuses following the rarefaction, as well as species accumulation methods (Willson et
al. 1994). To count the waterbirds, a binocular (Olympus 7%21 PS III) was used and the
photographs of waterbirds were taken by Nikon P900 for further identification. The birds
were identified observing the photography (Grimmett et al. 1998, Kazmierczak & van Perlo
2000, Ali 2002) and recorded for analysis. The data on the relative abundance of each bird
species was made with reference to the day surveyed and the data were used for the diversity
analysis and estimation of the assemblage characteristics.

Data analysis

The relative diversity (RD)) of each bird family was estimated following the equation
(Torre-Cuadros et al. 2007):
Number of species in the family
Total number of species
Relative abundance of each species was measured, from the count of the birds in each day.
On this basis, they were categorized into very common (VC) species, where they were found
in 75-100% of total visits; common (CO) species observed 50—74% of visits; uncommon
(UC) 25-49% of field visits and less common (LC) recorded less than 25% of total visits
(Manakadan & Pittie 2001, Tak et al. 2010). They were also categorized on the basis of
their seasonal dispersal pattern into widespread resident (R), widespread winter visitor (W),

RD= x 100
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widespread resident as well as widespread winter visitors (RW) and sparse local winter
visitors (rW) (Kazmierczak 2000). The status of global population trends was collected from
the IUCN Red List (del Hoyo et al. 1996) and by following IUCN website (https:/www.
iucnredlist.org/).To obtain the diversity indices of waterbird abundance, the data taken from
each study site were analysed separately using Biodiversity Pro software (McAleece et al.
1997 Biodiversity Professional; Scottish Association for Marine Science and the Natural
History Museum, London, UK). Species richness (S) was calculated by totalling the number
of different species present in that area (Mukherjee ef al. 2015, Issa 2019). Diversity of
waterbird species was represented by calculating Shannon diversity index [H’=-3" (P. In P )],
Simpson index [D=1-(3n(n-1))/N(N-1)] and Shannon H__ [H_ =log (S)]. To compare
the similarity of population size of each waterbird species the evenness [J=H’/H__ ] was
calculated, where P_is the proportion of total samples belonging to i"species, n is the total
number of waterbirds belongs to a particular species and N includes the total number of
waterbirds of all species (Magurran 1988). The relationship among species richness (S),
information (H), and evenness (J) in the samples was made by SHE analysis (Buzas &
Hayek 1998). Foraging guilds were determined by examining their feeding habitat. In our
observation, we found waterbirds species belonging to three feeding guilds, i.e. carnivore
(CARYV), herbivore (HERV) and omnivore (OMNYV) (Ali & Ripley 1980, Hutto 1986).
A non-parametric Kruskal-Wallis test followed by multiple pair-wise comparisons (Dunn
method with Bonferroni correction) was carried out to analysis the differences between
foraging guilds considering their species composition. The statistical analyses were
performed following Zar (1999) using the XLSTAT software (Addinsoft 2010).

In order to highlight the indicator value of the waterbird species, the observations were
classified into three clusters for application of the IndVal method (Dufréne & Legendre 1997).
The estimation was initiated with the assumption that for each species i, in each cluster j, 4, is
the mean abundance of species i in the clusters j, and B, is considered as the relative frequency
of occurrence of species i in the clusters j (Dufréne & Legendre 1997). The cluster j in the
present instance includes discrete observations of certain days representing the term sites in the
original definition (Dufréne & Legendre 1997). The measure 4, represents the specificity that
relies on the abundance values while the term B, represents fidelity, depending on the presence
data of the i species in the clusters. In this estimation, the mean number of individuals in
each cluster is used to sum the total individuals in all the observations under a cluster, thereby
removing the effect of variations owing to the discrete observation under the various clusters.
Similarly the representation of B is indicative of the presence of i species in j clusters among
the N number of sites, in N, number of sites in N+ number of sites. Following the calculation
of the specificity and ﬁdehty, the indicator Value of the species was calculated as the indicator
value, IndVal for cluster j, species i=100 x 4, X B ; L ; where, A ,; Tepresents specificity and Bi,j
represents fidelity defined in accordance w1th the IndVal proponents (Dufréne & Legendre
1997). The IndVal for a species is deduced as: IndValwim—max[IndVal ]. The significance
of the IndVal for a species is judged through a permutation test, carrled out in R software
(“indicspecies’ package) (De Caceres & Legendre 2009). In order to deduce the indicator value
of the waterbirds, the observations were broken into three clusters consisting of 5, 5 and 4 days
followed by the application of the data in R software (De Caceres 2020).
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Results

Sampling adequacy and waterbird species records

Sampling efficiency was measured based on the number of waterbird species encountered
during the study period (sampling days) which reached in more or less stable form on or
after 10" sampling day (Figure 2). During the course of this study, it was recorded that
this emerging wetland providing a habitat of 27 waterbird species belongs to 24 genera, 10
families and 5 orders (Table 1). The maximum numbers of waterbird species were recorded
under family Anatidae with 7 species (25.93%) followed by Ardeidae with 5 species
(18.52%), Rallidae with 4 species (14.81%), Phalacrocoracidae with 3 (11.11%), Jacanidae
and Charadriidae each with 2 species (7.41% each), and Podicipedidae, Ciconiidae,
Threskiornithidae and Scolopacidae each with 1 species (3.7% each).
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Sample size (days of observation)

Figure 2. Sample-based rarefaction curve (species accumulation curve) representing the relationship
of sampling effort (days) and number of species encountered in the study area. The species
saturation (27 species) was observed on the 13™ sample (13 day) and is marked with a
triangle. The standard error values are provided for each point (sample)

2.dbra Minta-alapu ritkitasi gorbe (fajtelitédési gorbe), amely a mintavételi raforditds (napok) és
a vizsgalati teriileten megfigyelt fajok szamanak 6sszefliggését mutatja. A fajtelitettséget
(27 faj) a 13. mintan (13. nap) figyelték meg, ezt hdromszdg jeldli. Az egyes pontokhoz
(mintdkhoz) kapcsolédo fliggdleges vonalak a standard hibaértékeket jel6lik



Table 1.  ListofwaterbirdsrecordedinPurbasthaliwetland togetherwith theirfeeding guild (HERB=herbivore, OMNV=omnivore and CARV=carnivore),
residential status (R= widespread resident, W=widespread winter visitor, RW=widespread resident as well as widespread winter visitors
and rW=sparse local winter visitor), relative abundance (VC=very common, CO=common, LC=less common, UC=uncommon) andglobal
population trend (ST= stable, IN=increasing, DE=decreasing and UN= unknown). ¥*IUCN near threatened species

1. tdbldzat A Purbasthali vizes él6helyen megfigyelt vizimadarak tplalkozasi guildjeikkel egytiitt (HERB=n&vényevé, OMNV=mindenevé és CARV=ra-
gadozo), helyi statuszuk (R=széles korben eléfordulé allandd faj, W=széles korben eléforduld téli vendég, RW=széles korben el&forduld al-
landd, valamint széles korben eléforduld téli vendégek és rW=ritka, helyi téli vendég), relativ abundancidjuk (VC=nagyon gyakori, CO=-
gyakori, LC=ritkdbb, UC=nem gyakori) és globdlis populdcids trendjik (ST=stabil, IN=n&vekvd, DE= csékkené és UN=ismeretlen). * [UCN
mérsékelten veszélyeztetett fajok
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Order Family Common Name Scientific Name o S - lay
o< S5 S22 (83
3 Q S |30
2w
Anseriformes Anatidae Cotton Pygmy Goose Nettapus coromandelianus (Gmelin, 1789) NCO HERB R VC
Gadwall Mareca strepera (Linnaeus, 1758) MST HERB W co
Lesser Whistling-duck Dendrocygna javanica (Horsfield, 1821) DJA | OMNV R VC
Red Crested Pochard Rhodonessa rufina (Pallas, 1773) RRU HERB W (€]
Ruddy Shelduck Tadorna ferruginea (Pallas, 1764) TFE OMNV | rW LC
Ferruginous Pochard Aythya nyroca (Glldenstadt, 1770) ANY | OMNV | rW LC
Northern Pintail Anas acuta (Linnaeus, 1758) AAC | OMNV W LC
Charadriiformes | Jacanidae Bronze-winged Jacana Metopidius indicus (Latham, 1790) MIN | OMNV R VC
Pheasant-tailed Jacana Hydrophasianus chirurgus (Scopoli, 1786) HCH | OMNV R LC
Charadriidae Grey-headed Lapwing Vanellus cinereus (Blyth, 1842) Vvl CARV w Cco
Red-wattled Lapwing Vanellus indicus (Boddaert, 1783) VIN CARV R uc
Scolopacidae Wood Sandpiper Tringa glareola (Linnaeus, 1758) TGL CARV W Cco
Gruiformes Rallidae Common Coot Fulica atra (Linnaeus, 1758) FAT OMNV | RW VC
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Purple Swamphen Porphyrio porphyrio (Linnaeus, 1758) PPO | OMNV R LC

Common Moorhen Gallinula chloropus (Linnaeus, 1758) GCH | OMNV R LC

White-breasted Waterhen | Amaurornis phoenicurus (Pennant, 1769) APH OMNV R LC

Pelecaniformes Ciconiidae Asian Openbill Anastomus oscitans (Boddaert, 1783) AOS CARV R VC
Threskiornithidae |*Black-headed Ibis Threskiornis melanocephalus (Latham, 1790) | TME CARV R VC

Pelecaniformes Ardeidae Cattle Egret Bubulcus ibis (Linnaeus, 1758) BIB CARV R VC
Intermediate Egret Ardea intermedia (Wagler, 1829) AIN CARV R LC

Indian Pond-Heron Ardeola grayii (Sykes, 1832) AGR CARV R VC

Little Egret Egretta garzetta (Linnaeus, 1766) EGA CARV R VC

Purple Heron Ardea purpurea (Linnaeus, 1766) APU CARV RW LC

Phalacrocoracidae |Indian Cormorant Phalacrocorax fuscicollis (Stephens, 1826) PFU CARV R LC

Little Cormorant Microcarbo niger (Vieillot, 1817) MNI CARV R LC

Great Cormorant Phalacrocorax carbo (Linnaeus, 1758) PCA CARV RW LC

Podicipediformes | Podicipedidae Little Grebe Tachybaptus ruficollis(Pallas, 1764) TRU CARV R VC

pQIpy "D P vYNS Y "D ‘ubulivg [ 010qo.opy)
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Residential status, global population trends and relative abundance of recorded
species

Out of 27 recorded waterbird species, 17 species (62.96%) were widespread residents
(R), 5 species (18.52%) widespread winter visitors (W), 3 species (11.1%) widespread
resident as well as widespread winter visitors (RW) and 2 species (7.41%) were sparse
local winter visitors (rW) (Kazmierczak 2000). Among all reported waterbirds varieties,
only one species, the Black-headed Ibis, was near threatened according to the IUCN, very
common to the studied area and rest are the least concerned species. Considering the global
population trend, it was noticed that the surveyed area holds 3 waterbird species known
to follow the stable population trend (ST), 5 increasing (IN), 10 with unknown (UN) and
noticeably,9 species known to follow the decreasing (DE) population trend. We observed
that among these nine species three were very common (VC), one species was common
(CO) and five species were less common (LC) to the area (Figure 3). Three species
(Lesser Whistling Duck, Black-headed Ibis and Little Grebe) following globally declining
population (DE) trend were found very common (VC) to the studied area while one species
(Grey Headed Lapwing) of the global DE category was common (CO) and the other five
species (Ferruginous Pochard, Northern Pintail, Pheasant Tailed Jacana, Intermediate Egret
and Purple Heron) of the same category were less common to the area. Mean+SE of the
total number of species of Lesser Whistling Duck and Little Grebe were 34.14+5.95 and

avc @co oLC ouc

Number of species
w

| 1 A

ST IN DE UN
Global population trends

Figure 3. Comparison of relative abundance (VC, CO, LC and UC) and global population trend (ST,
IN, DE and UN) of bird species observed from Purbasthali, West Bengal, India (VC=very
common, CO=common, LC=less common, UC=uncommon, ST=stable, IN=increasing,
DE=decreasing and UN=unknown)

3.dbra Azindiai Purbasthaliban (Nyugat-Bengdlia) megfigyelt madarfajok relativ abundanciajanak
(VC, CO, LC és UC) és globalis populacios trendjének (ST, IN, DE és ENSZ) 6sszehasonlitasa
(VC=nagyon gyakori, CO=gyakori, LC=kevésbé gyakori, UC=ritka, ST=stabil, IN=ndvekszik,
DE=csokken és UN=ismeretlen)



A. Chakraborty, H. Barman, G. K. Saha & G. Aditya 11

(b)

—
Y
~

18 120
16 +

100
14 ¥
2. % 80 4

RDi value
[
(=}

Mean abundance
(Mean % SE)
o =N}
(=} (=]

S N & o ®
" s s 4
+ + + +

Jacanidae HH
Charadriidae HH

Scolopacidae E-I

Rallidae

Ciconiidae
Threskiornithidae H

Anatidae
Ardeidae

Phalacrocoracidae -

Anatidae
Jacanidae [H
Ciconiidae jl
Podicipedidae H'l

Scolopacidae (]

Podicipedidae H
N
(=] o
Rallidae [_HH
Ardeidae H

Charadriidae j'l

Threskiornithidae ]
Phalacrocoracidae [_#

Waterbird family

Waterbird family

Figure 4. a - Relative diversity (RD) and b — mean abundance of various waterbird families recorded
from Purbasthali wetland, West Bengal, India

4.dbra a - Relativ diverzitas (RDi) és b - atlagos abundancia az indiai nyugat-bengdli Purbasthali
vizes él6helyrol feljegyzett vizimadar csalddok esetén

10.42+1.94, respectively. Observing the relative abundance of all waterbird species, it was
reported that ten species (37.04%) were very common (VC), four species were common
(14.81%), while another twelve species (44.4%) were less common (LC) and the remaining
one species were uncommon (CO). The relative abundance was the highest for Red Crested
Pochard (38.57+22.38) and the lowest for Purple Heron and Little Cormorant (0.21+0.11
for each). Throughout the sampling period, a total of 540 Red-crested Pochard was counted,
which was the maximum in number compared to the other species.

Relative diversity (RD) and mean abundance of various waterbird families

Comparing the relative diversity (RD,), as well as mean abundance values among the
recorded avian families (Figure 4a, b) revealed that Anatidae having maximum relative
diversity (7 species, RD=14.29+1.69) and mean abundance value, followed by Ardeidae (5
species, RD,=12.43+0.62) represented dominant group, while Scolopacidae with a single
species (RD;=1.85+0.51) poorly represented in the study area.

Analysis of diversity indices

Along the wetland habitat, the values of diversity indices were recorded for waterbirds
as species richness (S=15.71+0.94), Shannon-Weiner diversity index (H’=2.24+0.08),
Simpson’s Diversity (D=0.84+0.02), Shannon evenness (J=0.82+0.03) and maximum
diversity value (H_ =2.7340.05).As revealed through the output of SHE analysis (Figure
5), the association among S (species richness), H (information), and E (evenness) in the
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Figure 5. Plot of SHE analysis calculated on four months data of relative abundance of 27 waterbird
species reported in Purbasthali wetland, West Bengal, India. Each point in x-axis represents
a sampling day consisting of multiple observations

5.dbra Az SHE-analizis gorbéje 27 vizimadarfaj relativ abundancidjanak négy hénapos adatai alapjan
szamolva, amelyeket a Purbasthali vizes él6helyen figyeltek meg Nyugat-Bengdliaban (India).
Az x tengely minden pontja egy mintavételi napot jelent, amely tobb megfigyelésbél all

samples can be interpreted properly. For this multispecies community as the number of
individuals (N) accumulated with each sampling effort, the species richness (S) usually
increases. In the meantime, it was very prominent in the studied community that H increases
as InS increases and InE decreases with the accumulation, while the ratio InE/InS remain
constant. Kind of departures from the linear trends specified a diversified community.

