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Abstract

The parasitofauna of ground-dwelling anurans from pesticide-treated cocoa plantations (CP) in Ojo Camp, Ugboke,
Edo State of Nigeria were investigated and compared with those recovered from host specimens collected from the
village settlement (V S). The anuranswere caught by hand following visual or acoustic location. The anurans encountered
in both the VS and the CP included Aubria subsigillata, Hylarana spp. (H. albolabris and H. galamensis), Sclerophrys
spp. (S. maculata and S. regularis), Ptychadena spp. (P. aequiplicata, P. longirostris, P. mascareniensis,
P. oxyrhynchus and P. pumilio) and Hoplobatrachus occipitalis. Hylarana galamensis, Ptychadena spp. and
Sclerophrys spp. were encountered in the VS and the CP while Aubria subsigillata, H. albolabris and H. occipitalis
occurred only in the CP. The helminth parasites recovered included four cestode species (adult of Cylindrotaenia
jaegerskioeldi and three encysted proteocephalid larvae), five Polystoma spp. 11 species of digeneans and 19 nematode
species. More parasite species were recovered from toads collected from the VS; parasite prevalence was generally
low in both habitats but the intensity of infection was higher in the specimens collected from the VS. Although A.
subsigillata and H. occipitalis both occurred in the CP, A. subsigillata was the more susceptible host of the two,
harbouring 16 helminth parasites as against four from H. occipitalis. Polystomes were recovered from H. albolabris
and H. galamensis in addition to Diplodiscus fischthalicus and Mesocoelium spp. Infections occurred mostly among
the Ptychadeniidae collected from the CP, with prevalence ranging from 12.5% to 100% and infection intensity from
1.0 to 13.0. The generaly low parasite burden in anurans from the CP can possibly be attributed to the pesticide
contamination of this habitat which may have hindered the development of the free-living stages of parasitesin this
milieu.
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Introduction
Agriculture remainsthelargest proportion of humanland

cocoatrees, the deep | eaf litter on the plantation floor and
other microhabitatstherein (Texeiraet al 2015). However,

use in the tropics because it constitutes the economic
mainstay of many African countries. Farming activities
range from small subsistence holdings by families to
plantationsowned by wealthy individual sand multinational

organi zations. Monoculture plantations (Oil Palm, Rubber,

Cocoaand Coffeg) ater thelandscapein amajor way, asit
involvestheremoval of natural forestswith their assorted
florato make way for asingle crop that in most cases do
not provide adequate cover for theanimalsthat liveinthis
new environment. Cocoa-farming is a major economic
activity in the south-west and south-south geopolitical

zones of Nigeria, most of which lieintherainforest zone
of the country, abiotope known to support high diversity
of amphibians (Meijaard et al 2005). Although cocoa
plantationsalter the natural |andscape, they areaso known
to harbour diverse species of amphibianswhich find safe
haven in the diverse habitats provided by the native and

the frequent use of pesticides in controlling cocoa pests
and diseasesimpactsnegatively on amphibian diversity and
health, and also affects the survival and transmission of
free-living stages of amphibian parasites to their hosts
(Pietrock and Marcogliese, 2003).

The aim of this study was to determine the pattern of
helminth parasitic infection in anurans from cocoa
plantations in southern Nigeria and to determine the
possibleeffect of pesticide use onthe parasitetransmission
dynamicsin the different microhabitats within the cocoa
plantation. The anurans under consideration include the
ground-dwelling, the arboreal (tree frogs) and those
inhabiting theleaf litter on the plantation floor. An earlier
publication (Edo-Taiwo and Aisien, 2020) examined the
helminth parasitic infections of leaf litter frogs
(Arthroleptis and Phrynobatrachus spp.) from cocoa
plantations and the village settlement at Ojo Camp of
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Ugboke in Edo State, Nigeria. The present paper deals
specifically with the parasites of ground-dwelling anurans
collected from the same locality.

M aterialsand methods

Sudy area

The study was conducted in anumber of contiguous cocoa
plantationsat Ojo Camp, Ugbokein OviaNorth-East Local
Government Area of Edo State, Nigeria (lying between
6°32 and 6°45N; 5°15 and 5°17E) covering atotal areaof
28.522 km?, at an dltitudinal range of 28.5t0 64.6 m above
sealevel (Figure 1). Theareaisatransitional vegetation,
consisting partly of derived savannah and partly of
rainforest. The plantations had the characteristic strata of
canopy trees, made up of an upper canopy of nativetrees,
followed by the cocoatrees and the undergrowth made up
of shrubs, especially around the streamsand rivuletswithin
the plantations. Thewet seasonintheareaisfromApril to
October while the dry season lasts from November to
March. Thereisadry harmattan spell between December
and mid February. Monthly temperature ranged from 25°C
to 29°C, with a mean temperature of 26°C during the
sampling period. Besides cocoafarming, logging activities
also takes placein the study area, with the haulage trucks
passing through parts of the plantations. The depressions
created by the wheels of these trucks served as water
retention points which formed aggregation points for
amphibians. As a pest control measure, the cocoa trees
were sprayed with pesticides (Gammalin, Avesthrin
(Cypernithrin 10% EC), Scorpion, Best, Instakill and
Ridonul Gold 66WP). The herbicide, Weed Crusher was
used by the farmersto eliminate weeds.
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Figures1A-C. Mapsof Nigeria, Edo State, and the study-
areashowing the sampled-locations.

