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ARTICLE INFO ABSTRACT

Keywords: We investigated ectoparasite diversity, interspecific infestation rates and host preference in roosting fruit bats,
Cyclopodia greeffi Eidolon helvum, from Bowen University, Southwest Nigeria. Fur of captured E. helvum were sampled monthly for
Eidolon helvum ectoparasites from January 2021 to June 2022. We examined a total of 231 E. helvum and observed a significant
;Sitgfirll)eii dae female to male adult sex ratio (0.22:1); with 53.9% ectoparasitic infestation rate. We identified and enumerated

the ectoparasite; and subjected its Cytochrome ¢ oxidase subunit I (COI) gene to phylogenetic analysis with other
nycteribiids. COI gene sequences obtained formed a distinct clade with other C. greeffi sequences. We recovered a
total of 319 (149 female and 170 male) ectoparasites and observed a balanced C. greeffi female to male adult sex
ratio of 0.88:1. Ectoparasitic sex distribution had no association with host sex and season. Prevalence was
significantly higher during the wet season, but not between sexes of E. helvum. The intensity of infestation, 3.7 +
0.4 individuals per fruit bat, was significantly higher during the wet season with a bimodal seasonal distribution.
The strongly male-biased host adult sex ratio had no significant influence on C. greeffi metapopulation adult sex

Parasite intensity
Adult sex ratio

ratio.

1. Introduction

Bat flies (Brachycera: Muscomorpha: Hippoboscoidea) include fam-
ilies of the wingless pupiparous Diptera, Nycteribiidae (Ogilvie et al.,
2009)] parasitizing Eidolon helvum (Pteropodidae, Yinpterochiroptera)
and the Streblidae. These bat flies exhibit morphological diversity and
are obligate hematophagous (blood feeding) ectoparasites and potential
disease vectors that live on the fur and flight membranes of bat hosts
(Dick and Patterson, 2006). Although, the association of bat flies with
their cavernicolous host bat species reveal a range of host specificity
from monoxenous to stenoxenous to polyxenous (Poon et al., 2023), bat
fly species from frugivorous bats have been reported to be monoxenous
(Ramasindrazana et al., 2017), showing specific host preference.
Cyclopodia greeffi (Diptera, Nycteribiidae) has been reported to specif-
ically parasitize Eidolon helvum (Urich et al., 1922; Otubanjo, 1985;
Billeter et al., 2012; Kamani et al., 2014; Wilkinson et al., 2016;
Samabide and Lenga, 2018; Reeves et al., 2020), while C. dubia is re-
ported to parasitize the cave-dwelling Madagascan fruit bat,

E. dupreanum (Brook et al., 2015; Ramasindrazana et al., 2017).
Nycteribiid bat flies, as ectoparasites, are parasitized by other or-
ganisms, including fungi, protozoa, and bacteria. These apterous bat
flies have been reported to be infested by ectoparasitic fungi of the order
Laboulbeniales (Blackwell, 1980; Haelewaters et al., 2017, 2018;
Walker et al., 2018) and regarded as hyperparasites; and are hosts to the
apicomplexan haemosporidian parasite, Polychromophilus, that causes
bat malaria (Gardner and Molyneux, 1988; Obame-Nkoghe et al., 2016;
Sandor et al., 2021). P. murinus is suspected to be transmitted by the
nycteribiid bat fly, Nycteribia kolenatii (Gardner and Molyneux, 1988).
These bat flies are also infested with various bacteria species including
the Gram-negative aerobic parasitic bacteria, Bartonella, with zoonotic
potentials (Billeter et al., 2012; Trataris et al., 2012; Dietrich et al.,
2016; Wilkinson et al., 2016; Lee et al., 2021). Bartonella strains have
been isolated from E. helvum bats (Kosoy et al., 2010). Szentivanyi et al.
(2020) detected Polychromophilus and Bartonella in both bat hosts and
their bat flies; and suggested the possibility of using hematophagous
ectoparasites as replacement for the harmful invasive sampling of
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vector-borne microorganisms present in the blood of bat hosts. A nyc-
teribiid bat fly has also been implicated as a reservoir of a novel rhab-
dovirus (Goldberg et al., 2017).

