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ABSTRACT

Pigeons (Order Columbiformes) are found worldwidel @re known to be originated
from Europe, North Africa and Asia. Feral pigeons Bound almost everywhere except
the Sahara desert, Antarctica and high Arctic. phesent study was conducted to
evaluate the general prevalence, specific prevalensompare area-wise prevalence,
infection-wise prevalence and identification of gamtestinal parasites of feral pigeons
in two temples viz. Pashupatinath temple and Kaslemple of Kathmandu valley,
Nepal. Total 120 fecal samples were collected Iyoapinistic random sampling method
on 229 and 2% April, 2016 A.D. to determine the gastrointestiparasites of feral
temple pigeons. The qualitative examination of lfesamples was done by direct
microscopic examination, flotation technique andlimentation technique whereas
Microsoft Excel 2007 and “R” version 3.3.1 softwai@ckage was used for data analysis.
Out of total 120 fecal samples examined, 109 feeahples were positive with overall
prevalence of 90.83%. Total of six Gl parasitesenidentified that includes one genera
of protozoa:Eimeria sp. 52 (43.34%) and five genera of helminth€apillaria sp. 62
(51.67%) followed byAscaridia sp. 33 (27.50%)Heterakis sp. 23 (19.17%)Syngamus
sp. five (4.17%) andetrameres sp. two (1.70%). The prevalence rate of helmintt@3
(83.34%) was higher than prevalence rate of pratoz@arasites 52 (43.34%).
Statistically, the difference in prevalence of higlithes and protozoan parasites were
found to be significanty=15.14, P<0.05). The infection rate in two studyas,
Pashupatinath temple and Krishna temple was found(%%) and 52 (86.67%)
respectively. Statistically, the difference in paance of Gl parasitic infection among
study area was found to be insignificag#=0.24, P>0.05). Mixed infection was more
common 61 (50.84%) than single infection 48 (40S4atistically, the differences in the
prevalence of single and mixed infections were tbua be insignificant ¢ =1.56,
P>0.05). Among multiple infections, double infectichowed the highest rate 53
(86.88%) than the multiple infection 8 (13.12%})Mis study. The current study revealed
heavy infection in feral pigeons at two temple&athmandu valley. The study indicated
that feral pigeons are highly susceptible to Glapaes. Therefore, sustainable action
should be designed and implemented to control #rasitic infection and reduce the
health hazards of feral temple pigeons.



1. INTRODUCTION

1.1Background

Pigeons (Order Columbiformes) are worldwide figa¢ species which are found since
ancient time (BC. 3000-5000) and are known to hgiraated from Europe, North Africa
and Asia (Saret al., 2008). Feral pigeons are found almost everywbecept the Sahara
desert, Antarctica and high Arctic. They have aéagb life in urban, suburban and
rural environment and have close communicatath humans and are most widely
distributed among hoppy in the world, in some cdeatpigeon are used for human food,
hobby, experimental purpose, cultural and religimysmbol as well as ornamental
purposes, also feral pigeons are used as a bicaitedi of chemical pollution (kleiet
al.,2008 , Namet al., 2004).Columba livia are descended from wild rock Pigeons that
live in Mediterranean Europe (Adang, 1999). Commmames ofColumba livia are
pigeon, dove, blue rock pigeon, rock dove, wildkrpogeon, rock pigeon, feral pigeon.
About 100 different breeds and varieties are deedrin more or less detail by Levi in his
comprehensive reference work on the Pigeon (Le969)L In Nepal, six species of
Columba are recorded:Golumba livia Gmelin, 1789) (Columba rupestris Pallas, 1811)
(Columba leuconata Vigors, 1831),(Columba palumbus Linnaeus, 1758)(Columba
hodgsonii Vigors, 1832) andColumba pulchricollis Blyth, 1846) (BCN and DNPWC,
2016).

1.2 Characteristics of pigeon

Adult of the nominate species of the feral pigeagight about 369 gm, 32-37 cm long
and have 64-72 cm wingspan. Pigeons have darkhbiesy head, neck and chest with
glossy greenish and reddish-purple iridescence narahe neck and wing feathers,
Orange or red iris with pale inner ring in adulttdown or grayish brown in juveniles.
These pigeons consist of black bill with off-whdere, red feet and legs, distinctive twin
black wing bars and white lower back feathers (PCEID9).

1.3 Population Status

The global population is estimated to number c@®80,000 individuals (BirdLife
International 2016). This species has an extrenige range, and hence does not
approach the thresholds for Vulnerable under thegeasize criterion (Extent of
Occurrence <20,000 Kcombined with a declining or fluctuating rangeesihabitat
extent, or population size and a small number chtions or severe fragmentation).
Despite the fact that the population trend appéarse decreasing, the decline is not
believed to be sufficiently rapid to approach theesholds for Vulnerable under the
population trend criterion. The population sizeeidremely large, and hence does not
approach the thresholds for Vulnerable under thpujation size criterion (<10,000
mature individuals with a continuing decline estiethto be >10% in ten years or three
generations, or with a specified population strrgtuFor these reasons the species is
evaluated as LCT'he population size is suspected to be decreasungdo interbreeding
with domestic form; declines have been recordddrael (Baptistat al. 1997).



1.4 Ecology and behavior

Pigeons breed all year round with peak breeding@giin spring and summer (Williams
and Corrigan, 1994). They breed well for at least to six years and will continue to
reproduce, but less regularly into an old age obdéore years. All columbiformes are
monogamous. Wild birds breed on coastal cliffs soshe inland cliffs. Feral birds breed
on or in buildings, usually in urban areas. Flimsgst are built on rocky shelf or
accessible ledge on a building or in the roof voica building. Female lays one or two
white eggs that are incubated by both parents7et9days. The squab has yellow down
and a pink bill. Squabs are fed on ‘crop milk’ bgtlb parents. Fledging period is
approximately 30 days depending on time of yeae yi¢ung leave the nest at four to six
weeks of age. More eggs are laid before the fitdtle leaves the nest. Young pigeons
reach sexual maturity by six to seven months (Holda, 1954; Levi, 1969; Sturtevant
and Hollander, 1978; Kendall and Scanlon, 1981)papulation of pigeons usually
consists of equal numbers of males and females.axpectancy of pigeon varies greatly
from 3-5 years through to 15 years dependent onynfantors, including natural
predation and human interference. In captivitygpigs commonly live up to 15 years and
sometimes longer (Williams and Corrigan, 1994).

Seeds and grains are the major component of diepifieons. Some ground feeding
species (granivoros species) eat fruit and takecissand worms. One species, the Atoll
Fruit Dove, has adapted to taking insects and srepliles. The feral pigeon found in
urban areas exists exclusively on a diet of seedn{ally from human sources) and
human refuse, such as fast food waste providethén intentionally or unintentionally
by people (Williams and Corrigan, 1994). Wood pigedhave a varied diet which
includes vegetables and berries. Food consumpsiombout one-tenth of the pigeon's
body weight and will range from 20-100 gm dailypdeding on the strain (Sturtevant
and Hollander, 1978). Pigeon consumes 36-60 mlatémdaily (Clarksomt al., 1963).

Pigeons can fly at altitudes of 6000 feet or mdrav&rage speeds of up to 77.6 mph but
have been recorded flying at 92.5 mph. Pigeondflgdmetween 600 and 700 miles in a

single day, with the longest recorded flight in tfth century taking 55 days between
Africa and England and covering 7000 miles. Pigemmesthought to navigate by sensing
the earth’s magnetic field and using the sun foedion. Other theories include the use
of roads and even low frequency seismic wavesnib tlheir way home. Pigeons (and all

the columbidae family) drink by sucking water arging their beaks like straws. Most

birds sip water and then throw their head backmallsw (PCRC, 2009).

