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Abstract: In the present study, we determine the presence of parasites in fish larvae collected from nearshore waters along the northern
and central coast of Chile. The parasites were identified to the lowest possible taxonomic level based on morphological and molecular
analyses. The fish sample was composed of 5574 fish larvae. Of these, 3% harboured only larval ectoparasitic copepods whereas no
endoparasites were found in the 1141 fish evaluated for this group of parasites. The parasitic copepods collected were initially classi-
fied as ‘morphotypes’ according to differences in morphological characteristics. They were then analysed using molecular techniques
based on the 28S and COI genes. Seven morphotypes of parasitic copepods (mostly at chalimus stages) were recognised: two of the
morphotypes belonged to Pennellidae Burmeister, 1835, three to Caligidae Burmeister, 1835 and two were not identified. Only five
morphotypes of copepods were analysed using molecular sequences, which confirmed the existence of six species: two pennellids of
the genus 7rifur Wilson, 1917 and two caligids of the genus Caligus Miiller, 1785, plus two additional species that were morphologi-
cally different from these taxa. The pennellids were present in several fish species, being generally more prevalent than the caligids,
in both the central and northern localities of Chile. Multispecies infections in larval fish were infrequent (< 1%). We conclude that fish
larvae were rich in parasites, considering that these hosts exhibited small body sizes and were very young. We suggest that fish larvae

could play a role, as intermediate hosts, in the life cycle of the parasitic copepods found.
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Parasites are ubiquitous organisms found in a great di-
versity of hosts, including those in early stages of devel-
opment. However, studies on parasites in young hosts are
scarce and methods for the identification of these parasites
are poorly developed because when larval hosts harbour
parasites, they are generally also larval stages. In these
stages, small morphological differences between species
are observed and the specimens have no reproductive or-
gans developed, making their identification difficult (e.g.
Cribb et al. 2000). In these cases, molecular markers have
been considered to be powerful tools in taxonomy, system-
atics and phylogeny, allowing researchers to assess wheth-
er morphological variations correspond to different species
or to the same species with different phenotypes (Hebert et
al. 2004, Radulovici et al. 2010).

Larval fish are abundant components of coastal systems
(Moyano et al. 2009, Sutherland et al. 2012, Landaeta et al.
2013). They are characterised by body sizes, immune con-
ditions and morphologies undergoing progressive develop-

ment, which makes them highly vulnerable to environmen-
tal conditions, predation and parasites. Studies assessing
parasites in fish larvae have identified copepods (Rosenthal
1967, MacKenzie 1974, Herrera 1984, 1990, Felley et al.
1987, Nielson et al. 1987, Palacios-Fuentes et al. 2012), di-
geneans (Balbuena et al. 2000, Cribb et al. 2000, Sirois and
Dobson 2000, Bourque et al. 2006, Skovgaard et al. 2011)
and nematodes (Rosenthal 1967, Skovgaard et al. 2011).
Most of these groups of parasites are larval stages and only
one such study identified an adult acanthocephalan (Lac-
erda et al. 2009). It is possible that fish larvac are better
suited to tolerate larval stages that are less demanding for
energetic resources than adult parasitic stages.

Fish larvae are characterised by showing low parasite
burdens and a large fish sample is therefore needed to sur-
vey most of the parasite diversity in these hosts. Low para-
site species richness (1-3 species) and intensity (1-4 para-
sites/fish) are fairly common in fish larvae, although the
prevalence of parasites can be highly variable (5-70%)
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(Sirois and Dobson 2000, Bourque et al. 2006, Skovgaard
et al. 2011, Palacios-Fuentes et al. 2012). Copepods be-
longing to the family Caligidae Burmeister, 1835 have
been found in several fishes, such as the anchovy (Engrau-
lis ringens Jenyns) and the clingfish (Gobiesox marmora-
tus Jenyns) (Herrera 1984, 1990), with prevalence ranging
between 1% and 16%. Recently, copepods of the family
Pennellidae Burmeister, 1835 were recorded in larval Hel-
cogrammoides chilensis (Cancino), showing prevalence
between 3% and 21% (Palacios-Fuentes et al. 2012).

