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Experimental studies on captive animals clearly demonstrate an adverse effect of
parasites on reproduction and survival of the host populations (Scott 1990). Parasites may
also indirectly affect hosts by reducing their competitive fitness (Scott, 1988).Therefore,
the impact of parasites will depend upon the level of pathogenicity and the resistance of
the host to infection, which are influenced by malnutrition, overcrowding, stress and
multiple parasitism that complicate the dynamics of host parasite interaction (Anderson
and May 1978, Gulland 1992).

Among wild herbivores in captivity, sambar (Cervus unicolor) and chital (4xis axis) are
more susceptible to parasitic infection due to reasons such as high densities, faulty

management practices and defective enclosure design.

A variety, of gastrointestinal parasites of sambar and chital are reported to be pathogenic
" in captive conditions. Studies examining parasitic loads among Indian cervids have been
well documented. Fasciola gigantica in chital (Nandankanan Zoo; Acharjyo 1985 and
Assam State Zoo cum Botanical Garden; Chakraborty et al 1994), Paramphistomum spp
in chital (Nandankanan Zoo; Patnaik and Acharjyo 1970), Gastrothylax crumenifer of
sambar (Jaipur Zoo; Agarwal and Ahluwalia 1980), Coenorus gaigeri of sambar (Delhi
Zoo; Verma et al. 1994), Ascaris vitulorum in chital (Arora et al 1985). Cysticercus
tenuicolis of chital (Nagpur Deer Park; Kolte et al. 1998). More over, some helminthic
parasite like Trichuris discolor, Gongyloma sp., Haemonchus contortus, Bunostomum
spp, Trichstrongylus sp., Dicrocoelium sp., Mullerious capillaries, Fischederious
elangatus, Onchocerca sp. and Homologaster polaniae were reported more commonly in
zoos (Patnaik and Acharjyaol970, Acharjyo 1985, Arora and Ramaswamy 1990,
Chakraborty and Chaudhary 1993, Chakraborty et al 1994, Vardharajan et al 2002,
Banarjee et al 2004). Helminthic infections have resulted in significant levels of
morbidity and even mortality (14% to 43% in Nandankanan Zoo; Acharjyo and Rao,
1987) among chital and sambar. It is thus important to know basic parasitological
diagnostic procedures, the anthelmintics available and their effect on parasitic load on

body condition and behavior of animal in order to devise effective control programs.



1.2 Efficacy of anthelmintics on helminth parasites:

Ideal anthelmintics should be efficient against all parasitic stages of a particular species.
It is also important that they should be non-toxic to the host, or at least have a wide safety
margin and should also be rapidly metabolized and excreted by the host. Different
chemical groups of anthelmintics are Benzimidazoles (Parbendazole, Mebendazole,
Fenbendazole, Albendazole), Pyrazino-isoquinolines (Praziquantel) Thiabenzenedazole
derivative (Trichlabendazole), Avermectine (Ivermectin), Imidazothiazoles (Tetramisole)

and Organophosphates (Coumaphos, Trichlorfon).

Among anthelmintics, the broad spectrums of benzimidazole groups and avermectines
are used predominantly for their high effectiveness and minimal side effects. The
benzimidazoles group of drugs mainly comprises of mebendazole, fenbendazole,
oxfendazole, oxibendazole, albendazole and phenothiazine. From amongst these
anthelmintics, fenbendazole, ivermectin and albendazole are used more commonly
(Melhorn, 1988).

1.3  Behavioral consequences of parasitism

Parasitized animals may respond differently from unparasitized individuals to the variety
of environmental and physiological stimuli similarly conspecifics may also show altered
behavior towards parasitized individuals. Females have a tendency to select the fittest
males. Various studies have shown the negative effect of parasitism on body condition.
Males which are heavily parasitized usually have poorly developed secondary sexual
characters and are thus selected against. While males with greater parasite resistivity tend
to have better body condition and better developed secondary sexual characters tend to be

selected for in mating.

