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Abstract. Trichodina rectuncinata is one of the trichodinids most widely distributed in marine fish. This ciliate species has been recorded 
in more than 20 host species belonging to 17 fish families worldwide. Previous comparative studies based on morphometric data revealed 
considerable morphological variation among specimens from different populations of T. rectuncinata. In this study, we conducted a mor-
phometric-molecular analysis of three populations of T. rectuncinata to evaluate potential differences among 18S rRNA sequences, in rela-
tion to morphological variations. Smears were obtained from marine fishes in three localities along the Pacific coast of Mexico. Based on 
the shape of denticles, we found four different morphotypes for T. rectuncinata. This morphological variability does not correspond with the 
genetic divergence, suggesting that all analyzed populations belong to the same species. Further analyses using more variable markers are 
necessary to corroborate the findings of our study.
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INTRODUCTION

Ciliates of the genus Trichodina are among the most 
common fish parasites and are frequently found on the 
gills or skin of their host (Lom and Dyková 1992). The 
genus includes nearly 170 nominal species which are 

usually recorded from different localities around the 
world; therefore, most of the species are considered 
widespread (Dobberstein and Palm 2000). The disper-
sion of these ciliates is facilitated by having low host 
specificity, although the level of host specificity is 
a matter of debate among specialists (Basson and Van 
As 2006). Trichodina rectuncinata Raabe, 1958 is one 
of the trichodinids most widely distributed in marine 
fish. This ciliate has been recorded from more than 20 
host species belonging to 17 fish families worldwide 
(Xu et al. 2001; Aguilar-Aguilar and Islas-Ortega 2015; 
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Aguilar-Aguilar et al. 2016). Previous comparative 
studies based on morphometric data (e.g., Loubser et 
al. 1995) reveal considerable morphological variation 
among specimens from different populations of T. rec-
tuncinata, however, some characters such as a trian-
gular blade and a triangular or pyriform cavity in the 
center of each blade, appear to be sufficiently reliable to 
accomplish the alpha-taxonomy of this group of ciliates 
(Loubser et al. 1995; Xu et al. 2001). 

However, the identification of Trichodina species 
remains to be a challenge. Factors that complicate 
species-level identification of some trichodinids are the 
limited morphological traits, lack of autapomorphies, 
and intra-specific variation in key diagnostic features 
(Grupcheva et al. 1989). Since morphology alone has 
been considered insufficient to accurately distinguish 
among many species of parasite organisms (Tang et al. 
2017; Maciel et al. 2018), diverse molecular tools can 
provide independent data to test: firstly whether differ-
ent morphotypes should be considered as a single inde-
pendent species, secondly, if each morphotype should 
be considered as separate species, or thirdly, if there 
are evidences for separate species within a single mor-
photype (Nadler et al. 2000; Nadler and Pérez-Ponce 
de León 2011). Molecular studies using DNA markers 
have become a more common practice in taxonomic 
investigations of parasitic organisms, as an approach 
to deliberately search for evidence of cryptic species 
(Blouin 2002; Pérez-Ponce de León and Nadler 2010, 
Nadler and Pérez-Ponce de León 2011). In this work, 
we analyzed the morphology combined with genetic 
diversity of some populations of the widespread ciliate 
Trichodina rectuncinata, through the nuclear small sub-
unit of the ribosomal RNA, in order to test the genetic 
uniformity of this species despite a wide morphological 
variation. As alternative hypothesis, high values of ge-
netic divergence will suggest independent evolutionary 
lineages, and possible cryptic species complexes. 

In this context, T. rectuncinata represents a prom-
ising model group of parasites for molecular studies 
because they are commonly found in several species 
of marine fishes over a wide geographic range. Fur-
thermore, a molecular framework will allow us to in-
dependently evaluate morphological characters that 
have been traditionally used to differentiate species of 
trichodinids.