Amphibianswere collected from the village settlement
and cocoa plantationsfrom August 2012 to October 2013,
during thewet and dry seasons using the Visual Acoustic
Encounter Surveys method (Crump and Scott 1994). The
amphibianswere collected by hand at night between 7.00

pm and 1.00 am). The specimens collected were
transported to the laboratory in plastic bottleswith 2to 5
ml of water and covered with perforated screw caps. The
anurans were identified using appropriate protocols
(Roedel 2000, 2007), euthanized with Benzocaine solution
and the snout-vent length (SVL) measured. The specimens
were dissected and the various sections of the
gastrointestinal tract (oesophagus/stomach, small
intestine, large intestine/rectum) were isolated and
transferred to Petri dishes containing 0.72% NaCl solution.
Other organs examined included the lungs, liver/gall
bladder, urinary bladder and the body cavity. The parasites
recovered from these organswereisolated and preserved
using appropriate procedures. The flatworms (cestodes,
monogeneans and digeneans) wereflattened under cover
dlip pressure, fixed and preserved with 5% formol-saline.
Nematodeswerefixed with hot 70% ethanol and preserved
infresh preservative. Acanthocephalacysthacanthswere
preserved in 70% ethanol.

Theflatwormswerewashed free of the preservative (5%
formol-saline) and stained with a dilute solution of
acetocarmine. The parasites were washed to remove
excess stain and then dehydrated in al cohol series, cleared
inxylene and mounted in Canadabal sam. Nematodeswere
clearedinlactophenol and examined astemporary mounts
under a binocular microscope. Parasites were identified
with appropriatekeys (Yamaguti 1961, 1971; Prudhoeand
Bray 1982; Khalil et al 1994). Photomicrographs were
taken using thelmaging Source Microscope Digital Camera
(DFK MKU 130-10x22) attached to abinocul ar research
microscope.

Results

The ground-dwelling anurans collected either from the
cocoa plantation (CP) and the village settlement (V'S) at
Ojo Camp included Sclerophrys spp. (Sclerophrys
maculata and S. regularis), Ptychadena spp. (P.
aequiplicata, P. longirostris, P. mascareniensis, P.
oxyrhynchus and P. pumilio), Hylarana spp. (H.
albolabris and H. galamensis), Aubria subsigillata and
Hoplobatrachusoccipitalis. Thesitesof infectioninthese
hostsare presentedin Table 1.

A total of 212 S. maculata (53 from the CP and 159
fromtheVS) and 116 S regularis (4 from the CPand 112
from the VS) were examined. The prevalence and mean
intensity of parasitesin thesetoadsare shownin Table 2.
Thehelminth parasitesrecorded in these bufonidsincluded
Cestoda: adults of Cylindrotaenia jaegerskioeldi,
Ophiotaenia sp. larva and Proteocephalus sp. 2 larva;
Monogenea: Polystoma africanum; Digenea:
Mesocoelium spp. (tentatively designated as spp.1-6);
Nematoda: Amplicaecum africanum, Amplicaecum sp.,
Aplectana sp., Cosmocerca commutata, C. ornata,
Foleyellides sp., Physal optera sp., Oswal docruzia hoepplii,
Rhabdias africanus and an Ascaridida larva. Among the
cestodes, C. jaegerskioeldi was recorded only in toads
collected from the VS with low prevalence and infection
intensity (Table 2). Ophiotaenia sp. larva (Figure 2A)



10  The Zoologist, 18:8-18, December, 2020

Table 1: Parasites of ground-dwelling anuransfrom Ojo Camp, Ugboke, Edo State, Nigeria.

