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Abstract: This paper is a survey of the parasite diversity, prevalence and infection intensity in anurans
in diverse ecological settings in West Africa. The settings included natural habitats (rainforests,
freshwater creeks, Guinea and Sudan savannas), monoculture plantations (cocoa, cotton and oil
palm), urbanized and urbanizing rainforest biotopes and polluted environments due to oil industry
activities. The natural habitats had higher amphibian species diversity, moderate parasite prevalence
and low infection intensity, showing a balance in the host/parasite relationship. These habitats
yielded most of the monogeneans, among which were new species. The freshwater creek biotope
had low amphibian diversity, but hosts from this environment harbored several parasite taxa, a
situation attributed to a prolonged wet season, high environmental humidity and persistent breeding
pools for insect vectors in this area. The monoculture plantations were characterized by high
parasite prevalence but lower infection intensity. For example, in the Pendjari Biosphere Reserve
in Bénin Republic, the Agricultural Zone (AZ) had higher parasite prevalence values, while the
National Park (NP) and Buffer Zone (BZ) had higher infection intensities. Higher prevalence was
attributed to the single or combined effects of vector population explosion, immune-suppression
by agrochemicals, nutrient enrichment and eutrophication from fertilizer use. The lower infection
intensity was attributed to the inhibitory effect of the pesticide-contaminated environment on the
free-living larval stages of parasites. The adverse effect of pesticide contamination was also evident
in the lower infection intensity recorded in the anurans from the cocoa plantations at Ugboke in
comparison to those from the pesticide-free village settlement. Urbanization reduced host diversity
and numbers and increased the vector population, resulting in unusually high parasite prevalence
and infection intensities at Diobu and Port Harcourt and high prevalence recorded for Ophidascaris
larvae in the anurans of Evbuabogun. Oil pollution in the mangrove community reduced both host
and parasite diversity; infection intensity was also low due to the adverse conditions confronting
free-living stages of parasites in their development milieu. The high prevalence values obtained for
monogeneans (Polystoma spp.) in Ptychadena spp. from Ogoniland was presumed to have resulted
from host tadpole sequestration and exposure to high oncomiracidia burden in the few hospitable
ponds. Also reviewed is the phenomenon of amphibian paratenism, a strategy on which many
helminth parasites rely on for their trophic transmission to their definitive hosts.

Keywords: ecology; parasite prevalence; infection intensity; host specificity; amphibian paratenism

1. Introduction

The West African sub-region is located within the geographical coordinates of 4◦ N–20◦ N;
15◦ E–18◦ W. It is bounded to the north by the Sahara Desert, to the East by Cameroon and to
the west and south by the Atlantic Ocean (Figure 1). The region is made up of 16 countries
of which five (Gambia, Ghana, Liberia, Sierra Leone and Nigeria) are English speaking,
nine (Burkina Faso, Bénin, Côte d’Ivoire, Guinea, Mali, Mauritania, Niger, Senegal and
Togo) are Francophone and two (Guinea Bissau and Cape Verde) are Portuguese.
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Figure 1. Map of countries in the West African sub-region.

The region is divided into different bioclimatic zones ranging from the brackish man-
grove biotope, to forest swamps, tropical rainforest, the derived savanna and the Guinea
savanna. The northern part of Bénin is located in the Sudan savanna. Anthropogenic
activities, mainly in the form of agricultural land use and urbanization, have altered the
pristine order in these biotopes, leading to massive loss of natural vegetation, habitat
fragmentation and loss of amphibian species. Oil industry activities in the Niger Delta of
Nigeria and its attendant pollution from oil spills and refinery effluents have resulted in
severe environmental degradation, which has impacted negatively on the amphibian fauna
diversity of the region.

Studies on the parasites of amphibians in West Africa date back to the 1920s, with
more investigations undertaken in Francophone countries (Bénin, Cameroon, Central
African Republic, Gabon, Ivory Coast, Togo) [1–16]. These studies were purely descriptive,
with emphasis on the flatworms (monogeneans and digeneans) parasitizing anurans in
these countries. The paper by Durette-Desset and Batcharov [8] was an exception in
that it described two nematodes (Gendria leberrei and Camallanus dimitrovi) recovered
from amphibians in Togo. A more recent paper by Daniel et al. [16] reported on the
gastro-intestinal parasites of Conraua goliath in the littoral region of Cameroon, which
recorded eight nematodes, two digeneans and a pentastomid. Far fewer studies were
undertaken in Anglophone West Africa [17,18]. Rees [17] described two trematodes of
the genus Haematoloechus (H. exoterorchis and H. micrurus) from Rana (Hoplobatrachus)
occipitalis, while Fischthal and Thomas [18] undertook further investigations into the
trematodes of amphibians in Ghana. Later studies by Jackson and Tinsley dealing with
host specimens from West Africa and elsewhere in Africa [19–22] focused on the taxonomy,
evolutionary relationships, host range, geographical distribution and host specificity of
some helminth parasites [19–21]. A later study investigated the role of hymenochirine
anurans in camallanid nematode life cycles [22]. Our initial studies of amphibian parasites
were also descriptive [23–26].

A new perspective connecting amphibian parasitism with host ecology came into focus
from the contributions of environmental parasitologists [27–37]. Information from these
studies assisted us in finding a nexus between host environments and parasite diversity,
distribution and host specificity.
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The approach adopted in this review is to examine the infection patterns in anurans
from natural habitats and use them as backgrounds against which deviations observed
in hosts from environments impacted by human activities are evaluated. In this review,
we examined the parasite diversity in amphibians from various ecological settings where
amphibians and their parasites have been studied in West Africa. The ecological scenar-
ios considered include (1) natural habitats (rainforests, savannas, fresh water swamps),
(2) monoculture plantations (cocoa, cotton and oil palm), (3) oil polluted environments and
(4) urbanizing and urbanized habitats.