MATERIALS AND METHODS

Collection of specimens
Between December 2014 and February 2016, 111 individual 

fishes representing 14 species were examined for trichodinid. 
These fishes were collected using hand nets at the intertidal zone 
in three localities along the Pacific coast of Mexico: San Carlos, in 
the Gulf of California (27°56′N, 111°05′W), Zihuatanejo (17°38′N, 
101°36′W), and Cuatunalco (15°41′N, 96°20′W) (Fig. 1).

Hosts were kept alive and studied for ectoparasitic ciliates no 
more than five hours after capture. Squash slides of gills were made 
from live specimens. A preliminary inspection was carried out in 
order to verify a mono-specific infection by T. rectuncinata. Smears 
with trichodinids were air-dried and impregnated with silver nitrate 
technique according to Martorelli et al. (2008). 

Morphological analysis
Microphotographs of smears were obtained using Leica 

DM500® photomicroscope equipment, with the Leica ICC50 HD® 
capture imaging system and the OLYMPUS IX81 inverted micro-
scope. The measurements of different morphological structures 
such as denticles (blade, central part and ray), adhesive disc, den-
ticular ring, and the number of denticles were obtained following 
the recommendations of Lom (1958). All measurements were taken 
in the Image-Pro Plus® 7.0 software and expressed in micrometers. 
Denticles of organisms from each population were drawn using the 
GIMP (version 2.8.16). The description of the denticles followed 
the recommendations of Van As and Basson (1989).

Molecular protocol

DNA Extraction, Amplification and Sequencing
A set of organisms recovered from each host was fixed in vi-

als with absolute alcohol. The vials were centrifuged in a vacuum 
centrifuge to concentrate the trichodinids in a pellet. Subsequently, 
based on the study by Tang et al. (2013), the pellet was digested, 
and its genomic DNA was extracted using the REDExtract-N-Amp 
™ Tissue PCR Kit (Sigma, St. Louis, USA) following the manufac-
turer’s instructions. 

The 18S rRNA gene of T. rectuncinata was amplified by the pol-
ymerase chain reaction (PCR) with the following primers: forward 
primer 5´-AAC CTG GTT GAT CCT GCC AGT-3´ and reverse 
primer 5´-TGA TCC TTC TGC AGG TTC ACC TAC-3´ (Medlin et 
al., 1988). The cycling condition for PCR were: initial denaturation 
al 94°C for one min, 5 step cycling of denaturation at 94°C for one 
min, alignment at 56°C for 2 min and extension at 72°C for 2 min, 
followed by 35 cycles similarly to the previous cycles, with the dif-
ference of the temperature of the alignment period which increased 
to 62°C, and finally an extended elongation step at 72°C for 10 min. 
PCR reactions were performed with REDExtract-N-Amp PCR Re-
action Mix, following the manufacturer´s instructions. The ampli-
fied products were evaluated by electrophoresis on a 1% agarose gel 
with the Tris-Acetate buffer (TAE 1X). Sequencing reactions were 
made with the two PCR primers used ABI Big Dye terminator se-
quencing chemistry (Applied Biosystems, Boston, Massachusetts, 
USA), in the Laboratorio de Biología Molecular de la Biodiversi-
dad y la Salud of the Universidad Nacional Autónoma de México  
(IBUNAM), Mexico. The readings of the sequences were assem-
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Fig. 1. Map showing the location of Mexico, and localities where 
populations of Trichodina rectuncinata were obtained.

bled in Geneious Pro 4.8.4 (Biomatters Ltd., Auckland, New Ze-
land) to generate consensus sequences.

The consensus sequences were compared in the database of the 
genbank using the search of similarity with the BLAST (https:// 
blast.ncbi.nlm.nih.gov/Blast.cgi) option selected (Basic Local 
Alignment Search Tool). Sequences were submitted into the Gen-
Bank database (accession numbers MK076565–MK076575).

Phylogenetic Analyses
Based on 11 partial 18S rRNA gene sequences corresponding to 

the reverse region of populations of Trichodina rectuncinata, a mul-
tiple alignment was performed using SATé version 2.2.7 under the 
default settings (Liu et al. 2009, 2012), and generating an aligned 
dataset of 500 bp. 