Parasites Host Site of infection
Acanthocephala
Acantocephala cystacanth A. subsigillata Body cavity
Cestoda
Cylindroteania jaegerskioe di S maculata Small intestine
S regularis Small intestine
P. longirostris Small intestine
Ophiotaenia sp. larva S regularis Attached to liver, ssomach and small intestine
Proteocephalus p. 1 (larva) P. pumilio Attached to small intestine and liver
Proteocephalus sp. 2 (larva) S maculata Attached to small Intestine
A. subsigillata Attached to small and Large intestines
P. aequiplicata Attached to small intestine and liver
M onogenea
Polystoma aeschlimanni . P. pumilio Urinary bladder
P. africanum . S regularis Urinary bladder
P. ebriensis P. aequiplicata Urinary bladder
P. galamensis. H. galamensis Urinary bladder
P. perreti . H. albolabris Urinary bladder
Digenea
Diplodiscus fischthalicus H. albolabris Large intesting/rectum
P. pumilio Large intestine/rectum
Metahaematol oechus aubriae A. subsigillata Lungs
M. micrurus. H. occipitalis Lungs
Halipegus sp. P. pumilio Oesophagus/stomach
Mesocodium sp. 1 S maculata Small intestine
S regularis Small intestine
A. subsigillata Small and large intestine
H. galamensis Small intestine
P. oxyrhynchus Small intestine
P. pumilio Small intestine
Mesocodium sp. 2 S maculata Small intestine
S regularis Small intestine
A. subsigillata Small and large intestine
H. albolabris Small intestine
H. occipitalis Small intestine
P. aequiplicata Small intestine
P. mascareniensis Small intestine
P. oxyrhynchus Small intestine
P. pumilio Small intestine
Mesocodium sp. 3 S maculata Small intestine
S regularis Small intestine
A. subsigillata Small and large intestine
P. aequiplicata Small intestine
P. mascareniensis Small intestine
P. oxyrhynchus Small intestine
Mesocodium sp. 4 S maculata Small intestine
S regularis Small intestine
A. subsigillata Small and large intestine
H. galamensis Small intestine
P. aequiplicata Small intestine
P. longirostris Small intestine
P. oxyrhynchus Small intestine
Mesocodium sp. 5 S maculata Small intestine
S regularis Small intestine
A. subsigillata Small and large intestine
P. aequiplicata Small intestine
Mesocodium sp. 6 S maculata Small intestine
S regularis Small intestine
A. subsigillata Small and large intestine
H. occipitalis Small intestine
H. galamensis Small intestine
P. aequiplicata Small intestine
P. longirostris Small intestine
P. mascareniensis Small intestine
P. oxyrhynchus Small intestine
P. pumilio Small intestine
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Nematoda

Amplicaecum africanum.

Amplicaecum sp.

Aplectana sp.

Ascarididalarva 1

Ascarididalarva 2
Cosmocerca commutata
C. ornata.

Foleyellidessp. 1

Foleyellides sp. 2
Foleyellides sp. 3
Oswaldocruzia hoepplii

Paracosmocerca sp.
Physaloptera sp.

Rhabdias africanus

Rhabdias sp. 1
Rhabdias sp. 3
Unid. oxyurid nematode

S maculata

S regularis

A. subsigillata
H. galamensis
S maculata

S regularis

A. subsigillata
H. galamensis
H. occipitalis
P. mascareniensis
P. oxyrhynchus
P. pumilio

A. subsigillata
H. albolabris
S maculata

S regularis

H. galamensis
P. aequiplicata
P. oxyrhynchus
P. pumilio

P. mascareniensis
H. galamensis
P. mascareniensis
S regularis

H. albolabris
S maculata

H. albolabris
S maculata

S regularis

A. subsigillata
P. aequiplicata
H. galamensis
S maculata

S regularis

H. galamensis
A. subsigillata
S regularis

S maculata

H. albolabris
S maculata

S regularis

A. subsigillata
H. galamensis
P. aequiplicata
P. mascareniensis
P. oxyrhynchus
P. pumilio

S maculata

S regularis

H. albolabris
H. galamensis
P. mascareniensis

Oesophagus/stomach and small intestine
Oesophagus and small intestine
Oesophagus/stomach

Small intestine

Oesophagus and small intestine
Oesophagus and small intestine
Oesophagus/stomach

Small intestine

Small intestine

Oesophagus and small intestine
Oesophagus

Oesophagus and small intestine
Large intestine/rectum

Large intesting/rectum

Small and largeintestine

Small and large intestine
Large intestine/frectum

Large intesting/rectum

Large intestine/rectum

Large intesting/rectum

Small and large intestine

Body cavity

Body cavity

Body cavity

Body cavity

Large intesting/rectum

Small intestine

Small and large intestine
Large intestine/rectum

Large intestine/rectum

Large intesting/rectum

Large intesting/rectum

Body cavity

Body cavity
Oesophagus/stomach

Body cavity

Small intestine

Small intestine

Large intesting/rectum
Oesophagus/stomach
Oesophagus/stomach
Oesophagus/stomach
Oesophagus/stomach
Oesophagus/stomach
Oesophagus/stomach
Oesophagus/stomach
Oesophagus/stomach

Lungs

Lungs

Lungs

Lungs

Small intestine

occurred only in S. regularis from the VS but
Proteocephalus sp. 2 (Figure 2C) occurred in the S.
maculata from both habitats. Polystoma africanum was
recorded in asingletoad among those caught fromtheVS.
The six Mesocoelium spp. recorded were recovered from
the toads examined, with Mesocoelium spp. 1 and 6
(Figures 3A and 3F) occurring in toads from the VS and
the CP. In the CP the prevalence of the two species was

higher in S. regularis (25% each), but the infection
intensity wasdlightly higher in S maculata. Other species
(Mesocoeliumspp. 2, 3, 4 and 5) wererecorded mostly in
host specimens collected from the VS. In the VS,
prevalence and infection intensity were both higher in
S regularis.

Of the nine nematodes species recorded, only five
(Aplectana sp., C. ornata, Foleyellides sp.,
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Table 2: Prevalence and mean intensity of parasites of Bufonidsfrom Ojo Camp, Ugboke.

