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Abstract

Purpose Bats belong to different guilds and thus differ in the environmental resources that they exploit. They also evolved
to have a very rich diversity of roosting and feeding habits. Therefore, it enables them to harbor different species of parasites
that could be zoonotic and may pose public health importance. The current study aimed to identify the ectoparasites of bats,
under Family Streblidae, in different caves of Unisan, Quezon, Philippines.

Methods Four caves were sampled in the study namely, Malusak, Mahangin, De Lamesa, and Bonifacio. Two mist nets for
each cave were set up to capture bats. The bats were carefully observed for the presence of ectoparasites using forceps and
cotton balls.

Results Eight bat species belonging to four families, namely Hipposideridae, Vespertilionidae, Rhinolophidae, and Pteropo-
didae, were recovered from the study. Results showed that 130 out of 202 (64.36%) bats were infested with streblids with an
overall mean intensity of 1 ectoparasite/bat. Out of four streblid species, Brachytarsina werneri, Brachytarsina amboinensis,
and Raymondia pseudopagodarum were classified as stenoxenous. High specificity index was recorded for R. pseudopa-
godarum (Stp=3) and low specificity index for Brachytarsina species.

Conclusion These results can be used by the local government in providing necessary actions that may lead to public aware-

ness as these bats may also play a role in the transmission of zoonotic parasites in the area.
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Introduction

Bats (Mammalia: Chiroptera) are known to have a very rich
diversity in terms of behavioral, roosting, and feeding habits.
One of the locations they occupy is caves, where thousands
of individuals can inhabit [1]. This behavior makes them a
natural reservoir of many ectoparasitic arthropods [2, 3].
Ectoparasites of bats have complex assemblages and can
be a potential vector-borne that transmit numerous diseases
to both wildlife and domestic animals [4]. There have been
studies done on other parts of the region such as in Mount
Makiling, Luzon Island, and in Mindoro Island Philip-
pines. In Mount Makiling, four bat species were recorded
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specifically, Cynopterus brachyotis (Muller), Ptenochirus
Jjagori (Peters), Rousettus amplexicaudatus (Geoftroy), and
Rhinolophus arcuatus (Peters) [5]. In Mindoro Island, there
are seven species of Nycteribiid flies, five species of Streblid
flies, and one species of Ischnopsyllid flea. Furthermore,
Raymondia pagodarum is a new record of Streblid species
found in Mindoro [6].

Bats flies (Streblidae) are one of the most common blood-
sucking and obligate ectoparasites of bats. As hematopha-
gous arthropods, they may harbor different bacteria, viruses,
and other parasites that are in the blood of their host. Stre-
blids are also known to be highly host-specific and live most
of their lives on their host [3, 7, 8]. Being highly host-spe-
cific and hematophagous arthropods, streblids may pose as
a public health important arthropod and they could also play
an important role in zoonotic transmission.

Aroon et al. [9] stated that despite the documented
species of bats, there is still a lack of data about parasites
associated with bats in tropical regions, particularly in
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Southeast Asian countries. There are 26 recently recorded
bat species in the Philippines, wherein 17 of which are
endemic to the country. These bat species were commonly
found roosting in caves [10]. Philippines are known to
have at least 1500 known caves, where most of the bats
are found roosting; however, only four are under the pro-
tection of the National Integrated Protected Areas System
(NIPAS) act (Tanalgo and Hughes, 2018). Most of the
caves in Unisan, Quezon, Philippines are being used by
the community in performing their religious rituals like
getting water, praying in the cave, and mass gathering
inside the cave. These practices could expose the com-
munity to the bats and to its numerous parasites that were
naturally harbored by the bats. Thus, the current study
provided new data on the prevalence and host specificity
of streblid ectoparasites among bats that are of public
health importance.

Materials and Methods
Sampling

Four caves are included in this study: Malusak (122.058943,
13.844378), Mahangin (122.058766, 13.84415), De Lamesa
(122.058756, 13.844639), and Bonifacio (122.027466,
13.898252) (Fig. 1). The sampling of bats was conducted
from September to October 2018.