Pathogen infections in E. helvum (Ogawa et al., 2017; Olatimehin
et al., 2018; Pernet et al., 2014) has been associated with C. greeffi in
Africa, e.g., Kenya (Kosoy et al., 2010), Ghana (Billeter et al., 2012;
Morse et al., 2012), Nigeria (Kamani et al., 2014, 2022), and Equatorial
Guinea, Tanzania, and Uganda (Bai et al., 2015). The occurrence of
C. greeffi on E. helvum could be a tool in host bat conservation during
pathogen surveillance studies (Szentivanyi et al., 2020); as this could
provide secondary information and reduce harmful invasive method of
blood sampling from the bat host.

Bowen University, Iwo in Nigeria houses tree roosting straw-
coloured fruit bat (Eidolon helvum) colonies throughout the year.
These bats are infested with nycteribiid bat flies of the genus Cyclopodia.
Morphological keys for the identification of nycteribiids abound in
literature (Theodor, 1957, 1959; Graciolli and Carvalho, 2001a, 2001b;
Aguiar and Antonini, 2011); in recent times, however, molecular tools
such as DNA barcoding, including nuclear and mitochondrial genes
(Dittmar et al., 2006; Ramasindrazana et al., 2017; Poon et al., 2023) are
used to authenticate and identify nycteribiids. Hence the aim of this
study is to provide a phylogenetic relationship of Cytochrome c oxidase
subunit I (COI) gene for C. greeffi and other related nycteribiids in the
GenBank database; and to determine seasonal and sex prevalence and
intensity of the ectoparasite on its bat host.

2. Materials and methods

2.1. Collection and morphological characterization of fruit bat
ectoparasites

Monthly collection of fruit bat samples was conducted from January
2021 to June 2022. The months were categorised into dry season
(November to March) and wet season (April to October). Bats were
captured in the field by mist-netting, removed and kept in cotton bags;
and then examined for ectoparasites in the laboratory. Observed bat flies
on the fur and patagium were removed and placed in vials of 75%
percent ethanol with tweezers. The fruit bats were sexed, and the body
mass was determined using a weighing balance, and later released. The
bat fly was identified by external morphological features with a dis-
secting microscope and photomicroscope (MicroCap V3.0) using (The-
odor, 1957, 1959) as identification guides. The ectoparasite abundance
(number of ectoparasite per fruit bat), ectoparasite prevalence (per-
centage of infested fruit bat), and mean ectoparasite intensity (mean
number of ectoparasite per infested bat) were determined (Sharifi et al.,
2013).

2.2. DNA extraction from bat fly specimens

DNA extraction was carried out by the method Dellaporta et al.
(1983) with slight modification. Briefly, a portion of the body of each bat
fly specimen was macerated in 1.5 ml Eppendorf tube using sterile
plastic pestle and 200 pl of DNA Extraction Buffer (containing proteinase
K - 0.05 mg/ml i.e., 1 pl) and 10 pl of 20% Sodium Dodecyl Sulphate
(SDS) were added to each tube sequentially, and then, incubation was
carried out in a water bath at 65 °C for 30 min. Each tube was allowed to
cool to room temperature and thereafter, 20 pL of 7.5 M potassium ac-
etate was added and mixed briefly. The mixture was centrifuged at 13,
000 rpm for 10 min, and the supernatant obtained was transferred into
new fresh autoclaved tubes. Two-third volume of cold isopropanol was
added to the individual supernatants. The containing tubes were
inverted 5 times to mix gently, and then incubated at —20 °C for 1 h.
Centrifugation (at 13,000 rpm for 10 min) was carried out afterwards
and then 200 pL of 70% ethanol was immediately added. Further
centrifugation at 13,000 rpm for 5 min was done, and the supernatant
obtained was carefully discarded, while keeping the DNA pellet intact.
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The DNA pellet was dried at 37 °C for 30 min, and then dissolved in 25
uL of sterile distilled water. DNA concentration and purity were deter-
mined using a Nanodrop spectrophotometer (ThermoScientific, model
2000) (Additional file 1: Table 1).

