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A B S T R A C T

The most studied digenean of marine organisms in Chile is by far Proctoeces humboldti, a parasite of the intestine
of the clingfish Sicyases sanguineus and gonad of the keyhole limpet Fissurella spp. (progenetic metacercariae).
The mussel Perumytilus purpuratus has been suggested as the first intermediate host for this digenean. In a study
examining the parasites of S. sanguineus from central Chile, we found specimens of Proctoeces showing significant
morphological differences with P. humboldti. To assist in the resolution of the taxonomic identification of these
specimens, as well sporocysts obtained from the mussel P. purpuratus from central and northern Chile, phylo-
genetic studies using DNA sequences from the SSU rRNA, as well the LSU rRNA and Cox 1 gene were performed.
Results showed that the clingfish S. sanguineus is a host for two species of Proctoeces (P. humboldti and P. syciases
n. sp.) along the northern and central Chilean coast, without geographic separation; the mussel P. purpuratus is
the first intermediate host for P. syciases n. sp. but not for P. humboldti in central and northern Chile. Fissurellids
(Archaeogastropoda) along the Chilean coast harbor only progenetic stages of P. humboldti, but there is no
evidence of progenesis for P. syciases. The reinstatement of Proctoeces humboldti is strongly suggested.

1. Introduction

The trematode genus Proctoeces Odhner 1911 has a confusing
taxonomic history, reflecting the absence of strong differences in both
meristic and morphometric characters of taxonomic importance [1].
Bray and Gibson [2] suggested that of the 14 species of Proctoeces de-
scribed at that time from fishes of the northeast Atlantic, seven were
synonyms with the type species P. maculatus (Looss 1901). Of the re-
mainder, one (P. magnorus Manter 1940) was considered as a species
inquirenda, and five were not considered as members of Proctoeces. At
this point [2], P. lintoni was also considered as a valid species. Subse-
quently of the 21 described species of Proctoeces around the world, 20
were considered as synonymous with the type species, including P.
lintoni as a new synonym [3]. Consequently, Proctoeces has been

considered as a monotypic genus, with a strong phenotypic plasticity
and distribution around the world, except for the Arctic and Antarctic
Oceans [3].

Since 1983, several new Proctoeces species have been described: P.
parapistipomae, P. orientalis and P. longisaccatus were found in fish from
China [4,5,6], P. gohari was found in fish of the Red Sea [7], P. hum-
boldti and P. chilensis[8,9] from Chile and P. choerodoni from Australia
[1]. Subsequently the two species from Chile were considered as P.
lintoni on the basis of morphometric analyses [10]. Molecular studies
[11] confirmed that P. chilensis and P. humboldti are in fact the same
species, but due to the absence of genetic information from the type
host as well as type locality of P. lintoni, the Chilean species of Proc-
toeces were considered as P. cf. lintoni. [11].

As stated recently [1], the use of a molecular marker, ideally
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incorporating multiple genes, as well as morphological studies, can help
us to clarify the status of the species described in this enigmatic genus.
Using this approach, only seven species of Proctoeces can be dis-
tinguished on the basis of molecular data [1].

In the present study, we examined the parasites of two host species
for Proctoeces, the clingfish Sicyases sanguineus from the intertidal rocky
shore of central and northern Chile, and the mussel Perumytilus pur-
puratus from similar habitats in central and northern Chile. We recorded
two different morphotypes of Proctoeces from the intestine of the
clingfish S. sanguineus, one of them belonging to P. humboldti George-
Nascimento and Quiroga, 1983 and the second one representing a new
species described here. Based on molecular results (SSU rRNA, LSU
rRNA and Cox 1 gene) the progenetic Proctoeces species found in the
gonads of at least eight fissurellids and intestines of S. sanguineus are in
fact the same species namely P. humboldti. As such, the current study
provides a description of Proctoeces sicyases sp. nov. and aims to re-
instate Proctoeces humboldti George-Nascimento and Quiroga, 1983.

2. Materials and methods

2.1. Specimen collection, identification, and preparation

Fifty-nine adult specimens belonging to the genus Proctoeces were
obtained from the intestine of 49 specimens of Sicyases sanguineus
(Pisces: Gobiesosidae) for morphological and molecular analysis.
Clingfish were obtained from local fishermen from Iquique (20°13′S,
70°10′W), Coquimbo (29°57′S, 71°20′W), Quinteros (32°47S, 71°39′W),
Las Cruces (33°30′S, 71°38′W) and Bahía Concepción (36°50′S,
73°10′W). Sporocysts were obtained from Perumytilus purpuratus
(Mollusca: Mytilidae) from El Caleuche (26°23′S, 70°40′W) and
Montemar (32°57′S, 71°33′W) (Fig. 1). Five worms (as well as spor-
ocysts) were stained in Hematoxylin, dehydrated in alcohol from 70%

to 100%, cleared in methyl salicylate and mounted in Canada balsam.
Measurements were performed with an eye-piece micrometer, and
drawings were made with a “camera lucida”, both attached to a Leica
DM LS2 light microscope (Leica Microsystems Wetzlar GmbH, Wetzlar,
Germany). The remainder of the specimens (54 individuals) was used
for molecular studies, as well as four pooled samples of sporocysts from
4 specimens of P. purpuratus. Specimens were stored in absolute ethanol
before DNA extraction in the laboratory.

