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Parasitos asociados a ofidios del Pacifico colombiano

Parasites associated with Ophidia of the Colombian Pacific

Aristizabal Angel Lina Maria® 2*, Crespo Ortiz Maria del Pilar?, Bolivar Garcia Wilmar*

ABSTRACT: This study describes the diversity of parasites in ophidian species from four ecoregions of Valle del
Cauca and Gorgona Island (Colombian Pacific). For this, samples from necropsies, blood and feces were collected
from 37 snakes belonging to the species Bothrops asper (terrestrial), Leptodeira annulata (semiarboreal),
Imantodes cenchoa (arboreal), Sibon nebulatus (arboreal), Boa constrictor (semiarboreal), Clelia clelia
(terrestrial), Mastigodryas boddaerti (terrestrial) and Micrurus mipartitus (terrestrial). Parasite detection was
performed using stereoscopic and optical microscopy, and/or concentration and staining methods depending
on the sample type; parasites were identified by morphological keys. Eleven snakes (29.7%) belonging to four
species were infected with at least one of seven parasite taxa identified (six nematodes and one hemoparasite).
Among nematodes, the families Rhabditidae and Oxyuridae, and the genus Kalicephalus were found for the
first time in L. annulata. Worms of the order Strongylida, and the genera Kalicephalus and Ophidascaris were
identified in B. asper. Hepatozoon spp. (hemoparasite) presented the highest prevalence of infection, which
was only infecting arboreal and semi-arboreal snakes (L. annulata, I. cenchoa and B. constrictor), showing in
addition morphological variability of the gametocytes. Our findings suggest that transmission of this parasite
may be associated with snake habits and lifestyle.
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RESUMEN: El presente estudio describe la diversidad de endoparasitos en ocho especies de ofidios de
las cuatro ecorregiones del Valle del Cauca e Isla Gorgona en Colombia. Para la deteccion e identificacion de
parasitos, se obtuvieron muestras de sangre, materia fecal, érganos y tejidos de 37 serpientes pertenecientes a
las especies Bothrops asper (terrestre), Leptodeira annulata (semi-arboricola), Imantodes cenchoa (arboricola),
Sibon nebulatus (arboricola), Boa constrictor (semi-arboricola), Clelia clelia (terrestre), Mastigodryas boddaerti
(terrestre) y Micrurus mipartitus (terrestre). La blsqueda e identificacion de parasitos se realizd mediante
el uso de microscopia optica y esteroscopica, y/o métodos de concentracion y coloracion dependiendo del
tipo de muestra; los parasitos fueron identificados mediante claves morfoldgicas. Once serpientes (29,7%)
pertenecientes a cuatro especies estuvieron infectadas con al menos uno de siete taxones parasitos identificados
(seis nematodes y un hemoparasito). Entre los nematodes se reportan por primera vez las familias Rhabditidae
y Oxyuridae y el género Kalicephalus en L. annulata; en B. asper se identificaron parasitos del orden Strongylida
y de los géneros Kalicephalus y Ophidascaris. Hepatozoon spp. (hemoparasito) presentd la prevalencia de
infeccion mas elevada, y s6lo se hallé en I. cenchoa, L. annulata y B. constrictor, de habitos arbéreo y semi-
arbéreo, evidenciandose ademas variabilidad morfolégica de los gametocitos. Los hallazgos indican que la
transmision de esta parasitosis puede estar relacionada con el habito y modo de vida de estas serpientes.
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INTRODUCTION

Parasitism has an important impact on the structure
of communities, either by competition among parasite
species or by parasite-host interactions. A direct effect
on host fitness may lead to phenotype changes or
altered interactions with other individuals (Frainer et al.,
2018). Factors such as climate conditions, eating habits,
forced migration, and anthropic activities affect both
parasite distribution and host interactions, and in some
cases, these changes may endanger host populations
(Frainer et al., 2018). Reptiles are excellent systems to
determine patterns and processes influencing parasite
communities (Aho, 1990; Polley and Thompson, 2015).
Particularly, snakes are susceptible to being parasitized
by nematode taxa (Souza et al., 2014; Mendoza-Roldan
et al., 2020) and hemoparasites such as Hepatozoon
spp. (Moco et al., 2002; Ungari et al., 2018; Bazzano
et al., 2020).