Parasite Host L ocation No. No. Prev. No. of M.I£SE
examined infected (%) parasite
Cestoda
C. jaegerskiod di S maculata CcP 53 - - - -
VS 159 05 3.2 18 3.6£1.6
S regularis CcP 04 - - - -
VS 112 01 0.9 01 1.0
Proteocephaluslarvasp. 1 S regularis CcP 04 - - - -
VS 112 04 3.6 07 1.8+0.48
Proteocephaluslarvasp. 3 S maculata CcP 53 03 5.7 03 1.0
VS 159 06 3.8 07 1.2+0.17
M onogenea
P. africanum S regularis CcP 04 - - - -
VS 112 01 0.9 01 1.0
Digenea
Mesocodium sp. 1 S maculata CcP 53 02 38 25 125425
VS 159 02 1.26 06 3.0£1.0
S regularis CcP 04 01 25.0 10 10.0
VS 112 12 10.7 1029 85.8+50.67
Mesocodium sp. 2 S maculata CcP 53 - - - -
VS 159 02 13 13 6.5£1.5
S regularis CcP 04 - - - -
VS 112 14 125 413 29.5+15.71
Mesocodium sp. 3 S maculata CcP 53 - - - -
VS 159 09 5.7 39 4.3+1.13
S regularis CcP 04 - - - -
VS 112 14 125 576 41.1+16.73
Mesocodium sp. 4 S maculata CcP 53 - - - -
VS 159 01 0.63 02 20
S regularis CcP 04 01 250 16 16.0
VS 112 12 10.7 111 9.3+251
Mesocodium sp. 5 S maculata CcP 53 02 38 19 9.5+5.5
VS 159 14 8.8 88 6.3+1.54
S regularis CcP 04 - - - -
VS 112 17 15.2 312 18.4+2.77
Mesocodium sp. 6 S maculata CcP 53 04 7.6 50 12.5+3.10
VS 159 21 13.2 102 4.9+1.47
S regularis CcP 04 01 25.0 10 10.0
VS 112 49 43.8 3818 78.8+10.36
Nematoda
Amplicaecum africanum S maculata CcP 53 - - - -
VS 159 05 31 37 7.4+3.36
S regularis CcP 04 - - - -
VS 112 24 214 300 12.5+2.35
Amplicaecum sp. S maculata CcP 53 - - - -
VS 159 12 75 155 12.9+7.20
S regularis CcP 04 - - - -
VS 112 11 9.8 27 2.5+0.41
Aplectana sp. S maculata CcP 53 - - - -
VS 159 06 3.8 136 22.7£13.85
S regularis CcP 04 01 25.0 06 6.0
VS 112 06 5.4 191 31.8+5.32
Cosmocerca commutata S maculata CP 53 - - - -
VS 159 01 0.6 20 20.0
C. ornata S maculata CP 53 02 38 17 8.5+7.5
VS 159 04 25 74 18.5+7.12
S regularis CcP 04 - - - -
VS 112 02 18 03 1.5+0.5
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Table 2 (cont’d): Prevalence and mean intensity of parasites of Bufonidsfrom Ojo Camp, Ugboke.

Cosmocerca sp. S. maculata CP
VS

Foleyellides sp. 1 S. maculata CpP
VS

S. regularis CP

VS

Physaloptera sp. S. maculata CP
VS

S. regularis CP

VS

Oswaldocruzia hoepplii S. maculata CP
VS

S. regularis CP

VS

Rhabdias africanus S. maculata CP
VS

S. regularis CP

VS

Ascarididalarva 1 S.regularis CP
VS

53 - - - -

159 01 0.6 05 5.0
53 01 1.9 02 2.0

159 03 1.9 18 6.0+2.52
04 - - - -

112 06 5.4 85 14.2+4.89
53 01 1.9 01 1.0

159 11 6.9 44 4.0£1.29
04 01 25.0 03 3.0

112 11 9.8 30 2.7+0.75
53 - - - -

159 01 0.6 03 3.0
04 - - - -

112 11 9.8 172 15.6+10.31
53 17 32.1 122 7.2+0.97

159 44 27.7 176 4.0+4.36
04 - - - -

112 19 17.0 79 4.2+0.52
04 - - - -

112 01 0.9 01 1.0

Figures 2A-C. Scoleces of proteocephalid cestode larvae
infecting ground-dwelling amphibians at Ojo Camp,
Ugboke. A, Ophiotaenia sp. infecting S. regularis;
B, Proteocephalus sp. 1 infecting P. pumilio;
C, Proteocephalus sp. 2 infecting S. maculata, A.
subsigillata and P. aequplicata. Scalebar: A, C = 0.2 mm;
B = 0.3 mm.

F

Figures 3 A-F. Mesocoelium spp. infecting ground-dwel |-
ing amphibians at Ojo Camp, Ugboke. A. Mesocoeliumsp.
1; B. Mesocoelium sp. 2; C. Mesocoelium sp. 3; D.
Mesocoelium sp. 4; E. Mesocoelium sp. 5 and F.
Mesocoelium sp. 6. Scale bar: A = 0.25 mm; B, F = 0.5
mm; C, D, E=0.3 mm.