Most of the current investigations into parasite diversity in anurans from West Africa
are being undertaken in Nigeria. This may inadvertently skew the examples cited in this
discussion to literature emanating from this area.

2. Natural Habitats
2.1. Rainforest Biotopes

The tropical rainforests are located between 23.5◦ N and 23.5◦ S of the equator. The
vegetation consists of high canopy trees and thick undergrowth, with high levels of pre-
cipitation and atmospheric humidity, which is why it supports a high diversity of am-
phibians [38]. Quite a number of investigations on the parasitofauna of anurans have
been conducted in the rainforest biotope in Nigeria, the first of which was in Benin City,
Nigeria [23]. On account of the altered nature of the study sites, very few anuran species
were encountered; most of these were disturbance-tolerant species, which surprisingly
harbored 26 endoparasites, excluding monogeneans. Insights into the parasitic infections
of anurans from natural forest biotopes came from the investigations at the Gelegele Forest
Reserve (GFR) [26], followed by studies at the Okomu National Park (ONP) [39].

Among the anurans encountered at the Gelegele Forest Reserve by Aisien et al. [26]
were forest specialists, including Chiromantis rufescens, Ptychadena longirostris and Hyper-
olius fusciventris. Overall parasite prevalence among the 11 anurans investigated was
quite low (0.6–10.8%), but when prevalence in the dominant species (Aubria subsigillata
and Ptychadena spp.) were separately analyzed, the prevalence recorded for A. subsigillata
for the eight parasites encountered ranged from 9.1% to 45.5%, while that recorded for
Ptychadena spp. was between 2.63% and 51.72%. The infection pattern reflected a stable
environment, devoid of anthropogenic activities disrupting the equilibrium in host-parasite
interactions. Three monogeneans (Metapolystoma cachani and two other Polystoma spp.)
were recorded along with four digeneans (Haematoloechus aubriae, Halipegus sp., Pleu-
rogenoides tener and Mesocoelium monas), which were new records for Nigeria.

The ONP yielded a higher anuran species diversity (40 species), dominated by the fam-
ilies Hyperoliidae and Ptychadenidae [39]. Twenty-eight parasite species, comprising ten
monogeneans, six digeneans, eleven nematodes and an acanthocephalan cystacanth, were
recorded. The finding of ten monogeneans in this protected sanctuary further buttressed
the fact that their absence in the anurans from Benin City and its environs was due to the
altered nature of the collection sites. A new Polystoma species, Polystoma okomuensis, was
described from Phlyctimantis boulengeri [40], and a second species recorded in Hyperolius syl-
vaticus awaits description. The other Polystoma spp. recovered were Polystoma aeschlimanni,
P. baeri, P. chiromantis, P. dorsalis, P. ebriensis, P. grassei and P. pricei, which have records
elsewhere in Africa [6,41–47]. Also recovered was Metapolystoma cachani, which was earlier
recorded at GFR [26] and much earlier recorded in Togo and Côte d’Ivoire [47,48]. New
geographical records among the digeneans included Ostioloides rapiae and Halipegus sp.
A unique phenomenon in which larvae of an unidentified nematode co-encysted with
proteocephalid cestode larvae was recorded in Silurana tropicalis [49]. As observed at GFR,
parasite prevalence and infection intensity were generally low, except in a few cases where
the number of host species examined were few, giving an apparent high prevalence.
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2.2. Freshwater Creeks

The freshwater creek community of Ase in Delta State, Niger Delta of Nigeria was
unique in a number of respects. Although only 125 anuran specimens (two Sclerophrys
maculata, one S. regularis, six Hymenochirus sp., 44 Amnirana galamensis, 5 Hoplobatrachus
occipitalis, 23 Ptychadena bibroni, 11 P. mascareniensis, 10 P. oxyrhynchus and 5 P. pumilio)
were examined, 32 endoparasites were recovered. These included pentastomids, cestodes,
monogeneans, digeneans and nematodes. Sclerophrys regularis, which is terrestrial, har-
bored the lowest number (2) of parasites, while the highest number (11) was recovered
from P. bibroni. While most of the parasites recovered were adults, some larval stages that
use anurans either as intermediate or paratenic hosts were also encountered. Polystoma
galamensis, a monogenean commonly associated with host species Amnirana galamensis
from the savannah biotope [24,25], was recorded in this location, albeit with low prevalence
and infection intensity [50]. Although Amnirana galamensis was considered an accidental
host for the larval brachylaimid recovered in this frog, this infection led to the unraveling
of the intermediate and definitive hosts of this trematode in the creek environment (M.S.O.
Aisien, unpublished data). The major factors that may have influenced the high parasite
diversity in this habitat were the long duration of the wet season and the consequent
high environmental humidity in this creek community. This was very conducive for soil-
transmitted helminth parasites. These environmental factors also ensured the continuous
availability of stagnant water bodies, where mosquitoes bred in large numbers. We suspect
these mosquitoes are the vectors of the Foleyellides and Oswaldocruzia spp. recorded in the
frogs from this habitat.