Various studies have also attempted to establish a link between parasitized animals and
altered behavior. Marked changes have been observed in animals in their ability to avoid
predators and forage. The effects of parasitism on social interactions have also been
discussed by various workers, several of whom observed marked alterations in social
hierarchy and other interactions between conspecifics. Moore (1995) suggested that their

activity, appearance, size and foraging may be altered both qualitatively and



quantitatively. Baylis and Nambiro (1993) deduced a decline in the defensive behavior

due to lethargy induced by parasitism.

Hence, the study on assessment of different anthelmintics on parasitic load and their role

on condition and behavior of animals become quite relevant.



OBJECTIVES

Quantify the parasitic loads in cervids of selected deer parks
Assess the effectiveness of different anthelmintic regimes on parasitic loads.

Effect of various treatments on behavior and health status of cervids.









found parasites. Additionally infection with Ascaris sp., Moniezia sp., Strongyloides sp.,

Coccidia sp. and Balantidium sp. were also reported.

Kumar (2001) reported the overall parasitic prevalence of 18.23% in wild herbivores and
domestic animals at Pench Tiger Reserve, Maharashtra in which highest prevalence was
observed in Gaur (33.33%) and amongst the residential livestock population, bullock

showed the highest prevalence of 21.05%.

Varadharajan and Pythal (1999) carried out coprological examination in wild animal in
Zoological Garden Thrivanthapuram and reported that 76% (97/127) of the samples to be
positive for parasitic infection. Among helminth infection, 66% animals were found to
have single species infection while 34% animals had more than one species of infection.
Strongyle, Amphistome Strongyloides and Fasciola were the major parasites reported in
herbivores while Ancylostoma, Toxascaris and Diphylobathrium and Paragonimus
infection were reported in carnivores. Of all the helminth infections in herbivores,
Strongyle and Amphistoime infections were found to be higher in Bovidae and Cervidae.
Other infections observed in order of prevalence in herbivores were ascarid, strongyloids,
spirurid and Fasciola. The study showed that helminth and protozoans present in the wild
animals were far less significant as manifesters of clinical disorder. The author also
reported that though deworming was being carried out twice annually, it was apparent
from the results that the efficacy of the same was not being ensured. Therefore, even low
grade infections should not be neglected and conducting epizootiological surveys are

necessary to study the prevalence of parasitic infections.

Modi et al. (1997a,b) studied the effect of seasonal influence and age on the prevalence
of intestinal parasitism among Z00 animals in Sanjay Gandhi Zoological Park Patna and
Jawaharlal Nehru Bilogical Park, Bokaro steel city on 105 herbivorous and 80
carnivorous animals. 46.67% of herbivores were positive for protozoan and helminthic
infections. These included Ascaris sp., Ancylostoma sp., Oesophagostomum sp., Trichuris
sp., Strongyloides sp., Fasciola sp., Paramphistomum sp., Coccidia sp., and Entamoeba

sp., whereas carnivores were infected with Ascaris sp., Ancylostoma sp., Trichuris sp.,



Strongyloides sp., Taenia sp., Fasciola sp., Coccidia sp., Entamoeba sp. and Giardia sp.
The study revealed that age had more significant influence on parasitic loads, however it
was also reported that maximum percentage of infection occurred during monsoon and

minimum during summers

Chakraborty & Islam (1996) studied gastrointestinal parasitic infection in few herbivores
at Kaziranga National Park. Out of a total of 171 samples, 40.35% were positive for one
or mixed infections. Species-wise infection rate was found to be 22.85%, 21.85%,
49.31% and 58.06% in Hog deer (4xis porcinus), Swamp deer (Cervus duvaceli), Water
Buffalo (Bubalus bubalis) and Elephant (Elephas maximus) respectively. Parasitic ova of
Paramphistomum sp., Fasciola sp., Stronglyes sp., Strongyloides sp., Trichuris sp.
Oesophagostomum sp. and Ascaris sp. were recorded along with oocyst of coccidia

from swamp deer and water buffalo.