Pigeons may be raised under wide seasonal rangesnpkerature, humidity, light, and
barometric pressure, if kept in flypens. For cageded birds, temperature should be held
between 10°-24°C (50°-57°F) with RH of 30%. A 12ihdight, 12 hour dark diurnal
cycle is commonly provided, although 14 hours lightl enhance breeding activity
(Sturtevant and Hollander, 1978). Pigeons lay ssige clutches of two eggs at five



week intervals and raise 10-22 young per annum evti&rto 16 is considered a good
commercial production (Levi, 1969; Kendall and Soan 1981; Hollander, 1954;
Sturtevant and Hollander, 1978).

1.5 Pigeon, human and parasitesin nature

Pigeons have widely colonized most of the worldludng five continents and
extremely isolated islands, facilitated by thegthidispersal ability (Pereir al. 2007),
most important difference between urban and lesdifftad or wild ecosystems is the
major role humans play. Beyond being the dominabam species, people influence
species composition and abundance by killing pestd,feeding and protecting popular
species, particularly birds (Tangley, 1986). Irdiestudies have indicated that up to 57%
of people may feed wildlife (Rollinsogt al., 2003), which can influence population size.
Feral pigeons have a long history of humaddhife conflict, which includes
unwanted noise to urban residents (Jerolmack, 2@88)damage feral pigeons cause to
buildings and other surfaces from nesting and fg&scchiet al., 2002), and the
potential of feral pigeons to spread human diseafdaag-Wackernagel and Moch,
2004). An individual pigeon produces around 12 Kgexcrement per year that fouls
breeding areas, building faces, monuments, paveareamd other public areas (Haag-
Wackernagel and Geigenfeind, 2008). Feral pigéankor at least 110 different human
pathogens, but there has been limited evileoic actual human infection with only
230 recorded human infections worldwide (Haag-Watkgel and Moch, 2004). For
example, pigeons can carry or transmmtephalitis, histoplasmosis, newcastle
disease, pigeon ornithosis, cryptococcosipigeon coccidiosis, toxoplasmosis,
pseudo-tuberculosis and salmonella food pompn{Rehman, 1993; Opara al,
2012). And also, pigeons can carry fleasksti mites and other parasites (Balicka-
Ramiszet al., 2007; Rehman, 1993).While others view pigeasiomplementary to
city life and enjoy feeding and interacting pigedqdshnston and Janiga, 1995). Those
who enjoy pigeons in cities are likely to hold stgoopinions against control leading to
human-wildlife conflict.

1.6 Parasitic infections of feral pigeons

There are well documented data on parasitesrence of wild and domestic
pigeons from different part of the world thendicate wide range of helminthes,
protozoa and arthropods infection (Olsen @&mdun, 1980; Begumand Sheikh, 1987;
Bernard and Blesemans, 1987). The gastro-intestraats of pigeons harbor a wide
variety of helminthes, of which nematodes are thesthdeleterious parasites and are
responsible for clinical and sub-clinicglarasitism. Earlier study on feral pigeons
shows that large roundwormscaridia sp., cecal wormdHeterakis gallinarum, hair
worms Capillaria obsignata, crop worms Capillaria contorta and C. annulata, tape
worms Raillietina cesticillus, gapewormsSyngamus trachea and coccidians such as
Eimeria sp. Isospora sp. are recorded from their fecal examinationsh(Bai et al.,
2013). Columba livia is associated with human habitation, often ocaugpyand soiling
premises where people work and live (Adang, 19B&)eons may be infected with many
parasites, some of which are pathogenic to humamar{, 1986). Free-range scavenging
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birds are in direct contact with parasite vectews| and feces. On the other hand, lack of
hygiene, direct contact with humans, and the playsovironment (rainfall, humidity and
ambient temperature) provides optimum conditions&ntain parasite populations. The
probability of disease transmission is influenced rhany factors, such as time of
infection, latent period, stability of the agent emh exposed to the environment,
population density, animal handling, virulence amgte of infection (Alvest al., 2008).
Intermediate hosts of parasites easily infect@bkimba livia via their diet. Parasites are
the etiological agents of most diseases of cage aary birds. The high parasitic
infection means an indication of poor managemedtcamtrol efforts in either the animal
or in the immediate environment where infectionr@iinfection (directly or indirectly)
may emanate. Both sexes of pigeons are equaligkabdf being infected by the parasites
and as carriers of pathogenic organisms, some ahwhight be zoonotic (Opaet al.,
2012). The effects of parasitism on birds are ofievere, including retarded growth, low
egg production and susceptibility to other infeetioDranzoaet al., 1999). Parasites
often have short life-cycles. This gives them aacaty to change in genetic composition
between generations and hosts need ability to nesgiiese changes (Lindstrom, 2000).
Feral pigeons have been identified with mycoticctbaal, protozoal, chlamydial,
rickettsial and parasitic diseases as well as desizahave been identified from the
transmission of pigeons to humans (Weber, 1979).

1.7 Resear ch questions

% Are the feral pigeonsQolumba livia) at two different temples of Kathmandu valley
infected with gastrointestinal parasites?

s If yes, what is the prevalence of gastrointestpeaiasites of feral pigeor{€olumba
livia) at two different temples of Kathmandu valley?

« What is the prevalence of helminth and protozoaragies within gastrointestinal
parasites?

« What is the prevalence of single and mixed infediof different gastrointestinal
parasites?

1.8 Objectives

1.8.1 General objective
« To identify the gastrointestinal parasites found famal pigeons(Columba livia
Gmelin, 1789) at two different temples of Kathmandiley.

1.8.2 Specific objectives

s To determine the general prevalence of gastroinwsparasites of feral pigeons
(Columba livia) at two different temples of Kathmandu valley.

% To determine the prevalence of helminth and praiozmarasites.

« To determine the prevalence of single and mixedecindns of different
gastrointestinal parasites.



1.9 Judtification of the study

Feral pigeons are not harmless birds (Weber 198y potential infections of human
silently exist in pigeons which are not apgpdér They have the potential for
transmission of over 30 diseases to humdaos pnother ten to domestic animals
(Weber 1979). Information about pigeon borne diesad zoonotic parasites is limited
and insufficient to the public and pigeon breedebs. global context there is much
information written about the problem, butrémains primarily in the professional
journals and technical references, neatly ksthcaway on library shelves. The
objective of this paper is to provide a briaccount of the major parasites
prevalent in feral pigeons. Few studies have beamied regarding the parasitic
infections of pigeon in Nepal, if compared to otmations. Fecal examinations were
conducted to identify the prevalence of intestpedasites (helminthes and protozoans) of
Columba livia at two temples of Kathmandu valley as well as Isingnd multiple
infections of parasites. This study will reveal theevalence of Gl parasites in feral
pigeons at two temples of Kathmandu valley as aeglupdate the previous findings on
Gl parasites of pigeons. This study will also ceegpportunity for the further study.



2. LITERATURE REVIEW

The presence of parasites in birds and other asimdhe rule, rather than the exception
(Cole et al., 1999). Hundreds of parasite species have beeifidd from free ranging
wild birds; however, the presence of parasites admtsnecessarily equate with disease.
Most of the parasites identified from wild birdsusa no clinical disease. Others cause
varying levels of disease, including death in thestrsevere cases. The pathogenicity or
the ability to cause disease, of different specfgsarasites varies with the species of host
invaded (infected or infested), the number or bardgparasites in or on the host, and
internal factors impacting host response. For gtanwhen birds are in poor nutritional
condition, have concurrent infections from othesedise agents (including other species
of parasites), or are subject to other types @sstrsome parasites that do not normally
cause disease do cause disease. Lethal infectiapsesult from parasites that generally
only cause mild disease (Cokt al., 1999). Pigeons may be infected with many
organisms some of which are pathogenic to humansiiMt al., 2000). Especially wild
pigeons could spread the zoonoses and parasifgsople or other birds because they
can fly long distances (Piasecki, 2006). They dienahe cause of discomfort due to the
accumulation of their droppings. Considering thi$s of research work has been carried
out on endoparasites of domestic as well as wittfaral pigeons. In case of feral temple
pigeons, a very little research work has been edraut regarding parasitic infection.
Feral temple pigeons can be infected by differeatagites including protozoan,
trematodes, cestodes and nematodes. Here, sore iofiportant published work related
with the present work has been reviewed.