Particularly in snakes from the Americas, several
species of trematodes, cestodes and nematodes have
been reported (Fernandes and Kohn, 2014; Oda et al.,
2016; Peichoto et al., 2016; Carbaj al-Marquez et al.,
2018; Fernandes De Carvalho et al., 2018; Soria-Diaz
etal., 2019.

In Colombia, 327 snake species have been reported
distributed widely in different microhabitats (Uetz et
al., 2022); however, information on their parasite-host
relationships is scarce (Duran-Penaranda et al., 2020).
Previous studies performed in ex situ organisms have
found Hepatozoon spp. and Strongylida nematodes
in Boa constrictor (Linnaeus) (Zamudio-Zuluaga and
Ramirez-Monroy, 2007; Duran-Penaranda et al., 2020).
Likewise, the digenean Ochetosoma heterocoelium
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Travassos, 1921 was found in the oral cavity, Jacobson’s
organ, and esophagus of several snake species (Lenis
et al., 2009). Studies on the snake parasites distribution
are needed to know and analyze diversity in wild
organisms and to evaluate the potential effects on hosts
and environmental health.

The Colombian Pacific is considered by the World
Wildlife Fund as one of the most biodiverse regions onthe
planet, and one of the 17 priority areas for conservation
in the world (WWF, 2021), being the habitat of widely
distributed snake species with different trophic and
behavioral habits. The aim of this work was to know the
parasites present in some snake species from the four
ecoregions of Valle del Cauca, and from Gorgona Island
in Colombia. Additionally, we analyzed the parasitemia
by Hepatozoon and the morphological changes in the
red blood cells parasitized.

MATERIALS AND METHODS
Study area and host sampling

The study was conducted in the four ecoregions of
Valle del Cauca, namely: Pacific Region, Cordillera
Occidental, Valle Interandino and Cordillera Central (Fig.
1a). In addition, Gorgona Island (02° 58 03" N; 78°
10’ 49” W) located 28 km off the Colombian Pacific
Coast (National Park) was included (Fig. 1b). Snakes
were collected in 2019 (July to December) and 2020
(October). Surveys were conducted between 8:00-11:30
h and 17:00-23:00 h, during free walking, and using the
Visual Encounter Survey (VES) method (Angulo et al.,
2006), two five-day sampling sessions were conducted
in each locality. Each collected specimen was sexed
and measured to face-cloacal length and total length.
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Figure 1. a) Ecoregions of Valle del Cauca. Pacific region (RP), Cordillera Occidental (CO), Valle Interandino (VI) and Cordillera Central
(CC). b) Gorgona Island (right). Sampling areas are indicated with geometrical shapes.
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The snakes were externally examined for tissue
damage, macroscopic alterations, or the presence of
ectoparasites. Blood and fecal matter samples were
taken from all specimens. Specimens euthanized by
roxicaine injection or found dead were immediately
necropsied and examined under stereomicroscope.
All snakes except those from Gorgona Island were
necropsied.

This study was carried out in accordance with the
guidelines issued by the National Environmental
Licensing Authority (ANLA) Decree # 1076 (2015) and #
06553 (2016), permit # 1070 (2015).

Sampling and identification of parasites
Endoparasites

Stool samples from all collected specimens were
obtained spontaneously or by massage in sterile
containers and preserved in Schaudinn’s fixative.
Samples were subjected to microscopic examination
with saline solution and the zinc sulphate flotation
method was performed for parasite concentration. The
thin top layer was examined using Lugol's iodine and
saline solution. In addition, fecal smears were subjected
to trichrome stain and to a modified acid-fast stain
(Kinyoun), the latter in search of coccidian parasites
(Ash and Orihel, 1987).