2.2. DNA extraction, amplification, and sequencing

To extract genomic DNA from the parasites, the DNA kit (E.Z.N.A.,
Omega Bio-Tek, Inc., Atlanta, Georgia) was used. Genomic DNA from
22 specimens of the new species of Proctoeces and eight of Proctoeces
humboldti and from four samples of sporocyst were used to amplify the
SSU rRNA gene, whereas 15 specimens of the new species of Proctoeces
and 12 specimens of Proctoeces humboldti were used to amplify the LSU
rRNA gene. Finally, nine specimens of the new species of Proctoeces and
16 of P. humboldti were used to amplify the Cox 1 gene, following de-
scribed protocols [11,12].

The SSU rRNA gene was amplified using the primers SB3a (5′GGA
GGG CAA GTC TGG TGC 3′) and A27a (5′CCA TAC AAA TGC CCC CGT
CTG 3′) [13]. Each polymerase chain reaction (PCR) had a final volume
of 50 μl, including 5 standard units of Taq polymerase, 5 μl of 10× PCR
buffer, 4 μl of MgCl2 (50 mM), 4 μl of each deoxynucleotide tripho-
sphate (dNTP; 2.5 mM), 20 pM of each primer and approximately
200 ng of template DNA. A BoecoEcogermany M-240R ThermalCycler
(Boeckel, Hamburg, Germany) was used with the following cycling
profile: an initial denaturation step at 94 °C (5 min) followed by
35 cycles at 94 °C (30 s), 45 °C (30 s), 72 °C (3 min) and a final exten-
sion step at 72 °C (10 min).

The LSU rRNA gene was amplified using the primer C1 (5′ACC
CGCTGA ATT TAA GCA T 3′) and the primer D2 (5′TGG TCC GTGTTT
CAA GAC 3′) [14]. Each PCR reaction had a final volume of 35 μl in-
cluding: 5 standard units of Taq polymerase, 3.5 μl 10× PCR buffer,
5.6 μl MgCl2 (25 mM), 0.7 μl of deoxynucleotide triphosphate (dNTP;
10 mM), 10 pM of each primer and 200 ng of template DNA. The fol-
lowing cycling profile was used: initial denaturation steps at 95 °C
(3 min) followed by 30 cycles at 95 °C (3 min), 45 °C (2 min) and 72 °C
(90 s). This was followed by four cycles of 95 °C (45 s), 50 °C (45 s) and
72 °C (90 s), then a further 25 cycles of 95 °C (20 s), 52 °C (20 s) and
72 °C (90 s). A final extension step at 72 °C (5 min) was included.

The cytochrome oxidase subunit 1 gene (Cox 1) was amplified using
the primer JB3 (5′TTT TTT GGG CAT CCT GAG GTT TAT-3′) [15] and
the primer Tremcox1rrnl (5′AAT CAT GAT GCA AAA GGTA-3′) [16].
The amplifications were performed in a 20 μl reaction volume con-
sisting of 0.4 μl of 10× BSA, 0.4 μl of 200 mM dNTPs, 1.2 μl of each
primer (10 mM), 0.5 U Taq polymerase (Promega), 2 μl of 10× buffer
(50 mN KCl, 10 mM Tris-HCl, pH 8.0), 0.6 μl of 50 mM MgCl2 and
20 ng of DNA. The thermal cycling parameters used follow Leung et al.
[12].

The PCR products for three genes were purified using the PCR
E.Z.N.A. Cycle Pure Kit (Omega Bio-Tek, Norcross, Georgia) and were
sequenced in an automated capillary electrophoresis sequencer (ABI
3730XL, Macrogen Inc., Seoul, Korea). To minimize sequencing errors,
both strands were sequenced from all genes for each individual sample.

Sequences were edited using ProSeq v 2.9 beta [17] and were
aligned with CLUSTAL implemented in Mega version 6 [18] using the
default parameters. Statistics on nucleotide composition were compiled
using DnaSP version 5 [19]. For the phylogenetic analyses, sequences
available at the GenBank were used to compare both nuclear genes
from other members of Fellodistomidae, and members of the Tanda-
nicolidae were used as the outgroup (Table 1).

The phylogenetic trees, for the three genes, were inferred by max-
imum likelihood (ML) criteria using MEGA version 6 [18], the K2 + G
model yielded the best fit for the SSU rRNA, and the HKY + G model

Fig. 1. Approximate location of the sampled localities. IQQ = Iquique, ECA = El
Caleuche; COQ = Coquimbo, QML = Quinteros, Montemar and Las Cruces (lo-
calities< 80 km apart in central Chile), CON = Bahía Concepción.
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