Feeding guilds of waterbirds

The recorded waterbird species were divided into three feeding guilds observing their
habitat use and foraging behaviour during the survey. The results revealed that the waterbird
species in that habitat were dominated by carnivore group (51.85%) followed by omnivore
(37.04%) and herbivore (11.11%) (Figure 6). Comparing the relative abundance of the
species among the foraging guilds it was observed that they varied significantly (Kruskal-
Wallis test: K=35.03, df=2, P<0.05). For a more specific comparison of single variable
between feeding guilds a pair wise post-hoc comparisons using Dunn’s test with the
Bonferroni correction was carried out (between carnivore and herbivore: 27.179, P<0.0001;
between carnivore and omnivore: 13.321; P<0.0037, and between herbivore and omnivore:
13.857, P<0.0025; with the critical value for two tailed Dunn’s comparison being 10.994;
Bonferroni corrected significance level: 0.0167). Thus the significant differences between
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Figure 6. Relative abundance of waterbird species belonging to three foraging guilds recorded in the
study area

6.dbra A vizsgalati teriileten megfigyelt vizimadarfajok relativ abundancidja harom kiilonb6z6
taplalkozasi guild szerinti megoszlasban (carnivore — ragadozé, omnivore — mindenevd,
herbivore — névényevo)

each pair of foraging guilds in the study area (Bonferroni Dunn; P<0.05) are indicative of
diverse species assemblages of waterbirds in the Purbasthali wetlands.

Indicator value for waterbird species

The indicator values of waterbird species observed in the samples are shown in Table 2
along with the relative abundance in the samples. Following preliminary assessment the
IndVal differed for the species and between the clustered samples. However, on the basis
of the results of the permutation tests, the IndVal values of the four bird species, RRU,
PPO, APU, and MST bear significance at P<0.001 level as shown in 7able 2. In addition,
the IndVal of TRU was also significant when values from two groups (clusters) were taken
together. Thus, out of 27 species recorded, five species remained significant in terms of their
IndVal score based on the relative abundance in the samples.

Discussion

The study site Purbasthali oxbow lake, situated in Burdwan, India is a natural emerging
wetland, which features a range of waterbird species during the winter season (November
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Table2.  The relative abundance of the representative waterbirds and the contribution to the
IndVal in the three clusters deduced from the samples. A randomization test (multilevel
pattern analysis, indicspecies package of R) for the IndVal was carried out to conclude
about the significant values of the respective species. A and B corresponds to the
specificity and fidelity respectively as described in the IndVal equation

2. tdbldzat A vizimadarak relativ abundaciaja és IndVal értékei. A randomizacids teszt (tobbszintes
mintazat elemzés az indicspecies R csomagban) megadja a fajok IndVal értékeihez
tartozo szignifikancia értékeit. A és B az IndVal egyenlet megfelelé paramétereit mutatja

Acronym MReZ':‘gies:E IndVal, Acronym MRe:'::fS’E IndVal,
NCO 7.221_1116.02 8.1188 GCH 0.42;?).25 6.67
MST SIS 17.941 APH e 938
DJA 34.1131:_?50.95 8.9958 AOS 6.846_J_r118.07 10.42
RRU e 21.481 TME s 11.935
TFE 036202 7.5 BIB 6112084 8.8372
ANY e 28 AIN G e
AAC 02920.16 6.25 AGR 107e147 9.9355
MIN P 93434 EGA Sy 10
HCH 0.3%_120.2 25 APU o.2$;2).1 1 18.75
I T 88 PRU | gs7a00s | 83333
VIN 15720566 6.82 MNI 0212015 8
10" e LY e R 6.67
FAT 6 4323.03 15.89 TRU 104321 94 11.47
PPO e 18.75

Multilevel pattern analysis; Total number of species: 27; Selected number of species: 5; Number of
species associated to 1 group: 4, Number of species associated to 2 groups: 1 Group 2, species 4,

Group 2+3=1 species (STAT-represents the values obtained through random permutation in R)
Group 2 only A B STAT P value
RRU 0.9297 1 0.964 0.024
PPO 0.9014 1 0.949 0.021
APU 0.8889 1 0.943 0.026
MST 0.7593 1 0.871 0.050
Group 2+3
TRU 0.8887 1 0.942 0.016
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to February). Information on the characteristic species assemblage of waterbirds can be
deduced through the present check list. A total of 27 waterbird species were recorded during
the survey period from November 2016 to February 2017. Among the waterbird species, 17
were residents, 5 species were widespread winter visitors, 3 species were widespread resident
as well as widespread winter visitors and 2 species were sparse winter visitors, which were
prominent in the census within this microgeographic habitat. The bird species assemblages
in a similar wetland bearing significance for the migratory birds, the Santragachi jheel,
Howrah, West Bengal, India, 22 bird species were observed (Singha Roy et al. 2011). In the
Santragachi jheel, the water quality parameter and the growth of the weeds were directly
influenced by the abundance of the birds, which provides a reflection of the multifunctional
role of the birds in sustaining the wetland ecosystems (Singha Roy ez al. 2011, Adhurya et
al. 2020). Among the 22 species, 15 species of birds were migratory (Khan 2010) and were
observed through continuous monitoring over several years. Similarly, in the wetlands of
Alipurduar and Coochbehar, West Bengal, 27 water bird species were recorded with 13
being migratory (Chatterjee et al. 2020), with various feeding techniques and foraging
habitats. Coexistence of the birds in these wetlands can possibly be a reflection of the habitat
and niche segregation (Chatterjee et al. 2020), as well as temporary exploitation of the
habitat, particularly during the winter season, by the winter visitors (Khan 2010, Singha
Roy et al. 2011). Similar observations are also available for three different wetlands spread
across West Bengal, where consistent presence of 19 species and additional Sspecies as
vagrants were observed over a long period (Khan et al. 2016). While our observations on the
number of the bird species remain comparable to the Santragachi jheel, and other regions of
West Bengal, the earlier observations from Purbasthali appear to be considerably higher (74
species reported by Mandal & Siddique 2018, 86 species reported by Debnath ef al. 2018),
particularly because of the inclusion of several nonaquatic bird species. Similarly, in two
other wetlands in Jalpaiguri, West Bengal, 42 and 80 species of birds were observed (Datta
2011), of which 63 were waterbirds, mostly migratory. On a comparative scale, the species
composition observed in the present instance, the variations appear to be similar to those
observed in the wetlands in similar geographical conditions (Khan 2010, Hazra et al. 2012,
Khan et al. 2016, Mukhopadhyay & Mazumdar 2017, Mazumdar 2019, Chatterjee et al.
2020). The incidence of winter migratory waterbirds in the area indicates that the wetland
provides suitable habitat not only for resident species but also for migratory birds (Hazra
et al. 2012, Menon et al. 2015, Mazumdar 2019). A globally near threatened species, the
Black-headed Ibis, was very common in the wetland of Purbasthali. During the survey, nine
waterbird species were encountered with globally declining population trend. Among them,
three were very common, one species was common and five species were less common
in the habitat. Higher values of diversity indices revealed significant species richness
comparing to the size of the wetland. It may be due to the availability as well as the variety
of alternative food resources for birds over the favourable habitat for nesting and breeding
(Hossain & Aditya 2016). Considering the vegetation of the studied wetland, it was noticed
that various macrophytes like Eichhornia, Lemna, Nymphoides, Najas, Typha, Phragmites
distributed the entire area. Though high vegetation in a wetland may negatively influence
the waterbird community, but for some other number of birds like Common Moorhen,
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White-breasted Waterhen and Purple Swamphen, it could provide a perfect breeding ground
(Kosinski 1999, Khan ez al. 2016). In addition to that, due to the close association of various
macroinvertebrates and fishes with hydrophytes, it could favour the diving waterbirds unlike
the dabblers as the closed water surface reduced their feeding area (Khan 2010). However,
in this study, we found relatively higher abundance of carnivores than omnivores followed
by herbivores. Migratory waterbirds being an opportunist and having higher adaptability
during winter season to the wetland when reducing water level exposed some new emergent
areas, which provided appropriate feeding habitat for all waterbirds belonging from every
feeding guild. For this unmanaged wetland, the similarities in habitat quality are supposed
to sustain greater diversity (Kaminski et al. 2006). Starting from November, the species
richness began to rise in this wetland and continued to increase up to the February.
Continuous increase in migratory waterbirds during winter in this site may be due to its
favourable climatic condition as well as availability of resource and habitat. An association
of hydrophytes with perennial wetlands acting as a microhabitat for macroinvertebrates and
fish assemblages, which serve as a feeding ground for many waterbirds as well as supporting
various breeding population to that area. During the study, the estimation and monitoring
of different physicochemical characteristics of wetland like quality and depth of water, size
of the wetland, abundance of food resource (molluscs and fishes), suitability of roosting
sites and observing higher species diversity with the available existence of some species
whose population are now declining globally, suggest that the wetland of Purbasthali is now
qualified as a perfect habitat for waterbirds, therefore, the effective management is required.
From sustained monitoring (Panigrahy et al. 2012) of the bird assemblages from protected
waterbodies like Santragachi, West Bengal (Khan 2010, Singha Roy et al. 2011), and other
wetlands in West Bengal (Hazra et al. 2012, Khan ef al. 2016) Okhla, India (Mazumdar
2019) and the present study, it can be revealed that this wetland provides an essential
wintering habitat for varieties of waterbird species. However, further observations to that
place are also required during other seasons and over the year to figure out the values of the
wetland ecosystem for waterbird sustainability.

In the emerging wetland Purbasthali, 27 waterbird species, categorized under 24 genera, 10
families and 5 orders were observed with varying relative density. Among all, the three types
of foraging guilds (herbivore, carnivore and omnivore) were recorded, the representations
were the highest for the carnivores, probably due to the adequacy of macroinvertebrates and
fishes as food sources. Earlier observations (Mukherjee ef al. 2002, Hossain & Aditya 2016)
indicated that waterbirds frequently forage outside wetland to the adjacent agricultural
lands and sometime a few of them were known to inhabit in artificial lands like adjoining
paddy fields or another crop fields, which usually provide an alternative habitat for them in
degraded landscape. Increasing agricultural practices with the indiscriminate use of chemical
pesticides can cause a severe impact on the waterbird population of the Purbasthali wetland.
Pollution of water by anthropogenic activities, uncontrolled fishing habits and most recently
sprouting of a number of brick kilns at the edge of wetland area were spotted as significant
threats of the wetland. Instead of the existence of threats, interference of proper management
like environment friendly agricultural practices, controlling fishing activities, restraining
constructions adjacent to the wetland area may help to conserve waterbird species in several
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ways (Rahmani et al. 2016). However, the studied wetland of Pubasthali has already exposed
its potentiality as a suitable habitat for both resident and migratory waterbirds, now it is our
turn to protect its habitat by leaving it undisturbed and allow it to stay with its own identity
by implementing an enduring conservation programme.
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Abstract In human-dominated landscapes, roads are known to negatively influence birds causing decline in
species richness, as well as reduction in the number of avian species. However, linear stretches of green spaces
formed by roadside plantations in urban streetscapes can support diverse avian communities. In spite of being an
integral habitat feature of urban areas, there is a clear paucity of studies on avian diversity in urban streetscapes.
The present study was carried out in Kolkata, where data on avian species richness and abundance was collected
from 16 randomly placed belt transects (replicates), each of 500 m length and 20 m width, on different major
roads throughout the study area keeping a minimum gap of 200 m between adjacent transects to avoid data
overlapping. Each of these transects were traversed on foot twice in a month from January to March 2017 during
days with calm weather conditions. We recorded 31 species of birds belonging to 8 orders and 19 families, of
which maximum species belonged to the order Passeriformes (13 species). We found that both abundance and
species richness of birds in transects with higher number of trees (7844.1 individuals and 19.5541.703 species of
birds) were significantly higher than transects with fewer trees (53.74+2.5 individuals and 9.5+0.789 species of
birds). Amongst various habitat features along these streetscapes, the total number of trees positively influenced
both species richness (GLMM: F1190=14.485, P<0.05) and abundance of birds (GLMM: F, ;=8.081, P<0.05).
However, the other land use variables (i.e. number of bushes, waterbodies, markets and buildings) neither
influenced the abundance of birds nor the species richness. Our findings can be useful for urban development to
perceive the importance of various habitat features in urban streetscapes in sustaining avian diversity.

Keywords: avifauna, species richness, streetscape, roadside vegetation, habitat, urbanization

Osszefoglalas Az emberi tevékenység révén atalakitott kornyezetben az utak negativ hatassal vannak a madarak-
ra, csokkentik a fajok szamat és a populaciok egyedszamat. Ezzel egyiitt az utak mentén kialakitott z6ld ndvény-
zeti savok diverz madark6zosségnek adhatnak otthont. Habar az utmenti ndvényzet a varosi ¢16hely integrans ré-
sze, ritkan vizsgaljak az itt el6forduld madarakat. E vizsgalatban Kalkutta foutjai mentén 16, egyenként 500 m
hosszua és 20 m széles transzektben vizsgaltuk az el6fordulé madarfajok szamat és denzitasat. A madarszamola-
sokat gyalog végeztiik 2017. januar és marcius kozott, transzektenként 6 alkalommal. Osszesen 31 fajt (8 rend-
bal, 19 csaladbol) figyeltiink meg, melyek nagy része énekesmadar volt (Passeriformes). Azokban a transzektek-
ben, amik mentén sok fa talalhato, a madarak denzitasa és fajszama is nagyobb volt (78+4,1 egyed 19,55+1,703
faj), mint azokban a transzektekben, amelyek mentén kevés fa volt (53,7442.5 egyed és 9,5+0,789 faj). A vizs-
galt €lohelyi tulajdonsagok koziil kizarolag a fék szama volt hatdssal a madarak denzitasira (GLMM: F| ; =8,081,
P<0,05) ¢és a fajszamra (GLMM: F, ,,=14,485, P<0,05). A tobbi valtozo, mint a bokrok szama, viztestek, piacok
¢és épiiletek szama sem a fajszamra, sem a madarak denzitasara nem volt hatassal. Eredményeink hasznosak le-
hetnek a varosfejlesztési tervek kidolgozasaban, a varosi él6helyek kialakitasaban és igy a madarak diverzitasa-
nak megdrzésében.

Kulcsszavak: madarfauna, fajgazdagsag, utcakép, utmenti ndvényzet, ¢léhely, urbanizacio
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Introduction

Cities and towns across the globe are ever-expanding with explosion in human population
(Fuller ef al. 2009). As compared to the year 2000, a three-fold increase in urban areas
have been predicted by 2030 (Seto e al. 2012) leading to large scale loss, degradation and
fragmentation of habitats coupled with environmental changes (McKinney 2006, Bar-
Massada et al. 2014), destruction of forests (Fischer et al. 2007), reduction of wilderness
areas (Olagunju 2015) and increase in impervious surfaces (Barnes et al. 2001), which
often threatens the survival of many species worldwide in these areas (Marzluff ef al.
2001, Sol et al. 2017). Animals in urban areas also face greater amount of anthropogenic
pressures (such as increased vehicular traffic, air, noise and light pollution, loss of
vegetation cover and increased impervious surfaces). In such scenario, various native
greenspaces serve as important and remnant patches of habitats for wildlife thriving in
human-dominated landscapes (Miller 1997, Milton 2002). Green spaces in urban areas
are often rich in biodiversity (Shwartz et al. 2014a, 2014b) and have long been identified
to increase the functional connectivity for the local fauna (Ikin et a/. 2015). Studies on
the richness and diversity of birds have been carried out in urban greenspaces, like parks,
forest remnants, cemeteries (Lussenhop 1977, Kocian et al. 2003, Croci et al. 2008,
Nielsen et al. 2014).