Two mist nets measuring 3 mx 2.5 m were positioned
in the possible entry and exit points of every cave to cap-
ture bats. The preparation and collection were from 1800
to 0500 h, and the setup was observed every 3 h to ensure
if there were already bats captured [11]. To avoid stress to
the bats, captured bats were placed in a separate cloth bag
for the collection and observation of samples. Individual
bats were carefully handled and examined after collection.
Flashlights were used to search for the ectoparasites in dif-
ferent body parts including the central and dorsal parts of the
ears and pelage, toes, and wing ridges. Visible ectoparasites
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Fig.1 Location of sampled caves in Unisan, Quezon. (Author: Paulo Obico; source: QGIA, 2018)
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were collected using forceps and placed in a microcentrifuge y z'#_ (0, — @)

.. . N i ij
tube containing 70% ethanol to ensure that the specimen will ~ VarSrp = == ° 2

remain dehydrated and the body parts will still be intact [12].
Each sample was labeled and recorded accordingly. Aside
from visible ectoparasites, there are also very small ones
that are not visible to the naked eye. These were collected
by brushing the whole body of the bats with cotton wools
soaked in 70% ethanol and secured the pieces of cotton in a
ziplock bag with a proper label [13].

As soon as the collection of samples was done, the bats
were immediately released with no harm done. Non-toxic
colored paint was used to mark their uropatagium on hind-
foot before releasing to know that the bats have been cap-
tured. The identification for bat species was based on the key
presented by Ingle and Heaney [14]. Meanwhile, ectopara-
sites were initially identified through different journals and
were verified by an entomologist, Mr. Ace Kevin Amarga of
the University of the Philippines, Los Banos.

Data Analysis

The prevalence and mean intensity of ectoparasites present
in bats were calculated using the formula by Bush et al. [15].
Meanwhile, the confidence interval for prevalence and mean
intensity was computed using Quantitative Parasitology 3.0
(http://www.zoologia.hu/qp/qp.html). The collected data
were analyzed if it is within the acceptable parameters to
ensure that they could be numerically analyzed. Only those
bat fly samples with greater than five bat individuals of any
species and 20 bat flies of the same species were included
in the analysis. To assess the host specificity, the final ratio
of bat fly species abundance across host species must also
be identified. To compute the ratio, the individual bat flies
per host species were divided by the total number of bat
fly individuals collected. Furthermore, to account for the
sampling errors that can be due to sampling contamination,
a set of parameters was employed for the ratio. A criterion
of 0.05 of the ratios was considered reasonable. All species
that have a ratio less than 0.05 were dismissed to decrease
the likelihood of spurious results [16].

Host specificity was calculated using the index of host
specificity (1) by Poulin and Mouillot [17]:

) X2 0y

ss=1)° M

Stp =

where s is the number of host species used by a parasite,
the double summation is over the set {i=1,.....s; j=1,....s},
and @j; is the taxonomic distinctness between host species
i and j. The number of taxonomic steps required to reach a
node common to both can also be computed using the fol-
lowing formula (2):

s(s—1)

where @ is simply the average taxonomic distinctness or
Stp’s is the number of host species used by a parasite. Note
that the variance in St can only be computed when a parasite
exploits three or more host species (it always equals zero with
two species).

Results

Prevalence and Mean Intensity of Streblidae
Ectoparasites in Bats

Eight species of bats from four families were captured in the
study. A total of 130 out of 202 bats (64.36%) were found posi-
tive with ectoparasites under Family Streblidae. The bat flies
recovered were Raymondia pseudopagodarum, Brachytarsina
werneri, Megastrebla parvior, and Brachytarsina amboinensis.