2.1 In global context

The cestode species present in feral pigeon$hessaloniki; Northern Greece were
recorded (Diakou, 2013). A total of 136 adidral pigeons were necropsied and
the cestodes recovered were preserved for ideiidn using morphological keys. 96
(70.58%) of them were found to be infectedhwdestode parasites; which were
identified to beRaillietina spp.: 84 (61.76%) were infected witR echinobothrida;

20 (14.7%) withR. cesticillusand 8 (5.88 %) withR. tetragona. Single infection was
recorded in 80 birds (83.3% of the infectgapulation); while a significantly lower
number; i.e. 16 birds (16.7 %) had a mixeteation with R. echinobothrida andR.
cesticillus.

Parasani and Momin (2010). Qualitative fecal exatiom of 30 samples of pigeons

revealed 27 samples (90%) with parasitic infectédmong them nematode, cestode and
coccidian infection was 88.88%, 26.92% and 74.08%pectively in Gujarat State of

India.

Routine examination within three to four montherfieath of 609 band tailed pigeons
(Columba fasciata fasciata Say, 1822) in Colorado was performed. They revethed
12.50% harbored helminthes that includes two speafecestodes and four species of



nematodesHymenolepsis armata, Raillietina sp, Ascaridia columbae, Splendido filaria
colubensis, S. hibleri and Chandlerella robinsoni were helminthes found in pigeons
above nine months of age whereas absent in piggaunsger than nine months of age
(Olsen and Braun, 1980). Similar prevalence ra8&5®%) of helminthes that includes
cestodes only were found while studying the edastrointestinal and hemoparasites of
live pigeons Columba livia) in Kampala, Uganda by using direct smdkratation and
sedimentation tests. The identification of cestodes not possible (Dranzos al.,
1999).

Adang et al. (2008) humanely killed dissected and necropsie@ €élumba livia
domestica in Zaria area, Nigeria. Among which 48.30% wereatéd by nine species of
helminthes, comprising six species of cestodes tanee species of nematodes. The
higher prevalence of cestodeRaillietina tetragona) was recorded whereas single
infection (37.50%) was more common than double (18f4 triple infections (0.83%).

Adang et al. (2009) conveyed speckled pigeons as a probablaitdef host of some
ectoparasites and helminthes. A total of 30 (20esaind 10 females) speckled pigeons
were trapped from the wild in Zaria, Nigeria and t&ict of each bird were tested. The
prevalence rate of helminth infections was foundb& 56.70% represented by four
species of cestodes comprisiftgillietina tetragona, (3.30%), Raillietina cesticillus
(26.70%), Amoebotaenia cuneata (13.30%) andHymenolepis carioca (13.3%). Single
infection was the only infection type observed.

Balicka-Ramisz and Bogumila (2014) examined a totaB30 fecal samples with two
methods: Willis-Schlaaf’'s (qualitative) and McMa&te(quantitative).Three species of
protozoa were isolatedEimeria labbeana, E. columbarum, E. columbae and the
infections were mixed. The occurrence Eflabbeana was most commonly reported,
which was shown, depending on the pigeon loft &edage of the birds, in 89-93% of
young pigeons and in 63-55% of adults. The spdtieslumbarum and E. columbae
were found less frequently.

Msoffe et al. (2010) found prevalence rate (79.50%) of Gl hethes in domestic
pigeons of Morogoro Municipality, Tanzania by thespmortem examination. The three
subfamilies represented two cestodes and one ndeatchereas no trematodes were
found. Three species of helmintheaillietina tetragona (6%), Raillietina echinobothrida
(63%) andAscaridia galli (15.50%) were identified. Nestlings appeared to ldss
susceptible to Gl cestodes but more susceptibienmatodes compared with adults.

Gl nematodes were highly prevalent among pigedddu(mbia livia domestica) in
Albania (Bizhgaet al., 2013). The average parasitic burden was 76 pgggram feces,
with significant variations at the values of 48-126gs per gram fece€apillaria spp.
was ranked as the second nematode in terms ofisti@bdtion among pigeons. The
burden for capillarids was 26 eggs per gram feat$, variations of 12-36. The genus
found according to the prevalence and parasitiddmurincludedAscaridia columbae,



Capillaria spp. Ascaridia galli and Heterakis gallinarum in a small number and in
restricted values and areas.

Radfaret al. (2012) performed same examination method foritisegurvey to determine
the prevalence and intensity of parasites among-riage backyard chicken and
domestic pigeoriColumba livia domestica) in Sistan region. Out of 46 domestic pigeon,
39 (84.78%) were infected with parasites. They tbs@ven species of parasites including
two species of nematodes, two species of cestauktheee species of ectoparasites. The
parasites werdscaridia colombae (15.21 %),Hadjelia truncata (17.39 %),Raillietina
tetragona (26.08%), Raillietina echinobothrida (28.26%), Argas reflexus (13.04%),
Menopen gallinae (32.60%) andColumbicola Columba (41.30%).

Omeret al. (2015) detected the external and internal passind its association with

intestinal pathological changes in wild pigeonsSaimel region-Duhok Governorate.

Samples of skin (plumage), intestinal contents iatestinal tissue were taken from 100
adult pigeons from March to August 2012 for detactiof parasites and for histo-

pathological examination. Results showed that 4% pigeons feather samples were
found positive for external parasit€3o(umbicola columbae), 22 (22%) of fecal samples

were found positive for internal parasiteRai(lietina tetragona), whereas no trematode

and nematode were found. A total of 19 (19%hected pigeons were appeared
pathological changes in intestine, which waranifested by mild catarrhal

inflammation and excessive mucoid masses.

Bahramiet al. (2013) indicated that young pigeons could be nsoseeptible to parasitic
infection as compared to above two years old Hiuatsthese parasites did not cause any
visible deleterious effects in the blood parametéhss could be due to immune response
of the pigeons to parasitic infections. Out of X#mples, 79.20% were positive and
19.19% were carrying multiple infections when exagai through direct smear method.
The parasites that have been identified in thiglystconsistRaillietina sp. (24.24%),
Capillaria (14.14%),Tetrameres (8.08%),Ascaridia (4.04%),Syngamus (9.09%), Oocyst
protozoa (7.07%)Phthiraptera (8.08%),Ceratophyllus columbae (6.06%).

Radfaret al. (2011) surveyed parasites by postmortem examinatfol02 domestic
pigeons Columba livia domestica) in a selected semiarid zone of South Khorasan,
Iran. They found 42.15% prevalence of helminthesluding two species of
nematodesAscaridia colombae (16.66%) andHadjelia truncate (1.96%), while 3 species
of cestodes,Cotugnia digonopora (13.79%), Raillietina magninumida (18.62%) and
Raillietina achinobothridia (32.35%).

Borji et al. (2012) examined 300 domestic pigeo@sl(mba livia) by same method in
Mashhad, Iran region. Among which 21.60% and 15.3@8e infected with nematodes
and cestodes respectively whereas no trematodes faxend. The overall prevalence of
helminthes recorded was 36.90%. Nematodes found Asearidia columbae (20.37%),
Capillaria bursata (3.70%),Capillaria caudinfillata (1.85%), Eulimdana clava (2.70%),
Gongylonema spp. (0.90) and cestodes wethoanotaenia infundibulum (11.11%) and
Raillietina echinobothrida (6.48%).