2.3. PCR amplification and sequencing

Polymerase Chain Reaction (PCR) mix was prepared for each sample
DNA and consisted of 10 pL of 5x GoTaq colourless reaction; 3 pL of 25
Mm MgCly; 1 pL of 10 mM of dNTPs mix; 1 pL each of 10 pmol forward
primer LCO1490 (5-GGTCAACAAATCATAAAGATATTGG-3') and
reverse primer HCO2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3");
0.24 pL of 0.3 units Taq DNA polymerase (Promega, USA); 42 pL of
sterile distilled water; and 8 pL of working DNA template (Folmer et al.,
1994). Amplification was carried out on a PCR system thermal cycler
(Applied Biosystem Inc., USA) according to the following conditions:
94 °C for 5 min, 35 cycles of 94 °C for 30 s, 60 °C for 30 s and 72 °C for
90 s, and 72 °C for 10 min. The amplified DNA fragments of target se-
quences in PCR were ethanol purified to remove the PCR reagents. The
presence of expected band size of amplified target cytochrome oxidase I
(COI) gene fragments was confirmed by running 5 pL of the solution
containing the purified fragments on a 2% agarose gel electrophoresis at
a voltage of 120V for about 1 h and viewing under UV light. Sequencing
of the purified fragments was carried out at the GenoScientific.

2.4. Phylogenetic and sequence analysis

Alignment of the forward and reverse sequence for each specimen
was carried out using Geneious® v2022.2.2 (Kearse et al., 2012) for
windows software. Observable misalignments were fixed through
manual inspection. Sequences were aligned using the MUSCLE algo-
rithm (Edgar, 2004) in Geneious® with available sequences of
Eucampsipoda theodori, Nycteribia sp., N. pleuralis, N. allotopa, Cyclopodia
dubia, C. horsfieldi and other C. greeffi isolates in the GenBank database.
Thirty-eight gene fragment sequences in total were used for the Cyto-
chrome c oxidase subunit I (COI) gene sequence phylogenetic analysis
(Additional file 2: Table 2). The COI gene sequence data for each spec-
imen was trimmed to 630 bp. Bayesian inference analysis (BI) was
carried out on Geneious® software with MrBayes 3.2.6 (Huelsenbeck
and Ronquist, 2001). The GTR + G substitution model (Tavaré, 1986)
was used for the Bayesian posterior probability (BI) analyses. 2.0 x 10°
generations, gamma category value of 5, sampling frequency of every
1000 generations, and burn-in value of 200 (Larsson et al., 2022) were
used in the BI analysis. The sequences of the hippoboscid (Lipoptena
cervi) and glossinid (Glossina morsitans) flies were used as outgroup.

2.5. Data analysis

Ectoparasite prevalence was obtained by determining the proportion
of infested bats out of the total examined and expressed as percentage
(%); mean ectoparasite intensity was obtained by counting the number
of ectoparasites and dividing by the number of infested bat and
expressed as mean =+ standard error (SE). Normal approximation
method of Chi-square test was used to determine differences in preva-
lence among seasons and sex of host. Two sample t-test was used to
determine difference between intensity of infestation for both season
and sex after subjecting the data to two sample variance test. Statistical
analyses and graphical presentation were performed using Minitab®
version 20.4 software.

2.6. Ethics statement

This study was carried out in strict compliance with the standard
operating procedure of the Institutional Animal Care and Use Committee
(IACUC) for use of wild mammals in research (Sikes, 2016). Ethical
approval for the study was given by Bowen University Research and



O.E. Atobatele et al.