Roads are often known to negatively influence birds by increasing impervious surfaces,
leading to fragmentation and destruction of habitats; as well as increase traffic and
consequent mortality being hit by speeding vehicles; elevated levels of air, noise and light
pollutions etc., which often decline the abundance of various avian species (Lim & Sodhi
2004, Cooke et al. 2020). Increasing area of roads have been reported to lead to a decline in
species richness (Villasenor et al. 2017). Nevertheless, the linear stretches of green spaces
formed by roadside plantations are an integral habitat feature of urban areas (Gonzalez Sosa
et al. 2017), which increase the functional connectivity to the local fauna (Ikin et al. 2015).
Urban streetscapes are also known to support diverse avian communities (White et al.
2005). However, there is a clear paucity of studies on avian diversity in urban streetscapes
from highly populated countries with intense population explosion and rapid urbanization,
like India. Therefore, we carried out this study in an urban area to (i) make an assessment
of the community composition, species richness and abundance of avifauna in different
streetscapes and (i1) to assess which habitat features influenced the abundance and species
richness of birds. Our findings can be useful in the management of urban streetscapes
sustaining the avian diversity thriving there.
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Methods

Study design

We carried out this study in Kolkata (22.330°N, 88.300°E; 6.4 m a.s.l.) (Figure 1), which
spreads linearly along the banks of the Hooghly River and inhabited by around 4.5 million
residents. This study area is located in the lower Ganges basin and one of the largest urban
agglomeration in India and also of the world. Data on avian species richness and abundance
was collected following the belt-transect method (Bibby ez al. 2000, Sutherland 2006). 16
belt transects (replicates), each of 500 m length and 20 m width were randomly placed on
different major roads throughout the study area keeping a minimum gap of 200 m between
adjacent transects to avoid data overlapping. All transects were well dispersed from each
other (Hurlbert 1984) and representative of the entire study area (Figure ). Each of these
transect was traversed on foot twice in a month from January to March 2017, which resulted
in a total of six surveys per transect. Surveys were carried out during days with calm weather

West\ﬁengal

Kolkata

Kolkata City
O Outline of West Bengal

Google Satellite

Figure 1. Map of study area in West Bengal, India showing the locations of transects with many trees
(TRMT) and with few trees (TRFT)

1.dbra A vizsgalati terllet térképe (Kalkutta, Nyugat-Bengal, India). A transzektek helyét piros
(transzekt sok faval) és sarga (transzekt kevés faval) vonalak jel6lik
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conditions (without rain and strong wind) and during morning hours (between 06:00 and
09:30), when birds are usually most active. While traversing the transect, we collected data
on the abundance and species richness of the avifauna. Any bird noticed horizontally 10 m
on either side of transects were recorded, as well as, the individuals within 10 m height were
recorded. Flying birds were recorded only to get a ‘snap-shot’ of all the birds recordable
from the transect (Bibby et al. 2000). However, the “fly through” and ‘fly over’ individuals
were excluded from subsequent analyses as they would produce overestimates (Bibby ef al.
2000). Birds were observed either with unaided eyes or with the help of a pair of binoculars
(Nikon 8 x 40) and photographs were taken with a digital camera (Nikon D500 Digital
SLR Camera) for documentation. Birds were identified and their migratory status (resident/
migratory) were determined using field guides (Grimmett et al. 2016). We also calculated
the percentage occurrence score of each species to assess their local abundance, where very
common (Vc) bird species were recorded on 80-100% of field visits, common (Co) species
on 50-79% of field visits, fairly common (Fc) on 20-49% of field visits and rare (Ra) on
less than 20% of the field visits (Khan & Naher 2009). The conservation status of birds
and their global population trend were taken from the IUCN Red List (del Hoyo et al.
2014). Feeding guild is defined as a group of species with similar foraging habits (Hutto
1985). Our observed avian species were divided into seven guilds, i.e. carnivore (Car),
omnivore (Omn), frugivore (Frug), herbivore (Herb), nectarivore (Nect), granivore (Gran)
and insectivore (Ins), following Ali and Ripley (1987).

In urban areas, trees (White et al. 2005), canopy cover (Alberti & Marzluff 2004,
MacGregor-Fors & Schondube 2011), bushes/greenspaces (Ortega-Alvarez & MacGregor-
Fors 2009), presence of waterbodies (Johnson e al. 2012) and building density (Germaine
et al. 1998) and other urban structures (Ortega-Alvarez & MacGregor-Fors 2009) are known
to potentially influence the diversity and abundance of avian communities present there.
Hence, the habitat features like numbers of trees, bushes, waterbodies (any permanent
water sources like inland waterbodies, pond, artificial, natural lake, canal which potentially
influence bird abundance), buildings and markets (permanent commercial places demarcated
by municipal corporation) present within each of the belt transects were assessed from the
cloud free high-resolution satellite image of Kolkata (Image acquisition: 24.11.16) obtained
from Google Earth Pro software (ver. 7.3.3.7699), which was confirmed through rigorous
ground-truthing on field. These were used as habitat features of each transect.

Data analysis

Non-parametric tests were performed for data analysis as Shapiro-Wilk’s tests revealed that
the abundance (W=0.972, df=96, P=0.036) and species richness (W=0.782, df=96, P<0.05)
were non-normally distributed. The mean value of trees in all 16 transects were 9.69+1.34.
Therefore, we used presence of 10 trees per 500 m as threshold for classifying the transects
into two broad categories like (i) transects with few trees (i.e.<10 trees/500 m; henceforth
TRFT) and (ii) transects with many trees (i.e.>10 trees/500 m; henceforth TRMT). Then
Mann-Whitney U test was applied to find out if the species richness and abundance of birds
showed any significant variation between TRFT and TRMT.



Table 1. The bird species observed in the streetscapes of Kolkata, West Bengal, India together with their respective taxonomic positions (order,
family), feeding guild (Car — carnivore, Omn — omnivore, Herb — herbivore, Nect - nectarivore, Gran - granivore, Ins — insectivore, Frug -
frugivore), migratory status (R - resident, M — Migratory), local status (Vc — very common, Co - common, Fc - fairly common, Ra - rare), IUCN
status (LC — Least Concern, NT — Near-Threatened), global population trend (Dec. - declining, Inc. — increasing. Stable — stable, and Unknown)
1. tdbldzat Avizsgalatban megfigyelt madarfajok neve, a faj taxondmiai besoroldsa (csaldd és rend), taplélkozasi tipusa (Car: ragadozd, Omn: mindenevé,

Herb: névényevé, Nect: nektérfogyasztd, Gran: magevé, Ins: rovarevé, Frug: gylimélcsevd), vonulasi kategoéridja (R: dllandod, M: vonulo),

lokélis gyakorisagi kategoriaja (Vc: nagyon gyakori, Co: gyakori, Fc: viszonylag gyakori, Ra: ritka), IUCN stétusza, valamint globdalis populacio

trendje (Dec: csokken, Inc: névekszik, Satble: stabil, Unknown: nem ismert)

Common Name Scientific name Family Order Fegeucilli(r‘\g SLt(;::Is Slit::li:ls Gt::::I
House Crow Corvus splendens Corvidae Omn Vc LC Stable
Jungle Babbler Turdoides striata Leiothrichidae Omn Co LC Stable
House Sparrow Passer domesticus Passeridae Omn Vc LC Dec.
Common Myna Acridotheres tristis Sturnidae Omn Vc LC Inc.
Jungle Myna Acridotheres fuscus Sturnidae Omn Fc LC Dec.
Rufous Treepie Dendrocitta vagabunda Corvidae Ins Co LC Stable
Red-vented Bulbul Pycnonotus cafer Pycnonotidae Passeriformes Omn Co LC Inc.
Asian Pied-starling Gracupica contra Sturnidae Omn Co LC Inc.
Black-hooded Oriole Oriolus xanthornus Oriolidae Omn Co LC Unknown
Oriental Magpie-robin Copsychus saularis Muscicapidae Ins Co LC Stable
Common Tailorbird Orthotomus sutorius Cisticolidae Ins Fc LC Stable
Black Drongo Dicrurus macrocercus Dicruridae Ins Vc LC Unknown
Purple Sunbird Cinnyris asiaticus Nectariniidae Nect Co LC Stable
Alexandrine Parakeet Psittacula eupatria Psittacuidae o Frug Ra NT Dec.
Rose-ringed Parakeet Psittacula krameri Psittacuidae Psittaciformes Frug Co LC Dec.
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Common Name Scientific name Family Order F(;euc:::g Sl-t‘:t::Is Sltl‘_:ﬁ::ls GJ:::'
Coppersmith Barbet | Psilopogon haemacephala Megalaimidae Frug Co LC Inc.
Blue-throated Barbet Psilopogon asiaticus Megalaimidae Frug Ra LC Inc.

Lineated Barbet Psilopogon lineatus Megalaimidae Frug Fc LC Stable

Lesser Golden-backed Dinopium benghalense Picidae Piciformes Ins Co LC Stable
Woodpecker
Rufous Woodpecker | Micropternus brachyurus Picidae Ins Fc LC Dec.
Fulvous-breasted Dendrocopos macei Picidae Ins Co LC Stable
Woodpecker
White—tl;gc;;t::d King- Halcyon smyrnensis Alcedinidae Car Fc LC Inc.
Stork-billed Kingfisher Pelargopsis capensis Alcedinidae Coraciiformes Car Ra LC Dec.
Common Kingdfisher Alcedo atthis Alcedinidae Car Fc LC Unknown
Asian Green Bee-eater Merops orientalis Meropidae Ins Co LC Inc.
Indian Cormorant Phalacrocorax fuscicollis | Phalacrocoracidae suliformes Car Ra LC Unknown
Little Cormorant Microcarbo niger Phalacrocoracidae Car Ra LC Unknown
Spotted Dove Spilopelia chinensis Columbidae . Gran Co LC Inc.
Columbiformes
Rock Dove Columba livia Columbidae Gran Vc LC Dec.

Common Cuckoo Cuculus canorus Cuculidae Cuculiformes Ins Co LC Dec.

Indian Spotted Eagle Clanga hastata Accipitridae Accipitriformes Car Ra VU Dec.
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We found that the distribution of species richness and abundance were over-dispersed
and negatively skewed (variance > mean). Hence, two Generalized Linear Mixed Models
(GLMMSs) with negative binomial distribution and log-link were carried out separately
considering species richness and abundance of birds as response variables against the habitat
features (i.e. total number of trees, bushes, waterbodies, buildings and market) as predictor
variables (fixed factors) and transect ID (as a random factor) in both the models. Prior to
running the GLMMs, we tested multicollinearity between variables using variance inflation
factor (VIF) method (Zuur ez al. 2013) and only included the predictor variables with a VIF
value < 5 (Montgomery & Peck 1992) to ensure that no variables were strongly correlated.
Statistical tests were performed using SPSS software (ver. 20). Significance was tested at p
< 0.05 and data were presented as mean+standard error.

Results

Atotal of 31 species of birds belonging to eight orders and 19 families were recorded during
the study (7Table 1), of which most species belonged to the order Passeriformes (13 species)
followed by the order Piciformes (6 species). Most of the recorded species were resident
(96.55%). Among all avian species observed during the study, only the Indian Spotted
Eagle Clanga hastata fall under the IUCN vulnerable (VU) category, while the remaining
species are categorized as least concern (LC) species (del Hoyo et al. 2014). Assessment of
local abundance revealed that out of 31 species recorded, five species (16.1%) were very
common, 14 species (45.2%) were common, six species (19.4%) were fairly common and
six species (19.4%) were rare. When this local abundance was compared with the global
population trend for the species (del Hoyo et al. 2014), we found that two species having a
globally declining trend were still very common in the study area (Table 1).

" (a) i (b)
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Abundance (Mean+SE)
Species richness (Mean+SE)

Figure 2. (a) Abundance and (b) species richness of birds in TRFT and TRMT [Columns with different
letters indicate significant difference (Bonferroni post hoc tests P<0.05). Error bars indicate
standard errors (SE) of means]

2.dbra A madarak (a) denzitdsa és (b) fajszama a kevés (TRFT) és sok (TRMT) sok fat tartalmazd
transzektek mentén. Az oszlopok magassaga és a vonalak az atlagot+SE mutatjak, az oszlopok
folotti eltérd betlik a szignifikans kiilénbozé dtlagot jelzik (P< 0,05, Bonferroni post hoc teszt)
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Table2.  Variables in the GLMMs describing the species richness and abundance of birds in
streetscapes of Kolkata, West Bengal, India

2. tabldzat Azél6helyivaltozok kapcsolata atranszektek mentén mértfajgazdagsaggal és denzitassal.
A téblazat az elemzéshez haszndlt lineéris kevert modell (GMML) eredményét mutatja

Variables Species richness Abundance
F df1 df2 P F df1 df2 P
Number of trees 14.485 20 0.000 | 8.081 90 0.006

Number of bushes 1.238
Number of waterbodies | 1.415
Number of markets 0.152
Number of buildings 1.312

1
920 0.269 | 2.81 1 20 0.097
920 0.237 | 1.796 1 20 0.184
1
1

920 0.697 1.45 920 0.232
90 0.255 | 0.051 920 0.822

PR (N [ P Y

Out of all species of birds recorded during this study, only two species (Stork-billed
Kingfisher Pelargopsis capensis and Lineated Barbet Psilopogon lineatus) were found
exclusively in the TRMT and 29 species (93.55%) were found in both TRFT and TRMT.
We also found that the abundance of birds in TRMT (78+4.1 individuals) were significantly
higher (Mann Whitney test: U=189, P=0.000) than the abundance of birds recorded from
TREFT (53.74+2.5 individuals) as shown in Figure 2a. Similarly, Figure 2b shows that the
species richness of TRMT (19.55+1.7 species) was also significantly higher (Mann Whitney
test: U=200.5, P=0.000) than TRFT (9.5+0.8 species). GLMM further revealed that the
species richness (F, ,=14.485, P<0.05) and the abundance of birds (F, ,=8.081, P<0.05)
were positively influenced by the number of trees (Table 2). However, the other land use
variables (i.e. number of bushes, waterbodies, markets and buildings) neither influenced the
abundance of birds nor the species richness (Table 2).

Discussion

Urban areas across the globe are inhabited by many species of flora and fauna (Shwartz et
al. 2014a, 2014b), including birds (Gatesire et al. 2014). Birds are often abundant in areas
with suitable survival conditions (Veech et al. 2010) and the structural features of any
habitat give important cues for birds to decide upon whether to use that particular habitat
or not (Cody 1981). Greenspaces with suitable structure and floral composition favour bird
communities in urban areas (Jokiméaki 1999, Daniels & Kirkpatrick 2006, MacGregor-Forz
et al. 2009) and areas with rich vegetation in the greenspaces usually sustain greater bird
abundance as compared to areas with impoverished vegetation (Chace & Walsh 2006). We
also found that species richness and the abundance of birds were higher in TRMT than in
TRFT. Moreover, amongst various land use features, the increasing number of trees also
increased the species richness and abundance of birds during the present study. Several
authors found that trees in urban areas usually attract the moderately abundant species
(Jokimiki 1999, Ortega-Alvarez & MacGregor-Fors 2009, MacGregor-Fors et al. 2010).
Few others mentioned that sufficient number of greenspaces in urban areas may even
support forest birds (Mortberg & Wallentias 2000, Park & Lee 2000). Again, Sandstrom e?
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al. (2006) emphasized the importance of large trees and multi-layered vegetation for urban
avian richness. Increasing tree cover provides crucial resources for the arboreal and forest
birds (Ciach & Frohlich 2017).

Urban bird communities highly depend on the structure and type of vegetation (White
et al. 2005). Abundance of bird species are positively influenced by the richness of native
tree species (Chace & Walsh 2006, Paker et al. 2014). Particularly the native species that
existed prior to urbanization are largely benefitted by the plantation of various native tree
species (Bhullar & Majer 2000). As compared to exotic trees, the diversity and abundance
of insects as well as other resources for birds (such as fruits, nectar etc) are often higher in
native trees (White et al. 2005, Ikin ef al. 2013). The indigenous species also support greater
number of arthropods (Bhullar & Majer 2000) and therefore, are frequented by large number
of insectivorous birds (Majer et al. 1994, Recher et al. 1996). During the present study, we
also noticed several old and native trees (such as Banyan, Peepal etc.) which supported
great number of birds. However, due to paucity of scientific studies, exotic tree species are
arbitrarily planted along the roadside in many urban areas. Thus, implementation of effective
strategies and incentives that encourage the planting of native vegetation in streetscapes and
garden should be paramount (White et al. 2005). Protection of large indigenous trees along
the roads, plantation of a greater number of native trees and retaining the existing bushes
will undoubtedly be beneficial to sustain the bird communities in the urban landscape (White
et al. 2005).

Water birds (like ducks, waders and piscivores) and other wetland associated birds (like
kingfishers) are mainly benefitted by increasing water area (Yuan et al. 2014) as they often
aggregate around such water bodies. Chamberlain et al. (2007) reported that the presence
of waterbodies in urban areas increased avian species richness. However, only three species
of kingfishers (White-throated Kingfisher Halcyon smyrnensis, Stork-billed Kingfisher
Pelargopsis capensis and Common Kingfisher Alcedo atthis) and two species of cormorants
(Indian Cormorant Phalacrocorax fuscicollis and Little Cormorant Microcarbo niger) were
rarely noticed during the present study. Possibly, due to such rare presence of water birds in
our study area, we did not find any influence of water bodies on the abundance and species
richness of birds.

Bushes are important mainly for forest-dwelling birds and urban avoiders to thrive in the
human dominated habitats (Brandt et al. 2013, Gopal et al. 2018) and increasing number of
buildings have been reported to decrease species richness (Evans et al. 2009). Few species
of urban exploiters and scavengers congregate around the markets and its adjacent garbage
dumping sites (Mazumdar et al. 2016, 2018, 2019) and forage on the refuse as these foods
are plenty and predictable. However, we did not notice any significant influence of bushes,
markets and buildings on the species richness and abundance of birds.