We aimed to identify all parasites (both ecto- and en-
doparasites) present in a nearshore assemblage of fish
larvae off the coast of Chile. We identified the parasite
species using morphological and molecular analyses and
determined parasite loads for each fish species.

MATERIALS AND METHODS

We sampled larval fish along the northern and central coasts
of Chile, at Antofagasta (Coloso: 23°45'S; 70°28'W) and Val-
paraiso (El Quisco: 33°24'S; 71°43'W) during the late austral
winter and spring of 2012 and 2013. Sampling was conducted in
the nearshore region (< 500 m offshore) at twilight and at night
(19:00-23:00 h), onboard an artisanal vessel. Oblique hauls of
a Bongo net (with two conical nets, 60 cm diameter with a 300 pum
mesh size) were performed for 10—15 min at a depth of 20 m. The
volume of seawater filtered by the net was measured by a flow
metre TSK (Tsurumi-Seiki Co., Ltd., Yokohama, Japan) placed
inside the net during sampling. The water volume varied between
13 and 437 m® (mean + standard deviation: 142 + 103 m®) de-
pending on the vessel speed and duration of haul. The nets were
subsequently washed onboard. The samples of one net were ini-
tially fixed with 5% formalin buffered with sodium borate and
preserved in 96% ethanol after 12 h; the sample of the other net
was fixed in 96% ethanol for further molecular analyses.

All collected fish larvae were separated, counted and identi-
fied to the lowest possible taxonomic level following Balbontin
and Pérez (1979), Pérez (1979, 1981), Herrera (1984) and Herrera
et al. (2007). Fish were measured using a 5.0 MPx Moticam 2500
(Motic Instrument, Inc., Richmond, British Columbia, Canada)
connected to an Olympus SZ-61 stereomicroscope (Olympus
Corporation, Shinjuku-ku, Tokyo, Japan) and Motic Images Plus
2.0 software (Motic China Group, Co., Xiamen, China). Body
length (BL) of each fish was measured to the nearest 0.01 mm
from the tip of the upper maxilla to the tip of the notochord, in
preflexion larvae (notochord length), or to the base of the hy-
purals, in flexion and postflexion larvae (standard length).

Parasite morphology

Fish were surveyed for parasites, considering metazoans only,
excluding unicellular organisms. All fish larvae were assessed for
ectoparasites on their body surface, fins and gills. Additionally,
a total of 1141 fish larvae collected off Antofagasta (adding sam-
ples from Mejillones; 23°05'S; 70°27'W) and Valparaiso (adding
samples from Montemar; 32°58'S; 71°29'W) were assessed for
endoparasites by examining the muscles, brain, body cavity and
digestive tract. Parasites were fixed in 96% ethanol, identified
based on morphological characteristics and classified as differ-
ent ‘morphotypes’. From all parasites collected, 34 specimens
were observed under an optical microscope for characterisation
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in terms of their body shape, buccal structures, legs, genital com-
plexes and abdomen. All measurements are in micrometres (Lm)
unless otherwise indicated. Initially, parasitic copepods were de-
termined as belonging to the families Pennellidae and Caligidae
according to their morphological characteristics (Kabata 1979,
Castro and Baeza 1986, Brooker et al. 2007, Madinabeitia and
Nagasawa 2011, Ismail et al. 2013, Venmathi-Maran et al. 2013).
Two morphotypes (MT1 and MT7) belonged morphologically to
the family Pennellidae, three morphotypes to the family Caligi-
dae (MT2, MT5 and MT6) and two morphotypes (MT3 and MT4)
were unidentified to the family level. The morphotype number of
the parasites was assigned according to the order of their appear-
ance during the assessment of the fish samples.