Host Specificity of the Parasites

The abundance of Streblid bat flies on each sampled bat spe-
cies is presented in Table 1. It showed that Brachytarsina
werneri was found infesting all the sampled bat species. Ray-
mondia pseudopagodarum was found infecting two species
of bats, Hipposideros ater and Rhinolophus arcuatus, which
belongs to Family Hipposideridae and Family Rhinolophidae,
respectively. Meanwhile, Megastrebla parvior was found to
infest only one individual of bat species, Rousettus amplexi-
caudatus, which makes it difficult to be classified to any of the
host—parasite associations.

Bat species that are lesser than the standard sample size
parameters were dismissed for the computation of host speci-
ficity, since it may lead to spurious results [16]. With this,
there are only 133 individual bats infected with specific bat
flies assessed for host specificity (out of an original total of
148) (Table 1).

The categories of the bat flies species can also be found
in Table 2. Raymondia pseudopagodarum, Brachytarsina
werneri, and Brachytarsina amboinensis are categorized as
stenoxenous, since they are host specific to two host species.
It is also noted that there are few host species for the bat flies,
which gives a high specificity index for R. pseudopagodarum
(Stp=3) and low specificity index for B. werneri and B.
amboinensis (Syp=1.667).
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Table 1 List of Streblid bat flies infesting bat species captured in caves of Unisan, Quezon, Philippines

Bat species n No. of Bat flies n P (95% CI) MI (95% CI) Stp
infected bats
Hipposideridae
Hipposideros ater 39 14 R. pseudopagodarum 17 35.90 (0.218-0.540) 1.21 (1-1.43) 3
1 B. werneri* 2.56 (0.001-0.138) 1.00 () -
Hipposideros diadema 7 4 B. werneri* 6 57.14 (0.118-0.882) 1.33 (1-1.67) -
Vespertilionidae
Miniopterus australis 21 B. amboinensis 11 33.33 (0.154-0.592) 1.57 (1.06-2) 1.667
B. werneri 9 28.57 (0.087-0.491) 1.60 (1-2.2) 1.667
Mpyotis macrotarsus 24 18 B. amboinensis 45 75.00 (0.516-0.898) 2.53 (1.76-3.43) 1.667
2 B. werneri* 8.33 (0.011-0.280) 2.50 (1-2.50) -
Miniopterus schreibersii 5 2 B. werneri* 40.00 (0.68-0.932) 1.50 (1-1.15) -
Rhinolophidae 87
Rhinolophus arcuatus 25 R. pseudopagodarum 32 28.74 (0.198-0.399) 1.28 (1.08-1.52) 3
63 B. werneri 125 72.41 (0.626-0.822) 1.98 (1.75-2.29) 1.667
4 1 B. amboinensis* 1 25.00 (0.000-0.063) 1.00 (-) -
Rhinolophus philippinensis 3 B. werneri* 5 75.00 (0.292-1.000) 1.67 (1-2.33) -
Pteropodidae 15
Rousettus amplexicaudatus 1 B. werneri* 2 6.67 (0.002-0.339) 2.00 (-)
1 M. parvior* 2 6.67 (0.002-0.339) 2.00 (-)

*Dismissed—since it does not meet the standard sample size parameters (should have at least five host individuals per species)

Discussion

The current study presented the prevalence of streblid bat
flies recovered from bats in caves of Unisan, Quezon, and
its association with its host. The prevalence of ectoparasite
in the current study is seemingly high (64.36%) in compar-
ison with the past studies. In Ghana, 159 out of 480 bats
(33.13%) captured were found infested with ectoparasites
[18]. In Central Panama, a study revealed that there is a
prevalence of between 6.8% and 69.3% among 3, 456 indi-
vidual captured bats [7]. In all mentioned studies includ-
ing the current study, it was noted that it is warm during
the collection of the samples. Woods [2] described that
there is a higher prevalence of parasites during the summer
season. Furthermore, a low prevalence of parasites was
observed during the rainy season with a low temperature
in the study of Aroon et al. [9] and Nartey [18].