Chakraborty et al. (1994) reported the prevalence of parasitic infection in captive wild
herbivores in Assam State Zoo cum Botanical Garden during the period of 1985 to 1989.
Two hundred and fourteen captive wild herbivores were necropsied. Different nematodes
recorded  were  Haemonchus,  Ascaris, Gongylonema, Trichostrongylus,
Oesophagostomum, Seteria, Dictyophyma, Cooperia, Onchocerca, Trichuris, Kululima,
Chabertia, Necator, Bunostomum, Dictyocaulus, —Harbronema,  Chonigium,
Grammacephalus and the trematode were Fasciola, Paramphistomum, Gastrothylax,
Fischoederius, Carmyerius, Cotylophoron, Gigantocotyle, Homologaster, Pseudodiscus,
Pfenderius and Brumphtica. The cestodes found in the study were Moneizia,
Anaplocephala, Hyadatid cyst and Cysticercus. Protozoans recorded were Sarcocystis,

Eimeria and Balantidium coli.

Bordoloi ef al. (1991) reported on incidence of intestinal helminthic infection of deer in
Assam State Zoo cum Botanical Garden. Coprological examination of 24 animals showed
that 33.33% of deer were infected by helminth infection. The highest infection was
recorded for Trichostrongylus 50% followed by Bunostomum and Dicrocoelium 25%

respectively.



Gaur et al. (1979) studied prevalence of helminth infection in wild animals of Corbett
National Park. Out of 122 faecal samples of Chital (dxis axis) and Barasinga (Cervus
duvauceli), 719 (64.75%) were positive for helminthic infections and included Fasciola
sp.(16.46%), Amphistomes sp. (12.66%), Strongyloides sp. (15.19%) and Strongyles sp.
(20.25%).

Prestwood (1975) investigated the helminth infections among free-ranging, intermingling
populations of white-tailed deer (Odocoileus virginianus), cattle (Bos taurus), and swine
(Sus scrofa) on an island off the Georgia coast. Helminthes recovered from ruminants
were Capillaria bovis, Cooperia punctata, Dictyocaulus viviparus, Gongylonema
pulchrum, G. verrucosum, Haemonchus contortus, Morniezia benedeni, and

Trichostrongylus axei, occurred in both deer and cattle.

Patnaik et al. (1970) conducted a study on the helminth parasites of vertebrates in
Baranga Zoo in Orrissa. Post —-mortem examination of 15 mammal species revealed that
out of 153 vertebrates, 127 of them were infected with 16 trematodes, 17 cestodes, 34
nematodes and 3 acanthocephalid species. Among the ungulates, Chital, Sambar, Barking
deer and Nilgai were infected with Fasciola gigantica, Cotylophoron cotylophoron,
Fischoederius elongates, Homologaster poloniae, Trichuris discolor, Paramphistomum

explanatum, Fishchoederius cobboldi and Ashworthius martinagliae.

3.2  Factors affecting Parasites prevalence

Sanyal, 1996 during the study on reported that rainfall governs the severity of infection
and favours the development and survival of pre-parasitic stages that ultimately infects

the host
Goossens ef al. (2006) incriminated high contamination for grassy pastures with infective

larvae/eggs in the previous year or before the first treatment as reason for failure of the

treatment regimes in some herds.
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p.o. for 3 days was applied. The next year, an early-season treatment program with three
administrations of fenbendazole at the same dosage at 3 week intervals was used. In the
third year, an early-season treatment program with Ivermectin (0.2 mg/kg p.o. for 3
days), applied three times at 5 weak intervals, was evaluated. Effectiveness of these
control programs was assessed by faecal egg counts and by scores of body condition and
faecal consistency at weekly interval. With the spring-summer regime, faecal egg counts
remained low during the first 5 months, but from September onwards, they slowly
increased to significant levels in all seven herds. The early-season program with
Ivermectin resulted in very low to zero egg shedding in Gazelle, adult Soay sheep, Ibex,
Red deer, and Nelson’s elk during the entire grazing season, but failed to prevent high

shedding in October in Arabian oryx and Scimitar-horned oryx.