Our findings indicate that plantation of indigenous trees along the roads might be
beneficial in sustaining greater avian diversity in urban streetscapes. Particularly in urban
areas of developing countries, which are rapidly losing the greenspaces due to infrastructure
development, the roadside plantations might serve as important habitat for birds. Street
trees in urban areas are also associated with higher property values, reduced crime rates,
economic benefits (Abd Kadir & Othman 2012), as well as are known to perform various
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important ecological roles (Bhullar & Majer 2000). They provide manifold benefits such as
absorption of GHGs, reduction of air pollution due to vehicular exhausts (Johnson 2009),
watershed protection, providing shade on asphalt and concrete structures thereby, reducing
the ambient air temperature (Abd Kadir & Othman 2012). However, sometimes falling of
street trees lead to casualties and damage of properties, particularly after storms. Falling of
large trees in urban areas often happen due to unplanned developmental activities around
the root area of the trees (such as random and unplanned cutting the roots for various
infrastructural modifications, higher abundance of rodents or termites around the tree roots
making the root loosening the soil around the root system etc.). Plantation of appropriate
roadside trees will be useful to sustain and also elevate the avian diversity in urban areas,
as well as increase the aesthetic value of citizens. Empirical evidences of this research can
be useful for urban planners to perceive the importance of various habitat features in urban
streetscapes in sustaining the avian diversity. The managers and wildlife planners need to
realize the importance of the streetscapes in conservation of urban avian diversity.
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Abstract The nesting ecology and conservation threats of the Lesser Adjutant (Leptoptilos javanicus) were
studied in the Chitwan National Park, Nepal. We located nine nesting colonies during the nesting season. The
number of nests was highly positively correlated with tree height, diameter at breast height and canopy cover.
The uppermost canopy of the trees was the most preferred nesting place. Storks preferred to nest in compact
colonies on large, widely branched trees with thin foliage cover, such as Bombax ceiba, and also nearby the
foraging grounds such as wetlands and grasslands. Storks mostly preferred to nest in Bombax ceiba, but if
this tree was not available, they nested in other trees, such as Shorea robusta, Ficus racemosa and Terminalia
alata. During the breeding season, 180 adults, 76 nests and 88 chicks were recorded, where the highest number
of chicks was recorded near the Sauraha area of the Chitwan National Park. Most of the colonies were far
from human settlements, which suggest that human disturbance could be the major determinant of nesting
habitat selection in this area. The wetlands nearby human settlements are either overexploited in terms of mass
collection of the storks' prey species by people or disturbed highly due to presence of a large number of people.
These empirical findings suggest that conservation of Lesser Adjutant mainly rely on the protection of mature
Bombax ceiba trees and the reduction of human disturbance and of the collection of stork prey animals from
foraging areas.

Keywords: Chitwan, conservation threats, Lesser Adjutant, nesting ecology, wetlands

Osszefoglalas Az indiai marabu (Leptoptilos javanicus) koltésokologiajat és a fajt veszélyeztetd tényezoket ta-
nulméanyozték egy nepali vizsgalatban, a Chitwan Nemzeti Parkban. A fészkelési iddszak soran 9 fészkelStelepet
talaltak a teriileten. A fészkek szama pozitiv korrelaciot mutatott a fak magassagaval, a mellmagassagban mért
torzsatmérével és a lombkorona kiterjedésével. A madarak szamara legkedveltebb fészkelohelynek a felsé lomb-
koronaszint bizonyult. Jellemzden inkabb tomor kolonidkban, a széles agszerkezettel rendelkezd, vékony lom-
bozati fakon — mint pl. a Bombax ceiba — illetve a taplalkozohelyek — pl. vizes él6helyek és gyepek — kozelében
fészkeltek. Preferaltak ezt a fafajt, ennek hianyaban azonban mas fajokat valasztottak pl. Shorea robusta, Ficus
racemosa, Terminalia alata. A koltési szezonban 76 fészket, 180 adult egyedet és 88 fiokat szamlaltak, a legtobb
fiokat a Sauraha régio kornyékén figyelték meg. A legtobb telep a telepiilésektdl tavol esett, amibdl arra kovetkez-
tettek, hogy az emberi zavaras kiemelt hatassal van a fészkelShelyek kivalasztasara a teriileten. A telepiilésekhez
kozeli vizes éléhelyek tulhasznaltak a zsakmanyfajok tomegei altal, vagy erésen zavartak az emberi jelenlét mi-
att. Ezek a tapasztalatok azt feltételezik, hogy az indiai marabu meg6rzése elsdsorban az idés Bombax ceiba fak
védelmével, az emberi zavaras ¢és a zsakmanyallatok taplalkozasi teriiletekr6l valo dsszegytijtésének csokkenté-
sével lehetséges.

Kulcsszavak: Chitwan, veszélyeztetd tényezok, indiai marabu, kéltésdkologia, vizes élohelyek
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Introduction

Lesser Adjutant Leptoptilos javanicus (LA) is widely distributed in the Indian subcontinent
(de Silva et al. 2015) however, its breeding areas are mostly restricted to smaller patches
compared to its non-breeding sites. The colonies of LA most likely occur in farmlands and
swampy areas for foraging, however, their nests are found on trees higher than 30 m far
from the foraging grounds (Karki & Thapa 2013). Therefore, tall trees with wide branches
limit the distribution of nesting colonies of this species. LA is listed globally and nationally
as vulnerable (Inskipp et al. 2016, BirdLife International 2017), because it has a small
and declining population owing to habitat loss and degradation, hunting and disturbance
(BirdLife International 2017). However, this species has not yet been listed as a nationally
protected bird species by the National Parks and Wildlife Conservation Act of 1973 in Nepal
(DNPWC 2020b). The LA is common in southern lowland Nepal, but it has been recorded
in larger numbers in and around protected areas, such as Chitwan National Park (CNP),
Koshi Tappu Wildlife Reserve (KTWR) and a few in the western Terai regions (Baral 2005,
Poudyal & Nepal 2010, Karki & Thapa 2013, Baral et al. 2020). LA becomes mature for
breeding around three to five years of age and pairs can be seen only during the breeding
season (July—October) (Baral 2005, Sundar et al. 2016, 2019).

In the lowlands, croplands dominate (mainly paddy) the most of the landscape as
compared to the foraging habitats available inside the protected areas. Forested habitats
along with such areas provide a wide array of foraging grounds and nesting sites for
wetland-dependent bird species. For example, several water birds such as herons, ibises
and storks, show strong preferences for wetlands relative to paddy fields as foraging and
breeding habitats, particularly when conditions such as water depth and prey availability are
favourable (Fidorra et al. 2016). Generally, population dynamics and foraging behaviour
of a colonial nesting species like LA show strong relationships with the quality of natural
wetland habitats (Frederick ez al. 2009, Sundar et al. 2016), as well as its changes during the
nesting seasons (Karki & Thapa 2013). The nesting season and the ecology of water birds
depends on prey availability and threats caused by human activities, such as alternation of
wetlands or excessive use of pesticides in croplands (Tozer et al. 2010, Bennett et al. 2018).

Empirical research on LA including use of and dependence upon agricultural landscapes is
quite important, since such habitats have been modified by the modernization of agriculture
(Adhikari et al. 2019, Choudhary 2019, Lamsal ez al. 2019). Therefore, it is necessary to
test such relationship between vulnerable water birds like LA and nesting habitat features
in human-dominated landscapes. The studies on changes in cropping patterns to a drier
monsoonal crop (e.g., hybrid varieties of maize for high production), or reductions in
wetlands and availability of taller and wide-branched trees like Bombax ceiba found nearby
wetlands and farmlands are necessary for the conservation of such species (Baral 2005,
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Karki & Thapa 2013). Therefore, this study was designed to fill the gap in understanding of
the nesting ecology and factors affecting nesting habitat selection of LA in selected areas
of CNP. We examined 1) how vegetation structure and habitat parameters associated with
nesting colonies, ii) tested whether the nest trees differed from non-nest trees with respect
to their structure, and iii) what features of the trees and surrounding environment were
important in determining the number of LA nests in a colony.

Materials and Methods

Study Area

The Chitwan valley lies in the lowlands of the southern central part of Nepal, which has one
of the greatest variety and abundance of wildlife in Asia. The intensive study area located
in the core area of the Chitwan National Park (CNP) and Barandabhar Corridor Forest
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Figure 1. Map of the study area including land cover types and location (A-F) of nesting colonies of
LA. Khagendramalli area (A), Old Padampur area (B), Sauraha area (C), Belsar-Dumaria area
(D), Ghatgain area (E) and Barandabhar Corridor Forest- bufferzone part of CNP (Beeshazari
Lake and associated areas) (F)

1.dbra A vizsgalati terllet térképe, beleértve az indiai marabu fészkel6telepeinek elhelyezkedését
(A-F) és az ottani felszinboritast. Khagendramalli régié (A), Old Padampur régié (B), Sauraha
régio (C), Belsar-Dumaria régio (D), Ghatgain régioé (E) és Barandabhar 6koldgiai folyosé —
nemzeti parki pufferzona (Beeshazari-t6 és kapcsolddo terdiiletei) (F)
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(BCF), buffer zone part of CNP. CNP (Figure 1) has a core area of 952.63 km? and a 729.37
km? buffer zone area, comprising mainly forests (80%), including Shorea forest, riverine
forests and mixed hardwood forests. Besides, there are grasslands (12%), exposed surfaces
(5%) and water bodies (3%) (Thapa 2011, DNPWC 2020a). These grasslands (both tall
and short) are also a part of the Terai Duar Savana and Grasslands, a Global 200 ecoregion
(Wikramanayake et al. 2002). The riverine forest is distributed along the river courses with
the large tracks of Bombax ceiba and Khair-Sissoo forest (Bhattarai & Kindlmann 2012).

The major wetland habitats of the park are the rivers (e.g. Rapti, Budirapti, Khageri),
streams, lakes (e.g. Beeshazari, Batulpokhari, Kumal, Tikauli, Nandan, Patna, Tamor, Lami
lake), marshlands along the forest patches, seasonal ponds and paddy fields. The CNP
provides habitat for more than 68 species of mammals, 544 species of birds, 56 species of
reptiles and amphibians and 126 species of fish (CNP 2020). It is also a pristine habitat for
migratory birds such as Black Stork (Ciconia nigra) and Woolly-necked Stork (Ciconia
episcopus). These birds use this area as a stop-off point (stepping stone) on the way to
their ultimate destination (Bhattarai & Kindlmann 2012a, Inskipp et al. 2016, BirdLife
International 2017).

Field Study and Data Collection

The survey of nesting colonies and threats to conservation of LA was conducted during a
breeding season between August 2018 and March 2019. The population count of LA was
taken only during the post-breeding season to focus on the maximum records (January-
February), which was used for further analysis. We searched for LA and their nesting
colonies in the villages and forests along the bird survey routes. The survey routes were
located along roads, tracks, river banks and at the periphery of lakes. The nesting colonies
were also identified by asking local farmers and nature guides. In each nesting colony,
we identified the nesting trees and counted the number and position of nest(s) including
presence of chicks in each tree directly in the early morning and evening time, expecting that
all birds were present on their nests. Nests were categorized as active or apparently occupied
if there was presence of young/chicks or at least one adult in the nest (Bibby et al. 2000).
We also checked whether the chicks were fledged or not. For determining the use of nesting
habitat and tree, we measured dimensions of tree species, including height of the tree from
the ground, diameter at breast height (DBH) and canopy cover area (CCA). The height of
the tree and height of the nests were estimated by using Bushnell Range Finder. Canopy
cover by each tree species was estimated by measuring canopy spread from the base of the
tree trunk in four directions at right angles to each other. Later, the average canopy cover
was estimated as the average of the four radii. Besides, we also identified and measured the
dimensions of the nearest non-nest tree of greater than 10 m in height within 20 m from the
base of the nest tree. Likewise, we estimated the nearest distance between nesting trees and
the dominant vegetation around each nesting tree.

Furthermore, we also investigated the factors affecting nesting habitat selection of LA such
as the distances of other habitat parameters, nearest foraging areas (wetlands, grasslands and
croplands), nearest forests, nearest human settlements, nearest road including number of
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livestock, number of people collecting forest and wetland products and number of tourists
from the nest tree. We considered nearest forest as either a thick, mixed plantation, often
found in villages, or a natural patch of thick vegetation. The nearest foraging grounds were
short grasslands, rivers, ponds, lakes or marshes including crop fields.

Separate two sample t-tests for equal means were applied to test the significance of
differences between nest and non-nest trees in height, DBH and canopy area, after checking
for normality using Shapiro test. The strength of associations between the number of
nests and tree structure and also between the number of nests and habitat and disturbance
parameters were measured (Lens & Van Dongen 2000) by linear regression. The auto
correlated variables were removed from the analysis after testing Durbin Watson test
(Durbin & Watson 1971). No autocorrelation was detected by checking the values that lie
near 2 (1.5 to 2.5). All the analyses were performed in PAST program (Hammer ez al. 2001)
and R version 4.0.0. (R Core Team 2020).

Results

Nesting Habitat Selection

Nine nesting colonies in six locations (Table 1) with a total of 76 active nests in 20 trees were
recorded. Most colonies were in the riverine forests and the rest were in the Shorea forests.
Bombax ceiba trees in riverine forest possessed the highest number of nesting colonies and
nests (Table 1, 2). The number and height of the nests were higher in taller trees with larger
DBH and canopy cover area at all the sites. Khagendramalli and Ghatgain colonies were
nearby village forest borders compared to other colonies. However, Sauraha and Belsar-
Dumaria colonies were far from villages. The highest number of nests were recorded from
Dudhaura, Tick plantation site, one and two numbered bridge sites of Sauraha area, while
the least number of nests were recorded in the Khagendramalli area having the highest
human intervention (7able 2).

Table 1. Locations of the nesting colonies, number of nests and the attributes/characteristics of

the nesting trees of Lesser Adjutant in the CNP

1. tdbldzat Az indiai marabu fészkelStelepeinek elhelyezkedése, a fészkek szama és a fészkelésre
hasznalt fak jellemzé&i a Chitwan Nemzeti Park teriletén

Location of Colony I\:\I(:s:f II\\ll:.s:sf :fe ':'g:et one Il\lgel.:,: (IEE:D) E\ar::?r)r,nzc f;’;;
Trees (m=SD) (m=SD) B B

Khagendramalli area (A) 2 4 129.50+0.71 | 27.50+0.71 | 1.65+£0.07 | 328.0+73.54
Old Padampur area (B) 3 12 | 31.33£4.16 | 27.33+3.21 | 2.37+0.50 | 587.0+£165.30
Sauraha area (C) 6 28 |33.33+3.20 | 26.00+3.58 | 2.65+0.55 | 662.17+111.69
Belsar-Dumaria area (D) 4 16 32.75+£3.86 | 26.75%£3.77 | 2.10+£0.74 | 665.75+123.79
Ghatgain area (E) 2 7 30.50+£9.19 | 26.50+4.95 | 1.90+£1.13 | 556.50+342.95
Eg:g:td(?:?har Corridor 3 9 |29.6743.21|26.33+4.73 | 1.80+0.30 | 335.0+35.04
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Table2.  Characteristics of the nesting trees (in Mean+SD) used by the Lesser Adjutant in a
breeding season (2018-2019)

2. tdbldzat Az indiai marabu altal fészkelésre hasznalt fak jellemzéi (atlag+SD) a koltési szezonban
(2018-2019)

Bombax ceiba (Simal) 13 454+1.8 | 33.4+£3.3 26.9+34 |2.48+0.56| 676.8+£104.5
Ficus racemosa (Dumri) 1 1.0 24.0 23.0 1.1 314.0

Shorea robusta (Sal) 4 2.5+0.6 |28.5+2.1| 26.0+3.7 1.77+0.3 | 355.7+47.6
Terminalia alata (Saj) 2 3.0+£1.4 [31.0+1.4| 28.0+0.7 [1.70+0.14| 322.5+65.8

During a breeding season in 2016-2017, LA used twenty individual trees of four species
for nesting (Table 2). Storks used the same tree for nesting before and during the breeding
seasons, as there was only increase in the number of nests. LA mostly used Bombax ceiba
(Simal) trees for nesting compared to other trees (Table 2). There were also 20 non-nest trees
of six species selected and measured for comparison. Among them, four species (Bombax
ceiba, Ficus racemosa, Shorea robusta and Terminalia alata) were the most frequent used
as nesting trees. There was significant difference between nesting and non-nesting trees
in terms of height (t=11.57, P=0.0001) diameter at breast height (t=5.89, P=0.0001) and
canopy cover area (t=5.08, P=0.0002).