Necropsied specimens (n=21) were carefully examined
for helminths attached to organs and tissues. The parasi-
tes found were fixed in 70% ethanol for 24 hours before
being taken to alcohol-glycerol and then cleared and
mounted in glycerol gelatin. The slides were observed
under microscope (Olympus CX31 100x).

All parasites were studied using the research
microscopes: Nikon ECLIPSE Ni-U 90 trinocular and
Zeiss Axio imager A2, larger organisms were visualized
in a Nikon SMZ-1500 trinocular stereo microscope.
Parasites were measured using the imaging analysis
system NIS ELEMENTS Br version 4.20, Nikon and Zen
Lite version 3.1. Identification of parasites was made
using nematode taxonomic keys (Anderson et al.,1974).
The parasite intensity was determined following Bush
et al., (1997). Parasite burden from fecal samples was
expressed as eggs per gram of feces (epg). Parasites
were deposited in the Collection of Parasitology UVPAR
(Department of Microbiology, Universidad del Valle,
Cali, Colombia/ Registered as #564 in Alexander von
Humboldt Institute).

Hemoparasites

Blood samples were obtained by ventral tail
venipuncture, thin blood smears were fixed with
methanol for three minutes and stained with 0.75%
Giemsa solution. The slides were examined under 100x
magpnification (Olympus CX31) and parasites identified
using previous morphology descriptions (Moco et al.,
2002).
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Parasitemia (parasite density) was estimated
according to Ungari et al. (2018). Severity of infection
was defined based on the level of parasitemia. A
low-density infection was defined when at least one
hemoparasite was observed in three high-power fields
(hpf), whereas up to three hemoparasites x hpf were
considered a middle density infection and more than
three parasites x hpf were defined as a high-density
infection. A quantitative parasitemia was calculated
by counting parasitized erythrocytes among 10.000
erythrocytes and expressed as % of parasitemia.

Morphology of hemoparasites was analyzed based
on features such as gametocyte shape, cytoplasmic
pigment and nucleus shape and location. Measure-
ments (i.e. area, length, and width) from the parasite
and their nucleus were taken using a Zeiss Axio imager
A2 with Zen Lite software (version 3.1). For each
infected snake, 10 hemoparasites at the same stage
were examined as indicated above and compared with
each positive specimen to detect relevant morphology
variability. The data obtained were subjected to principal
component (PCA) and clustering analyses using RStudio
version 4.0.3.

As Hepatozoon infections have been associated with
changes in the red blood cells, 10 infected and 10 non-
infected red blood cells from each snake were also
measured, including area, length and width of cells and
the respective nucleus (Moco et al., 2002). Infected and
non-infected erythrocytes were compared using a t-test,
p values <0.05 were considered statistically significant.
RStudio version 4.0.3 was used to perform statistical
analysis.

RESULTS

A total of 37 snakes belonging to the following eight
species were analyzed: Boa constrictor (L.), Bothrops
asper (Garman), Clelia clelia (Daudin), Imantodes
cenchoa (L.), Leptodeira annulata (L.), Mastigodryas
boddaerti (Sentzen), Micrurus mipartitus (Dumeéril,
Bibron and Dumeéril), and Sibon nebulatus (L.) (Table
1). Most of them (43.2%) were collected in the tropical
humid forest of Gorgona Island, the remaining snakes
were collected from the Pacific region (32.4%),
Cordillera Occidental (21.6%), and Cordillera Central
(2.7%) (Table 1). Thirteen of the total snakes analyzed
(35.1%) were females, 12 were males (32.4%), and
the remaining 12 were undetermined (32.4%).

Eleven snakes (29.7%) were infected with at least
one of the seven parasite taxa identified (i.e. six
nematode taxa: Strongylida, Rhabditidae, Oxyuridae,
Capillariidae, Kalicephalus sp., Ophidascaris sp.,
and one hemoparasite taxon: Hepatozoon sp.). No
ectoparasites or enteric protozoa (coccidians or any
other) were observed in any of the snakes analyzed
in this study. Snakes of the species S. nebulatus,
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Tabla 1. Characteristics and distribution of the snakes studied from the Colombian Pacific. n= host analyzed. Total parasite
prevalence for each host population is indicated (P). When P is absent, parasites were not found.