Table 1
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Number of infested Eidolon helvum and prevalence (%) of Cyclopodia greeffi relative to host sex and sampling seasons. Samples were collected from Iwo, Southwest

Nigeria between January 2021, and June 2022.

Sex Dry Season Wet Season Total
Number of Eidolon helvum Prevalence Number of Eidolon helvum Prevalence Number of Eidolon helvum Prevalence
examined (%) examined (%) examined (%)
Female 34 50.0 8 62.5 42 52.4
Male 131 55.0 58 72.4 189 60.3
Total 165 53.9 66 71.2 231 58.9

Fruit bat sex ratio F:M = 0.22:1 (y* = 93.55,df = 1,p < 0.001)

Table 2

Mean (+ standard error, SE) abundance and intensity of Cyclopodia greeffi
relative to host sex and sampling seasons. Samples were collected from Iwo,
Southwest Nigeria between January 2021, and June 2022.

Host Abundance Mean + SE (n) Intensity Mean + SE (n)

Sex
Dry Wet Total Dry Wet Total
Season Season Season Season

Female 0.8 £ 29+1.3 1.2+ 1.6 + 4.6 £ 23+
0.2 (34) ® 0.3 (42) 0.3(17) 1.6 (5) 0.5 (22)

Male 0.9 + 2.6 + 0.4 1.4 + 1.6 + 3.6 £ 2.4+
0.1 (n=58) 0.1 0.1 (72) 0.4 (42) 0.2
(131) (189) 114)

Total 0.9 + 2.6 + 0.4 1.4 + 1.6 + 3.7+ 23+
0.1 (66) 0.1 0.1 (89) 0.4 (47) 0.2
(165) (231) (136)

Range = 1-6 1-14

Ethics Committee (BUREC/07a/20); efforts were made to minimise
discomfort to the bats during capture, handling, and release.

3. Results
3.1. Morphological characteristics of bat ectoparasite

Bat fly ectoparasite Cyclopodia greeffi Karsch, 1884 was recovered
from the fur and wing (patagium) regions of Eidolon helvum (Fig. 1). The
bat flies are wingless and possess small spines on the sternal plate. The
thorax bears two rows of ctenidia (one on either side of the anterior
margin) with thick blunt teeth (Fig. 2a). The first abdominal sternite
bears a ctenidium with about 40-44 blunt teeth (Fig. 2b). The male
abdomen terminates in a pair of long slender claspers (genitalia)
tapering to a long and pigmented point while the fifth abdominal ster-
nite is convex with 6-10 spines in the middle (Fig. 2¢). The abdominal
region of the female is truncate, and the sternal region has 2 curved rows
of spines (one in each half) around the posterior margin (Fig. 2d).

3.2. Molecular phylogenetic analysis of bat ectoparasites

The Bayesian posterior probability (BI) phylogenetic analysis of the
COI gene fragment sequence of the isolates of Cyclopodia greeffi (i.e.,

BBREPO3 and BBREP04) reported in the current study and other loca-
tions within Nigeria in addition to those of other species of Cyclopodia
and related genera (i.e., Nycteribia, Eucampsipoda, Lipoptena and Glos-
sina) is presented in Fig. 3. Five distinct clades were observed aside from
the individual Glossina morsitans and Lipoptena cervi outgroup sequences.
Clade A contained a cluster of C. dubia sequences (BI value = 0.99).
Clade B comprised of only C. horsfieldi sequences. One of these sequences
(i.e., RC24 from Pteropus vampyrus bat) formed a sub-clade, while the
other sequences (i.e., PT13, PER09 and PT25 from Pteropus hypomelanus
bat) formed another sub-clade. Both sub-clades were strongly supported
(BI value = 1.00 respectively). Clade C consisted mainly of C. greeffi
sequences (BI value = 0.92). The sequences of Eucampsipoda theodori
formed the fourth clade (Clade D), with a support value of 1.00. Clade E
was constituted by sequences of Nycteribia (sub-clade 1 — N. allotopa;
sub-clade 2 — N. pleuralis; sub-clade 3 — Nycteribia sp.). The three sub-
clades in this clade had high support values of 1.00 respectively.