Morphological distinctions of the parasites were considered.
For this purpose, the copepods were cleared with lactophenol dur-
ing 2—5 min and observed under an optical microscope to register
the morphometric and morphological characteristics. Drawings
were produced using a camera lucida attached to a Leica DMLS2
light microscope. Some specimens of Caligidae (n = 5), Pennel-
lidae (n = 8) and one undetermined copepod (n = 1 MT3) were
also observed via scanning electron microscopy (SEM), although
the most infrequent copepods (MT4 and MT5) were not observed
through SEM because there were insufficient specimens for this
purpose. The copepods were dehydrated through an ethanol se-
ries (70-100%), followed by critical point drying in CO, using
a Samdri-780A machine (Tousimis Research Corporation, Rock-
ville, MD, USA), sputter-coated with gold using an Ion JFC-1100
Sputter machine and examined using a JEOL T-300 SEM (JEOL,
Tokyo, Japan). Between one and ten specimens of each parasite
morphotype, including those 34 copepods morphologically ex-
amined, plus other 18, were analysed using molecular techniques.

Molecular analyses

DNA sequences of several specimens of each parasite mor-
photype were analysed to determine whether the parasites be-
longed to different species. Genomic DNA was extracted from
single specimens using the salting-out technique (extraction of
DNA with salts). Given that there is almost no information on
the family Pennellidae in the GenBank database, polymerase
chain reaction (PCR) was performed targeting two genes: the
D1-D2 regions of the large subunit of the 28S rRNA gene and
the mitochondrial cytochrome ¢ oxidase subunit I (COI) gene,
both of which have been used in phylogenetic studies on Caligi-
dae (Oines and Heuch 2005, Oines and Schram 2008, Song et
al. 2008, Morales-Serna et al. 2013). These genes were chosen
to obtain an approximation at the family or genus (or even the
species) level using the 28S gene; the COI gene was used to per-
form specific identification (species level) or separation of spe-
cies. The primers employed for PCR amplification were 28SF
(5'-ACAACTGTGATGCCCTTAG-3") and 28SR (5'-TGGTC-
CGTGTTTCAAGACG-3'") for the 28S rRNA gene (Song et al.
2008) and LCO (5'-GGTCAACAAATCATAAAGATATTGG-3")
and HCO (5-TAAACTTCAGGGTGACCAAAAAATCA-3'") for
the COI gene (Folmer et al. 1994).

Each PCR assay had a final volume of 25 pl and included
0.125 pl of Taq polymerase, 2.5 pl of 10x PCR bufter, 0.5 pl of
dNTPs (10 mM), 4 pl of MgCl, (25 mM), 1 ul of primers (accord-
ing to the gene analysed), 1.5 pl of BSA (BioLabs) (19 mg/ml),
3 ul of concentrated DNA (10 to 200 ng of DNA) and 11.375 pl
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Table 1. Prevalence of each morphotype (MT) of parasitic copepod found in assemblages of fish larvae from northern (off Coloso)
and central Chile (off El Quisco). Family and species of fish and the average body length (BL) + standard deviation (SD) of the fish
are also given.