Goossens et al. (2005) assessed the efficacy of Fenbendazole at a dose rate of 7.5 mg/kg
bodyweight in 5 Arabian oryx (Oryx leucoryx), 6 Scimitar-horned oryx (Oryx dammah),
14 Slender-horned gazelles (Gazella leptoceros), 8 Soay sheep (Ovis aries aries soay), 13
Alpine ibex (Capra ibex ibex), 6 Red deer (Cervus elaphus hippelaphus) and 11 Nelson's
elk (Cervus elaphus nelsoni) kept in five herds in a zoo. It was observed that
Fenbendazole was highly effective against nematodes in five of the seven species,

consistently reducing egg shedding by more than 90 per cent.

Foreyt et al. (2004) conducted a study on black tailed deer (Odocoileus hemionus
columbianus) in Western Washington (USA) that had developed a hair loss syndrome
that often preceded emaciation, debilitation, pneumonia, and death. Coprological
examinations indicated infection with Dictyocaulus viviparus, Parelaphostrongylus sp.,
Trichuris sp., Moniezia sp., Eimeria sp., and gastrointestinal strongyles. Biting lice
(Tricholipeurus parallelus) were also observed on all deer. Animals were given
ivermectin to determine the effect of treatment. It was found that lice and all nematode

eggs and larval stages in feces were eliminated or greatly reduced following treatment.

Williams et al. (1997) evaluated the efficacy of Albendazole, Oxfendazole and

fenbendazole compared with Ivermectin pour-on (IVM-PO) against inhibited early
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fourth-stage larvae of Ostertagia ostertagi, other gastrointestinal nematodes and
lungworm of cattle during spring in Louisiana. Efficacy of IVM-PO was greater (P<0.05)
against all O. ostertagi stages than the Benzimidazole drugs, except for Albendazole.
Efficacy of the Benzimidazole drugs against all other species was essentially similar to

that of IVM-PO.

Yazwinski et al. (1995) evaluated the nematocidal effectiveness of the Ivermectin
sustained-release bolus throughout its 135-day delivery period to Twenty-four naturally
infected calves. Result showed that parasitic populations of Haemonchus, Ostertagia,
Trichostrongylus, Cooperia, Bunostomum, and Oesophagostomum sp. Were significantly
reduced in cattle treated with the Ivermectin sustained-release bolus and the nematocidal
activity of the Ivermectin sustained-release bolus proved highly effective, with > 98%

efficacy for all nematode species present.

Teresa et al. (1995) studied the efficacy of Mebendazole and Ivermectin in controlling of
gastrointestinal helminthiasis in three species of captive gazelles: Gazella dama mhorri,
G. cuvieri, and G. dorcas. Ivermectin was given subcutaneously in a single 0.2-mg/kg
live-weight dose and Mebendazole was given in three dosages based on species: G.
doras, 14 mg/kg; G. cuvieri, 6 mg/kg; and G. dama, 3 mg/kg orally twice daily for 3
consecutive days. Each drug was tested in 13 individuals of each species; 13 additional
individuals served as untreated controls. Helminths detected by faecal examination and
culture were species of Trichuris, Ostertagia, Cooperia, Trichostrongylus, Nematodirus
and Strongyloides. The prevalence among the total gazelle population was: Trichuris,
55%, Nematodirus 26% and other nematodes 84%. After treatment with Mebendazole,
the nematode egg counts and the number of animals shedding eggs decreased moderately.
However, following Ivermectin treatments, there was marked decreases in the amount of

eggs shed and the number of animals shedding eggs of these nematodes.
Shahardar et al. (1995) studied the efficacy of Fenbendazole against gastrointestinal