. . . Cordillera Pacific Cordillera Gorgona
Host species Habits and habitat Occidental Region Central Island Total
. n=3 n=6 _ n=14
Bothrops asper (Garman) nocturnal/ terrestrial P=33% P=33% n=5 P=21.4%
Imantodes cenchoa (Linnaeus) nocturnal/ arboreal n=1 n=3 n=1 n=7 n=12
P=86% P=50%
Sibon nebulatus (Linnaeus) nocturnal/ arboreal n=2 n=2 - - n=4
Leptodeira annulata (Linnaeus) nocturnal/ semi-arboreal n=2 n=1 - - n=3
P P=50% P=33%
Boa constrictor (Linnaeus) nocturnal/ semi-arboreal - - - n=1 n=1
P=100% P=100%
Mastigodryas boddaerti (Sentzen) diurnal - - - n=1 n=1
Micrurus mipartitus (Dumeéril, _ _
Bibron and Dumeéril) nocturnal ) ) ) n=1 n=1
Clelia clelia (Daudin) nocturnal/ terrestrial - - - n=1 n=1
Total n=8 n=12 n=1 n=16 n=37
P=25% P=16.6% P=43.8% P=29.7%

M. boddaerti, M. mipartitus, and C. clelia were not
parasitized (Table 1).

Total parasite prevalences for each host population
analyzed are shown in Table 1. Seven snake specimens
(18.9%) were infected only by hemoparasites; three
specimens (8.1%) were parasitized only by intestinal
nematodes, whereas only one snake (2.7%) was
infected by both hemoparasites and nematodes.

Figure 2. a-d) Parasites in B. asper from the Colombian Pacific. a) Kalicephalus sp. adult }ﬁale, anterior end with buccal

Three out of 14 B. asper analyzed (21%) were
infected by four nematode taxa (see Table 2, Fig. 2a, b,
¢, d). One out of three L. annulata was co-infected with
hemoparasites and three nematode taxa (Table 2, Fig.
2e, f). The single B. constrictor analyzed and six out of
12 I. cenchoa (50%) were infected by Hepatozoon spp.
(Fig. 3a, b, c).
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ing four pairs of sclerotized plates (arrow). b) Ophidascaris sp. adult female. c) Capillariidae egg. d) Strongylida egg. e-f) Parasites in L.
annulata from the Colombian Pacific. €) Rhabditidae, adult female, arrow indicates cylindrical buccal cavity. f) Oxyuridae, adult female,
20 2rrow indicates oral aperture with three lips.
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Tabla 2. Parasite taxa found in the positive snakes (11/37) from different localities in the Colombian Pacific.

Locality Infected hosts / stage,

Host species total hosts intensity of SO;i:;e/
Taxa parasite (Prevalence) infection
Cordillera occidental
B. asper 1/3 (33%)
Strongylida 1/3 (33%) eggs, 6 epg feces
L. annulata 1/2 (50%)
Kalicephalus sp. o muscular
(Strongylida) 1/2 (50%) adult, 1 tissue
Rhabditidae 1/2 (50%) adult, 1 rectum
Oxyuridae 1/2 (50%) adult, 1 rectum
gametocyte,
Hepatozoon sp. 1/2 (50%) 0.06%* blood
Pacific Region Cordillera occidental
B. asper 2/6 (33%)
Kalicephalus sp. 1/6 (16.6%) adult, 6 colon
Ophidascaris sp. o small
(Ascarididae) 1/6 (16.6%) adutt, 1 intestine
Capillaridae 1/6 (16.6%) eggs, 2 epg feces
. large
0,
Strongylida 1/6 (16.6%) adult, 1 intestine
Gorgona Island
I. cenchoa 6/7 (85.7%
o gametocyte,
Hepatozoon sp. 6/7 (85.7% 0.02- 0.36%* blood
B. constrictor 1/1 (100%)
Hepatozoon sp. 1/1 (100%) gaTeYt;::zt e blood

epg= eggs per gram of feces. *Parasite burden of hemoparasites expressed as
parasitemia level (percentage of parasitized erythrocytes calculated on 120000
erythrocytes).