Begum and Sehrin (2012) examined the separated pathe alimentary canal of the
pigeons taken in 0.85% normal saline solution tibecb helminthes parasites in pigeon
(Columba livia). They found all the birds infected by eleven specof helminthes
parasites. Among which, four species of trematanad wereEchinostoma revolutum
(15%), E. trivolvus (5%), Patagifer bilobus (5%), Ehinoparyphium recurvatum (8.33%)
whereas six species of cestoda found wéymenolepis columbae (63.33%),Raillietina
echinobothrida (100%),R. bonini (43.33%),R. cesticillus (100%),Cotugnia celebesensis
(68.33%), C. cuneata (100%) and one species of nematode found Wssaridia
columbae (28.33%). In autumn season highest intensity afatibn was found.

Radfaret al. (2011) found 43.13% of protozoan parasites bympostem examination of
102 domestic pigeon<plumba livia domestica) in a selected semiarid zone of South
Khorasan, Iran.Eimeria sp. (40.19%) andCryptospordium oocyst (2.94%) were
identified.

Nagwaet al. (2013) used direct microscopic examination andceaotration floatation
technique. The seasonal dynamic revealed thatigtest incidence oEimeria sp. and
Cryptosporidium in pigeons from Gharbia, governarate was in witi&% and 3.6%)
respectively whereas the lowest rate of protozgageons was in spring (20.4 and 2.6%)
respectively.

Patelet al. (2000) found 53.57% positive for parasitic infeati out of 106 fecal samples
of pigeon by using sedimentation technique in thbotatory. Ascaridia sp. and
Capillaria sp. were helminth found with 20.75% and 13.20% ee8ipely whereas
17.92% ofEimeria sp. was only protozoan found. The samples weleated from a zoo
of Gujarat, India.

Sariet al. (2008) found similar prevalence rate of parasiégk 46.12% when examined
251 fecal sample of pigeons (136 domestic pigearss HLS5 wild ones) in Turkey,
through the centrifugal floatation and modified cafast staining methods. Coccidia
oocysts were detected 59.60% in domestic pigeoctd8@#0% in wild pigeons. Helminth
eggs detected were 23.50% in domestic pigeons 808adin wild pigeons. The helminth
species identified wereCapillaria sp. (19.90%),Ascaridia columbae (5.10%) and
Heterakis sp. (3.70%) in domestic Pigeons wher€agillaria sp. (4.30%) an®yngamus
sp. (1.70%) in wild pigeons.

Oparaet al. (2012) examined fecal samples of 150 street pigdGolumba livia) in
Owerri, Imo State, Nigeria and also found simil& (46.70%) prevalence rate of Gl
parasites. Four Gl parasites were identified witihchomonas sp. giving the highest
prevalence rate (42%), followed BEymeria sp. (28%) whereas Coccidians akataridia
sp. returned the least with each having the precaleate of 14%.

Marqueset al. (2007) found 74.14% prevalence rate of Gl paraditeurban areas of
Lages, Southern Brazil. Protozoa (100% Ebmeria sp.) were detected and nematodes



(Ascaridia sp. andCapillaria sp.) 32.56% were detected among positive case. The
multiple parasite infection was 20.93%.

Ghoshet al. (2014) also revealed similar prevalence rate (780431 parasitic infection
in Chittagong metropolitan area, Bangladesh usingectl smear, floatation and
sedimentation techniques. They found six differgpe¢cies of parasites, among which
highest prevalence was recorded Ascaridia galli (35%) followed byCapillaria sp.
(22%), Heterakis gallinarum (13%), Eimeria sp. (11%), Raillientina sp. (6%) and
Syngamus trachea (3%).

Similarly, same methods were used in Y S R Kadagiaict of Andhra Pradesh in India
(Sivajothi and Sudhakara, 2015). They found 72.76%he birds harbored parasites
including Ascaridia colombae (33.30%), Eimeria sp. (31%), Capillaria colombae
(17.40%) andRaillietina (9%). Eimeria sp. was found to be higher in squabs than
compare with adults.

Al-Barwari and Saeed (2012) found 100% parasitfedtion in pigeons of Erbil Iraq
when examined blood samples, ectoparasites ancratmy canal. Examination of the
alimentary canal o€olumba livia was done for protozoans and helminthes parasity Th
found four protozoan specieBimeria labbeana, Trichomonas gallinae, Haemoproteus
columbae and Plasmodium sp. whereas eight cestoda species, four of eatieajenera
Cotugnia and Raillietina and four nematoda specieAscaridia columbae, A. galli,
Capillaria obsignata and Synhimantus spiralis.

Mushi et al. (2000) observedscaridia columbae (30%) andDispharynx spiralis (10%),
Raillietina sp. (80%) and coccidian oocysts (40%) by isolatiggstive tract of pigeon
from Sebele Gaborone, Botswana.

Tanveeret al. (2011) studied the prevalence of gastroimtestnematodes in 143 (80
male and 63 female) domestic pigeons in LahBekistan. Fecal samples were
collected to determine the gastrointestinal a®aes of domestic pigeons through
gualitative and quantitative fecal examinationse Dwverall prevalence of gastrointestinal
nematodes was 40.5% (58/143) in domestic pigedaogkewise, the prevalence of
gastrointestinal nematodes in males and females found 41.3% (33/58) and
39.7% (25/58) respectively. The overall prevaleoic€apillaria obsignata andAscaridia
columbae was found to be 67.2% and 32.8%, respectively. prevalence of C.
obsignata and A. columbae in males was 72.7% (24/33) and 27.8% (9/388) in
females was 60% (15/25) and 40% (10/25),aetsgely.

Natalaet al. (2009) also used similar method for examinatiorsahples and observed
Eimeria sp. (49.20%)Haemoproteus columbae (15.60%), Leucocytosoon sp. (6.40%)
and Plasmodium relicyum (0.80%) protozoan parasites wherdzallietina tetragona
(4.90%), Raillietina cesticillus (3%), Raillietina echinobothrida (7.60%), Ascaridia
columbae (1.20%), Ascaridia galli (1.20%) andCapillaria anatis (0.80%) were the
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helminthes seen. The presence of these parasitescovesidered to pose a danger to
achieving the full potentials of the up-coming mgearbecue business in Zaria.

Similarly, Echinostoma revolutum (25%), Raillietina echinobothrida (50%) andCotugnia
cuneata (25%) were observed by same method in the ParagitolLaboratory,
Department of Zoology, University of Dhaka (Mwtal., 2011).

Ledwon et al. (2016) diagnosed only two known cases of flukeagions in racing
pigeons Columba livia) originating from different regions of Poland ovkyears. In both
cases, the invasion was characterized by a vetyrigrtality (approximately 70%), and
the source of the infestation was snails of the hyeidae family eaten by pigeons. Fluke
invasions in pigeons are extremely rare. Using owée biology techniques, infestation
with the flukeEchinostoma revolutum was determined in the second case.

Eljadaret al. (2012) determined endo-parasites in green mauméggion of Libya from
free range pigeons. Fecal and blood samples wdtectmml from different pigeons
species and evaluated for the presence of gadstimil parasites and heamoparasites.
Protozoa (90% foEimeria spp. and 1% foHaemoproteus spp.) and nematodes (20% for
Capillaria spp. and 10% foHeterakis spp.) were detected in number of the cases,
whereas 5% of the fecal samples were infected bWipteuparasites. The presence of
coccidian oocysts was revealed in the most of feaaiples.

2.2. In context of Nepal

Scanty study has been carried out in context ofaNépsing dissection method, Meggitt,
1924 recordedraillietina torquata from Kathmandu whereas (Sharma, 1943) recorded
Raillietina kantipura, Raillietina nagpurensis and Raillietina nripendra from Kathmandu.