2.3. The Savannas

The savanna is a region of lower precipitation when compared to the rainforest
biotopes further south. The vegetation is grassland, in addition to deciduous trees; there
are six months of rainfall (May to October) and six months of dry season (November to
April) [51]. These conditions place a limitation on the amphibian fauna composition of
this zone. Aisien et al. [25] recorded four anurans (Bufo regularis, B. maculatus, Dicroglossus
occipitalis and Amniana galamensis) at New Bussa, while Anele et al. [51] recorded nine
savanna species (Sclerophrys regularis, Kassina senegalensis, Afrixalus vittiger, Silurara tropicalis,
Xenopus fischbergi, Pyxicephalus cf. edulis, Hoplobatrachus occipitalis, Amnirana galamensis
and Ptychadena pumilio) in Zaria. In this ecological scenario, where rainfall is for a short
duration and the area is devoid of forest cover to reduce evaporative water loss, the
opportunity for parasite transmission is restricted to a few available water bodies, and
reproductive success is restricted to parasites that are adequately adapted for survival and
propagation. An excellent example of such adaptation is found in Eupolystoma alluaudi,
whose oncomiracidia in an internal cycle of re-infection, hatch out in the host urine and
establish themselves directly on the bladder wall along with their parents [52]. This way, the
parasite is able to avoid the risk of reproduction in an unpredictable external environment.
Besides E. alluaudi, other helminth parasites were also recorded (11 in New Bussa and 6 in
Zaria). At the Pendjari Biosphere Reserve, located in the Sudan savanna of Bénin, [53]
recorded 14 anuran species from eight families, which played host to 18 helminth parasites.
In all, there seems to be some uniformity in the dominant parasite species in this biotope:
nematodes and trematodes predominate in the three study locations. The monogenean
Polystoma galamensis was specific to Amnirana galamensis, Eupolystoma alluaudi to bufonids,
while Haematoloechus spp. and Camallanus dimitrovi were similarly host specific, occurring
only in Hoplobatrachus occipitalis. The report of Camallanus macrocephalus in two pipid
anurans (Xenopus fischbergi and Silurana tropicalis) by Anele et al. [51] showed that this
nematode is not host specific but has a wide distribution among pipid anurans, as it was
first described by Jackson and Tinsley [19] from X. borealis in Kenya.
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3. Altered Environments
Monoculture Plantations

Agriculture is one of the major land use forms in Africa, ranging from small holdings
by individuals or families to monoculture plantations owned by multi-nationals. Plantation
types include those of oil palm, cocoa, rubber and cotton. Associated with some of these
plantations (cotton and cocoa) is pesticide use to mitigate crop damage and herbicides for
weed control. Pesticides have an immunosuppressive effect on anurans when they are
exposed at some critical stages in their development, rendering them more susceptible to
trematode infections [35,36] and the risk of limb deformities [28,36]. Pesticide-contaminated
environments also inhibit the development and transmission of the free-living stages of
helminth parasites [29], resulting in high prevalence and low infection intensity. While
records of limb deformities due to pesticide use have not been reported in West Africa,
their effects on parasite prevalence and infection intensity in anurans are evident. In the
Pendjari Biosphere Reserve, Bénin, where Endosulfan and DDT were applied to control
cotton pests in the Agricultural Zone (AZ), their effect on the pattern of helminth parasitic
infections in anurans was unequivocal when compared with results from the National
Park (NP) and the Buffer Zone (BZ) [53]. For example, the prevalence of acanthocephalan
cystacanths was higher in Phrynobatrachus latifrons caught in the AZ, while those from the
BZ had higher infection intensity. It was postulated that changes in the landscape of the
AZ promoted higher vector population and infection, leading to higher parasite preva-
lence [33,34]. An alternative argument was that the immunosuppressive effect of pesticides
on the host (P. latifrons) may be responsible for the higher prevalence observed in the
AZ [35]. The lower infection intensity also recorded in the frogs from the AZ was attributed
to the inhibitory effect of the pesticide-contaminated environment on the development and
transmission of the larval stages of these parasites [29]. Further influence of pesticide use in
Pendjari was observed in the pattern of trematode infection in the frogs examined. It was
observed that infection with digeneans occurred predominantly in hosts collected from
the AZ. This was linked to a pesticide-induced increase in algal density, which resulted in
increased snail density and increased cercarial output, manifesting in increased trematode
infection in this zone. A similar trend was observed by Rohr et al. [36], where the herbicide
atrazine augmented the richness and abundance of snail intermediate hosts of trematodes,
thus increasing the abundance of cercariae infecting the frog Lithobates pipiens. The prepon-
derance of trematode infections in the AZ was also linked to the immunosuppressive effects
of pesticides [36], which made them more susceptible to trematode infections. Nutrient
enrichment from fertilizer use and the resultant eutrophication were also thought to have
led to increased algal density in the AZ, driving greater snail abundance and more infection
in intermediate hosts [53]. Pesticide influence on parasites was not restricted to trematodes;
it was also observed with nematodes [30]. For example, the prevalence of Rhabdias sp. in
Phrynobatrachus latifrons in the BZ was approximately 14 times higher when compared with
those from the AZ, leading to the conclusion that the pesticide-free environment in the BZ
was more conducive for the development and transmission of the soil-dwelling stages of
these lungworms. It would appear that Rhabdias bufonis in S. maculata fared better in the
AZ, as infection with this nematode was only recorded in the AZ. Since the life cycle of
this species is no different from those of other Rhabdias spp., it was concluded that these
toads may have been collected near human habitations or near streams in the AZ, where
direct pesticide application was rare or absent. Similarly, prevalence and infection intensity
of Amplicaecum sp. in S. maculata was also higher in the NP, where the inhibitory effect of
pesticides was absent.