10 pm 10 ym

Figure 3. Morphology of Hepatozoon gametocytes (arrows) found in B. constrictor (a), I. cenchoa (b) and L. annulata (c) from the Co-
lombian Pacific. Displacement of erythrocyte nucleus is seen in b and c.
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Parasitemia level

The highest level of parasitemia for Hepatozoon
spp. was recorded in the single B. constrictor analyzed
(Table 2), whereas the lowest level was observed in
one I. cenchoa (Fig. 4).

Morphometric analysis of Hepatozoon and
parasitized cells

All intracellular gametocytes were elongated and
had variable size. A compact nucleus and blue-colored
cytoplasm were observed, in some cases, the parasite

ISSN 2313-9862

Figure 4. Hepatozoon spp. parasitemia in B. constrictor,

L. annulata and I. cenchoa. A total of 8 infected snakes are
represented (1-8 hosts). The crosses represent the level

of parasitemia: (+) low level, (++) medium level, (+++) high
level.

Host

B Boa constrictor
 Imantodes cenchoa
W Leptodeira annulata

displaced the host cell nucleus (Fig. 3). Cluster analysis
using the Hepatozoon morphometric data showed
two groups, 1) parasites smaller than the mean, 2)
parasites larger than the mean (Fig. 5). Hepatozoon
spp. infection was mainly seen in arboreal and semi-
arboreal snakes. As shown by the t- test analysis,
changes in the nucleus and shape of the erythrocytes
infected by Hepatozoon sp. were observed in most of
the parasitized snakes L. annulata, B. constrictor, and
I. cenchoa (Table 3).

Factor 2: 1.1443 {19.1%)
L=

2 -

0 2 4 6

Factor 1: 3.1773 (53%)

Figure 5. Morphometric analysis of Hepatozoon sp. from L. annulata, I. cenchoa and B. constrictor. Data subjected to PCA were vi-
sualized using Biplot (R studio) and parasites were assigned into two clusters (cl1 and cl2) indicating two morphology patterns. Eighty

22 parasites were analyzed; each number corresponds to one parasite.
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Tabla 2. Morphometric analysis of Hepatozoon infected and non-infected erythrocytes