Similarly, Hymenosphenacanthus macracanthus was reported from Kathmandu (Sharma,
1943).

Helminth parasiteapillaria sp. (31.67%)Ascaridia sp. (21.66%),Echinostoma sp.
(7.50%), Syngamus sp. (5.83%)Hymenolepis sp. (3.33%),Heterakis sp. (2.50%) and
(19.16%) of coccidians were observed by fecal eration of temple pigeons at Pokhara
Valley (Gurung, 2016).
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3. MATERIALSAND METHODS

3.1 Study area

The Kathmandu Valley is a region of 230 sq. mi&80(sqg. km.) in the Bagmati zone in
central Nepal. The valley consists of three fabsiloities of great historic and cultural
interest. These legendry cities go by the name¥athmandu, Lalitpur or Patan and
Bhaktapur as well as 100 of smaller towns and gélta The valley, roughly oval bowl
measuring 24 km east-west and 19 km north-soutlenarcled by a range of green
terraced hills. It's central lower part stands @25 m (4,675 ft) above sea level. It lies on
the geographical coordinates of 27°42’ 14” nortitdde and 85°18’32” east longitude.
Kathmandu valley is not only surrounded by the ratbeauty but also rich from the
historical view. Here we can find many historicaleated temples reflecting the ancient
periods of Nepal which has become the habitatgegns too. Sample collection areas of
the present study are:

A. Pashupatinath Temple B. Krishna Temple

A. Pashupatinath Temple

The Pashupatinath temple is a famous, sacred Hamdple dedicated to Pashupatinath
and is located on the banks of the Bagmati riviee, km north-east of Kathmandu Valley
in the eastern outskirts of Kathmandu, the capitaNepal. It is at the elevation of 4,324
ft. from the sea level and lies at the geographicairdinates of 27.71076 north latitude
and 85.34851 east longitude. Pashupatinath temgéstence dates back to 400 B.C.
Pashupatinath temple is the oldest Hindu templ&athmandu. It is not known for
certain when Pashupatinath Temple was built. Theoke was erected anew in the 15th
century by Lichhavi King Shupuspa after the presidoilding was consumed by
termites. The UNESCO enlisted Pashupatinath teampleorld heritage site in 1979. The
Pashupatinath temple is regarded as a very spaondhlpopular temple. The forest
Mrigasthali, Kailash and Aryaghat around Pashup#tintemple have made the
surrounding environment attractive, beautiful araftiv seeing it.

Pigeons are one of densely populated birds obsarv&@dshupatinath temple. Besides,
Cows @os taurus), Dogs Canis lupus familiaris) and Monkeys Nlacaca mulatta) are
other animals majorly seen within the premises agh@patinath temple. Large numbers
of pigeons are found feeding upon the grains seattby the visitors and right at the
main entrance of temple area. Street vendors octhwyuter periphery of temple area
selling garlands, flowers, puja items and devotiafi@rings. Besides, many sweet shops
and hotels are also aligned at the outer margirizashupati area. Pigeons are often seen
feeding upon the residual litters accumulated Bséhstreet vendors, sweet shops and
hotels. Likewise, lots of people do worships ardali deify in the huts made outside the
main temple and their offertory remainings also esak major food for the pigeons out
there. Bagmati river is the main source of watempigeons at Pashupatinath temple.
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B. Krishna Temple

Krishna temple is situated in Patan Durbar Squais.elevated at 4327 ft. above the sea
level and lies at the geographic coordinates 062360 north latitude and 85.32493 east
longitude. Krishna temple is perhaps Kathmanduredi stone wrought monument.
Krishna temple is made in Sikhara architecturdlests style that is commonly found in
what is now known as the Indian Subcontinent. Iswatablished by Siddhi Narsimha
Malla of Patan in 1637 ADThe Patan Durbar Square today is one of the Welitage
Sites listed by UNESCO. It is a city of arts antlsés and craftsmen with undisputable
skills. The majority of the population follows Buaidm, but we also find exquisite Hindu
temples in addition to the bronze gateways, mauoglstatues, guardian deities and
beautiful carvings in metal, wood and stone.

Unlike Pashupatinath temple, Krishna temple is ditan at intersection of busy and
conjusted crossroads of Patan Durbar Square.slalieoss the river Bagmati having the
nearest distance of 2.8 km. Krishna temple is elght far away from Pashupatinath
temple. Dozens of street vendors sell grains istgdupperwares and bags at the side of
temple. People buy and feed these grains to thpléepigeons as daily rituals, hobby and
matter of interest. Along with those grains, pigeatso feed on the residue of fast food
thrown by the public passing through the crossrodigeons are also often seen
scratching the rooftops of local residential housesd and water offered by the local
people at their balconies also makes a major diptggons. Water is also kept in small
bowls by the Buddhist monks near by the temple whkie pigeons drink.
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3.2 Materialsused
3.2.1 Equipments

l. Electric microscope [I. Ocular micrometer
lll. Stage micrometer IV. Volumetric flask
V. Centrifuge machine VI. Centrifuge tubes
VII. Gloves VIII. Beakers

IX. Cover slips X. Slides

XI. Cotton XIl. Tea strainer

XIll. Glass rod XIV. Cavity slide

XV. Watch glass XVI. Rack

XVII. Dropper XVIII. Tooth picks
XIX. Mask XX. Glass vials

XXI. Spatula XXIl. Camera

3.2.2 Chemicals

|. Potassium dichromate (2.5%) . lodine solution 1ll. NaCl solution
IV. Methylene blue V. Distilled water

3.3 Study design

The present study was designed to assess the igtesdtimal parasitic infection in

Columba livia at two temples of Kathmandu valley. The study cosas:

a) Selection of temples with abund&udumba livia.

b) Collection of fresh fecal samples in sterilelsilay opportunistic random sampling.

c) Preservation of fecal samples in 2.5% of Patasslichromate solution.

d) Examination of fecal samples by using iodine meunt, floatation and sedimentation
techniques.

e) Identification and measurement of eggs and ofgtarasites.

3.3.1 Sample collection method

All fresh fecal samples dfolumba livia was collected randomly in early hour of morning
to avoid the crowding of human population so thetheof pigeons were watched very
carefully. One hour of time was only spent at thelg area while collecting the samples
to prevent the duplication of sample from the samdévidual host. It took each morning
for sample collection of each site. About five gifecal sample was collected in clean,
sterile vial with the help of a spatula wearingvgle and mask. It was then preserved with
2.5% potassium dichromate. All the samples colteetere labeled properly. The same
collection process was repeated for all collectsf samples.

3.3.2 Preservation of fecal samples

After sample collections, it was preserved in 2 a8tassium dichromate solution (2.5 gm
potassium dichromate powder dissolved in one ldgerdistilled water). It helps in
upholding morphology of protozoan parasites andvemts further development of
helminth eggs and larva.
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3.3.3 Samplesize

Total 120 fecal samples @olumba livia were collected from present study areas. Out of
120, 60 samples of pigeon droppings were collefaa each study area. The samples
were collected on 22 and 23rd of April, 2016 A.D.

3.4 Laboratory examination

The collected fecal samples in vials were then d¢hnbuto laboratory of Central
Department of Zoology, Kirtipur, Kathmandu for te§he fecal samples were subjected
to coprological examination by different concentmat technique (floatation and
sedimentation) and iodine wet mount method.

3.4.1 lodine wet mount

About two gm of fecal samples were emulsified ar@p of Lugol’s lodine solution on a
clean glass slide and then covered with a clearreslip. The smear was examined under
electric microscope at 10X and 40X (Soulsby, 198%8)s technique is generally used for
the recovery of oocysts and motile trophozoitespobtozoan parasites such Esneria

sp. andGiardia sp. respectively.