Another factor that may have influenced the prevalence
of ectoparasites in the current study is to where the cap-
tured bats roost, which is in caves. Caves are considered
to be more permanent structures compared to other liv-
ing spaces of bats. Since the sampling sites of the current
study are caves, then the captured bats are more likely to
harbor heavy loads of different species of parasites [19].
Hiller et al. [7] added that caves are a good site to host a
stable population of bats. With this, a higher prevalence
and intensity of ectoparasite infestation can be recorded
in this area.

@ Springer

Meanwhile, Table 1 shows that the mean intensity among
bats ranges from 1.00 to 2.53 ectoparasites per bats. The
intensity of ectoparasite infection among the captured bats
does not significantly far from each other, since most of the
sampled bats are already sub-adults to adults. This means
that these bats are already active hunting for foods and they
might also be in their reproductive stage. Nartey et al. [18]
stated that the age and reproductive stage of bats have a
role in harboring parasites, since adult bats are active than
the juveniles; while those who are in their lactating stage
(reproductive female adults) can be immunosuppressed and
can easily be infested with parasites.

Among the four ectoparasites recovered, Brachytarsina
werneri is the most prevalent, infecting all bat species cap-
tured. This bat fly is also found to be the most prevalent
parasite in Northeastern Thailand with 47.83% and mean
intensity of 2 parasites/bat [9]. The presence of ectopara-
site fauna in bats was also recorded in Mindoro Island,
Philippines. The recorded streblid ectoparasites, that were
the same in the current study, were Megastrebla parvior,
Brachytarsina amboinensis, Brachytarsina werneri, and
Raymondia pseudopagodarum [6]. It is interesting to note
that in the study of Alvarez et al. [6], M. parvior, B. amboin-
ensis, and R. pseudopagodarum were found infesting Myotis
minimus, Hipposideros diadema, and Hipposideros bicolor,
respectively, which are different from the current study.
Meanwhile, Brachytarsina werneri was found infesting the
same species of bats (Rhinolophus arcuatus).
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In terms of host specificity, the current study reveals that
streblid bat flies are generally highly host-specific. This
result is congruent to previous studies in French Guiana [3],
Paraguay [20], and the Lamanai area of Belize [13]. Further-
more, results revealed that Raymondia pseudopagodarum,
Brachytarsina werneri, and Brachytarsina amboinensis are
categorized as stenoxenous as it is host-specific to two dif-
ferent bat species. In the study of Maa [21], R. pseudopa-
godarum and B. amboinensis are classified as oligoxenous.
However, it was also found that it infests the same bat spe-
cies as in the current study. R. pseudopagodarum was found
infesting Rhinolophus and Hipposideros, while B. amboin-
ensis was found in Myotis and Minioptera. These bats are
known as gregarious bats, which are found roosting in deep
caves just like in the current study. Hiller ef al. [7] added
that roosting behavior of bats like using permanent roost
(e.g., caves) increases the chance of parasite transmission
from one bat to the other. The difference in the categori-
zation of the bat flies of the current study to the previous
studies could be due to the smaller sample size of the study.
However, since all the samples that did not qualify for the
parameters set are dismissed, the chance of having spurious
results is already lessened. The results also showed high and
low Sy, values, which are also possible when there are few
host species known, as supported by the study of Poulin and
Mouillot [17].

Summary and Conclusion

The current study presents the first record of Streblid
ectoparasites in the caves of Unisan, Quezon, Philippines,
and therefore, all the recovered ectoparasites are new records
in this province. Raymondia pseudopagodarum, Brachytar-
sinawerneri, and B. amboinensis are the recovered parasites
that are categorized as stenoxenous. Specificity index was
also considered in the study which revealed that P. pseu-
dopagodarum has high specificity index while Brachytar-
sina species have a low specificity index. With this, it is
recommended to further study bats harbor parasites (endo
and ectoparasites) that are transmissible to humans. Bigger
sample size is also recommended to get a better analysis of
the host specificity of the different parasites among bats.
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