Physaloptera sp. and R. africanus) occurred in the toads
from the CP. In contrast, the toads caught in the VS
harboured all the nine species recorded with higher
prevalence in S. regularis but the mean intensity for the
parasitesvaried in thetwo Sclerophrys spp.

Table 3 showsthe prevalence and mean intensity of the
helminth parasites recorded in Aubria subsigillata and
Hoplobatrachus occipitalis collected from the CP (n=11
each). While A. subsigillata harboured 16 helminth
species, only four wererecorded inH. occipitalis. Parasite
prevalence in both frogs ranged from 9.1% to 27.3%;
infection intensity seldom exceeded 20 parasites/infected
host (Mesocoelium sp. 6) in A. subsigillata and 6
parasites/infected host (Mesocoelium spp. 2 and 6) in
H. occipitalis.

The prevalence and mean intensity of infection of
parasitesin Hylarana spp. from Ojo Camp are presented
inTable4. A total of 15 specimens of H. galamensiswas
collected, onefromthe CPand 14 fromtheVS. The 13 H.
albolabrisexamined wereall collected from the CP. Two
monogeneans, Polystoma galamensis (from H.
galamensis) and P. perreti (from H. albolabris) were
recovered from thesefrogs. It wastheH. galamensisfrom
the VS that harboured P. galamensis. Five digeneans
including D. fischthalicus and four Mesocoelium spp.
(1, 2, 4 and 6) were recorded in the Hylarana spp.
Diplodiscus fischthalicus was only recorded in. H.
albolabris(prevalence: 15.4%; meanintensity: 3.0+1.03).
Mesocoelium spp. were recorded in frogs from both
habitats but with the different speciesoccurring in either
H. galamensisor H. albolabris. Mesocoeliumspp. 1 and
6 infections were over-dispersed in the specimens
infected, with infection intensity as high as 50 and 70
parasites/infected host, respectively. Nematodes recorded
in these frogs included Amplicaecum africanum,
Amplicaecum sp., Aplectana sp., Cosmocerca ornata,
Paracosmocerca sp., Foleyellides sp., Physaloptera sp.,
Rhabdias spp. 1 and 3 (from H. albolabris and H.
galamensis, respectively), two ascaridida larvae and an
unidentified nematode sp. from H. albolabris (Table 4).
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Most (08) of the nematodes were recorded in host The parasites recorded in the Ptychadena spp. are
specimens collected from the VS while the others (05) presented in Table 5. The two cestode genera
occurred inthosefromthe CP. Theprevaenceranged from  (Cylindrotaenia and Proteocephal us) recovered were both
7.1%t0 30.8% whiletheinfectionintensity ranged from from frogs caught in the CP. Cylindrotaenia
1.0+00to 13.7+5.78 parasites/infected host. jaegerskioeldi was recorded in P. longirostris while

Table 3: Prevalence and mean intensity of helminthsin Aubra subsigillata and Hoplobatrachus occipitalisfrom
cocoaplantationsin Ojo Camp, Ugboke.

Parasite Aubra subsigillata Hopl obatrachus occipitalis
Prevalence Mean intensity Prevalence Mean
(%) +SE (%) intensity +
SE
Cestode
Proteocephalus larva sp. 3 18.2 14.5+135 - -
Digenea
M. aubriae 9.1 5.0 - -
M. micrurus - - 9.1 1.0
Strigeiod trematode larva 9.1 1.0 - -
Mesocodium sp. 1 9.1 10.0 - -
Mesocodium sp. 2 18.2 14.0£1.0 9.1 6.0
Mesocodium sp. 3 9.1 20 - -
Mesocodiumsp. 4 18.2 10.0£2.0 - -
Mesocodium sp. 5 9.1 10.0 - -
Mesocodium sp. 6 18.2 235+35 9.09 6.0
Nematoda
A. africanum 9.1 1.0 - -
Amplicaecum sp. 9.1 1.0 9.1 4.0
Aplectana sp. 9.1 1.0 - -
C. ornata 9.1 7.0 - -
Cosmocerca sp. 9.1 20 - -
Foleyellidessp. 3 9.1 20 - -
Physaloptera p. 27.3 3.7+0.88 - -

Table 4: Prevalence and mean intensity of helminthsin Hylarana spp. from Ojo Camp, Ugboke.