3.4.2 Concentration techniques

Eggs, cysts and trophozoites are often in suchnlember in feces, that they are difficult
to be detected in direct smears or mounts. Thexethese procedures were performed
which includes floatation and sedimentation techegy (Soulsby, 1982; Zajac and
Conboy, 2012).

3.4.2.1 Floatation technique

This technique ensures the eggs float in the ftmatdiquid, which helps to identify the
nematode and cestode eggs prese@blomba livia feces.

Approximately two grams of fecal sample was putiibeaker and 28 ml of water was
added. The samples were grinded lightly with thip leé rod or pistle and the solution
was filtered by tea strainer. The filtrate solutimas poured into a centrifuge tube of 15
ml and centrifuged at 1000 rpm for five minuteseTtiabe’s water was replaced with
super saturated NaCl solution and again centrifuged

After centrifuged, more saturated NaCl solution \adsgled to develop convex meniscus
at the top of the tube and one drop of Methylene Ifto stain) was also added. A cover-
slip was placed for a five minutes. It was then oged from tube, placed on glass slide
and examined microscopically at 10X and 40X. Thetphgraphs of eggs and cysts of
parasites were taken and identified on the baséae, shell and size.

3.4.2.2 Sedimentation technique

Saturated NaCl solution was removed gently fromdietrifuge tube after examination
of the floatation portion and the sediment conteas poured into the watch glass and the
content was stirred gently to mix it. One drop frime mixture was taken to prepare a
second slide. The specimen was stained with lodietemount’s solution and examined
microscopically at 10X and 40X. This technique remarily used to identify eggs of
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internal parasites that do not float well due tghhspecific gravity or presence of an
operculum (eggs of flukes and false tapeworms)h%sceggs of trematodes.

In this way, two slides were prepared from one darfgne from floatation and one from
sedimentation).

3.4.3 Eggs and cysts size measur ement
Eggs and cysts size were measured by using micrgnidte calibration factor was
found to be 10.3¥m for 10X and 2.588m for 40X.

3.4.4 Eggs and cystsidentification

On the basis of size, shape and shell charactees gn the published literature journals
and books Assafaet al., 2006; Cuomcet al., 2009; Daviset al., 1971; Gibbonst al.,
2005; Carney, 1991Ritchie Schantz 1997: 2006; Soulsby, 1982), eggs and cysts were
identified.

3.5 Data analysis

One the basis of laboratory experiment, the dats iwaorded. The recorded data were
coded and entered into Microsoft Excel 2007. Stasis analysis was performed using

“R”, version 3.3.1 software packages. Chi-squast weas used for statistical analysis of
data to measure area wise prevalence, prevalemretokzoan and helminth parasites and
prevalence of single and mixed infections. In abes 95% confidence interval (CI) and
P<0.05 was considered for statistically significalfference. Percentage was used to
calculate prevalence.
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Sample collection, preservation and laboratory activities.

Photo 6: Microscopic examination. Photo 7: Sample examination (Centrifugation).
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aser

Photo 8: Sample examination (Flotation tecﬁnique).
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4. RESULTS

4.1 General prevalence of Gl parasites

Out of 120 feal samples examine109 fecal samples were pibge for one or more
specific Gl mrasites, showin90.83% prevalencefoparasitic infection whereall
(9.17%) feal samples were negati

90.83%

100.00% -

80.00% -
]
c 60.00% -
K
[¢]
>
Q  40.00% -
e 9.17%

20.00% -

0.00% T f
Positive Negative

Figure 1. General prevalence of Gl parasites.

4.2 Area wise prevalence

Out of two study area6C samples from each area (Pashunadh templ and Krishna
temple) were takefor examination. Tharea with higheprevalence oGl parasites was
in Pashupatinath temple (95%) and prevalence in Krishna templas 52(86.67%).
Statistically, the differencen prevalence of Gparasitic infection among study area \
found to be insignificanty?=0.24, P>0.05).
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Figure 2: Prevalence of Gl parasitic infection among study area.
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4.3. Prevalence of protozoa and helminth parasites

Out of 120 totalsamples, 1C (83.34%) were positive with helmthes whereas 52
(43.34%) were seen gtve with protozoa parasites.

Statistically, the difference inprevalence of helmintlseand protozo: parasites were
found to be significant=15.14, P<0.05).

83.34%
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80.00% -
70.00% -
60.00% -
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0.00% T f
Helminthes Protozoans
Figure 3: Prevalence of different helminth and protozoan parasites.

43.34%

Prevalence

4.4. Prevalence of specific Gl parasites

Out of 120 total sampleshe prevalence rate 52 (43.34%)Bimeria sp. were recorded.
Eimeria sp. was only one species of protozoan pal and amondive helminth parasites
Capillaria sp. 62 (51.6%) showed hihest prevalence followed Ascaridia sp. 33
(27.5%), Syngamus sp. five (4.17%), Tetrameres sp. two (1.7%)anc Heterakis sp. 23
(19.17%). Allthese helminth parasites beli to the phylum amatode
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Figure 4: Prevalence of specific Gl parasites.
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Table 1: Morphometric charactersof egg and cyst of specific Gl parasites.

SN. Parasites Photo No. Size (um) Size (um) Shape Shell Other features
Soulsby, 1982
Helminthes
Ascaridia sp. 75.05x54.3 . thick and Contents
1. 9 (68-90x40-60) Ovoidal smooth three
unsegmented
layers
I 59.5%33.65 Barrel shape with|  thick and Contents granular
2. Capillaria sp. 11 (43-65x20-35) .
bipolar plugs smooth unsegmented
. . . thick tent
3. | Heterakissp. 10 75.05x46.59 (59-77x31-48) Ellipsoidal ick and Contents
smooth unsegmented
. thinner and Embroyonated
4. | Tetrameressp. 13 30x47 (25x50) Ovoidal hyaline when shed
5. Syngamus sp. 12 82.9x45 (78-100x43-60) Ellipsoidal thick Morula present
Protozoa
. Round or .
. . -42 t . . 4 t with 2
6. Eimeria sp. 16 6-42 diameter (10-40x10-30) ellipsoidal or smooth sporocys _ Wi
ovoid sporozoites
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4.5. Prevalence of single and mixed infections

Out of 120 totabamples, the higher prevalerwas of mixednfectiors 61 (50.84%) than
the single infection 4840% . Statistically, the differences ihd prevalence of singand
mixedinfections were found to kinsignificant §? =1.56, P>0.05).

50.84%
60% - 40%
50% -
Y 40% -
]
® 30% -
]
a 20% -
10% -
0% T {
Single Infection Mixed Infection

Figure5: Prevalence of single and mixed infections.

4.6 Type of mixed infection

Out of 120 total samplespixed infection was encountered more prevalent @18#&)
than thesingle infection 48 (40%). Among mixed infectiodouble infection showed th
highest rate 53 (86.88) than the multipl infection 8 (13.12%in this study.
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Figure 6: Prevalence of double and multiple infections.
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Eggs of Nematode parasitesin Pigeon under 10X*40X electron microscope.

Photo 9: Ascaridia sp. egg Photo 10: Heterakis sp. egg

Photo 11: Capillaria sp. Egg Photo 12: Syngamus sp.egg

Photo 13: Tetrameres sp. Egg
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Oocyst of Protozoan parasitesin Pigeon under 10X*40X electron microscope.