3.3. Prevalence, abundance, intensity, and sex ratio of bat ectoparasite

A total of 231 Eidolon helvum were captured and examined for
ectoparasitic infestation. Three hundred and nineteen (319) Cyclopodia
greeffi were recovered from 136 infested bats. Female to male sex ratio of
captured E. helvum is 0.22:1 (Table 1), with the males significantly
higher in number than the females (y?> = 93.55,df = 1,p < 0.001). The
overall prevalence of C. greeffi infestation during the study period is
58.9%. The prevalence of C. greeffi is not significantly different
(2=-0.93,p= 0.350) between the sexes, although higher prevalence
(60.3%) was recorded for male E. helvum compared to females (52.4%);
however, seasonal prevalence shows a significantly higher prevalence
(z=—2.54,p=0.011) during the wet season (71.2%) compared to the
dry season (53.9%). The overall abundance and intensity of infestation
are 1.4 £ 0.1 individuals per fruit bat and 2.3 + 0.2 individuals per fruit
bat, respectively (Table 2). Although the distribution of infestation in-
tensity is unimodal for both males and females, seasonal bimodal dis-
tribution of infestation intensity is observed for both sexes of E. helvum
(Figs. 4 and 5) with a larger spread during the wet season. The signifi-
cant difference in intensity among seasons (ts1)=—4.68,p= 0.000)
shows a higher mean value for the wet season (3.7 + 0.4 individuals per
fruit bat); however, the mean intensity between the sexes was not sig-
nificant (t0) = — 0.06,p = 0.950). There is no association between sex

Fig. 1. a, b, c. C. greeffi parasites on the straw-coloured fruit bat Eidolon helvum. a. fur around the right side of shoulder and neck region; b. ventral side of the wing
(patagium) region below the right forearm; c. ventral side of the abdominal region. Arrows are pointing to the location of the bat flies.
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Fig. 2. Cyclopodia greeffi. a. Thorax, dorsal: ctenidia with thick blunt teeth. b, ¢, d. Abdomen ventral: b. sternite 1-2 bearing ctenidium, with about 40-44 blunt
teeth; c. male, claspers long and slender, pigmented at the apex, fifth sternite with 8 spines; d. female, truncate abdomen, sternite with two curved rows of spine.
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Fig. 3. Cytochrome c¢ oxidase subunit I (COI) gene sequence phylogeny showing the relationship between Cyclopodia greeffi and other species of the same and
different genera. Values obtained from Bayesian posterior are presented as supports at the nodes. BI — Bayesian posterior probability value.

of E. helvum and sampling season for intensity of C. greeffi infestation for females. Although male C. greeffi recorded a higher value of 170

(Pearson y* = 2.185,df = 1,p = 0.139). Regression equation shows a individuals with a female to male sex ratio of 0.88:1 (Table 3); there was
weak positive relationship (R> = 0.1% and 8.2% for females and males no significant difference in sex abundance (y?> = 1.382,df = 1,p =
respectively) between intensity of infestation and fruit bat weight during 0.240). Chi-square test of association shows no significant relationship
the wet season (Fig. 6). The infrapopulation bat fly size (for individual between sex of C. greeffi infestation and host sex (Pearson y? = 1.369,

fruit bat) ranged from 0 to 6 individuals for males and 0-10 individuals df = 1,p = 0.242); and between sex of C. greeffi infestation and season
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Fig. 4. Density distribution plot of intensity of Cyclopodia greeffi infestation on Eidolon helvum for sexes and seasons.
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Fig. 5. Density distribution plot of intensity of infestation of Cyclopodia greeffi on Eidolon helvum showing seasonal bimodal distribution.
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Fig. 6. Regression distribution plot of Cyclopodia greeffi infestation intensity on Eidolon helvum weight for both sexes and seasons.