Parasite Host Cocoa Plantation Village Settlement
Prevalence Mean Prevalence Mean
(%) intengity + (%) intensity +
SE SE
M onogenea
P. galamensis H. galamensis - - 214 5.0+£3.50
P. perreti H. albolabris 7.7 1.0 - -
Digenea
Diplodiscus H. albolabris 154 3.0£1.03 - -
fischthalicus
Mesocodium sp. 1 H. galamensis - - 71 50.0
Mesocodium sp. 2 H. albolabris 7.7 13.0 - -
Mesocodium sp. 4 H. galamensis 100.0 20 - -
Mesocodium sp. 6 H. galamensis - - 7.14 67.0
Nematoda
A. africanum H. galamensis - - 71 1.0
Amplicaecum sp. H. galamensis - - 71 1.0
Aplectana sp. H. albolabris 7.7 4.0 - -
H. galamensis - - 214 13.745.78
C. ornata H. albolabris 30.8 1.8+0.48 - -
H. galamensis - - 71 20
Foleyellides sp. 2 H. galamensis - - 14.3 2515
Paracosmocerca sp. H. albolabris 7.7 20 - -
Physaloptera sp. H. galamensis - - 71 1.0
Rhabdias sp. 1 H. albolabris 154 3.5+2.5 - -
Rhabdias p. 3 H. galamensis - - 71 1.0
Ascarididalarval H. galamensis - - 14.3 4.0+0.0
Ascarididalarva 2 H. albolabris 7.7 8.0 - -
Unidentified nematode  H. albolabris 23.1 6.0+2.08 - -
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Table5: Prevalence and mean intensity of helminth parasitesin the Ptychadena spp. from Ojo Camp, Ugboke.

Parasite Host L ocation No. No. Prev. No. of
examined infected (%) parasite M.IxSE
Cestoda
C. jaegerskiod di P. longirostris CP 01 01 100.0 13 13.0
VS - - - - -
Proteocephaluslarva sp. 2 P. pumilio CP 05 03 60.0 11 3.7£1.67
VS 07 - - - -
Proteocephaluslarva sp. 3 P. aequiplicata CP 08 01 125 03 3.0
VS - - - - -
M onogenea
P. aeschlimanni P. pumilio CP 05 01 20.0 01 1.0
VS 07 01 14.3 04 4.0
P. ebriensis P. aequiplicata CP 08 01 125 03 3.0
VS - - - - -
Digenea
D. fischthalicus P. pumilio CP 05 01 20.0 01 1.0
VS 07 - - - -
Halipegus sp. P. pumilio CP 05 01 20.0 02 20
VS 07 - - - -
Mesocodium sp. 1 P. oxyrhynchus CP 01 - - - -
VS 05 02 40.0 31 15.5+¢2.5
P. pumilio CP 05 - - - -
VS 07 03 42.9 04 1.3+0.33
Mesocodium sp. 2 P. aequiplicata CP 08 03 375 15 5.0+2.08
VS - - - - -
P. mascareniensis CP 03 01 333 01 3.0
VS 02 01 50.0 03 3.0
P. oxyrhynchus CP 01 01 100.0 07 7.0
VS 05 01 20.0 23 230
. pumilio CP 05 01 20.0 07 7.0
VS 07 05 714 42 8.4+6.42
Mesocodium sp. 3 . aequiplicata CP 08 01 125 02 20
VS - - - - -
. mascareniensis CP 03 - - - -
VS 02 01 50 01 1.0
. oxyrhynchus CP 01 - - - -
VS 05 02 40.0 22 11.0
Mesocodium sp. 4 . aequiplicata CP 08 03 375 15 5.0+2.31
VS - - - - -
. longirostris CP 01 01 100.0 01 1.0
VS - - - - -
. oxyrhynchus CP 01 01 100.0 07 7.0
VS 05 02 40.0 23 11.5¢15
Mesocodium sp. 5 . aequiplicata CP 08 03 375 16 5.3+1.76
VS - - - - -
Mesocodium sp. 6 . aequiplicata CP 08 03 375 29 9.7+3.93
VS - - - - -
. longirostris CP 01 01 100.0 01 1.0
VS - - - - -
. mascareniensis CP 03 - - - -
VS 02 01 50.0 03 3.0
. oxyrhynchus CP 01 01 100.0 07 7.0
VS 05 03 60.0 39 13.0+£7.94
. pumilio CP 05 01 20.0 10 10.0
VS 07 04 57.1 41 10.3+4.33
Nematoda
Amplicaecum sp. . mascareniensis CP 03 02 66.7 05 2.5+0.50
VS 02 01 50.0 01 1.0
. oxyrhynchus CP 01 01 100.0 03 3.0
VS 05 01 20.0 06 6.0
. pumilio CP 05 - - - -
VS 07 03 42.9 04 1.3+0.33
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Table5 (cont’ d): Prevalenceand meanintensity of helminth parasitesin the Ptychadena spp. from Ojo Camp, Ugboke.