Cocoa plantations represent another habitat where the effect of pesticide use has been
evaluated [54]. Although cocoa plantations alter the pre-existing natural habitat, these
plantations provide the anurans therein with a variety of microhabitats [55,56]. Pesticides
applied in the Ojo-Camp cocoa plantations for pest control included Gamalin, Avesthrin
(Cypermethrin 10% EC), Scorpion, Best, Instakill and Ridonul Gold 66WP, while the herbi-
cide Weed Crusher was used for weed control. An investigation of the helminth parasitic
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infections of leaf litter frogs (Arthroleptis and Phrynobatrachus spp.) and ground-dwelling
anurans potently demonstrated the effects of pesticide and herbicide use on the pattern
of helminth parasitic infections in these amphibians [57,58]. Despite the pesticide con-
tamination of the leaf litter, high species richness and diversity of parasites (15 parasites)
were recorded among the leaf-litter frogs [57]. The parasites recovered included cestodes
(Cylindrotaenia jaegerskioeldi, Ophiotaenia sp. and larvae of two Proteocephalus spp.), digenetic
trematodes (two Mesocoelium spp. and a strigeoid larva) and eight nematode species (Am-
plicaecum sp., Aplectana sp., Cosmocerca ornata, Cosmocerca sp., Foleyellides sp., Physaloptera
sp., Rhabdias sp. and Ascaridida sp. larva), albeit with low infection intensity, ranging
from 1 to 12 parasites/infected hosts. The low infection intensity was a consequence of
the inhibitory effect of pesticides/herbicides on the survival of the free-living stages of
these parasites [29]. Furthermore, the use of these agrochemicals may also have eliminated
vectors transmitting some of the parasites. The effects of these agrochemicals become
more apparent when results obtained from the ground-dwelling anurans Aubria subsigillata,
Amnirana spp. (A. albolabris and A. galamensis), Sclerophrys spp. (S. maculata and S. regularis),
Ptychadena spp. (P. equiplicata, P. longirostris, P. mascareniensis, P. oxyrhynchus and P. pumilio)
and the semi-aquatic Hoplobatrachus occipitalis collected from both the village settlement
(free of agrochemical application) and the cocoa plantations (with pesticide/herbicide
contamination) are compared. A careful look at some anuran families and their infection
pattern was quite insightful. For example, among the Bufonidae (S. maculata and S. reg-
ularis), more parasite species were recorded in the specimens collected from the village
settlement (VS). Prevalence was generally low in both the VS and in the cocoa plantations.
Infection intensity was higher, however, in the toads from the VS, which is indicative of a
more conducive environment for parasite development and transmission.

Of the two frog species (Aubria subsigillata and Hoplobatrachus occipitalis) that occurred
only in the cocoa plantation, A. subsigilatta was the more susceptible, harboring 16 parasites,
while H. occipitalis was infected with only four parasites (Table 1). The parasite burden
recorded in H. occipitalis in this study is in sharp contrast to the report in the savannah-
mosaic zone of Edo State, Nigeria [24], where this frog harbored as many as 13 helminth
species. This finding is similar to the report on specimens of this frog from the mangrove
of the Niger Delta of Nigeria, where the holding ponds had acidic pH values ranging from
5.3–6.1 [58].

The contrasting parasite burdens may also highlight the fact that the degree of immune
suppression may vary among frogs. Infections recorded among the Ptychadenidae were
mostly among the immune-suppressed specimens from the cocoa plantation; the low
parasite burden in these grass frogs pointed to the inhibitory effect of agrochemicals in the
developmental milieu of the parasites.

Monoculture plantations like the oil palm may inadvertently increase the range of
some parasitic infections. In the study of the amphibian diversity and helminth parasitic
infections of anurans at the Okomu Oil Plantations, Ovwah [59] reported a number of
cestodes but did not encounter the larval forms of the cestode Diplopylidium. In another
study by Agbosua [60] at the Extension II of the same plantation, cysticercoids belonging
to this genus were recovered from Sclerophrys maculata, Phrynobatrachus calcaratus and
Ptychadena mascareniensis (prevalence: 8.3%, 27.3% and 10%, respectively). Bush cats
domicile in the High Conservation Value Areas (HCVAs) and adjoining bushes forage at
night for ripe oil palm fruits in the plantations, and their fecal droppings, containing the
eggs of this cestode, are consumed by arthropod hosts, which pass the infection to the
anuran paratenic hosts. Adults of this parasite have been recovered from Civet cats [61] (see
details in the section on Amphibian paratenism). Another interesting observation made
at the Extension II plantation was that all anurans harboring the trematode Mesocoelium
were, without exception, infected with a single Mesocoelium species (Mesocoelium monodi),
creating what may be referred to as “infection homogeneity” with respect to this parasite
among the anurans in the plantation. This scenario must have arisen by the consumption
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of a common arthropod intermediate host of the parasite by the different frog species in
the plantation [60].

Table 1. Prevalence and mean intensity of helminths in Aubra subsigillata and Hoplobatrachus occipitalis
from cocoa plantations in Ojo camp, Ugboke.

Parasite
Aubra subsigillata Hoplobatrachus occipitalis

Prevalence
(%)

Mean Intensity
± S.D.

Prevalence
(%)

Mean Intensity
± S.D.

Cestode
Proteocephalus larva sp. 3 18.2 14.5 ± 19.09 - -

Digenea
M. aubriae 9.1 5.0 - -

M. micrurus - - 9.1 1.0
Strigeiod trematode larva 9.1 1.0 - -

Mesocoelium sp. 1 9.1 10.0 - -
Mesocoelium sp. 2 18.2 14.0 ± 5.66 9.1 6.0
Mesocoelium sp. 3 9.1 2.0 - -
Mesocoelium sp. 4 18.2 10.0 ± 11.31 - -
Mesocoelium sp. 5 9.1 10.0 - -
Mesocoelium sp. 6 18.2 23.5 ± 4.95 9.09 6.0

Nematoda
Amplicaecum africanum 9.1 1.0 - -

Amplicaecum sp. 9.1 1.0 9.1 4.0
Aplectana sp. 9.1 1.0 - -

Cosmocerca ornata 9.1 7.0 - -
Cosmocerca sp. 9.1 2.0 - -

Foleyellides sp. 3 9.1 2.0 - -
Physaloptera sp. 27.3 3.7 ± 1.53 - -

4. Urbanization

Urban landscapes in most of Africa are poorly planned; even when master plans exist,
the provisions are in most cases not respected or adhered to. Therefore it is difficult to find
cities where any refugia exist for the displaced animal fauna caused by urbanization.