Snake specimen Parameter Non infe(clzlt;(: selr)y)throcyte Infected erétll;)rocyte (um; pt;/t::.te
L. annulata E area 184.8;16.1 171.9; 15.6 0.09
length 18.2; 1.0 19.2;1.2 0.04
width 12.8;1.1 11.5;0.8 0.01
N area 24.0; 3.3 22.3;3.4 0.28
length 6.7;0.7 8.0; 0.7 0.00
width 4.5;0.4 3.6;0.4 0.00
B. constrictor E area 172.1; 17.0 188.3; 10.3 0.02
length 19.4;0.9 19.14; 1.5 0.53
width 11.1;0.9 13.2;1.8 0.00
N area 23.0; 3.9 24.3; 3.3 0.42
length 7.5;0.4 7.0; 0.6 0.06
width 4.2;0.5 4.3;0.3 0.39
I. cenchoa 1 E area 210.2;23.4 203.8; 29.2 0.60
length 19.6; 1.5 18.7; 1.7 0.21
width 13.5; 1.5 13.5; 1.5 0.95
N area 24.7; 4.2 24.1;6.2 0.48
length 7.8;1.2 8.8;0.8 0.02
width 4.1;0.4 3.7;,0.6 0.09
I. cenchoa 2 E area 205.2;12.8 196.5; 18.0 0.23
length 20.5; 1.7 20.3; 0.7 0.74
width 12.6;1.2 12.0; 1.9 0.36
N area 26.6; 3.4 29.6; 5.6 0.24
length 74;0.5 8.8;1.4 0.02
width 4.6;0.5 4.2;0.8 0.11
I. cenchoa 3 E area 183.3;24.9 184.5; 33.2 0.93
length 18.5;2.2 19.1; 1.6 0.50
width 12.7: 2.0 12.3;2.2 0.72
N area 26.0; 3.0 25.6; 3.1 0.78
length 7.7;1.0 9.2;1.0 0.00
width 3.5;0.7 4.7;0.9 0.01
I. cenchoa 4 E area 207.3; 36.3 182.8;14.4 0.07
length 21.0; 2.0 20.0; 6301.8 0.24
width 12.7; 1.8 12.2;0.9 0.54
N area 31.3;3.5 25.9;4.0 0.00
length 8.5;1.1 9.1;0.9 0.39
width 4.7;0.6 3.7;0.4 0.00
I. cenchoa 5 E area 185.1; 20.6 191.5; 15.6 0.44
length 19.1; 1.3 19.2;1.8 0.93
width 12.2;1.6 12.5;1.4 0.68
N area 26.3;2.6 24.3;4.1 0.21
length 7.7;2051.1 8.9;0.9 0.00
width 4.6; 0.7 3.9;0.8 0.08
I. cenchoa 6 E area 197.2; 30.1 196.6; 14.1 0.58
length 20.0; 1.9 20.3; 1.0 0.67
width 12.5; 1.0 12.0; 0.8 0.30
N area 25.7; 2.7 27.3;2.4 0.16
length 7.9; 0.7 9.6; 0.5 0.00
width 4.6;0.4 3.5;0.4 0.00

Data in grey shadows are statistically significant, suggesting differences between infected and non-infected erythrocytes. E:

Erythrocyte, N: Nucleus, SD: Standard deviation. 23
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DISCUSSION

Most snakes were collected from Gorgona Island
followed by the Valle del Cauca region where the
herpetofauna is distributed mainly in the Pacific
region and the Cordillera Occidental (Castro-Herrera
and Vargas-Salinas, 2008). By contrast, in the Valle
Interandino, which is a dry and very dry tropical
forest, no snakes were found. This may suggest that
the sampling effort requires longer times as reptile
density in this ecosystem has been associated with
prey availability and environmental and structural
factors in the habitat (Bolivar-Garcia et al., 2019). The
high anthropic disturbance generated by agricultural
activities and deforestation in this area, leads to a
reduction of prey items, like amphibians (Cardona-
Botero et al., 2013; Lynch et al., 2014).

Species of Kalicephalus have been found in the
gastrointestinal tract and feces of snakes in South
America (Schad, 1962; Siqueira et al., 2009; Gonzalez
et al., 2018). Kalicephalus spp. has been associated
with esophageal abscesses, chronic stomatitis,
and oral infections (Matt et al., 2020). Although
transmission of Kalicephalus spp. is still unresolved, it
is known that the infective stage is the free-living third-
stage larva. The snake could be infected by exposure
of its tongue when the reptile checks the chemistry
of the environment or through ingestion of paratenic
hosts (Anderson, 2000). In this study, Kalicephalus
sp. adults were observed in colon and one granuloma
in somatic musculature, in the latter particular case,
infection probably occurred by cutaneous perforation
as suggested by Flynn (1973) and Siqueira et al.
(2009).

The remaining nematode taxa found (i.e. strongylids,
capillariids and Ophidascaris species), are commonly
distributed among ophidians (Sprent, 1988; Fraser,
1993; Lichtenfels, 2009; Slapeta et al., 2017).
Capillariidae nematodes are commonly found in
wetland reptiles (Slapeta et al., 2017) and previously
reported in colubrid and viperid species from Europe
(Kvapil et al.,, 2017). Likewise, Ophidascaris has
been reported in B. jararaca from America, from the
Neotropics (Siqueira et al., 2009).