In the study area, LA started nesting during the first half of September. During this pre-
breeding period (September—November), a total of 30 nests and no chicks of LA were

Figure 2. Nests of Lesser Adjutant on Bombax ceiba tree in the Chitwan National Park
2.dbra Indiai marabu fészkek Bombax ceiba fan a Chitwan Nemzeti Parkban
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Table 3. Number of nests, adults of LA and number of chicks during a breeding season
3.tdbldzat Az indiai marabu fészkek szama, az adult egyedszam és a fiokaszam a koltési szezonban

Location No. of nests Adults Chicks
Khagendramalli area (A) 4 37 6
Old Padampur area (B) 12 21 9
Sauraha area (C) 28 54 43
Belsar-Dumaria area (D) 16 31 21
Ghatgain area (E) 7 8 5
Barandabhar Corridor Forest (F) 9 29 4
Total 76 180 88

recorded. The highest number of nests were reported in Sauraha area and the lowest in
Barandabhar Corridor Forest (Beeshazari and associated areas). However, these numbers
were increased during the breeding season (December—February). A total of 180 adults, 76
nests and 88 chicks were recorded in the breeding season. No chicks fledged from the nest
during this period; however, this did not mean that the nesting attempts failed, which was
not monitored. There were 4 nests with chicks in Khagendramalli area, 6 in Old Padampur
area, 23 in Sauraha area, 12 in Belsar-Dumaria area, 3 in Ghatgain area and 3 nests with
chicks in Barandabhar Corridor Forest (Figure 2, Table 3). The highest number of chicks
was reported in Sauraha area and the lowest number of chicks in Barandabhar Corridor
Forest.

Figure 3. Paddy fields are also the major foraging areas for Lesser Adjutant in the study area
3.dbra Az indiai marabu szamara a rizsfoldek jelentik a f6 taplalkozohelyeket a vizsgalati terlleten
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Linear regression showing effects of DBH, height and canopy cover area of nesting tree

species on number of nests in the study area
4. tdbldzat Linedris regresszid, amely a fészkelésre hasznalt fafajok mellmagassagi torzsatméréjének,
magassaganak és a lombkorona kiterjedésének a fészkek szamara gyakorolt hatdsat

mutatja a vizsgalati tertleten

X Unstandardized Standardized
Model Durbin- Coefficients Coefficients R tvalue | Pr(>|t])
parameters | Watson
B Std. error Beta
DBH 2.204 2.165 0.490 0.721 0.521 4.417 |<0.0001
HoT 2.131 0.119 0.064 0.402 0.161 1.861 0.079
CCA 2.333 0.007 0.003 0.519 0.270 2.579 0.019

Durbin-Watson test was performed to test the autocorrelation and found that there was no
autocorrelation as the values lie near 2 (1.5 to 2.5). The strength of the relationship between
various parameters of nesting tree species and number of nests were measured by performing
linear regression. The result showed that the number of nests of LA significantly positively
associated with the height, DBH and canopy cover area of tree species (Figure 3, Table 4).

The present study showed that DBH and canopy cover of nesting tree species were the
major determinants of the preference of nesting trees for LA, with high number of nests
present in those trees with high DBH values and canopy cover area.

Factors Affecting Nesting of Storks

Availability of foraging area: Our results in-
dicated higher number of nests nearby for-
aging areas including rivers, streams, lakes,
ponds and paddy fields (farmlands) (Fi-
gure 3). The number of nests was negative-
ly correlated with the distance to the nearest
wetlands and foraging areas (Durbin-Wat-
son=1.174, R*=0.397, F=11.851, P=0.003)
(Figure 4).

Habitat Disturbance and Destruction: Hu-
man and livestock encroachment inside
the forest mainly in grasslands and marshy
lands was high that could change the popu-
lation and behaviour of grassland-dependent
birds, such as storks, by decreasing the size
of feeding and breeding habitats. The varia-
bles, for which the estimated values did not
lie near 2 (1.5 to 2.5), were considered as
correlated and removed from the analysis.

Number of nest

T T T T
0 500 1000 1500 2000
Distance to nearest foraging area

2500

Figure 4. Linear regression between number of
nests of LA and distance to nearest for-
aging areas (paddy fields, wetlands,
grasslands)

Linedris regresszié az indiai marabu
fészkek szama és a legkozelebbi taplal-
kozoéhelyek (rizsfoldek, vizes él6helyek,
gyepek) kozott tdvolsag kdzott

4. dbra
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Table 5. Linear regression showing effects of disturbance variables (nearest village distance-NVD,
nearest road distance-NRD), number of people, livestock and tourists on the number of
nests (NoN) and population of LA in the study area

5. tdbldzat Linearis regresszié, amely a zavard valtozok (legkdzelebbi telepiilés tavolsdga — NVD,
legkozelebbi uttavolsdg — NRD), az emberek szamanak, a haszondllatok szamanak és
a turistak szamanak hatasat mutatja az indiai marabu fészkek szaméara (NoN) és a faj
populdcidjéra a vizsgalati terlleten

. Unstandardized | Standardized
Model Durbin- Coefficients Coefficients R2 tvalue | Pr(>|t])
parameters | Watson
B Std. error Beta

With number of nests of LA

NVD 1.516 0.000 0.000 0.485 0.236 2.351 0.030
No. of people 2.235 -0.03 0.005 -0.786 0.618 -5.395| <0.0001
No. of livestock 1.523 -0.035 0.009 -0.662 0.438 -3.748 0.001
No. of tourists 2.184 -0.024 0.029 -0.190 0.036 -0.822 0.422
With population of LA

NRD 1.561 0.020 0.007 0.590 0.349 3.104 0.006
NVD 1.569 0.003 0.001 0.702 0.493 4,187 0.001

Significant negative relationship was between the number of nests of LA and the number of
people and livestock. There was marginally significant relation with the distance to village.
There was no significant relationship between the number of nests and the number of tour-
ists (Table 5). Regarding the population of LA, there was autocorrelation with most of the
variables except nearest village distance (NVD) and nearest village distance (NRD). The
population of LA showed significant positive correlation with NRD and NVD.

Furthermore, our ficld observation found that habitat destruction and disturbances caused
by human activities and eutrophication were the major threats to them. Per day, we found
on average 880 people collecting grass, fodder and firewood; 219 people fishing, collecting
molluscs and other wetlands products; 292 foreign tourists and 712 individuals of livestock
in and around the wetlands of the study area. Apart from the fishing community, of other
people collecting wetland products, 86 were in the Beeshazari and associated lake areas,
36 in the Rapti River, 17 in the Budhi Rapti River, 52 in the Khageri River and 28 in other
wetlands inside the forest. Among them, almost all used to collect wetland species such as
fishes and molluscs. Some of them, mostly the young ones, involved in the collection of eggs
and young birds in the study area, mainly in the Beeshazari lake area and Khageri riversides.
In addition, the dense mat of water hyacinth (Eichhornia crassipes) and southern cut grass
(Leersia hexandra) in the Beeshazari and associated lakes may trap and kill diving water
birds. Because of the dense growth of the water hyacinth, most of the wetlands (mainly
lakes and ponds) resembled grasslands. The water level was very low or almost dry in the
associated lakes of Beeshazari (e.g. Shorahazar and Satrahazar Lakes), Patna Lake, Nandan
lake and other small wetlands inside the forest.
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Discussion

The present study of the nesting habitat selection of and threats to LA in the Chitwan
National Park showed that there were nine nesting colonies and most of them were far
from the human-disturbed areas, i.e. human settlements. Most of the colonies were in the
riverine forests interspersed with grasslands. LA mostly built their nests in Bombax ceiba
trees. This tree is generally bigger and taller than other tree species. A similar result was also
obtained by Karki and Thapa (2013) in eastern lowland Nepal. Our results revealed that nest
trees were found to be larger and significantly larger in height, DBH and canopy cover as
compared to the nearest non-nest trees. Likewise, the number of nests in a tree significantly
correlated with tree size (height, DBH and canopy cover area). These results suggest that
LA selects taller and bigger trees for nesting. Similar results were obtained by Baral (2005)
for LA and other similar species, such Greater Adjutant Leptoptilos dubius (Singha et al.
2002, Sundar et al. 2016, Barman & Sharma 2020) and Asian Openbill Anastomus oscitans
(Sundar et al. 2016, Zainul-Abidin et al. 2017). The larger bird species mostly preferred
to nest in taller (Burger 1979) and widely branched trees. In most parts of the study area,
we found LA nests in compact colonies. The nearest nest tree distance shows the compact
nature of LA colonies. A similar result was also reported by Pomeroy (1977) and Sundar et
al. (2016); therefore, such compactness is possible only where sufficient suitable trees are
available close together.

The height of the nesting trees varied among nesting colonies, most of the nests being
on the top canopy of relatively large and tall trees, which is a common pattern in most of
the water birds (Burger 1979, Minias & Kaczmarek 2013, Koju et al. 2020). Besides, some
birds may nest at the top to receive more solar radiation that may affect nest temperature and
thus, the amount of incubation required (Martin & Roper 1988, Slagsvold & Wiebe 2017).
This is also true particularly for the Greater Adjutant, as it breeds in winter (Chowdhury
& Sourav 2012, Slagsvold & Wiebe 2017). LA built their nests with large platform, and
also preferred trees with sparse foliage cover (e.g. Bombax ceiba) at the nest site to make
easy access for arrival and departure, similar to that of Greater Adjutant (Mandal & Saikia
2013). Therefore, trees with horizontal branches or branches slightly inclined parallel to the
ground (e.g. not like ‘Y’ fork) were the most preferred tree for LA. Availability of wetlands
and change in cropping patters in lowland Nepal was the major determinant of provisioning
time for LA. However, in our study area, most of the nesting colonies of LA located far from
human settlements and croplands (Baral 2005, Karki & Thapa 2013).

Nesting activities of LA depended upon various factors, such as availability of foraging
grounds, nesting trees and comparatively less disturbed areas. The start of breeding season
of LA was found to be later (August/September) compared to the eastern part of Nepal (July/
August) (Baral 2005, Allay 2009, Karki & Thapa 2013). Breeding of LA was found to be
more successful in the core area of CNP as compared to the Barandabhar Corridor Forest.
Nests with chicks were reported only in the southern part of Barandabhar Corridor Forest
close to the Rapti River and core area of CNP. However, there was no record of nests with
chicks in and around the Beeshazari and associated areas despite having good foraging
grounds. Our recent observations noticed that there were no nests in the Barandabhar



B. P. Bhattarai, J. N. Adhikari & M. Rijal 43

Corridor Forest in 2020. It showed the shifting tendency in nesting of LA. In contrary to
the argument of Beaver et al. (1980) that availability of suitable tree species influences the
dispersion of nests more than other factors, such as social and human disturbances. There
were very few Bombax ceiba trees in riverine forest of Barandabhar Corridor Forest as
compared to CNP (Thapa 2011, Bhattarai & Kindlmann 2012). Sauraha area possessed the
highest number of nests including chicks and adults.

The study found the highest number of nests in areas that were less disturbed by human
activities, such as people presence and livestock grazing. This study suggests that human
disturbance limits the location, compactness and number of nesting colonies in the CNP and
associated areas (Bhattarai & Kindlmann 2012, Bhattarai & Kindlmann 2013). However,
in the case of Greater Adjutant colonies, both the availability of suitable nesting trees and
social interactions determine the compactness of nesting colonies (Ali et al. 1987, Singha
et al. 2002). Earlier studies of Datta and Pal (1993) and Sundar et al. (2016) reported that
human disturbance caused the mortality of nestlings of Asian Openbill. A similar scenario
might be true for the human-disturbed areas of the CNP and BCF. Unlike other studies
(Pomeroy 1977), we did not record felling of trees by local people except a natural felling
of Bombax ceiba, common in the CNP during the stormy season (April, May). The nearest
road from the nesting colonies had very less impact on the occurrence of nests, because most
of these roads were part of the road networks inside the park (e.g. firelines) and used mostly
by tourist vehicles and park monitoring for security.

This study found that LA nesting colonies mostly located within 3 km of foraging areas. It has
been considered that the closer distance to the foraging ground enables the storks to increase
the number of foraging trips to feed the nestlings. In the study area, the foraging grounds
of LA were vulnerable due to presence of people for collection of prey species (molluscs
and fishes), a common practice in lowland Nepal (Baral 2005). Fishing communities, such as
Tharu, Bote, Darai and Majhi people, are main inhabitants nearby the water sources or forests
and highly dependent on the forests and wetlands, a common practice in rural areas (Baral
2005). In contrast, these people mostly visit wetlands of the CNP and adjoining areas during
the dry winter season (i.e. nesting season of LA) compared to the rainy season. Wetlands
become less suitable for LA due to increased human activities during winter season (Sundar et
al. 2016). The conservation of LA could be successful if we protect large Bombax ceiba trees,
minimizing human disturbance including collection of prey species, and raising awareness to
reduce human activities harmful to LA. The findings of this research also highlight the lack
of empirical research in nesting ecology of LA, including use and dependence upon human-
dominated agricultural landscapes, such as paddy fields.

Conclusion

Understandings of nesting ecology and conservation challenges are crucial for management
and conservation of threatened bird species like the LA. This study found that the number
of nests of storks was highly positively correlated with tree height, diameter at breast height
and canopy cover of the trees. LA mostly preferred the uppermost canopy of the trees for
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nesting. The nests were found in compact colonies on large, widely branched trees with
thin foliage cover such as Bombax ceiba. In the absence of Bombax ceiba, they built nest
on other trees with similar dimension e.g. Shorea robusta, Ficus racemosa and Terminalia
alata. Most of the nesting colonies were recorded nearby foraging grounds. There were a
total of 180 adults, 76 nests and 88 chicks recorded in the breeding season, in which Sauraha
area possessed the highest number of adults and chicks. Most of the nesting colonies were
far from human settlements, suggesting that human disturbance could play a major role in
nesting habitat selection. These results imply that nesting success of LA mainly rely on the
protection of Bombax ceiba trees and their long-term conservation requires minimal human
disturbance and sustainable utilization of wetland products, including collection of prey
species of storks by fishing communities.
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Abstract This research focused on the efforts of indigenous people invested into the reconstruction of damaged
Moluccan Scrubfowl (Eulipoa wallacei) egg-laying habitats, as well as, on the ways how the current conditions
of the landscapes are conserved by indigenous people. This is a qualitative and quantitative study that used
a combination of observation and interview methods. We also used descriptive analysis and spatial analysis
including remote sensing techniques. The results showed that the abrasion process that destroyed the Moluccan
Scrubfowl egg-laying habitat left a remaining sandbar with an area of 1,161 m?, or about 17% of the area of the
initial sandbar. Even though the habitat has not fully recovered, Moluccan Scrubfowls still lay their eggs there.
The details of the reconstruction activities carried out by indigenous people are as follows: making embankments,
adding sand to the eroded area, replanting supporting coastal vegetation, and making breeding sites. In addition,
efforts were also made to restore the surrounding support areas that were also damaged. The activities carried out
were as follows: replantation of coral reefs, turtle breeding, nurseries and mangrove planting, nurseries of other
plant species such as cloves and nutmegs, picking up trash along the coast, and early education for children in
how to be environmentally conscious.

Keywords: Moluccan Scrubfowl, degradation, habitat, abrasion, conservation, indigenous people

Osszefoglalas A jelen vizsgalat a helyi lakosok a maluku-szigeteki 4sotyuk (Eulipoa wallacei) rongalédott tojas-
rakoé helyeinek rekonstrukeioja érdekében tett eréfeszitéseivel foglalkozik, valamint azzal, hogy a tajkép jelen al-
lapotat hogyan védelmezik ezek a torzsek. Ezen tanulmany mind kvalitativ, mind kvantitativ megkozelitéseket
alkalmaz, kombinalva a megfigyeléses ¢s interjuztaté adatgytijtést. Emellett leird statisztikai értékelést, valamint
tavérzékelési eljarasokat magaban foglalo térbeli elemzéseket is végeztiink. Eredményeink alapjan a vizsgalt faj
tojasrako éléhelyeit tonkretevd abrazios folyamat egy 1,161 m?kiterjedésii homokbuckat hagyott csak érintetle-
niil, ami az eredeti él6helynek 17%-a. Bar az él6hely még nem allt helyre, az 4sétytkok tovabbra is raknak itt
tojast. A helyi bennsziilottek a kdvetkezd ¢l6helyrekonstrukceios tevékenységeket vegezték: gatépités, homokra-
hordas, a homokszerkezetet stabilizald parti ndvényzet Gjratelepitése, és fészkel6 helyek készitése. Ezen feliil a
kornyezd, stabilitast ado, de rongalodott élohelyek rekonstrukeiojara is sor keriilt: korallzatonyok ujratelepitése,
tengeri teknésok szaporitasa, tekndsnevelés és mangrove-iiltetés, mirtuszfélék és szerecsendio iltetése, szemét-
szedés a parton, és kornyezeti nevelés.