As humans take down the natural vegetation, the resident fauna are forced to relocate
to undeveloped plots, which may be unsuitable for their existence. Many species are
undoubtedly lost in the process, but disturbance-tolerant species that succeed in finding
alternative habitats thrive. It is on this crop of survivors that studies on parasite diversity
have been undertaken.

4.1. Urbanized Rainforest Environment

Aisien et al. [62] investigated the helminth parasitic fauna of the anurans on the
grounds of a University campus situated in an area that once was a thriving rainfor-
est biotope; over time, this area became urbanized, with several changes to its natural
ecology. The campus was adorned with ornamental trees and flower hedges; the lawns
were frequently maintained. At night, anurans were sighted in drains, some shallow
ponds and other water receptacles. Tree frogs abounded on the ornamental trees and tall
grasses around the ponds. Our investigation revealed some interesting observations. Only
nine anuran species tolerant of disturbed environments (Afrixalus fulvovitatus, Sclerophrys
camerunensis, S. regularis, Hyperolius concolor (phases B and C), Hoplobatrachus occipitalis,
Phrynobatrachus sp., Ptychadena pumilio and P. mascareniensis) thrived in this environment.
Similarly, only a few parasite species were recorded in the anurans investigated. Of interest
were the prevalence values recorded for some of the parasites. For example, a prevalence
of 66.7% was recorded for the cestode Cylindrotaenia jagerskioeldi in Afrixalus fulvovittatus,
caught on tall grasses around a pond in a swampy strip of the campus. This result con-
trasted sharply with the lower prevalence values (0.24% and 12%) obtained for this cestode
in hosts from other rainforest and derived savannah biotopes [26,63]. We observed that the
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altered environment had increased the population of the intermediate hosts (beetles) of the
parasite. At night the beetles migrated to the grass tips, where the calling males of A. ful-
vovittatus were aggregated. This bottom-to-tip migration resulted in a disproportionate
consumption of these beetles by male frogs, and hence a higher cestode prevalence in males
(34.4%) compared with females, which had only 7.14% prevalence. Infection intensity was
also slightly higher in male frogs.

Also observed was an equally high prevalence of acanthocephalan cystacanths in
some of the anurans: Hyperolius occidentalis (37.5%), A. fulvovittatus (10.5%), P. pumilio
(66.7%), S. regularis (33.3%) and P. mascareniensis (60.0%). This finding is noteworthy when
compared with the overall prevalence value obtained for acanthocephalan cystacanths
at the Okomu National Park, which stood at 14.4% [39]. The prevalence of Chabaudus
leberrei, transmitted by haematophagus insects such as mosquitoes, was equally high in
H. occidentalis (37.5%) when compared with the range of 2.4–8.3% in hosts from undisturbed
forest biotopes [26,39].

4.2. Urbanizing Rainforest

Studies conducted in a changing rainforest biotope due to increasing urbanization
and other anthropogenic activities [64] not only showed a drastic reduction in amphibian
diversity (only six species) in the study area, but also recorded a high overall prevalence
(75%) and diversity (17) of parasites. Of particular interest among the helminth parasites
recorded was an Ophidascaris sp. larva, which has been reported to use anurans as paratenic
hosts in the rainforest and derived savannah biotopes of southern Nigeria [63]. The highest
prevalence and infection intensity recorded was 20% and 10.3 parasites/infected host,
respectively, in Ptychadena bibroni. Prevalence (P) and mean intensity (MI) values recorded
in four anurans at Evbuabogun community [64] are as follows: S. maculata (P: 31.8%, MI:
67.9); S. regularis (P: 50%, MI: 1.0); P. oxyrhynchus (P: 50%, MI: 13.1); P. pumilio (P: 33.3%,
MI: 1.0). Adults of this nematode have been recorded in snakes (Causus maculatus, Python
regius and Loprophis fuliginosus) by Awharitoma et al. [65], some of which were caught at
Evbuabogun. The unusually high mean intensity recorded in S. maculata (67.9) is indicative
of an active transmission in the snake population within this altered habitat. According
to Klingenberg [66], Ophidascaris infection in snakes adversely affects their reproductive
ability. Odigwe [67] reported the occurrence of Ophidascaris larvae in the body cavity of
Agama colonarum. It will be interesting to know the level of infection occurring in the Agama
lizard from this community.

5. Polluted Environments

Oil industry activities in the Niger Delta of Nigeria have caused severe pollution,
environmental degradation and reduced species richness, including those of amphibians,
in their areas of operation [68–70]. One such impacted community is Ijala-Ikeren in Delta
State, Nigeria, which is contiguous to the mangrove biotope in the Niger Delta. The
measured pH in the interior of the mangrove creek ranged between 4.8 and 4.9, and 5.3 to
6.1 in the backhouse ponds at the edges of the swamp [70,71]. These acidic conditions were
caused by refinery effluents released from the Warri Refinery and Petrochemical Company
(WRPC) on surface waters of the creek [72]. Other reported sources of pollution in the
area are illegal toxic waste dump sites belonging to WRPC. These conditions not only
impacted the amphibian richness of Ijala-Ikeren but also the parasite fauna of these frogs.
From the nine anurans species collected from the community, 13 helminth parasite species
were recovered. The depauperate assemblage of helminth species reflects the adverse
environmental conditions confronting the free-living stages of parasites developing in this
milieu. According to [29], the more the pH of an environment deviates from the species-
specific optimum, the more it will affect the physiological properties of the free-living
parasite stages, leading to impaired survival and/or reduced infectivity. For example,
the Hoplobatrachus occipitalis caught from the acidic ponds were infected with only five
helminth parasites, contrasting clearly with the same host collected from non-polluted
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locations in the rainforest and freshwater swamps [23] and in the derived savannah [24],
where 12 to 13 parasites were recorded. This finding is similar, however, to those at the
cocoa plantations at Ojo Camp, Ugboke [58], where only four helminth parasites were
recorded. It is evident from these results that the prevailing acidic conditions in the ponds
were unsuitable for parasite development and transmission. The tree frogs caught in
this mangrove environment were no different. Parasites were only recovered from two
species (A. dorsalis and H. concolor, phase C), while the others (A. fulvovittatus, Afrixalus
sp., H. fusciventris burtoni, H. guttulatus and H. concolor phase B) harbored no parasites.
This situation contrasts with findings at the Okomu National Park, where the tree frogs
were infected with 13 helminth parasites, including cestodes, monogeneans, digeneans
and nematodes, although at low infection intensity [73].