Photo 14: Unsporulated coccidian oocysts. Photo 15: Sporulated oocyst of Eimeria sp.
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5. DISCUSSIONS

Feral pigeonsolumba livia), also called city doves, city pigeons, or sty@geons, are
pigeons that are derived from the domestic pigebashave returned to the wild. There
are about 100 different breeds and varieties destriThey are primarily grain eater and
seed eater but also feed on garbage, insectstdokesmanure and other food materials.
Feral pigeons find the ledges of buildings to b&ubstitute for sea cliffs, have become
adapted to urban life, and are abundant in towdscdies throughout much of the world.
Generally birds can be affected with both ectoptassand endoparasites. The major
endoparasites reported in pigeons, according tdadwe literatures arédscaridia sp,
Capillaria sp.,Raillietina sp, Eimeria sp, Hymenolepsis sp, Cotugnia sp. Echinostoma

sp. Tetrameres sp. andHeterakis sp.

The present research was done to study the Gliperad feral pigeon at two temples
(Pashupatinath temple and Krishna temple) of Katiduavalley. The overall prevalence
rate of Gl parasites in the present study was foundhe 90.84%. The difference in
prevalence of gastrointestinal parasitic infectmong study area was found to be
insignificant 2=0.24, P>0.05). It might be because of similamalie, food habits and
environment. The prevalence rates of helminthes @notozoan parasites were
significantly different ¢2=15.14, P<0.05). It may be because of pigeons aghk
antibody titres, to the protozoan parasite (Mughal., 2000). The high prevalence of
helminth infections recorded in this study couldareindication of a high incidence of
the infective stages and intermediate hosts op#Hrasites in places where these pigeons
are reared. The intermediate hosts of these pasasieetles, pill bugs, ants, earthworms
cockroaches and snails which form part of the diigtigeons (Adang, 1999).

The overall prevalence rate (90.84%) of Gl parasitethe present study was similar to
the prevalence rate 90% recorded by the previadygParasani and Momin, 2010). The
study was conducted in the Gujarat State of InSimilarly, the overall prevalence rate
(90.84%) of Gl parasites in the present study wgkdn than prevalence rates 74.14%,
72% and 72.70% obtained by the previous studiesdiMsset al., 2007; Sivajothi and
Sudhakara, 2015; Ghos&t al., 2014) respectively. Three different types of feca
gualitative tests; namely direct smear, floatatmal sedimentation techniques that were
used in present study was also used by them. Rresarate 84.78% obtained by (Radfar
et. al., 2012) was nearly similar to the result deterrdine the present study. The
variation in results may be due to different numlodér sample species, different
methodology used, different climatic conditionsdifferent time period and seasons of
sample collection.

Moreover, the prevalence rate of present study leager as compared to 100%

prevalence rate of others finding (Al-Barwari anae&d, 2012). The 100% prevalence
rate of previous study (Al-Barwari and Saeed, 20483 because of combine prevalence
rate of fungi, protozoa, cestodes, nematodes ahdopods. Specific prevalence rate of
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Gl parasites was not given. 100% parasitic infestionay be due to infection or re-
infection (directly or indirectly) of parasites vehi indicates poor management and
control efforts in the birds or in the immediateyieonment (Oparat al., 2012).

Other previous reports showed comparatively lowesvalence rate of Gl parasites
53.57%, 46.70% and 46.12% (Pagelal., 2000; Sariet al., 2008; Oparaet al., 2012)
respectively than obtained by present study, thdbghrate of prevalence also indicates,
health of pigeon is in risk. Patef al. (2000) has studied upon captive birds of Gujarat
zoos. Since there is more care in zoos as comparedtside, so this might be the main
reason of less prevalence than present study dgdsedimentation technique was used
by them. Oparat al. (2012) examined only adult birds of street pige(@aumba livia)

and accepted certain level of host immunologicapoase. They have considered
moderate prevalence may be attributed to the feadching habits of the pigeons of not
scratching below the surface soil where most infecstages of these nematodes are
hidden. Saret al. (2008) has studied parasites of dome&m fmba livia domestica) and
wild (Columba livia livia) pigeons together in Nigde, Turkey. Combinatiardgtof wild
and domestic pigeons as well as different seasamélgeographical variation might be
cause of low prevalence rate of parasites thareptesudy.

Helminth parasites cause watery diarrhea, weaknessght loss, decreased milk
production, reduced product quality, mortality asttier secondary infections (Soulsby,
1982). The prevalence rate (83.34%) of helminthepresent study was higher than
prevalence rates of 56.10%, 48.30% and 42.15%radatddy previous studies (Adaery
al., 2009; Adancet al., 2008; Radfaet al., 2011) respectively. The prevalence rates of
helminth 36.90%, 33.33%, 23.50%, 18.70% and 12.50fdwn by previous studies
(Borji et al., 2012; Museet al., 2011; Dranzoat al., 1999; Natalat al., 2009; Olsen and
Braun, 1980) respectively were lower than presémtlyswhereas prevalence rates of
84.78%, 79.50% and 79.20% obtained by previousesy@®adfart al., 2012; Msoffeet

al., 2010; Bahramiet al., 2013) respectively were similar to present studgnong
protozoan, 43.34% prevalence rates was recordpdesent study which was lower than
72%, 46.27% and 43.13% of previous studies (Naiakd., 2009; Nagweet al., 2013;
Radfar et al., 2011) respectively. The overall prevalence ofioxgs parasites differs
greatly among the previous reports as well as wienpared with present observation.
This might be due to variance in sample collectinethods, sample size and sample
examination methods. Diversity of bird endoparasigsemblages may be related with
many factors, which may include home range, bemagiae and roosting habit of the
host. This may also be attributed to differenceh@ geographical areas and period of
study (Begum and Sehrin, 2012).

Among six different Gl parasites identified in peas study, the prevalence rates of
Capillaria sp. (51.67%) were higher than others. The precaleof Capillaria sp.
(51.67%) were higher than 24.20% and 22% of prevgiudies (Sas.t al., 2008; Ghosh
et al., 2014) respectively whereas it was also highen thad40%, 14.14%, 13.20% and
5.55% as compared to others findings (Sivajothi 8adhakara, 2015; Bahrardi al.,
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2013; Patekt al., 2000; Borjiet al., 2012) respectively. Sonteapillaria sp. Capillaria
anatis, Capillaria obsignata) have a direct life cycle. Domestic and wild biroigest
these infective eggs with contaminated food or watkeereas other specigSagpillaria
annulata, Capillaria bursata, Capillaria caudinflata) have various earthworm specigs
obligate intermediate hosts. The larva developgdénshe earthworms which become
infective in two to four weeks and can survive years inside it (Davist al., 1971). The
high prevalence d€apillaria sp. in present study than other species is maybeealboth
direct and indirect life cycles of different speca Capillaria. The lining of the crop and
the esophagus becomes inflamed and swollen, whichmake swallowing impossible for
affected birds. Fatalities are frequent in caseleaivy infections. White rumped vulture
and slender billed vulture were reported infectath wpecies ofCapillaria (Gupta and
Pandey, 2007). Similarly, literatures are also labée for buffalo (Mukhiaet al. 2007)
and cat (Khanal and Gupta, 2004) for being infetteQapillaria sp.Capillaria sp. was
also found prevalent in the poultry animals of Kagindu (ADPCD, 1982).

In present study, prevalence rate (27.50%)Astaridia sp. were consistence with 30%,
28.33%, 20.75%, 20.37%, 16.66%, 15.50% and 15.2b%ireed by previous studies
(Mushiet al., 2000; Begum and Sehrin, 2012; Patadl., 2000; Borjiet al., 2012; Radfar

et al., 2011; Msoffeet al., 2010; Radfart al., 2012) respectively. The prevalence of
present study was higher as compared to 5.10%%A&4d 1.20% of previous studies
(Sariet al., 2008; Bahramet al., 2013; Natalat al., 2009) respectively. This is probably
due to different climatic factors in the study ard&€hegeet al, 2015). The possible
migration of Ascaridia sp. to liver, trachea and lung for development asggest low
prevalence (Michel, 1974). The prevalence rateresent study was lower as compared
to 35% and 33.33% reported in previous studies ¢Bled al. 2014; Sivajothi and
Sudhakara, 2015) respectively. It might be dueifferénce in sample collection method.
As they have collected samples from adult, squab reestling pigeons. Gupta (1996)
studied helminth parasites in domestic fowl of Ka#imdu and determined the presence
of Ascaridia galli. Infection with Ascaridia galli in white rumped vultures and slender
billed vultures at Chitwan district was also repdr{Gupta and Pandey, 2007).