Table 3

Chi-square (y2) test of association between number of male and female Cyclo-
podia greeffi relative to host sex and sampling seasons. Samples were collected

from Iwo, Southwest Nigeria between January 2021, and June 2022.

roosts have been reported for other fruit bats such as Rousettus aegyp-
tiacus (Kwiecinski and Griffiths, 1999) and Pteropus mariannus mariannus
(Wiles, 1987).

C. greeffi infests the tree-roosting fruit bat, Eidolon helvum as seen in

this study although double infestation by ectoparasites (tick and insect)
has been reported for E. helvum (Samabide and Lenga, 2018), where in
addition to Cyclopodia, it was infested by the ixodid tick of the genus

Antricola. In this study however, E. helvum was parasitized solely by
C. greeffi which is similar to the findings from northern Nigerian towns in
Bauchi, Benue, Nasarawa and Plateau States (Kamani et al., 2014, 2022)
and Southwest Nigerian town of Ife in Osun State (Otubanjo, 1985).

Parameter Cyclopodia greeffi Total
Female Male

Female Fruit bat (n = 22) 20 31 51

Male Fruit bat (n = 114) 129 139 268

Pearson y*> = 1.369,df = 1,p = 0.242

Dry Season (n = 89) 71 74 145

Wet Season (n = 47) 78 96 174

Pearson y*> = 0.544,df = 1,p = 0.461

Total 149 170 319

Bat fly sex ratio F:M = 0.88:1 (y> = 1.382,df = 1,p = 0.240)

(Pearson y*> = 0.544,df = 1,p = 0.461).
4. Discussion
4.1. Bat host of Cyclopodia greeffi

Our study shows a significant female to male sex ratio of 0.22:1 (male
bias) for the straw-coloured fruit bat roosting in Bowen University. High
male to female sex ratios have been reported for several species of Myotis
and Epstesicus fuscus (Adams and Hayes, 2018; Patriquin et al., 2019;
Piksa, 2008); migratory noctule bat, Nyctalus noctula (Petit et al., 2001);
and common vampire bats, Desmodus rotundus (Delpietro et al., 2017).
The strong male bias may suggest strong sexual segregation and for-
mation of bachelor E. helvum groups for this roosting location. Bachelor
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Monoxenous species parasitize only one host species (Olival et al.,
2013). Cyclopodia greeffi and other nycteribiid bat flies exhibit host
specificity. It is likely that C. greeffi is a specialist ectoparasite, being
strictly monoxenous on the tree-roosting E. helvum.

4.2. Morphological characteristics of bat ectoparasites

The morphological features of the bat ectoparasites isolated in this
study match with earlier reports by Theodor and Urich et al., (Theodor,
1957, 1959; Urich et al., 1922). C. greeffi differs from other closely
related species of Cyclopodia based on size, the number of blunt teeth of
the thoracic and abdominal ctenidia, number of spines on the abdominal
plates and characteristics of the genitalia.

4.3. Molecular phylogenetic analysis of bat flies

As observed in the phylogenetic tree, the COI gene fragment se-
quences of C. greeffi from this study (southwest Nigeria) and those from
northern Nigeria (Kamani et al., 2022) formed a single clade, and were
clearly differentiated from those of other genera and related species with



O.E. Atobatele et al.

strong support values, hence, supporting its previous delineation as a
species based on morphological features. Similarly, the clearly defined
clusters formed by sequences of individual nycteribiid species, e.g.,
C. dubia, C. horsfieldi, E. theodori, Nycteribia sp., N. pleuralis and
N. allotopa, supports their taxonomic description and the findings from
other phylogenetic studies (Olival et al., 2013; Ramasindrazana et al.,
2017).