nematode in eight Kashmiri stag (Cervus elephus hungul) infected with Strongyles sp.
and Strongyloides sp. Fenbendazole at a dose rate of 7.5 mg/kg body weight was
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administered to the animals. Pre treatment EPG in animals varied between 100 -500 for
Strongyles ova and 100-1100 for Strongyloides ova. However, on second day post
treatment the number of eggs was reduced to 100% in respect of Strongyles and 5.2% in
respect of Stronglyloides. On day 4™ and 8" post treatment, a number of Strongyloides
eggs were reduced by 92.6 and 100% respectively. The animal did not reveal any

parasitic ova on 28" and 35" day of post treatment.

Mukherjee et al. 1994 carried out comparative efficacy of tetramisole, fenbendazole and
Ivermectin was studied against gastrointestinal nematodes in 45 Pashmina goats of 3 age
groups <6, 6-9 and >9 months. Superiority of Ivermectin became evident from 3 days
onwards post-treatment over the other two drugs. Efficacy of the compounds was finally
assessed by EPG count of faecal samples on day 9 post-treatment as compared to pre-
treatment EPG. Ivermectin was observed 100% effective against Strongyloides, Trichuris
and Nematodirus and 94.16-100% effective against Trichostrongyles, the difference
between these two drugs being marginal, Tetramisole was found 94.64-100% effective
against trichostrongyles, 83.33%-100% effective against Strongylodes and 100%
effective against Trichuris and Nematodirus. The overall efficiency were 100%, 95.78-

100% and 95.31-98.85% with Ivermectin, fenbendazole and tetramisole respectively.

Andrea et al. (1994) examined efficacy of fenbendazole at the San Diego Wild Animal
Park in nine species of the subfamilies Antilopinae and Hippotraginae over a 2-yr period.
Two different doses (114 g/ton feed, 228 g/ton feed) of Fenbendazole milled in pelleted
feed was given to the animals. Paired pre-treatment and post-treatment faecal samples
were obtained at six treatment periods from individually identified animals for faecal egg
counts. For 1 yr, Persian gazelles (Gazalla subgutturosa) were intensively monitored by
performing egg counts and pasture larval counts at 3 wk intervals. Over all Fenbendazole
treatment showed significant results (P>0.05). Time series analysis with cross-correlation
indicated that faecal egg counts significantly influenced the larval counts 6 week later
(=0.613, P<0.05). Year-round presence of infective larvae on irrigated pasture made
strategic parasite control difficult and necessitated frequent anthelmintic treatment

(>3/yr) for adequate parasite control.
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Stephen et al. (1993) examined the efficacy of Fenbendazole against gastrointestinal
nematodes in captive (N-77) and free ranging White tailed deer (3 study areas) in
Louisiana. Fenbendazole reduced gastrointestinal nematode burden. Mean egg per gram
of feces from captive deer decreased p<0.01 and p<0.01 respectively. Doses
approximating 0.42 — 0.46 g/ deer did not affect (p=0.61) eggs per gram of feces
collected from free ranging deer. Mean eggs per gram of feces collected from free
ranging deer was affected by fenbendazole treatment (P=0.04) and decreased an average
86% (SE = 1.9) on the 3 study area after provision of fenbendazole in doses
approximating 1.67 to 1.82 gm per deer. They suggested that reduction in the cross
transmission of gastrointestinal parasites common to deer and livestock might be possible

through fenbendazole treatment of deer.

Loyacano et al. (2001) conducted a study to assess the effect of parenteral administration
of Doramectin or a combination of Ivermectin and Closulon on control of gastrointestinal
nematode and liver fluke infections and on growth performance in cattle. Result
suggested that Doramectin had a greater impact on subclinical gastrointestinal tract
parasitism in calves, as demonstrated by growth performance, than did Ivermectin and

Closulon.