Another example of environmental pollution in the Niger Delta of Nigeria is the
massive oil pollution in Ogoniland [69]. Despite these conditions, there appears to be some
pockets of water bodies in which amphibians still thrive, from which locals harvest edible
frog species to sell in local markets. Examination of three Ptychadena spp. (P. bibroni, P.
pumilio and P. mascareniensis) purchased from Nyokhana, Ogoniland, yielded ten endopar-
asites [74]. Worthy of note is the pattern of infection with monogeneans in these frogs. The
prevalence values obtained for the Polystoma spp. recorded were Polystoma baeri (75%),
Polystoma pricei (28%) and Polystoma aeschlimanni (31.35%). Surprisingly, these prevalence
values were much higher than those recorded elsewhere in Niger Delta, where the environ-
mental conditions were more suitable for polystome development and transmission [50].
For instance the prevalence and intensity of infection obtained for P. baeri in Nyokhana
(Ogoniland) was much higher than what was reported from the unpolluted environment
in Ase (12.5%) reported by Aisien et al. [50]. Similarly, the prevalence and mean intensity
of infection for P. pricei from Ogoniland (28%/2.14) was again higher than the 9.1%/1.0
recorded in Ase. It was only in the infection with Polystoma aeschlimanni in Ptychadena
pumilio that a higher prevalence and infection intensity (40%/2.0) was recorded in Ase. We
presume that the higher infections recorded in Ogoniland, despite the oil pollution and
environmental degradation, were because frog tadpoles, confined to the few unpolluted
ponds, were exposed to higher oncomiracidia density, leading to the higher prevalence
values recorded.

6. Amphibian Paratenism

One phenomenon worthy of mention at this juncture is amphibian paratenism. Its im-
portance lies in its role in the trophic transmission of helminth parasites to their final hosts.

According to Odening [75], paratenic hosts are intermediate hosts in which there
is no larval growth or development. Sharpilo and Salamatin [76] defined paratenism
as the ability of infective stages of several groups of parasitic organisms to settle and
persist in organs and tissues of animals that are not suitable as definitive hosts. Larvae of
parasites persisting in these hosts usually do not show obvious morphological changes,
although sometimes they may grow and advance in their development. The paratenic hosts
serve as an alternative source of infection for definitive hosts, but in some circumstances,
due to environmental constraints, they may become an important, the main or even the
only source of infection of definitive hosts [76]. Another view expressed by Santos and
Amato [77] was that paratenic hosts act as a trophic bridge between the intermediate host
and the definitive host, concentrating and passing the infective stage (e.g., cystacanths of
acanthocephalans) to the definitive host.

A paper on hymenochirine anurans as transport hosts in camallanid nematode life-
cycles by Jackson and Tinsley [22] reported the occurrence of different larval stages in
the intestine and stomach of Pseudohymenochirus merlini in Sierra Leone. Imported Hy-
menochirus curtipes from Nigeria were reported to harbor third-stage procamallanine larvae.
Comparable specimens were also found in the stomach of museum collections of H. boettiger
from the Democratic Republic of Congo. It was concluded that predation of hymenochirines
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possibly presented an important transmission route for these parasites between copepod
intermediate hosts and larger aquatic predators.

This paper prompted Imasuen et al. [63] to investigate anurans from the rainforest
and derived savanna in southern Nigeria to determine their role as either intermediate or
paratenic hosts of helminth infections. From the anurans examined, metacercariae of a stri-
geoid trematode, two nematode species, a proteocephalid cestode and an acanthocephalan
cystacanth were recorded. The study showed that except for the strigeoid trematode, which
was recorded only in the rainforest, the other parasites were represented in both biotopes.
The two larval nematode species recorded in the body cavity of some Ptychadena spp. were
believed to use them as paratenic hosts. The finding of acanthocephalan cystacanths in
Ptychadena and Phrynobatrachus spp. from both biotopes confirmed their known role as
paratenic hosts for acanthocephalans.

Other investigations thereafter revealed that the scope of amphibian paratenism is
much wider than previously thought, and the following examples buttress this fact.

6.1. Acathocephala

These parasites are also referred to as spiny-headed worms. While adult worms have
been reported in the intestinal tract of anurans in Brazil [78], Tanzania [79], China [80] and
Madagascar [81], in the anurans studied in Nigeria, only cystacanths (Figure 2A–C) have
been found attached to organs of the viscera, including the gastro-intestinal tract, the liver
and the urinary bladder [50,63,82]. The amphibian hosts parasitized were diverse; they in-
cluded terrestrial species (Sclerophrys regularis, S. maculata, Ptychadena spp., Phrynobatrachus
liberiensis and P. plicatus, see [59]), tree frogs (Hyperolius fusciventris, H. fusciventris burtoni,
H. picturatus, H. sylvaticus, Afrixalus dorsalis, A. nigeriensis, Chiromantis rufescens, Amnirana
albolabris, Leptopelis spiritusnoctis) and the clawed toad, Silurana tropicalis (see [63,81]). The
cysts occurred either singly or in pairs [58,63,64], but in recent studies, cysts containing
numerous cystacanths (60–70 larvae) in a cyst pack have been reported [62,83].