Aplectana sp. P. mascareniensis CP
VS

P. aequiplicata CP

VS

P. pumilio CP

VS

P. oxyrhynchus CP

VS

C. ornata P. pumilio CP
VS

P. aequiplicata CP

VS

Physaloptera sp. P. aequiplicata CP
VS

P. mascareniensis CP

VS

P. oxyrhynchus CP

VS

P. pumilio CP

VS

Ascarididalarva 1 P. mascareniensis CP
VS

Oxyurid nematode P. mascareniensis CP
VS

03 - - - -

02 01 50.0 40 40.0

08 02 250 22 11.0+4.00
05 01 20.0 16 16.0

07 03 42.9 49 16.3£8.41
01 - - - -

05 01 20.0 07 7.0

05 01 20.0 02 20

07 03 42.9 12 4.0+1.00
08 01 125 01 1.0

08 04 50.0 08 2.0+£0.41
03 01 333 03 30

02 01 50.0 03 30

01 01 100.0 03 30

05 01 20.0 01 1.0

05 - - - -

07 01 14.3 02 20

03 - - - -

02 01 50.0 03 30

03 01 333 01 1.0

02 - - - -

Proteocephalussp. larval (Figure 2B) and 2 (Figure 2C)
were recorded in P. pumilio and P. aequiplicata,
respectively. Two Polystoma spp. were recorded among
the Ptychadena spp.; Polystoma aeschlimanni from P.
pumilio (CPand V' S) and P. ebriensisfrom P. aequiplicata
only from the CP. Irrespective of host habitat both
monogeneans had low infection intensity. Eight digenetic
trematodes (D. fischthalicus, Halipegus sp. and
Mesocoeliumspp. 1-6) wererecorded in these grassfrogs.
Diplodiscus fischthalicus and Halipegus sp. infected P.
pumilio specimens caught in the CP. Mesocoelium sp. 1
occurred in P. oxyrhynchus and P. pumilio taken in the
V'S. Except for Mesocoelium sp. 5 which was recorded
only in P. aequiplicata from the CP, Mesocoelium spp. 2,
3, 4 and 6 infected more than two host species each,
occurring in host specimensfrom either the CPor theVS
and in some instances from both habitats (Table 5). The
nematodesin thesefrogswere mostly generalists, infecting
different host specieseither inthe VS or the CP or both.

Discussion

Although Sclerophrys spp. (S. maculataand S. regularis)
wereencountered intheV Sand the CP, ahigher proportion
of the specieswasrecordedintheVS. Thisisprobably an
indi cation that the pesti cide contaminated environment of
the CP was not too conducive for these toads especially
for the devel opment of their tadpoles.

Pesticide contamination in the CP may also be
responsible for the absence of some parasitesin thetoads
caught from this habitat arising from the elimination of
their intermediate hosts. For example C. jaegerskioeldi
wasonly recorded inthe VSalbeit at low prevalenceand
intensity. Similarly, Ophiotaenia p. larvawas not recorded
in S regularis from the CP while Proteocephalus sp.

larva 2 infected S. maculata in both environments with
higher prevalence in the CP but with no observed
differencesin theinfection intensity. The monogenean P.
africanumwasrecorded inthe V Swith very low prevalence
and mean intensity (0.9% and 1.0, respectively) compared
to previousrecords of thisparasitein northern Edo State,
where Aisien and Du Preez (2009) recorded an overall
prevalence of 18.7% and a mean intensity of 4.6,
respectively.

Interestingly, only Mesocoelium spp. were the
digeneans recorded in the two Sclerophrys spp.
irrespective of the environment of collection (Table 1).
Thisresultissimilar to that obtained by Aisienet al (2011)
inthe S. maculata (formerly Amietophrynus macul atus)
collectedintheAgricultural Zoneof the Pendjari Biospere
Reserve in Benin Republic. The Mesocoelium spp.
recovered varied morphologically, especially with respect
tothetestes/ovary sizes, that it is perhaps safer for now to
regard them as different species until otherwise
determined. Irrespective of the Mesocoeliumsp. infecting
thesetoads, the prevalence and theinfectionintensity were
generaly higher inthetoadscollectedintheVS(Table 2),
an indication this habitat was more conducive for the
arthropod intermediate hosts of these trematodes. In a
recent publication, Imasuen and Aisien (2019) remarked
that bush burning, apreparatory phasein farming eliminated
most of the arthropod vectors of Mesocoelium monodi,
hence thelow prevalence of Mesocoeliumin the anurans
collected from afarm bush.

Infection with nematodes mostly followed the pattern
observed for the Mesocoelium spp. as the prevalence and
infection intensity were similarly higher inthe VS, Thisis
another indication that contaminated environments impact
negatively on the free-living larval stages of parasites
developinginsuchamilieu (Pietrock and Marcogliese 2003).
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Unlikethe Sclerophrys spp. which wererepresented in
theVSandthe CP, A. subsigillataand H. occipitaliswere
encountered only in the CP, which provided them with
ponds and puddles, away from human habitations. Of the
twofrogs, A. subsigillata harboured more parasite species
(16 parasites) than H. occipitalisinwhich only 4 parasite
specieswererecorded. Itisnot clear why A. subsigillata
was more susceptible to infection than H. occipitalis. It
may be traceable to the immunosuppressive effects of
pesticides, which according to Rohr et al (2008), induce
higher trematode infection in amphibiansexposed in their
tadpole stage. Aisien et al (2011) however found that this
phenomenon (immunosuppressive effect) was not
restricted to trematode infections alone, but was also
applicable to other parasite groups. Except for
Mesocoelium spp. 2, 4 and 6, and Physaloptera sp.,
infection intensities for parasites recovered from both
frogsweregenerally low. Thisagain may be connected to
theinhibitory effect of pesticidesin this environment as
observed by Aisien et al (2011) inthe Agricultural Zone
of the Pendjari Biosphere Reserve, Benin Republic.