In Nepal, Singh (1970) detected the presenceHeterakis gallinae and Heterakis
spumosa from domestic fowl and rat respectively. Earlideterakis vesicularis was also
reported from domestic fowl (Sharma, 1942). In phesent study, the prevalence rate
(19.17%) ofHeterakis sp. was higher than 9.02%, 3.7% and 3.3% obtdyegorevious
studies (Ghoskt al., 2014; Saret al., 2008; Adangt al., 2008) respectively. This could
be due to the difference in habitat and physiolaigoondition of pigeons. These species
are seen less in winter season in temperate régiemin and Jorgen, 1998&jeterakis
gallinarum is non-pathogenic, but a vector fdistomonas meleagridis which is highly
pathogenic etiologic agent of “Black-head” disebetkal to chickens, turkeys, pheasants
and other fowls (Cheng, 1973).

Syngamus sp. infection in the present study encountered pfevalence rate (4.17%)
which is quite similar to 3% prevalence obtained(lharqueset al., 2007; Ghoslet al.,
2014). In present study, determined prevalencelavasr than 9.09%, and higher than
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1.70% of previous studies (Bahrastial., 2013; Ghostet al., 2014; Sariet al., 2008)
respectively. From Nepal, (Gurung, 2016) reporte88% prevalence rate &ngamus
sp. from temple pigeons of Pokhara.

Bahramiet al. (2013) obtained 8.08% ofetrameres sp. which is higher than 1.7%

prevalence rate obtained in the present study.tiyoahimals were observed with the

infection of Tetrameres fissispina (Singh, 1970). ADPCD (1982) shows the record of
poultry animals of Kathmandu being infected witirameres sp.

The prevalence rate (43.34%) Bifmeria sp. in present study showed higher result than
17.92%, 11% and 7.07% of previous studies (Pettell., 2000; Ghoshet al., 2014;
Bahramiet al., 2013) respectively. This rate was similar to 4962 46.27%, 46.20%,
43.15% and 31% of previous studies (Nattlal., 2009; Nagwaeet al., 2013; Sarkt al.,
2008; Radfart al., 2011; Sivajothi and Sudhakara, 2015) respectivebsult obtained
from the present study is lower in comparision @®prevalence determined by (Eljader
et al., 2012). Coccidiosis infected birds generally ekhlbss of appetite, weakness,
ruffled feathers, bloody diarrhea and can only lagmbsed by post-mortem examination
(Dingle and Shanawany, 1999). The difference ivgence rates of coccidian might be
due to difference in practice of management argajehe of pens, flock structure,
samples collected and laboratory techniques. Intémeperate regions, the eggs of
Eimeria cannot embryonate and develop to infectivity dgrithe winter season of
temperature below 10-15°C (Permin and Jorgen, 1888ht also cause low prevalence
of coccidia.

The presence dRaillietina sp. has been recorded in different literaturerdufiterature
review. In present study, there is absencRaiflietina sp. which is also absent in study
of (Bahramiet al., 2013). In NepalRaillietina torquata was recorded by (Meggitt, 1924)
from Kathmandu whereas (Sharma, 1943) recorBadiietina kantipura, Raillietina
nagpurensis and Raillietina nripendra from Kathmandu.Raillietina sp. requires two
different host for complete life cycle. The defimé hosts are mostly wild and domestic
birds, and sometimes human and several insectsasuahts and beetles as intermediate
hosts. Diagnosis oRaillietina sp. is usually done by post-mortem upon autopsyges
proglottids are seen in feces rather than egg<t{Riet al., 1997) might be cause of
absence oRaillietina sp. or might be because of plenty availabilityrdins and seeds in
study area that prevents the intermediate hoRafietina sp. as food.

There was no significant differenceg<1.56, P>0.05) in the prevalence of single and
mixed infections in present study. The lower premak of single infection (40.00%) was
seen than mixed infections (50.34%) which do nowskimilarity with some of previous
study. The prevalence of single infection was dagher in the previous studies (Adang
et al., 2008; Adanget al., 2009; Bahramkt al., 2013). Among the mixed infections,
prevalence of double infection was 48.63% followsdmultiple infection 7.34%. The
lower prevalence of multiple infections in the pge may suggest a form of competition
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that kept the other species away (Kennedy, 1975hay be also because of crowding
effect in pens and nest. Higher prevalence of mixéection in present study suggests
that health of feral pigeons in these temple ama&sin high risk of morbidity and
mortality.

This study indicated that pigeons at two differmbples of Kathmandu valley are highly
susceptible to Gl parasites. Helminth infectionshighly prevalent than protozoan

parasites in this area and prevalence of mixediivie were higher than the prevalence
of single infection. Gl parasites can be controligufough effective management

practices, daily cleaning of surrounding, washinghes, quarantine new birds before
entrance to the flock, clean water resources, emfidn of intermediate host, regular

treatments of anthelminthic, anticoccidials drugd dusting of birds with pesticides as
well as educating the breeders of birds, visitarsemples. Therefore, sustainable ways
for controlling the parasitic infection and furthstudies need to be designed for the
health and conservation of pigeons.
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6. CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The aim of the study was to investigate the gengravalence of Gl parasites in feral
temple pigeons. The overall prevalence of Gl ptgaf pigeongColumba livia) was
found to be 90.84% with higher prevalence rate€apillaria sp. (51.67%). Out of six
parasites, one protozoBimeria sp. 52 (43.34%) and five helminthe3apillaria sp. 62
(51.67%),Ascaridia sp. 33 (27.50%)Syngamus sp. 5(4.17%).Tetrameres sp. 2(1.70%)
andHeterakis sp. 23 (19.17%) were identified. All these fiverhglthes are nematodes,
trematodes as well as cestodes were not recordedthis study. Helminthiasis has been
emerged as an important parasitic condition oflfprgeons in this study. Nematodes
recorded from this study are well known to harm Hlost upto some degree but these
nematodes from pigeons are not contagious to hurnacgsuse these are not reported
zoonotic with regards to human. The higher prevademnf Gl parasites was in
Pashupatinath temple 57 (95.00%) than the 52 (86)&f Krishna temple. Statistically,
the difference in prevalence of Gl parasitic inf@etamong study area was found to be
insignificant §2=0.24, P>0.05). The prevalence of helminthes 188.34%) and
protozoan parasites 52 (43.34%) were significadifferent ¢2=15.14, P<0.05) whereas
the difference in prevalence of single infection @4®.00%) and mixed infections 61
(50.84%) were insignifican{=1.56, P>0.05). Among mixed infections, doubleation
showed the highest rate 53 (86.88%) than the nhailiifection 8 (13.12%) in this study.
The current study revealed heavy infection in feigeons at two temples of Kathmandu
valley. The study indicated that feral pigeons highly susceptible to Gl parasites.
Therefore, sustainable action should be designddnaplemented to control the parasitic
infection and reduce the health hazards of thes¢ fggeons.

6.2 Recommendations
+ Routinely de-worming and fecal examination showddone for effective control of
Gl parasites.
% Vaccination programs against coccidiosis, antiatiats drugs and dusting of birds
with pesticides should be done.
% Droppings should be removed at frequent interval sunroundings as well should
be kept clean.
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