Kulcsszavak: maluku-szigeteki asotyuk, degradacio, élohely, abrazio, természetvédelem, helyi lakosok
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Introduction

“Conservation” is a term that refers to the acts of protecting, preserving, and sustainably
using natural resources. Furthermore, conservation is a form of natural resource allocation
that is carried out optimally across different generations (Randall 1981, 2007), which relates
to the principle that natural resources must remain available to future generations. In other
words, the current generation does not have the full right to control or use all available
natural resources because those must be left for future generations. Conservation also
involves the management of the biosphere, which takes into account the ecological balance
of the ecosystem. In addition, conservation entails active management of the biosphere
with the aims of maintaining maximum species diversity and genetic diversity within a
species, including the maintenance of biosphere functions such as ecosystem functions and
biogeochemical cycles (Allaby 2010). Based on this, there are several important points that
must be considered in conservation: natural resources; inheritance by the next generation;
and the balance of ecosystems, biosphere, and species.

Related to these points, various conservation adaptation models and approaches emerged.
Some of them are social community approaches, regional approaches, approaches to
protecting forests and water resources, approaches for the purpose of pre-disaster actions,
cultural approaches, approaches to maintaining germ plasm and genetic diversity, and many
more. Conservation involves not just using one type of approach but combining various types
of them. In order to combine several of those approaches, then, a species-based approach
combined with local wisdom-based area conservation was used. Species-based conservation
means conservation efforts with the aim of saving and protecting certain animal or plant
species. In this approach, the related terms include “umbrella species,” “flagship species,”
and “keystone species.”

An umbrella species is a species whose distribution or range is broad, so that it covers a
significant area (Roberge & Angelstam 2004); birds and several types of mammal that are
classified as high-level vertebrate species are examples of umbrella species (Chase et al.
2000, Suter et al. 2002). Flagship species are iconic and characterize a particular area; such
species are ambassador species that are often used as tourist attractions or icons to raise
conservation funds, and they symbolize a landscape’s habitat (Bowen-Jones & Entwistle
2002, Walpole & Leader-Williams 2002). Keystone species are species that play an
important role in the structure, function, and productivity of an ecosystem. If this species is
lost, it will cause significant changes in the biological structure of the ecosystem; therefore,
conserving this species will protect the structure and function of wider habitats (Mills et al.
1993, Libralato et al. 2006).

Based on the various types of species-based approaches, their main similarity is the
goal, i.e. habitat protection. This matter means protecting the region as their homes will
automatically save the organisms that live there (Shogren 1998). So, it is essential to form an
effective habitat rescue effort to have a broad impact on the region’s conservation. Because
these animal and plant species cannot automatically save their habitats, the most critical
role is top-predators or super-predators, namely humans (Darimont et a/l. 2015, Smith et al.
2017). There is much approach to encounter the damaged habitat, but humans are still the
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leading role in conservation. Thus, the territorial or habitat approach must be implemented
with human rules, and these rules must be following the rules of conservation. Therefore
people who lived in ancient times created local wisdom as a rule to maintain habitats.
Maintaining a habitat entails protecting all species that live in it.

Moluccan Scrubfowl conservation

Moluccan Scrubfowl (Eulipoa wallacei) is one of the endemic bird species found in some
of the islands in Maluku (Coates et al. 1997, White 1998). The bird was intensively studied
for several years near Kailolo Village (Heij 1995, 2001, 2005, Rompas & Moeliker 1997),
and successfully reintroduced in Haruku Village (Heij 2005a, Heij 2005b), and then, the
rate of successful reproduction and other habitat factors that are still not widely known
related to their activities were continuously studied (Saiya 2013, Verboom & Heij 2016,
Verboom et al. 2017).

The International Union for Conservation and Nature lists its status as vulnerable to
extinction. The trend of Moluccan Scrubfowl population growth shows a declining pattern
from year to year. One of the locations in Maluku where Moluccan Scrubfowl can be found
is Haruku village, Haruku Island, Maluku Province. The village has sandy beach structures
and ramps that make a suitable nesting ground for Moluccan Scrubfowls. This area is an
important research area and breeding site of Moluccan Scrubfowl that are guarded and
maintained by the kewang of Haruku village.

The kewang are the guardians of the environment who are raised based on customary
village rules (Zerner 1994, Harkes & Novaczek 2000). In general, every village in Maluku
has kewang, who are also referred to as rangers. The task of the kewang is to maintain and
regulate the use and protection of natural resources in the sea and on the land (Batiran
& Salim 2020). They employ customary regulations known as sasi, which are ordinances
or prohibitions related to certain natural resources. They are part of the efforts invested
to preserve the population in order to maintain the quality of biological resources (Zerner
1994, Libralato et al. 2006) such as animals and plants. Sasi are a tradition that has been
carried out for generations by the people of Maluku.

The Moluccan Scrubfowl egg-laying habitat is located at the river estuary sandbar,
bordering the sea. However, in recent years, the existence of the sandy beach continued to
be threatened. It not only reduces the volume of sand on the beach but also washes away
a lot of Moluccan Scrubfowl eggs, diminishing the population and reducing the number of
breeding birds.

If this process is left unattended without any recovery effort, it will eventually eliminate
the entire egg-laying habitat of Moluccan Scrubfowl, which loss will also affect the
population of the species. At this point, the active role of indigenous people is significant in
controlling the abrasion and preventing the loss of the entire habitat. Kewang Haruku, which
is supported by the indigenous people, took the first initiative to save the habitat, which was
then welcomed by several researchers, who have conducted research at the location. This
was also recognized by a former minister of the environment of the Republic of Indonesia,
who said that “We believe by enabling nature, man [is] enabling himself” (Salim 1982).
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The importance of the species’ existence in its habitat

Efforts to save habitats are a reasonable first step to save a species, because the sustainability
of a species is closely related to the sustainability of its dwelling place, i.e. its habitat,
which is an ecosystem unit with the species that live therein. All animals can only live
in an area if basic natural resources are available, i.e. food sources, water sources, and
shelter; they can adapt to extreme climatic conditions that occur at any time and can even
defend and protect themselves from predators (Morrison et al. 1999). This is contrary to
human existence, which has a high adaptability so that changes in habitat such as land
conversion will not easily interfere with the existence and endurance of humans in an
area. This is the difference in vulnerability between animals and humans, which is seen
ecologically. For this reason, in an effort to reconstruct a damaged or threatened habitat,
all elements needed by the animal that should be protected must be taken into account in
the initial planning stage.

However, it is true that extinctions occur as a result of natural selection. This is consistent
with Darwin’s theory of evolution that individuals who can survive or adapt well will
continue to survive, while those who cannot adapt will go extinct, so it can be seen that
natural selection will determine which species continue to exist (Darwin & Wallace 1858,
Williams 2008).

However, if we look at the rate of animal extinction in the past few decades, it can be
seen that human treatment of ecosystems has accelerated animal extinction (Wright 1990,
Vitousek et al. 1997, Brashares et al. 2001, Ceballos et al. 2015). In addition, another factor
in the loss of an animal species is related to the change in its trophic position. This also
affects the balance of the ecosystem, because a role is lost, and the interactions between
the various components of the ecosystem are disrupted (Nilsson & Grelsson 1995, Ives &
Carpenter 2007). In this study, we focus on indigenous people’s efforts to reconstruct the
damaged Moluccan Scrubfowl egg-laying habitat, as well as, how the current condition of
the landscape is being conserved by them.

Methods

This research took place on the coast of Haruku Village, Haruku Island, Central Maluku
Regency, Maluku Islands, Indonesia (Figure 1). This location is protected by the indigenous
people in Haruku Village. This is because, for a few decades, many Moluccan Scrubfowl
have come to this coastal area to lay eggs, and since then, the people have really taken care
of the area. In fact, many studies by local and international researchers have been conducted
in this area. The area takes the form of a sandbar stretching up to an estuary, with dominant
vegetation in the form of nipa palm (Nypah fruticans), sago (Metroxylon sagoo) and coast
cottonwood (Hibiscus tiliaceus). The observation period of this study began before the
abrasion disaster occurred in 2009 and continued until the end of 2019 and the beginning
of 2020. We used a time series research design, which enabled the reconstruction of the
location based on regular observations and monitoring by the researchers.
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Figure 1. Map of the location (Drawings: H. G. Saiya. Modified from Saiya et al. 2016)
1.dbra A vizsgalt teriilet elhelyezkedése (abrak: H. G. Saiya. Saiya et al. 2016 alapjan, modositva)

The observations focused on habitat abrasion, savable areas, and people’s responses to the
occurrence of abrasion. The type of observation carried out was participatory observation,
which involved living among indigenous people over a certain period where the researcher
could record the responses of indigenous people and could jointly work with them.
Furthermore, we used an open interview system, including questions on the knowledge
of the Moluccan Scrubfowl and on the conservation efforts that have been carried out,
the abrasion disasters, and the habitat reconstruction efforts of the people. The selected
key informants were the kewang, representatives of the customary adat government in the
village, and people, who participated in reconstruction of the habitat.

The data analyses included two phases. First, a descriptive analysis was used to
systematically compile and convey the results of the interviews, and second, a remote
sensing technique was applied for obtaining information about the objects without direct
contact (Lillesand ef al. 2004). Remote sensing was used to analyze the spatial pattern of
the abrasion process, which was also supported by field observations. The remote sensing
technique involved the interpretation and digitization of GeoEye and Google Earth
satellite images, collected from 2009 to 2018. After conducting a geometric correction
process, we calculated the surface of the reduced area. The analysis was done in ArcGIS
10.3 ESRI license and the Universal Map Downloader. We used the Garmin 68S GPS
during fieldwork.
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Results and Discussion

Description of Moluccan Scrubfowl (Eulipoa wallacei)

The morphology of Moluccan Scrubfowl as discovered by Wallace in 1858 is as follows:
the front of the head and neck are a grayish, greenish brown, while the back is light brown.
The nape of the neck and upper back are slightly grayish and blackish green. The middle of
the back, wings, and external mesh of some tertiary castaneous are dark in color and most
of the edges of the fur are bluish gray. The body top tail feathers, chest, and abdomen are
grayish, whereas the small, tertiary feathers and tail are a pale brownish green. The middle
of the abdomen is white. The primary bristles are blackish brown patches or bordered with
grayish white on the outside. They have a yellow beak and black legs. The body length is
330 mm and the wing length is 190 mm (Gray & Wallace 1860, Gray & Wetmore 2011). The
iris is light brown, the beak is opaque yellow, the front legs are yellow-black, and the back
legs are yellowish (Ripley 1960).

Moluccan Scrubfowl is distributed throughout Halmahera, Meiti, Ternate, Bacan, Buru,
Boano, Seram, Ambon and Haruku (Coates ez al. 1997), inhabiting tropical mountain forests
(Heij & Rompas 1999) up to a height of 750—1,650 m. Moluccan Scrubfowl lives alone or
in pairs, is shy and difficult to separate from its nesting community. People almost never
found this bird in the forest, because it lived in mountain forests with an altitude of 200-
300 meters above sea level in a lime formation (Toxopeus 1922). These birds also cannot
be tamed or locked in cages (Valentijn 1726). Villagers are able to detect the presence of
Moluccan Scrubfowl by its call (Heij & Rompas 1999). This species has a monogamous
mating system. The pair formation on Haruku Island takes place throughout the year with
a peak during the dry season, i.e. October—April (Dekker & Brom 1990, Dekker 1991). At
nights, these birds leave the forest, fly to the beach to make holes and lay eggs. Then, they

Figure 2. Moluccan Scrubfowl. Photo taken in Kailolo, by C. J. Heij (Heij 2001)
2.dbra Maluku-szigeteki 4sétyuk. Foto: C. J. Heij készitette Kaiolo-n (2001)
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Figure 3. Moluccan Scrubfowl dig holes to lay eggs (Photo by: H. G. Saiya, 2019)
3.dbra A maluku-szigeteki dsotyuk fészekcsészét kapar a tojasainak (Foto: H. G. Saiya, 2019)

cover the holes with sand, also partially hiding their footprints to confuse predators (Baker
& Dekker 2000, Wallace 2016) (Figure 3).

Moluccan Scrubfowl females also dig multiple dummy holes to protect their eggs from
predators and they do not build sand dunes like other megapode types (Dekker & Dekker
1990, Dekker 1991) (Figure 3). After egg-laying, the birds fly back to the forest at sunrise
(Hoyo et al. 1994). The parents do not incubate the eggs that are kept warm by the heat
obtained from the surrounding sand.

Based on the presence of Moluccan Scrubfowl and its habitat conditions, this megapode is
an umbrella species. Thus, a species-based conservation approach can be used. This option
was chosen because of its wide home range and many tree habitats, from mountain forest
vegetation types to stable coastal vegetation. So, efforts to conserve the Moluccan Scrubfowl
habitat will also preserve forests and coastal habitats.

Customary rules by the indigenous people

The indigenous people of Maluku are the type who have the potential to be effective in
preserving the environment and can implement a system of social harmony based on local
wisdom and environmental control. Since long ago, the people of Maluku who live on the
islands have grown their local wisdom in accordance with their natural conditions and needs.
The local wisdom is generally referred to as sasi. Sasi means customary rules governing the
management and use of natural resources at the sea and on the land, the rules of which are
made based on customary agreements and only applied to certain customary areas within the
village (Xiuping et al. 2010, Saiya & Heij 2017) The rules of sasi differ among villages. Sasi
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is a cultural institution that regulates the use and management of living natural resources and
the environment, i.e. sasi can also be understood as management for the sake of achieving
quality products, quality natural resources, and economic values. Sasi also means teaching
values related to a strong work ethic in society. This means that besides using effective and
efficient production methods, people also pay attention to and pursue the highest quality of
human work (Pietersz 2010, Rugebregt 2013).

Interviews with several traditional leaders taught us that sasi has existed in Maluku since
immemorial time and is a form of joint commitment by indigenous people, traditional
leaders, and government members in the village. Sasi also contains restrictions and
sanctions in the form of fines that must be paid in case of violations. Fines can be in the
form of goods, money or community work in the village. This is based on the realization that
without their environment they cannot live properly, so until now, sasi has been maintained
from generation to generation. In general, sasi is divided into land sasi and sea sasi. Land
sasi covers forest products such as wood, rattan, cloves, nutmeg, and tubers. Sea sasi covers
marine products such as fish, sea cucumbers, sea snails, and pearls. Then, after religion
entered the Maluku Islands, the indigenous people switched from animistic beliefs, so the
rules in sasi began to be harmonized with their religious ways. The fines obtained from the
implementation of the sasi rules would also be used to meet the needs of church or mosque.

Sasi is closely related to the kewang. Kewang (Figure 4) is a position that is within the
customary adat government that functions to regulate and oversee the implementation of the
rules of sasi. So, the kewang also monitor and protect natural resources on the land and at the
sea. Kewang and other types of position in the customary government are inherited based on
descent, so not everyone in the community can easily hold certain positions in the customary
order. The kewang usually consists of one head and several members. Moreover, they have
to make regulations related to the use and control of natural resources. Sasi is a general term
for the rules made by the kewang. Some simple examples of sasi rules are as follows:

1. It is forbidden to take any kind of fruit that is still unripe.

2. People are prohibited from cutting down trees that bear fruit before obtaining permission
in the customary adat manner.

3. It is prohibited to cut off the roof/fronds of young sago before obtaining permission from
the owner and also permission from the kewang.

4. It is prohibited to catch small-sized fish that are not suitable to be caught.

5. People must not take sea cucumbers in areas of water that have been restricted by the
village government; sea cucumbers in those areas must be allowed to develop.