Figure 2. (A–C) Some acanthocephalan cystacanths recorded in anuran hosts from Nigeria.
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Aisien et al. [62] remarked that multiple cystacanth recorded in the urbanized tropical
rainforest at Diobu-Port Harcourt represented a parasitic adaptation to ensure effective
delivery of infective stages in an unstable environment. While this may be so, it is also
possible that the presence of multiple cysts is a characteristic peculiar to that acanthocepha-
lan species.

The definitive hosts of the acanthocephalan species using anurans as paratenic hosts
in Nigeria are unknown. There are indications that some, especially those occurring in
tree frogs, may be parasites of birds. Adults of several acanthocephalan species have been
described from birds in Côte d’Ivoire [84–86] and one from Egypt [87].

6.2. Cestoda

These are segmented flatworms whose adults inhabit the intestinal tracts of various
vertebrates, while the larval stages occur in various organs and tissues. They have an
indirect cycle involving intermediate or paratenic hosts from which susceptible definitive
hosts acquire infection.

Only three adult cestode species (Cephalochlamys compactus, Cylindrotaenia jaegerskioeldi
and Nematotaenoides sp.) have been reported in anurans from Nigeria. Cephalochlamys
compactus infects pipid anurans [24,49,88] and Hoplobatrachus occipitalis (see [23,50,89]).
Cylindrotaenia jaegerskioeldi occurs in a wider range of anuran hosts, including Afrixalus
dorsalis, A. fulvovittatus, Sclerophrys maculata, S. regularis, Ptychadena bibroni, P. mascareniensis,
P. oxyrhynchus and P. pumilio (see [23,24,50,57,58,62,71]). A recent addition to the group
is a Nematotaenoides sp., which has been recorded in two tree frogs (Afrixalus dorsalis and
Hyperolius fusciventris) and Ptychadena pumilio (see [57,59,61,88]).

6.3. Proteocephalid Cestodes (Proteocephalus and Ophiotaenia spp.)

Proteocephalid cestodes as adults are intestinal parasites of mostly teleost fish but
also occur in amphibians and reptiles [90]. According to Rego [91], they are considered the
most important parasites of Siluriforms (catfishes), in view of the number of species that
have been described from this group. Proteocephalid cestodes are characterized by the
presence of four muscular suckers on the scolex, which may possess an apical organ, an
apical sucker and occasionally an armed rostellum [90,92].

In Nigeria, adult proteocephalid cestodes have so far not been recorded in anurans.
Instead, encysted larval stages attached to different organs of the viscera are a common
occurrence in different anuran taxa. Five different larval Protocephalus spp., with different
scolex morphologies, have so far been recovered from anuran species collected in protected
forests and a monoculture plantation. These include a Proteocephalus sp. (Figure 3A) re-
covered from Sclerophrys regularis, another Proteocephalus sp. (Figure 3B) from Arthroleptis
poecilonotus (see [58]), a Proteocephalus sp. (Figure 3C) with a wide host range, includ-
ing several tree frog spp., Ptychadena spp., Phrynobatrachus spp. and Silurana tropicalis
(see [49,59,62,64,71,93]), a Proteocephalus sp. (Figure 3D) from Amnirana galamensis [50] and
a Proteocephalus sp. (Figure 3E) from Hoplobatrachus occipitalis [83]. Further studies are
needed to establish the definitive hosts of these proteocephalids. This will in no small
measure bridge the information gap that still exists regarding these larval cestode species.

There is a recent report of an Ophiotaenia sp. larva (Figure 3F) recovered from the leaf
litter frog, Arthroleptis poecilonotus (see [58]) from a cocoa plantation. Awharitoma et al. [65]
reported an Ophiotaenia sp. in a viper (Causus maculatus) caught in a suburb of Benin
City, Nigeria. This finding has shown that snakes are indeed the definitive hosts of these
cestodes, thus confirming reports in other studies in Southern Rhodesia (now Zimbabwe),
Cameroon and Madagascar [94–97]. Other snake species need to be examined with a view
to establishing the species diversity and host range of Ophiotaenia species in Nigeria.
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Figure 3. (A–F) Scoleces of larval cestodes encysted in the viscera of anuran hosts in Nigeria.
(A) Proteocephalus sp. in S. regularis; (B) Proteocephalus sp. in Arthroleptis poecilonotus; (C) Proteocephalus
sp. in Ptychadena bibroni, P. pumilio, P. mascareniensis, H. occipitalis, S. tropicalis and several tree frogs;
(D) Proteocephalus sp. in A. galamensis; (E) Proteocephalid cestode in H. occipitalis; (F) Ophiotaenia sp.
in A. poecilonotus.

6.4. Oochoristica

Oochoristica species are cyclophyllidean cestodes whose distribution is cosmopolitan;
they are parasitic mainly in reptilian hosts [98] but occasionally in mammals [99]. Adults of
Oochoristica species reported in reptilian hosts from Africa include O. beveridgei, O. crassiceps
(syn. O. sigmoides, O. fusca), O. jonnesi, O. koubeki, O. theileri, O. truncata (syn, Taenia truncata,
Krabbe, 1879; O. agamae Baylis, 1919; O. africana Malan, 1939; O. africana var. ookispensis),
and O. uberlakeri (see [98]). Oochoristica agamae also has records in two bat species [99].