Andrews et al. (1993) did a study on the nematode egg output and plasma concentration
of Ivermectin after its administration to red deer (Cervus elaphus elaphus) and found that
Ivermectin when used at 400 micrograms/kg bodyweight, proved to be more efficient
than 200 micrograms/kg bodyweight although positive worm egg counts together with
the isolation of lungworm (Dictyocaulus sp.) larvae were recorded from hinds having

received the anthelmintic at the higher dose.

Rahman ef al. (1988) evaluated the efficacy of praziquantel against Schistosoma nasale
infection in naturally infected cattle treated with a single oral dose of at 20mg/kg body
weight and the result showed that the drug was highly effective causing a considerable

reduction in egg counts.
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behavioral pattern involved in the avoidance of internal and external macro parasites
include feeding, elimination, grooming, fly repelling, evasive behavior and grouping

(Benjamin, 1992).

The behavioral consequences of parasitic infections in various animals were studies by
Plateux (1972), Combes (1991), Moore and Goteli (1990), Hetchel et al. (1993).
According to Moore (1995) the behavior of infected animals does not often differ from
rest of the uninfected conspecific. Hetchel et al. (1993) reported that infected isopods
spent significantly more time on foraging activity compared to their uninfected
counterparts. The other study on copepods by Poulin et al. (1992) found increased
swimming in case of cestode infection. However, on other side, not all parasites or all
developmental stages of a parasite alter host behavior. Moore and Gotelli (1990) found
no behavioral changes when infected with cestodes. They also reported that behavioral
change is critical for survival from predators in wild conditions. Baylis and Nambiro
(1993) inferred a reduction in defensive behavior as a consequence of lethargic condition.
However, according to Hart (1990), the lethargy more benefits a host striving to eliminate
a pathogen. The effect and magnitude of parasitic infection on the social behavior is
reported by Moller et al. (1993). On the other side, host social behavior is recognized as
having significant effect on the transmission of contagious parasites (Freeland, 1976). For
instance, increased grouping of host individuals is correlated with both increased
prevalence and intensity of contagious parasites across a wide range of taxa (Cote &
Poulin 1995). Freeland (1979) and Ranta (1992) found a correlation between grouping

behavior of host and multi-species infection.

Animals adopt some behavioral strategies to avoid infections, it doesn’t mean that
individuals remain free from parasites or never succumb to parasitism. Animal may carry
a parasites load that does not affect its health, but when there are intense demands on
body resources such as a seasonal nutritional stress or over stocking, even a moderate to

light parasite load may play a role in the animal’s survival. (Benjamin 1992)

Shahardar et al. (1995) reported marked improvement in the clinical signs exhibited by

eight Kashmiri deer (Curvus elephus hungal) dewormed with single dose treatment of
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good and excellent were compared. And the re

carried out prior to treatment and 15 and 3

sults of body condition evaluation

0 days post treatment are provided as Fig

5.6. The 2 test at a < 0.05 at 15" days and 30" days post treatment was carried out

values are presented on table Tab
found to be significantly different (p: 0.001) following the administration of drugs at

all three parks.

to assess the significant differences between pre and post treatment. The Chi-square

le 5.6. Body condition evaluation after treatment was
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Fig 5.6: Body condition evaluation pre and 30 days post treatment

Table 5.6: Pre and post treatment X2 values of each parameter in three parks
(df=3)at 15" day and 30" day

Deer park, Hissar Deer Park, Patiala Deer Park, Rampur
Mandi
At15day |At30 |Atl5day |At 30 At 15day | At30
day day day

Poor 42 4203 |0 0.00 0 0.00
Fair 6.17 4.168 | 6.25 0.00 0.69 34.72
Good 0.264 1.875 | 3.004 5.46 0.925 5.00
Excellence 0 0.00 7.031 7.03 11.11 11.11
Y2 48.391 48.06 | 16.285 12.5 12.725 50.83 J
Significant 0.001 0.001 | 0.001 0.005 0.005 0.001
value(p)
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