6. Itis forbidden to take a sea snail that is still small in size and not suitable for consumption.

Related to the sasi for Moluccan Scrubfowl, information from several members of the kewang
and the people in Haruku told us that Moluccan Scrubfowl has not been present in Haruku
Village decades ago. However, after the emergence of the sandbank around the river estuary
in Haruku Village, many Moluccan Scrubfowls colonized the area. So, the members of
the kewang in Haruku began to clean the sandy area, which was quite wide, of the various
creepers, shrubs, and grasses that grew there. At that time, Moluccan Scrubfowl had not been
incorporated into the customary adat rules, so the people of Haruku took the eggs and birds
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Figure 4. The Kewang (Source: Documentation from Kewang Haruku)
4.dbra A Kewang (Forras: A Kewang Haruku dokumentacioja)

freely. Some of them even deliberately went to the forest trapping Moluccan Scrubfowl. Then,
they recognized that the Moluccan Scrubfowl are vulnerableand the kewang set a rule for the
protection of these birds. The rule states that Moluccan Scrubfowl eggs and specimens should
not be taken for consumption and sale. The rule applies until now and even predatory animals
that prey on Moluccan Scrubfowl are also kept away from the egg-laying areas. Gradually,
Moluccan Scrubfowl has become one of the characteristic sasi of Haruku Village.

Positive idealism for saving the habitat

In 2009, the Moluccan Scrubfowl egg-laying habitat took the form of a beach with vast
stretches of sand extending south to the edge of a forest cliff that borders the sea and river
estuary (Figure 5). The egg-laying site extends to north where is the kewang house and it
is bordered by a pig farm owned by several families living nearby. The beach vegetation at
that time was dominated by Pandanus sp., tropical almond (scientific name = Terminalia
catappa; Ambonese = ketapang), coast cottonwood (Hibiscus tiliaceus), Calophyllum
inophyllum (Ambonese = bitanggor, Javanese = nyamplung), nipa palm (Nypah fruticans),
sago (Metroxylon sagoo) and coconut (Cocos nucifera), with a sandbar area of 6,675 m?,
according to the results of calculations using the remote sensing technique.

The observations and interview results showed that the condition of the egg-laying habitat
was very stable in 2009 and before. In fact, many village activities were carried out in the
area in order to maintain the sustainability of the area. Some people from Ambon Island
also came to the area for recreation. Of course, they had to get permission from the kewang
before they could enter the area. The kewang also required them not to litter in the area, and
if this rule was violated, they would be subject to the customary sanctions according to the
rules written in sasi. In addition, the kewang severely limited the number of visitors from
Ambon to prevent damage of the ecosystem. However, research trips and environmental
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Figure 5. The condition of the sandbar in 2009 (Photo by: H. G. Saiya, 2009); a - sandbar seen from the
south, b — in the middle of the sandbar, c - the northern part of the sandbar

5.dbra A homoknyulvany allapota 2009-ben (Fotd: H. G. Saiya, 2009); a — déli, b. — k6zépsé, c —
északi rész

learning are not limited by the kewang.

This location is often visited by local and international researchers who come to conduct
various studies. The research targets in this location are diverse, including mangrove research;
sago research; river and estuary ecosystem research; research on lompa fish (Trissina
baelamay); sea turtle research; crab research; coral reef research; research on various mollusc
species spread across the mangroves, river, ocean, and surrounding ecosystems; research
on local wisdom; bird watching; and specific research related to Moluccan Scrubfowl.
Many researchers have come to this location to search for Moluccan Scrubfowl. They make
special observations of the birds’ egg-laying behavior at night on the coast. In addition,
children in Haruku Village often come to this location learning from various books donated
by researchers. This location is a natural laboratory for all people.

a

Figure 6. Before and after photos: a - before abrasion in 2010 (Photo by: H. G. Saiya); b — after abrasion
in 2010 and 2011 (Photo by: H. G. Saiya & W. Nitalessy)

6.dbra El6tte-utana fotdk: a — Abrazié elétti dllapot 2010-ben (Foto: H. G. Saiya), b — Abrazié utani
allapot 2010-ben és 2011-ben (Fotd: H. G. Saiya & W. Nitalessy)
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However, at the end of 2010 to mid- [fewas_ —_
2011, massive abrasion occurred elim-
inating most part of the sandbank area
(Figure 6).

After this event, the remaining sand-
bar area amounted to 1,504 m? in 2012,
then up to 2014, the sandbar area fur-
ther decreased to 1,170 m? Accord-
ing to the last calculations from 2018,
the remaining area of the sandbar was
1,161 m? Satellite images of GeoEye
and Google Earth confirmed these re-
sults (Figure 7). The direction of the
estuary flow has also been changed as
a result of this condition.

These conditions prompted the indig-
enous people of Haruku Village to take
various actions. Under the coordina-
tion of the kewang, they began to recon- it e
struct the sandbar area in 2011. How- mmm———
ever, while abrasion was taking place,
they built temporary barricades made of
sacks filled with sand and stone, then ar-
ranged them along the remaining coastline area. They sought help from the local government
to make embankments along the remaining beach area. Unfortunately this action resulted in
a temporary solution. After 2016, abrasion increased again destroying the already poor quali-
ty beach embankments. Most of the sand substrate was swept away by the waves (Figure 8).

The kewang house was also damaged by the abrasion (Figure 9). With the assistance

Figure 7. Time series record from satellite (Source:
Google Earth)
7.dbra Mholdfelvételek (Forras: Google Earth)

Figure 8. Abrasion in 2016 (Photo by: H. G. Saiya)
8.dbra Abrazié 2016-ban (Foto: H. G. Saiya)
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Figure 9. a — Kewang house was broken, b — the occurrence of abrasion, c - local people transport
sand from other locations to be relocated in the beach (Photo by: H. G. Saiya)

9.dbra a- A megrongalodott Kewang haz; b - abrazié; c - a helyiek mashonnan széllitanak homo-
kot az Ujratelepitéshez (Foto: H. G. Saiya)

of BirdLife Indonesia and the Marinus Plantema, sand was brought to the location
to reconstruct the area. For this activity, all aid workers in the village were mobilized
to transport sand taken from other parts of the village bordering the forest to the coast
(Figure 9). The reconstruction activities included the replantation of the coastal vegetation.
The local people received assistance from the Ministry of Maritime Affairs and Fisheries
related to the recreation program for coral reefs that can help to break up the waves to
prevent the are from abrasion.

Although most of the egg-laying habitat was lost, Moluccan Scrubfow] has not disappeared
from the area. In fact, after the massive abrasion events in 2010 and 2011, no Moluccan
Scrubfowl laid egg here. However, other activities, including the action of kewang routinely
moving the eggs of the Moluccan Scrubfowl found along the eroded sandbank to a safer
area and monitoring the hatching, successfully increased the number of breeding birds in
the area. In addition, special captive breeding of Moluccan Scrubfowl was also organized
and the birds were released into nature. This was initiated jointly with the local university as
well as several researchers who regularly came to monitor this location.

Monitoring reconstructed locations

The sustainability of a location that has undergone reconstruction needs to be monitored.
The aim is to validate whether the habitat has stabilized or not and if it is still experiencing
disturbances. The results of the 2019-2020 monitoring on the reconstruction of the Moluccan
Scrubfowl egg-laying habitat highlighted the following (Figure 10):

1. The quality of the embankment is poor and they can be quickly damaged by sea waves.
The community aims to improve the damaged embankment.

2. An ongoing replantation of coral reefs is being carried out, located around the eroded area.

3. The collection of Moluccan Scrubfowl eggs in the area along the eroded sandbank
continues by the kewang. All of the eggs are buried again in captivity. However, the
new location is still close to the egg-laying habitat. Moreover, the location may still be
threatened by abrasion.

4. The release of chicks continues, leaving only two birds in captivity. The aim is to show
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Figure 10.The results of monitoring in 2019 and 2020 (Drawings by: H. G. Saiya)
10. dbra A 2019-es és 2020-as felmérések eredményei (abrak: H. G. Saiya)

the existence of the Moluccan Scrubfowl. When researchers, academics, and outsiders
want to come and see the birds, they can immediately see them in captivity without
going to the forest or staying overnight to wait for the birds to come and lay eggs. These
two birds will be released in turn, once there are substitutes, which will be chosen from
among the newly hatched chicks.

5. Aside from being only egg-laying habitat for Moluccan Scrubfowl, the sandbars that
are lost due to abrasion are also spawning grounds for sea turtles. So, at the time of the
abrasion disaster, the kewang found many turtle eggs swept away by the waves. After
the habitat underwent gradual reconstruction, turtle eggs that continue to be found in the
area are collected by the kewang and transported to a safer location next to the Moluccan
Scrubfowl captive breeding area. Turtles also hatch in the area, and usually the kewang
will release them, involving children of elementary and secondary schools, along with
other people who are interested in the releasing of the turtles.

6. There are kewang nurseries for mangroves around the Moluccan Scrubfowl captive
breeding area, and the community voluntarily planted mangroves along estuary areas
bordering the Moluccan Scrubfowl nesting habitat. Considering that mangroves are a
good antidote to abrasion, these activities are carried out, as well as, caring for and
protecting mangrove seeds that have been planted.

7. The kewang initiated early education about being environmentally conscious for
elementary and junior high school children in Haruku Village, so that they can be involved
in every activity. In addition, the kewang also formed the Little Kewang, which trains
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children to protect and preserve the natural environment. These children report activities
they consider as acts of environmental destruction or violations of the customary rules
related to the natural environment.

8. The kewang created a seedling house for various types of mangroves, cloves (Syzygium
aromaticum) and nutmegs (Myristica fragrans).

9. The local people continue to independently procure sand (Figure 9).

10. The kewang conducts routine garbage collection programs along the coast of Haruku
village to prevent threats to the health and stability of the coastal habitats.

Based on various conservation efforts undertaken by indigenous people in Haruku Village,
they have used their local wisdom to maintain the Moluccan Scrubfowl nesting habitat.
An abrasion disaster that removed most of the coastal habitat made people more intensely
concerned about the area. The engagement, compliance, and voluntary desire of indigenous
people to save coastal habitats in a form of social security action used in the environmental
field. The people began the action with a species-based conservation approach but continued
with an area-based conservation approach and local wisdom/customary law, so that the
people not only directly saved the Moluccan Scrubfowl species, but also saved the entire
existing coastal habitat. The local wisdom of indigenous people is a form of global wealth

Figure 11. Kewang of Haruku on a conference of Aliansi Masyarakat Adat Nusantara (AMAN) (The leader
of Kewang Haruku, second from the right side). Source: Documentation from Kewang Haruku

11.dbra Kewang Haruku egy AMAN altal szervezett konferencian (A vezetd jobbrél a masodik.)
Forras: A Kewang Haruku dokumentacidja
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that makes an important contribution to achieving sustainable development, for the culture
related to environmental conservation that has developed in indigenous people should not
be eliminated (Lertzman & Vredenburg 2005). However, the tendency to work directly
with indigenous people/local communities has gradually disappeared as nongovernmental
organizations (NGOs) have come to be prioritized and considered as the main drivers
of conservation. Conservation priorities change and lead to conservation strategies with
a larger scale and more developed science, but we should remember the social reality of
indigenous people in determining their own conservation agenda (Chapin 2004). So, what
exactly is the position of the indigenous people?

The position of indigenous people is actually as conservationists, and their position must
not be changed. Third parties who come to help can only act as companions. In this case,
scientific organizations such as BirdLife Indonesia and the Marinus Plantema foundation,
as well as several academics, were assistants who together sought solutions against
habitat destruction, but the ones who determined and implemented the solutions were the
indigenous people of Haruku Village. States and academics should not treat indigenous
people (Figure 11) as clients, but they should be involved at all levels of decision making
(Mauro & Hardison 2000), whether it is related to the natural environment, spatial uses, or
various other matters. Moreover, indigenous people make up communities that are truly
associated with their territories for a very long period. This is what makes them to truly
understand what is happening in their area (Colchester 1994, 2013). Thus, even to carry out
conservation efforts, indigenous people must be socially and culturally prepared. All they
need are assistance and monitoring.

Conclusion

Conservation is clearly a continuous effort that must be made to maintain the sustainability
of natural resources. Habitats that are threatened with damage can be revived through intense
habitat reconstruction efforts. In the case of egg-laying habitats for Moluccan Scrubfowl
affected by abrasion, the main conservation actors are the indigenous people. They have
lived together with their environment and depend entirely on the natural products around
them to meet their daily dietary needs, so even the smallest environmental changes will have
a direct impact on them.

The abrasion process that destroyed the Moluccan Scrubfowl egg-laying habitat left a
remaining sandbar with an area of 1,161 m?, which is approximately 17% of the area of
the initial sandbank of 2009 (6,675m?). This not only affected the Moluccan Scrubfowl but
also damaged the surrounding support areas by destroying the coastal vegetation; disrupting
turtle nesting and even causing the deaths of a part of the population; and causing instability
in the estuary conditions and other physical damage. The efforts of the indigenous people in
the reconstruction of this area are a step in the right direction.

Despite many obstacles faced over the years, the local wisdom of the indigenous people
proves that species conservation based on habitat conservation can be carried out. Even
though habitat restoration is a long process, the concrete steps taken by the indigenous
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people indicate that humans are truly responsible for their environment.

Furthermore, the position of indigenous people as conservationists is need to be
maintained. Indigenous people must be given the opportunity to decide what should be done
to overcome all forms of disturbance in their habitat. NGOs, researchers, and academics
should only monitor the processes and provide input. Indigenous people should not be used
as a tool for fulfilling the work programs of NGOs or governments. In addition, they should
not be used as objects, but rather as partners. They are an important part of the power of
environmental conservation.

Finally, it can be seen that the Moluccan Scrubfowls lay their eggs at these locations
because indigenous people invested a huge amount of effort into the reconstruction of the
egg-laying habitats of these birds. Indigenous people also built breeding sites to protect the
eggs buried by female birds. During these actions, the indigenous people were assisted by
various researchers from local universities, so the breeding sites became a research location.
Specifically, for the Moluccan Scrubfowl egg-laying habitat, the activities carried out by
indigenous people were as follows: making embankments, adding sand to the eroded area,
replanting supporting coastal vegetation, and constructing breeding sites.

The community also made efforts to restore the surrounding support areas that were also
damaged. The activities carried out were as follows: replantation of coral reefs, establishing
turtle breeding sites, creating mangrove nurseries, planting mangroves, setting up nurseries
for other plant species such as cloves and nutmegs, picking up trash along the coast, and
providing early education for children in how to be environmentally conscious.

The results of this study indicated that conservation is an ongoing collaborative effort
involving indigenous people or local communities, i.e. the people who live in the area.
Effective conservation is continuously places habitat restoration as its initial objective, so
that the intended species will be saved.
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Abstract Owls are considered as dominant predators for control of rats and mice population in agricultural fields
and presently their populations are continuously declining in Punjab, Pakistan. The present study was aimed to
assess the knowledge and attitude of people of rural and urban areas about the declining trend of owls. During
this survey, more than 1600 people were asked to collect information regarding the owl populations from six
localities including Faisalabad, Sialkot, Jhang, Lahore and Bahawalnagar. Four parameters were the major part
of the questionnaire: familiarity, misconceptions, awareness about owls and their acceptance as a biological
controlling agent. The results revealed that about 95% of people were familiar with owls in the agro-ecosystem.
Only 15.6% of people thought that owls should be eliminated; 23.0% were of the opinion that owl’s presence
in a locality leads to ruination; 33.3% agreed that the owls presence was a sign of bad omen; 41.8% considered
them as signs of foolishness; 47.0% believed that owl’s body parts were used for black magic purposes. In
contrast, 50% of people acknowledged that owls are beneficial to humans; 60.3% knew that owls are the enemies
of rodents, 67.7% agreed that they are suppressors of rats and mice and 63.8% agreed that artificial nest boxes
can serve as their nests and roosts. It was encouraging to know that 74.8% showed their willingness to enhance
the owl’s population on their farms, and 74.0% were willing to permit the installation of nest boxes in or near
the villages. The study of attitudes of respondents towards owl will help to develop an effective conservation
strategy and to boost owl’s population in croplands for biological control of rats and mice.