The occurrence of Oochoristica spp. among amphibians is uncommon. Until recently,
the only known case was the report of O. truncata in Hoplobatrachus occipitalis by Southwell
and Lake [100] in Belgian Congo. These specimens were most probably adult specimens,
which made identification possible. The second report of Oochoristica in anurans was by
Aisien and Igetei [101] in S. maculata and P. oxyrhynchus (Figure 4A–D). These specimens
were juveniles with mature proglottids but lacking the gravid, which would have been
an indicator of reproductive success in these anurans and qualify them as definitive hosts.
The lack of gravid proglottids meant that S. maculata and P. oxyrhynchus play a different
role in the biology of these cestodes. These anurans serve as transport (paratenic) hosts in
the trophic transfer of these immatures to their definitive hosts (possibly snakes), where
they attain full maturity and reproduction.
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Figure 4. (A–D) Oochoristica sp. infecting anurans: (A,B) scolex and mature proglottid of parasite
infecting Sclerophrys maculata; (C,D) scolex and mature proglottid infecting Ptychadena oxyrhynchus.

6.5. Diplopylidium

Members of the genus Diplopylidium are small- to medium-sized intestinal cestode
parasites of carnivores [102–105]. The scolex has an apically flattened rostellum, armed with
crowns of hooks and four cuplike suckers (Figure 5A,B). Cysts containing the cysticercoids
of this parasite were recorded in three anuran hosts (Phrynobatrachus calcaratus, Sclerophrys
maculata and Ptychadena mascareniensis) in locations within a rainforest biotope in southern
Nigeria [60]. The cysts occurred in the liver parenchyma of P. calcaratus but were attached
to the intestinal mesentery of S. maculata (Figure 6) and P. mascareniensis. The highest
prevalence of 27.3% was recorded in P. calcaratus, but the highest infection intensity of
69 cysticercoids/infected host occurred in P. mascareniensis. Imasuen and Aisien [82] also
recorded the cysticercoids of this parasite in P. mascareniensis in another location but with
lower infection intensity (1.0 cysticercoid/infected host).

Ptychadena mascareniensis is a new addition to the list of paratenic hosts of D. triseriale
in West Africa. In an earlier report by Baer [106], Sclerophrys maculata, Phrynobatrachus
accraensis and P. calcaratus were reported to play this role in Côte d’Ivoire. While Aisien
et al. [60] reported that Civetticus civetta, the African civet, as the definitive host of the
parasite in their study location, further studies have shown that the African Palm Civet
(Nandinia binotata) is also host to this parasite [107].
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Figure 5. (A,B) Rostellum of Diplopylidium triseriale showing hooks and suckers in (A) cysticercoid
and (B) adult parasite.

Figure 6. Cysts containing the cysticercoids of D. triseriale attached to the intestinal mesentery of
S. maculata.

6.6. Larval Nematodes

Nematodes are considered to be one of the largest invertebrate groups, second only to
the phylum Arthropoda. Some are free-living, while others are parasitic, either in animals or
in plants. While many species have anurans as their definitive hosts [23–26,49,50,62,71,74,81],
a number of them utilize anurans as paratenic hosts. Chief among them are larval ascaridoids
(Figure 7A,B), which have been encountered in a variety of anuran hosts. The Ophidascaris larva
(Figure 7A) has been recovered from several anuran species [24–26,49,50,60,62,63,71,83,94] and
Agama colonarum (see [67]). Adults of this nematode were recovered from snakes in Benin
City, Nigeria, by Awharitoma et al. [65]. The second ascaridoid larva (Figure 7B) is yet to
be identified; it occurs encysed in the stomach mucosa of H. occipitalis in the Niger Delta of
Nigeria [50,71]. A third encysted nematode larva (Figure 7C), with a semi-transparent cyst,
was recovered from nine anurans in the rainforest and two in the derived savannah [63].
Although this parasite had a wide host range, the prevalence and infection intensity were
generally low.
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Figure 7. (A–D) Some nematode cysts occurring in anurans; (A,B) Ascaridod larvae in the body
cavity of P. pumilio and stomach mucosa of H. occipitalis, respectively; (C) larva of an unidentified
nematode infecting several anuran species; (D) an unidentified nematode larva occurring as mixed
infection with Proteocephalus sp. larvae in a cyst recovered from S. tropicalis.

A novel situation was observed in the co-occurrence of a nematode larva with larvae of
a Proteocephalus sp. in a cyst (Figure 7D) recovered from the body cavity of S. tropicalis [49].
Mixed infection of this nature provides parasites with efficient delivery mechanism of mul-
tiple infections to their definitive hosts. This certainly represents an interesting adaptation
for parasitic existence among these parasites.

7. Conclusions

Diverse scenarios play out in the ecological biotopes of West Africa, and these have
their peculiar influence on the parasite diversity in the amphibians of these habitats. Pristine
or protected habitats in forest reserves, national parks, freshwater swamps and creeks tend
to harbor higher amphibian diversity. Parasite diversity is high and prevalence is moderate,
with low infection intensity, showing some balance in the host-parasite relationship.

In environments altered by agricultural practices coupled with pesticide and herbicide
use, prevalence tended to be high, while infection intensity was generally low. Higher
parasite prevalence is attributed to the immunosuppressive effects of agrochemicals, while
the low infection intensity is ascribed to the inhibitory effects of these chemicals to the
development of the free-living larval stages of parasites. Pollution due to oil industry
activities in the Niger Delta of Nigeria occurs over vast areas. Nevertheless, there are
still some water bodies in these areas that sustain amphibian life. Host sequestration in
these water bodies exposed amphibian tadpoles to high loads of polystome oncomiracidia,
resulting in high prevalence values that were not recorded in non-polluted habitats. Acidic
pH conditions in the mangrove swamps and ponds also limit parasite diversity, prevalence
and infection intensity.

Changes due to urbanization not only negatively impact anuran host diversity, they
also alter the pattern of infection for some parasites, increasing prevalence and infection
intensity values.

Amphibian paratenism appears to be widespread among anurans in Nigeria, where
it plays an important role in the biology of many helminth parasites. There is a need to



Diversity 2021, 13, 223 16 of 19

further investigate this phenomenon, with the view to establishing the definitive hosts of
parasite species trophically transferred via this infection route.
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