4.4. Prevalence, infestation intensity and sex ratio of bat ectoparasites

The overall prevalence of 58.9% recorded for C. greeffi during this
study is higher than 46.51% reported for the straw-coloured fruit bat
from Brazzaville, Congo (Samabide and Lenga, 2018). However, the
mean intensity of 2.3 + 0.2 individuals for this study is lower than the
2.8 C. greeffi recorded from Brazzaville, Congo (Samabide and Lenga,
2018) for the straw-coloured fruit bat. An estimated average 1.79 nyc-
teribiids is reported to parasitize Myotis daubentonii and Megaderma lyra
bat hosts (Tendu et al., 2022). Large number of ectoparasites reported
for a female E. helvum weighing 220g (Jiménez and Hazevoet, 2010)
supports the broader range of ectoparasitic infestation (0-14 C. greeffi)
recorded during this study as compared to the lower and narrower range
(0-4 C. greeffi) per fruit bat reported earlier from Ife, Nigeria (Otubanjo,
1985). This study shows no significant difference in intensity of infes-
tation between the sexes. Non-significant sexual differences in nycter-
ibiid infestation of fruit bats was reported for two species of Rousettus
and Thoopterus nigrescens in Indonesia (Nangoy et al., 2021). The
significantly higher intensity of infestation and the wider spread of
ectoparasitic infestation during the wet season is supported by the report
of Otubanjo (1985), who recorded peak infestation abundance from July
to September. However, in contrast to the latter author who did not
record any infestation during dry season (January to March), this study
recorded C. greeffi infestation throughout the period, although with a
lower infestation intensity of 1.6 + 0.1 individuals per fruit bat. C. greeffi
recorded no significant difference in sex abundance with a female to
male sex ratio of 0.88:1, suggesting a balanced ectoparasitic meta-
population adult sex ratio. Szentivanyi et al. (2017) emphasized the
importance of host and parasite sex ratio in better understanding
host-parasite interactions. Reasons adduced for biased sex ratios include
selective host grooming (Dick and Patterson, 2008), and parasite
behaviour and sex-dependent mortality (Dittmar et al., 2011). This
study shows no significant relationship between sex of C. greeffi infes-
tation and host sex on one hand and between sex of C. greeffi infestation
and season on the other hand. Barbier et al. (2019) opines that the
ectoparasitic load of bat flies on bats is less correlated with environ-
mental factors such as amount of rainfall and vegetation, however,
Zarazua-Carbajal et al. (2016) hinted that seasonality affect bat fly
species richness.

The social habit of Eidolon helvum, implies close contact of in-
dividuals roosting together; and would suggest a higher prevalence of
infestation by bat flies. The prevalence recorded for this study could be
higher if some bat flies escaped during capture while the fruit bat was
entangled in the mist net prior to removal into cloth bags; and also due
to behavioural adaptation to reduce or eliminate bat fly transmission
through auto- and allo-grooming activities (Ramanantsalama et al.,
2018; Tendu et al., 2022).

The low regression coefficient (R?) between ectoparasite intensity
and fruit bat body mass indicates that the body mass of E. helvum has no
apparent influence on intensity of C. greeffi infestation. Variations of
ectoparasitic prevalence and intensity in bat hosts have been reported to
be mediated by behaviour, sex and age (Webber et al., 2015); roost
group size, grooming efficiency and energy budgets (Czenze and Brod-
ers, 2011) in a highly gregarious mammals of the genus Myotis. Ram-
anantsalama et al. (2018) reported similarity in the grooming rates for
both sexes of the endemic Madagascan fruit bat, Rousettus madagascar-
iensis. Reports show that ectoparasitic load has no apparent effect on
bat’s health (Sharifi et al., 2013).
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5. Conclusion

This study reports the cytochrome c oxidase I (COI) gene sequence,
prevalence, and intensity of the bat fly, Cyclopodia greeffi, infestation of
the straw-coloured fruit bat, Eidolon helvum, roosting on a University
campus in southwest Nigeria throughout the year. The data for phylo-
genetic relationship between C. greeffi from our study location and other
nycteribiids is limited as it utilised a single genetic marker, Cytochrome
¢ oxidase I gene fragment. Significant seasonal influence on the mean
prevalence and intensity is reported for the wet season.
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