Keywords: awareness, biological control, familiarity, misconceptions, owls, survey

Osszefoglalas A baglyokat a mezégazdaségi teriiletek dominans ragadozéiként tartjak szdmon, mint a patka-
len tanulmany célja a vidéki és varosi térségekben ¢lok tudasanak és hozzaallasanak értékelése volt a baglyok
szamanak csokkenésével kapcsolatosan. A felmérés soran tobb mint 1600 embert kértek fel, hogy gytjtsenek
informaciokat a bagolypopulaciokrol hat helységbdl, beleértve Faisalabad, Sialkot, Jhang, Lahore és Bahawal-
nagar telepiiléseket. A kérd6iv f6 részét négy paraméter adta: az ismertség, a tévhitek, a baglyokkal kapcsola-
tos tudatossag, valamint a baglyok bioldgiai szabalyozo szervezetként torténd elfogadasa. Az eredményekbdl
kideriilt, hogy az emberek koriilbeliil 95%-a ismerte a baglyok szerepét az agro-okoszisztémaban. Az embe-
rek csupan 15,6%-a gondolta tgy, hogy a baglyokat el kell tavolitani a teriiletrdl; 23,0%-uk véleménye szerint
a baglyok jelenléte egy telepiilésen annak tonkremeneteléhez vezet; 33,3% egyetértett abban, hogy a baglyok
jelenléte rossz eldjel; 41,8% az ostobasag jeleinek tartotta dket; 47,0% ugy vélte, hogy a baglyok testrésze-
it fekete magia céljara hasznaltak. Ezzel szemben az emberek 50%-a elismerte, hogy a baglyok hasznosak az
ember szamdra; 60,3% tudta, hogy azok a ragcsalok ellenségei, 67,7%-uk egyetértett abban, hogy a baglyok
szabalyozzak a patkanyok és egerek populdcioit, 63,8%-uk pedig abban, hogy a mesterséges kolt6ladak fész-
keldhelyként szolgalhatnak a madarak szamara. Biztato eredmény, hogy a megkérdezettek 74,8%-a hajlando-
sagot mutatott a baglyok szamanak novelésére a gazdasaga teriiletén, 74,0%-uk pedig beleegyezett a kolto-
ladak kihelyezésébe a falvakban vagy azok kozelében. A valaszadok baglyokkal kapcsolatos ismereteinek és
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nak novelésében a mezégazdasagi termelés ala vont teriileteken, ahol ezaltal a patkanyok és egerek allomanya-
nak biologiai kontrollja is megvalosulhat.

Kulcsszavak: tudatossag, bioldgiai kontroll, ismertség, tévhitek, baglyok, felmérés
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Introduction

Biological control involves the suppression of pest population by a natural predator (Tooker
et al. 2020) and can be effectively used for control of invasive species as well as local pest
species. The common biological control agents are used against insects and vertebrate pests
(Rondoni et al. 2020). These should be indigenous predator species since this will reduce the
risk of any ecological disasters and control the pest species in an effective manner (Weeden
et al. 2002).

Owls are the most effective biological controlling agents against insect as well as vertebrate
pests. Among owls, the Barn Owl (Tyto alba) is considered a key factor in reducing the
incidence of Hantavirus, largely transmitted by rodents to humans and livestock. The
feeding habits of Barn Owls are highly influenced by population fluctuations of the common
and water voles, which appeared to be more specialists in the selection of food items. This
shows a highly complex correlation among common and water voles with forest rodents
that favored the permanent establishment of roosts of the Barn Owl in woodland (Bernard
et al. 2010). In South Australia, Barn Owls intermittently predated on a variety of rodents
in the plague-affected area and played a significant role in lowering the rodent populations
and ultimately decreased the incidence of the disease (Janzekovi¢ & Klenovsek 2020). A
large extent of rats and mice population in oil palm plantation in Malaysia was controlled
by Barn Owls. The pellet analysis of this area showed that the diet of Barn Owl composed
of 75% of the House Rat, 15% of insects, and 10% of the unidentified remnants (Puan et al.
2011). The Barn Owl is a generalist predator and significant variations were recorded in its
dietary habits ranging from small to large rodents, with a high proportion of insects among
the cultivated areas in Madagascar (Rasoma & Goodman 2007). Magrini and Facure (2008)
reported House Rats, shrews, House Mouse and Cotton Rats from the regurgitated pellets
of the Barn Owl. This valuable predator is facing threats to its survival in Pakistan because
the local population considers it as the symbol of foolishness and misfortune associated with
witchcraft, magic, birth, death, and weather calamities (Lambert 2008). Santhanakrishnan et
al. (2012) surveyed that respondents from the nomadic tribe “Kuravas” uses owl flesh, liver,
eyes to cure lung and eye-related diseases.

It is estimated that 30% of the crops are globally destroyed by rodents in pre and post-
harvest times (Feldhamer et al. 2007). While in East Africa, Tanzania, the loss of cereal
crops caused by rodents is 15%; to maize at cultivation and seedling is about 40—-80%, while
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in western Kenya, the loss of maize (20%), wheat (34—100%) and barley (34%) is reported
(Makundi et al. 1999). In central Ethiopia, the loss caused by rodents to cereal crops is 26%
(Bekele & Leirs 1997).

Pakistan is an agricultural country where the majority of the rural populations possess
small landholdings. A considerable part of their agricultural produce is lost annually to
vertebrate pests (Beg et al. 2010). Natural control agents viz., the owls have never been
used to minimize the loss caused by rats and mice populations in the country. The main
conviction of using these predators as a natural control agent of rats and mice population
is the belief of people associated with death and demolition. This resulted in the rejection
of owls (Santhanakrishnan et al. 2012). The objective of this research paper is to know
the attitude of people, conservation problems of owls and finally to educate farmers and
students about owls.
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Figure 1. Map of study area showing location of sampling sites in central Punjab, Pakistan
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Materials and Methods

Study sites and survey

The study was conducted in six localities of the Punjab (Pakistan) including Faisalabad
(31°41°80”N, 73°07°90”E), Sialkot (32°29°50”N, 74°32°10”E), Jhang (30°58°33”N,
71°65°00”E), Lahore (31°54°97”N, 74°34’36”E) and Bahawalnagar (29°39°56”N,
71°68°36”E) (Figure 1). A total of 41 sampling sites were selected for the surveys. The
90% of the sampling sites were in rural areas. Most of these areas reside along extensive
canal systems in central Punjab. The province of Punjab comprises of nearly 50% of the
country’s population. Study areas had three major seasons: a hot season usually during the
months of April-June, when the mercury rises as high as 44 °C, a rainy season usually during
the months of July-September, with an average annual rainfall of 46 cm in the plains, and a
mild season during the rest of the year when the temperature decreases as low as 5 °C (Khan
etal 2013).

A questionnaire was developed by following Frary’s guidelines (Frary 1998). The age
distribution of respondents is 19 or below; 20-35; 36 or above in years and education segregation
was below matric; matric; intermediate and above. The following parameters were the part of
questionnaire and asked from target human population in Punjab, Pakistan viz., familiarity
with owls (owl sighting, types of owls, benefits of owls, medicinal value and enchantments),
misconceptions about owls (sign of bad omen, killing of owl, sign of foolishness, causes of
ruination), awareness about owls (rat population control, annual consumption of rats, biological
controlling agent, knowledge about rodent control), management of owls as biological control
agent (installation of nest boxes, location of nest boxes).

All these parameters were analyzed statistically using Chi-square test to calculate deviation
between expected (E) and observed (O) data by using Minitab 16 statistical software.
Calculated deviation was further used to know the probability (Lancaster & Seneta 2005).

Results

Familiarity with owls

Out of the total 1606 people who responded to the questionnaire, 95.0% were familiar with
owls. The overall response of the respondents from the different localities varied significantly
(X*=17.15, D.F.=5, P=0.001). Out of these respondents, the highest percentage was familiar
with Little Spotted Owlet (Athene brama). The species-related variations in awareness
significantly varied from respondents of various regions in the study area (X*=55.37,
D.F.=10, P=0.001). More than 50% of respondents of five cities viz., Faisalabad, Sialkot,
Jhang, Lahore and Bahawalnagar gave a positive response regarding the beneficial role
of owls. However, a small percentage showed ignorance. The response of the respondents
varied significantly among different regions of the study area (X>=4.11, D.F.=10, P=0.001).
There was no clear-cut difference in their perception regarding the beneficial role of
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owls among the respondents of survey. It was found that 47.4% of respondents believed
that bones, blood, etc. of owls have medicinal. The response of the respondents varied
significantly (X*>=160.11, D.F.=10, P=0.001). The respondents from Sialkot and Jhang were
in the greater proportion who believed that owls had medicinal value. More than 50% of
respondents considered that owls were used in black magic. However, a small percentage
of respondents who filled the questionnaire were not in favor of this response. The locality
related variations in response varied significantly (X>=131.40, D.F.=10, P=0.001). There
was little difference in the attitude of the respondents towards the owl’s use in black magic
between localities (Figure 2).
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Misconceptions about owls

More than 45% of the people who responded did not consider as a sign of a bad omen.
However, more than 35% of the respondents were agreed with the opinion that owls are
sign of a bad omen and a very small number of the respondent was ignorant. A significant
variation in response was observed from different localities of the study area (X?>=104.33,
D.F.=10, P=0.001). The respondents from these localities indicated no clear-cut difference
in the perception that the owls were not a sign of bad omen. Only 15.0% of the respondents
thought that the owls should be destroyed because they are ominous and bring bad luck. The
response in different localities was significantly different (X?=45.8.3, D.F.=5, P=0.001).
More than 50% of respondents gave a positive response regarding the presence of owls as a
cause of ruination. However, more than 20% of people were in favor of this argument. The
locality related variations in the opinion of the people varied significantly from area to area
(X*=44.14, D.F=10, P=0.001). Owls are a sign of foolishness; this argument was supported
by more than 40% of people. However, the same percentage was against this notion. The
locality related variations in the people’s response varied significantly from area to area
(X?=53.29, D.F=10, P=0.001) (Figure 3).
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Awareness level of owls

A high percentage of respondents gave a positive response regarding the consumption
of rats by owls while the rest responded negatively. The locality-related variations in the
response of the people were highly significant (X*>= 61.69, D.F.=4, p=0.001). More than
60% of all the people who responded gave a positive response regarding the role of the owls
as suppressors of rats and mice populations. The locality related response with respect to
this point varied significantly (X*=52.71, D.F.=5, P=0.001). The respondents from Jhang,
Sialkot, and Bahawalnagar were better informed than those of the other localities. More
than 50% of respondents gave a positive response regarding the potential of owls to control
rats. The locality-related variations in the responses varied significantly (X*=81.56, D.F.=5,
P=0.001). Respondents from Jhang and Sialkot were more knowledgeable in this respect as
compared to others (Figure 4).

Willingness of respondents to keep owls in cropland

More than 70% of respondents was willing to install boxes in cropland and near to the villages.
The variations in the response were found to be non-significant from area to area (Figure 5).
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Age and education-related knowledge of respondents with owls

Age-related variations among the respondents regarding the familiarity with owls were
not statistically significant. The education-related variations regarding the familiarity
with owls were also non-significant. Familiarity with the owls among the respondents
was highest for Little Spotted Owlet. Variations in the level of awareness were non-
significant for various age groups. Variations in awareness related to the education of the
respondents were highly significant (X?>=17.82, D.F.=4, P=0.001). The respondents with
the lowest education level were best familiar with Eurasian Eagle Owl (Bubo bubo) and
Little Spotted Owlet, whereas those with the highest education level were best familiar
with Barn Owl. Age-related variations regarding the beneficial role of owls were highly
significant (X*>=12.54, D.F.=4, P=0.001). The proportion of the respondents of 35 years in
age or above was somewhat greater than the younger respondents regarding their belief
about the beneficial role of the owl. Responses of the respondents of different education
levels varied significantly (X*=17.67, D.F.=4, P=0.001). The respondents having the lowest
educational qualification were in greater proportions than the others who believe that owls
were beneficial to humans. The age-related variations varied significantly (X*=30.06,
D.F.=4, P=0.001). The proportion of the respondents of older age was greater than those
of the younger people. The response regarding the medicinal importance of the owls
among the people of different educational levels varied significantly (X>=8.71, D.F.=4,
P=0.001). The proportion of respondents having Intermediate or better qualifications
who believed that owls had medicinal value was relatively smaller. More than 50% of
the respondents considered owl’s use in black magic. The age-related variations varied
significantly (X*=19.73, D.F.=4, P=0.001). The proportion of older respondents than
younger ones who believed that owls were used in black magic was greater. Education
had a significant impact on the attitude of the people towards the owls. The opinion of
the people of different education level varied significantly (X*=16.97, D.F.=4, P=0.001).
The proportion of respondents of below matric qualification was greater than the other
educational levels who believed that owls were used in black magic (Figure 6).



74 ORNIS HUNGARICA 2021. 29(1)

a B b
120 1 80
100 o
- ] 60
E ] 2
Z 80 4 g
g ] E 50
3
g 1 g ml
2 ] 2
S 60 '; 40
@ @
g - H
H 4 m3 g 30
S 40 - 2
5 7] E
a 1 20
20 -
0 10
0 (i1 Mm 0
Negative Positive Negative Positive G R Abramaw Bt ARl LA,
Age- Wise Education-wise QB Wi R it

Familiar with different owl species

' I .1

Positive Negallve No Positive Neganve
Response Response

Familiar with owls

ml

2

m3
0 H

Positive Negative No ‘Posmve Negative No
Response ‘ Response

n
=
=
Q.
©
S

o
=}
~
=)

2]

=}
°N
S

'S

o
o
S

w
=]

w

S

Percentage of respondants
Percentage of respondants
-

o

— N
1) =3
_ )
o S

o

Age- Wise Education-wise

Ae=Wise Educainirwiss Use of Owls in enchantment

Medicinal value of owls

Figure 6. a-d Age and education related knowledge of respondents with owls. 1=19 or below: below
metric; 2= 20-35: Matric; 3= 36 or above: intermediate or above

6.a-ddbra A baglyokkal kapcsolatban kérdezett vélaszaddk kor és iskoldzottsag szerinti szazalékos
megoszlasa tudasuk tekintetében

Age and education-related misconceptions about owls

The proportion of the respondents of 19 years in age or less were greater than the older
respondents regarding their belief that owls were a sign of bad omen. The age-related
variations in the perception of the people for the owls were significantly different (X?>=14.36,
D.F=4, P=0.001). The respondents having educational qualification up to intermediate or
above were in greater proportion than the others who considered the owls as not a sign of bad
omen. More than 76% of respondents of various age-related categories were against killing
of owls. The variations in their belief that owls should be destroyed because they brought
misfortune were highly significant (X*=10.72, D.F.=2, P=0.001). More than 80% of the people
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with different educational background was not agreed to destroy owls on misfortune ground.
Age-related variations in the belief of the people that owls should be destroyed because
they brought misfortune were highly significant (X*=21.49, D.F. =4, P=0.001). Some of the
respondents were of opinion that the presence of owls can cause ruination. However, more
than 50% of people responded negatively and the rest expressed no opinion. The age-related
variations in the opinion of the people concerning this point were not significant. Education
had a significant impact on the attitude of the people towards the owls. The variations in the
opinion of the people of different educational backgrounds varied significantly (X*=11.77,
D.F=4, P=0.001). The age-related variations were found to be statistically non-significant.
The proportion of respondents having intermediate or better educational qualifications who
believed that owls were the cause of ruination was relatively smaller. More than 40% of the
respondents considered owls as a sign of foolishness. The variations in the Education-related
perceptions were not statistically significant (Figure 7).
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Age and education-related awareness level of owls

More than 60% of the respondents had the opinion that the owls consumed rats, while the
rest denied this idea. The respondents of younger ages were better informed than older
people. This variation was found to be highly significant (X>=30.07, D.F.=2, P=0.001). The
awareness regarding the consumption of rats by the owls among the people of different
education levels varied significantly (X?=41.4, D.F.=2, P=0.001). People with the lowest
level of education exhibited better awareness than those having better education backgrounds.
Age-related responses varied significantly (X?>=6.03, D.F.=2, P=0.001). The respondents of
19 years or below gave the best positive response. The response levels regarding the use
of nest boxes for nesting and roosting purposes varied significantly among the people with
different levels of education (X*=38.07, D.F.=2, P=0.001). People with lower educational
backgrounds gave better positive responses. The younger respondents outnumbered the older
people regarding their knowledge about the suppressing role of the owls for the rodent’s
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population. The age-related variations were highly significant (X?>=17.55, D.F.=2, P=0.001).
Respondents with the least education were better informed about the anti-rodent role of
the owls (Figure 7). The education-related variations were found to be highly significant
(X*=22.91, D.F.=2, P=0.001). The respondents those belonging to the younger and older age
categories were better aware than the intermediate age category. The age-related variations
in the awareness about the intensity of owl predation on rodents were significant (X*=32.2.4,
D.F.=2, P=0.001). The respondents having the lowest educational background were better
informed about the degree of intensity of the owl predation on rats and mice. The age-related
variations in this respect were significant (X>=36.37, D.F.=2, P=0.001) (Figure §8).

Age and education-based willingness of respondents to keep owls in cropland

Variations in the age-related positive responses regarding keeping the owls in the croplands
among the respondents varied from 74.0% to 79.0%. These variations were found to be
non-significant. Education had a s