Then, the genetic divergence between these sequences was es-
timated with uncorrected “p” distances using the program Mega 
version 6.0 (Tamura et al. 2013). To test the phylogenetic position 
of the obtained sequences with respect to other congeners, a new 
multiple alignment was built using the procedure described above 
for the 11 sequences from T. rectuncinata along with sequences of 
other 11 trichodinid species downloaded from the GenBank dataset 
plus Urceolaria urechi which was used as the outgroup for root-
ing the tree. As a result, a dataset of 1745 bp was generated. Later, 
Bayesian Inference (BI) and Maximum likelihood (ML) analyses 
were used for tree construction. The Bayesian analyses was per-
formed using the MrBayes program (Ronquist et al. 2012) with the 
following parameters: runs of eight Markov chains for 10,000,000 
generations, starting from one random tree, sampling every 1000 
generations. The ML tree and 1000 bootstrap were calculated using 
RAxML (Stamatakis 2014), with the GTRGAMMA model. 

RESULTS

From all examined fish species, only Network Triple-
fin (Enneanectes reticulatus), Rock Blenny (Entomacro-
dus chiostictus), and Zebra Clingfish (Tomicodon zebra) 
were infested with Trichodina rectuncinata. Morpho-
logical characterization was performed from specimens 
collected in E.  reticulatus (San Carlos), and T. zebra 
(Zihuatanejo and Cuatunalco). Specimens collected 
from E. chiostictus were very scarce and the deficient 
impregnation of these ciliates did not allow their ac-
curate characterization. Instead, the molecular analysis 
was conducted from samples from the three-fish species.

Based on the shape of denticles, we found four dif-
ferent morphotypes for T. rectuncinata (Fig. 2). Mor-
photypes a and b were present on the same host species 
E. reticulatus from San Carlos. Morphotype a exhib-
ited a triangular blade with straight edges parallel to Y 
axis and with a wide triangular cavity, short central part 
and a large and straight ray, occasionally short (Fig. 2a 
and a’); while morphotype b showed a slightly curved 
blade, in some cases clearly curved, central part devel-
oped in most cases above the X axis, and a large ray, 
which touch the Y axis in most of the cases. (Fig. 2b 
and b’). A third morphotype (c) was found in T. zebra 
from Zihuatanejo, the features of the denticles in this 
ciliate population showed a short and slightly curved 
blade with a small pyriform cavity, a wide and trian-
gular central part, which occurs on the posterior part of 
the Y axes, and a wide and short ray, which ends round 
(Fig. 2c and c’). Morphotype d was found in ciliates 
recovered from T. zebra from Cuatunalco. This mor-
photype is characterized by having a triangular blade 
with a wide and triangular cavity, a very thin central 
part, which crosses the Y axis, and a short, stout ray 
with strongly rounded end (Fig. 2d and d’).

This morphological variability does not correspond 
with the genetic divergence, which varied from 0% to 
a maximum of 1.7% (mean 0.97%), suggesting that all 
analyzed populations belong to the same species. Inter-
estingly, the lowest divergence value between localities 
was presented by those more distant (San Carlos and 
Cuatunalco, Table 1) (mean 0.32%), while divergence 
between populations of Zihuatanejo and Cuatunalco 
(mean 1.06%) were higher even though localities are 
geographically closer, and they were collected from the 
same host species, T. zebra.

The BI analysis showed that the sequences of 
Trichodina rectuncinata are grouped in a single clade, 
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Fig. 2. Photomicrographs of silver-impregnated adhesive discs and diagrammatic drawings of the denticles of respective morphotypes stud-
ied in the present paper; a and a’. From Enneanectes reticulatus, San Carlos, Sonora. b and b’. From Enneanectes reticulatus, San Carlos, 
Sonora. c and c’. From Tomicodon zebra, Zihuatanejo, Guerrero. d and d’. From Tomicodon zebra, Cuatunalco, Oaxaca. 