In agreement with studies by Medrano-Tupiza et
al. (2017) in wild snakes from ecological reserves in
Ecuador, we did not find ectoparasites in the snakes
examined. The absence of ectoparasites in our study
may be due to the sampling of young snakes (based
on size) which tend to have a higher growth rate (Webb
and Whiting, 2005) and thus molt more frequently
(Lynch et al., 2014) affecting somewhat the recovery
of ectoparasites.

Hepatozoon spp. was the most frequent parasite
in this work. Previous studies in Neotropical realm
have reported Hepatozoon spp. in B. constrictor from

24 Brazil (Moco et al., 2002; Ungari et al., 2018) and
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Colombia (Zamudio-Zuluaga and Ramirez-Monroy,
2007). High prevalence of Hepatozoon sp. has been
reported in copperheads (50%) and non-viperid
snakes (up to 100%) from urban old-growth forest in
Memphis, Tennessee (Davis et al., 2012). It is thought
that snakes are infected by ingestion of intermediate
hosts, invertebrate vectors, or mosquito bites (Culex
pipiens) (Zamudio-Zuluaga and Ramirez-Monroy,
2007; Tomé et al., 2012). Here, Hepatozoon sp. were
mainly identified in blood from arboreal and semi-
arboreal snakes from Gorgona Island, where Culicidae
mosquitoes have been described and may be potential
vectors (Gonzalez-Obando et al., 2012).

High levels of parasitemia by Hepatozoon spp. cause
lack of oxygenation in muscle tissue (Caudell et al.,
2002), malnutrition and delayed growth, impairing the
ability for competition and reproduction (Ungari et al.,
2018). However, in this study Hepatozoon parasitemia
was under the threshold level associated with disease
(Ungari et al., 2018). Several studies based on
morphology analyses of Hepatozoon have suggested
mixed infections by Hepatozoon spp. in Hydrodynastes
gigas (Moco et al.,, 2002) and Crotalus durissus
(Ungari et al., 2018). However, rather than a mixed
infection, morphometric variability may be driven by
intraspecific variation and differential developmental
stages in Hepatozoon spp. (Ungari et al., 2018). Many
efforts have been made to identify Hepatozoon based
on gametocyte morphometry, however, intraspecific
polymorphism is one of the limitations of morphology-
based studies (Bazzano et al., 2020). Morphology
variability of Hepatozoon parasitizing L. annulata, B.
constrictor,and I. cenchoa was observed in the present
study. Although mixed infections are still possible, the
nature of this variability needs to be further validated
by molecular methods.

Analyses of infected and non-infected erythrocytes
for each host species showed significant variations
in particular features, so the effect induced by
parasites on the red blood cells of snakes cannot be
generalized. Moco et al. (2002) suggested that the
degree of alteration of erythrocytes may be useful for
characterization of Hepatozoon species, but our results
indicate that morphometric features of erythrocytes
are not suitable for identification to the species level.

This study describes the parasites affecting
wildlife snakes in the Colombian Pacific and provides
supporting evidence of hemoparasite and nematode
infections of these reptiles in the ecoregions included
for survey. The families Rhabditidae and Oxyuridae,
and the genus Kalicephalus were found for the first
time in L. annulata. Strongylida nematodes and the
genera Kalicephalus and Ophidascaris were identified
in B. asper. As stated by other authors (Aho, 1990;
Martinez and Merino, 2011; Auld et al., 2014; Frainer,
2018), it seems that parasite prevalence shows
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drastic variations depending on host, parasite taxa,
and environmental factors from each region.

Despite the small sample size, in the present study
Hepatozoon sp. were detected in L. annulata, B.
constrictor, and remarkably in I. cenchoa from Gorgona
Island. Further research and monitoring are needed to
elucidate the route of transmission of Hepatozoon and
to determine the infection effects on I. cenchoa and
other hosts and the ecological processes in Gorgona
Island. Overall, this work contributes to the knowledge
of reptile parasitic species from the sampled areas in
Colombia.
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