The two Hylarana spp. encountered in this study had
their preferred habitats; H. albolabris occupied the more
humid cocoa plantations and H. galamensis, the village
settlement, whichwasrelatively drier because of itssparse
vegetation. Hylarana galamensis has been more
frequently encountered in the savannah biotope of Nigeria
(Aisien et al 2003, 2004; Ozemoka2012) but apopulation
of this frog has also been reported in the humid
environment of the Niger Delta of Nigeria (Aisien et al
2017). The parasitesrecovered from the two frog species
showed ahigh degree of separationwith only two nematode
species (Aplectana sp. and C. ornata) common to them.
Whileafew of them may be host specific (P. galamensis,
P. perreti and Foleyellides sp. 2), some others (D.
fischthalicus, A. africanum and Physaloptera sp. larva)
are known generalists. It istherefore not clear why they
selectively infected some hostsin Ojo Camp. Although P.
galamensis frequently infects frogs from the drier
environments as in the savannah and in the VS, this
polystome has also been recorded in frogs from the humid
environment of the Niger Delta, albeit with low prevaence
and infection intensity (Aisien et al 2017). Polystoma
perreti on the other hand seemsto have amorerestricted
distribution. Up till now, this Polystoma sp. hasonly been
recovered fromH. albolabristaken at theAbrakawetlands
inDeltaState of Nigeria(Aisien, M.S.O. unpublished data).
Thehigher prevalence and infection intensity recorded for
Polystoma galamensi s has shown that the environment in
V Swas more conducivefor oncomiracidial devel opment
and host infection. Other parasitesinfecting frogsin the
V Sincluding Mesocoelium spp. 1 and 6, and Aplectana
sp., had infectionintensity higher than their counterparts
in the CP, thus confirming the limiting influence of
pesticide contamination in the plantations on parasites.

Infection among the Ptychadenidae were mostly
recorded in specimens collected from the CP. Itislikely
that the anurans from this environment were again more

susceptibleto infection dueto their exposureto pesticides
inthe CP. For example, the cestodes, represented by three
species in two genera occurred only among the frogs
collected from the CP. Whereas C. jaeger skioeldi had high
infection intensity in P. longirostris, the two
Proteocephal us spp. larvae recovered from P. pumilio and
P. aequiplicata, respectively, had lower infection intensity
in these hosts (Table 5). Despite the differences in the
environmental conditions in the VS and the CP, the
prevalence and infection intensities for P. aeschlimanni
inboth environmentswere generally low, although witha
dlightly higher infection intensity in the VS. Polystoma
ebriensiswhich occurred only in P. aequiplicata takenin
the CP also had low infection intensity. It is likely that
conditionsexisting in both environments generally did not
favour the development of the eggs/larvae of these
monogeneans.

Thedigeneanswererepresented by only three genera,
namely, Diplodiscus, Halipegus and Mesocelium. While
D. fischthalicus and Halipegus sp. were exclusively
recovered from host specimens from the CP, the
Mesocoelium spp. had mixed distribution, sometimes
occurring in host specimensfrom both environmentsand
in other instances only from the CP. Themixed distribution
of the Mesocoelium spp. could partly be attributed to the
mobility of the arthropod intermediate host which
consequently did not restrict them to a particular
environment. Alternatively, these arthropods may belong
to a species that is available in both habitats and are
commonly consumed by the anuran species in both
habitats. The apparently high prevalence val ues obtained
for the nematode parasites can be accounted for by the
low host number examined from both the CPand theVS.
Except for Aplectana sp. with appreciable infection
intensity in a few hosts, the mean intensity of infection
for other nematodeswasvery low. Thisisan indication of
the unfavourable milieu confronting thefreeliving stages
of theseworms, whichinhibit survival and their ability to
reach and establish infectionsin their hosts (Pietrock and
Marcogliese 2003).

In conclusion, thisstudy has shown that the pesticide-
polluted environment of the CPwas not conducivefor some
ground-dwelling anurans and for the parasites infecting
them. The prevalence and mean intensity of parasites
recovered from Sclerophrys spp. weregenerally higher in
theVS. In A. subsigillata and H. occipitaliswhich were
encountered only inthe CP, A. subsigillata harboured more
parasitesthan H. occipitalis. The greater susceptibility of
A. subsigillata is presumed to arise from the
immunosuppressive effects of pesticides. The low
prevalence and infection intensity recorded for some
parasites are presumed to have arisen from theinhibitory
effects of the pesticide contamination in the CP. Thetwo
Hylarana spp. encountered had distinct habitat preferences
with H. galamensis preferring the drier environment of
the VS while H. albolabris was restricted to the more
humid CP. The parasitesinfecting these frogs also had a
high degree of separation with only two parasitescommon
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to both frogs. Among the Ptychadenidae, infectionswith
helminth parasites were mostly recorded in specimens
collected from the CP. The higher susceptibility observed
inthefrogsfrom thisenvironment ispresumedto beasa
result of their exposureto pesticides during devel opment.
The low intensity of infection recorded in them is also
presumed to be aconsequence of theinhibitory effects of
the pesticide-polluted environment on the free-living
stages of parasitesinfecting them.
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