Fig. 3. Bayesian inference tree of sequences of the 18S gene of trichodinid species of the genus Trichodina and Trichodinella, emphasiz-
ing on Trichodina rectuncinata. Numbers near internal nodes show the support value. Codes: ♦ Cuatunalco; * Zihuatanejo; ● San Carlos.
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with T. pectenis as sister species (Fig. 3), this relation-
ship is supported by the highest posterior probability 
value (1.0). The ML analysis produced a single tree 
(-InL = 8676.19), where samples of T. rectuncinata 
are also grouped in a single clade, with relatively high 
bootstrap support value (81) (Fig. 4), T. pectenis is also 
recovered as a sister group. Phylogenetic relationships 
among remaining trichodinid species used in the analy-
sis were identical in both trees. The grouping of ana-
lyzed sequences of T. rectuncinata in a single clade is 
congruent with the values of genetic divergence, sug-
gesting that examined populations belong to the same 
species.

DISCUSSION

Trichodina rectuncinata is a widely distributed cili-
ate species which has been reported from marine fishes 
of at least 17 not closely related fish families: Balisti-
dae, Blennidae, Cottidae, Gadidae, Gobiesocidae, Go-
biidae, Hexagrammidae, Labridae, Lateolabracidae, 
Lotidae, Moridae, Mullidae, Scianidae, Scorpaenidae, 
Serranidae, Sygnathidae, and Tripterygiidae (see Lom 
and Dyková 1992; Xu et al. 2001; Aguilar-Aguilar et 
al. 2016). This wide host spectrum suggests a moderate 
ecological specificity; even though this ciliate species 
has been reported from numerous fish taxa, it seems to 
prefer benthic fishes. In this study, we conducted a mor-
phometric-molecular analysis of three populations of 
T. rectuncinata to evaluate potential differences among 
18S rRNA sequences, in relation to morphological vari-
ations. However, our results did not show a significant 
genetic divergence for the used marker. Sequences ex-
hibited very low genetic divergence among analyzed 
populations, ranging from 0 to 1.7%.

In concordance with these results, the ML and BI 
trees inferred from the18S RNA data set in this study 
consistently showed that the analyzed sequences of 
T. rectuncinata are grouped as populations of the same 
species, which exhibited a wide morphological variabil-
ity. These results are based on partial sequences of only 
one ribosomal gene, which was able to provide accurate 
phylogenetic inferences because most of the molecular 
information currently available for trichodinids have 
been generated for these genes. A further study using 
other molecular markers such as the mitochondrial gene 
COI, and other nuclear markers such as LSU and ITS, in 
a more extensive geographical spectrum, will allow to Ta
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Fig. 4. Maximum likelihood of sequences of the 18S gene of trichodinids of the genus Trichodina and Trichodinella, emphasizing on 
Trichodina rectuncinata. Numbers near internal nodes show the bootstrap values. Codes: ♦ Cuatunalco; * Zihuatanejo; ● San Carlos.

corroborate the hypothesis that morphological variation 
among populations of T. rectuncinata is host-induced, 
and not the result of a speciation process even though 
this has been suggested by several authors (Grupcheva 
et al. 1989; Loubser et al. 1995; Xu et al. 2001). Addi-
tional molecular data may probably reveal the existence 
of several lineages, and the potential existence of cryp-
tic species, such as frequently found in other parasitic 
species (Nadler and Pérez-Ponce de León 2011).

In conclusion, in the present study we used a mo-
lecular marker to determine whether or not a morpho-
logically variable species of ciliate represents a single 
species considering that T. rectuncinata is widely dis-
tributed in marine fish along the Pacific coast of Mex-
ico. We found no correlation between morphological 
variation and genetic divergence for this species with 

the molecular marker used. Further analyses using 
more variable markers are necessary to corroborate the 
findings of our study. However, this work represents 
a first step in the elucidation of the phylogeographical 
patterns of trichodinids. Also, we contributed adding 
sequence data to the genetic library that would be in-
creased in the near future. 
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