. . ) Fish BL +SD Copepod morphotypes
Localities ~ Family and species of fish .
examined  (mm) MT]  MT2  MT3  MT4 MT5 MT6 MT7
Coloso Gobiesocidae
Gobiesox marmoratus Jenyns 217 29+1.7 6.0 0.5 0 0 0 0.9
Gobiidae
Ophiogobius jenynsi Hoese 77 4.5+3.0 10.4 2.6 0 0 0 0
Labrisomidae
Auchenionchus crinitus (Jenyns) 543 52+4.0 24 1.5 0 0 0 0
Tripterygiidae
Helcogrammoides chilensis (Cancino) 56 40+0.4 1.8 1.8 0 0 0 0
Helcogrammoides cunninghami (Smitt) 7 5014 143 28.6 0 0 0 0
El Quisco  Clinidae
Myxodes viridis Valenciennes 117 7.1+1.1 3.4 0 0 0 0 0.9
Engraulidae
Engraulis ringens Jenyns 31 13.8+3.7 0 0 0 0 6.5 0
Gobiesocidae
Gobiesox marmoratus 785 6.8+ 1.5 12.7 0.4 0.4 0.1 0.1 1.5
Sicyases sanguineus Miiller et Troschel 425 74+0.8 0 0.2 0 0 0.2 0
Labrisomidae
Auchenionchus crinitus 145 6.6+1.2 0.7 0 0 0 0 0
Auchenionchus microcirrhis (Valenciennes) 50 8.7+25 8.0 0 0 0 0 0
Trypteriigidae
Helcogrammoides chilensis 201 83+23 4.0 0 0 0 0 0.5
Helcogrammoides cunninghami 667 89+3.8 42 0.3 0.2 0.2 0 1.1
Table 2. Number of larval fish species from northern (Antofagasta) and central (Valparaiso) Chile examined for endoparasites.
Antofagasta Valparaiso
Family and species of fish
Coloso  Megjillones Montemar El Quisco Total
Bathylagidae
Bathylagus ochotensis Schmidt 1 1 - - 2
Blenniidae
Hypsoblennius sordidus (Bennett) 11 4 - - 15
Clupeidae
Strangomera bentincki Norman - - - 67 67
Sardinops sagax (Jenyns) 9 - - - 9
Dactyloscopidae
Sindoscopus australis Fowler et Bean 13 3 - - 16
Engraulidae
Engraulis ringens 44 56 - - 100
Gobiesocidae - - - - -
Gobiesox marmoratus Jenyns 205 4 103 50 362
Sicyases sanguineus Miiller et Troschel 41 2 - - 43
Gobiidae
Ophiogobius jenynsi Jenyns 75 - - - 75
Kyphosidae
Species unidentified - 10 - - 10
Labrisomidae
Auchenionchus crinitus (Jenyns) 102 1 105 - 208
Auchenionchus sp. 2 2 - - 4
Calliclinus geniguttatus (Valenciennes) 10 2 - - 12
Myctophidae
Triphoturus oculeus (Garman) 2 - - - 2
Normanichthyidae
Normanichthys crockeri Clark 4 12 - - 16
Pinguipididae
Pinguipes chilensis Valenciennes 1 3 - - 4
Prolatilus jugularis (Valenciennes) 2 1 - - 3
Sebastidae
Sebastes oculatus Valenciennes 2 - - - 2
Tripterygiidae
Helcogrammoides chilensis (Cancino) 48 9 - - 57
Helcogrammoides cunnighami (Smitt) 4 - 15 115 134
Folia Parasitologica 2015, 62: 029 Page 3 of 12
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Figs. 1-6. Morphology of copepod Trifur sp. A — Morphotype
1 (Pennellidae). Fig. 1. Ventral body of an early chalimus.
Fig. 2. Dorsal view of the body of a late chalimus. Fig. 3. An-
teroventral region. Fig. 4. Third and fourth legs and genital
complex. Fine hairs on the setac are not shown in drawings.

Fig. 5. Scanning electron microscopy image of the ventral view.
Fig. 6. Anteroventral portion of the body; arrows show the proc-
esses on the lacertus of the maxilla. Abbreviations: Anl — anten-
nule; An2 — antenna; BF — base of the filament; BT — buccal tube;
Mx2 — maxilla.

of water. The thermocycling conditions for the 28S rRNA gene
included an initial denaturation step at 94 °C (5 min), followed
by 30 cycles at 94°C (30 s), 54°C (30 s) and 72°C (1 min), and
a final extension step at 72°C (5 min) (Song et al. 2008). For the
COI gene, the following thermocycling profile was used for am-
plification: an initial denaturation step at 95 °C (5 min), followed
by 40 cycles at 95°C (45 s), 50°C (45 s) and 72 °C (1 min), and
a final extension step at 72 °C (10 min) (Folmer et al. 1994).

PCR products were visualised on 1.5% agarose gels via elec-
trophoresis and purified using the E.Z.N.A. kit (Omega Bio-Tek,
Norcross, GA, USA). The products for each specimen were se-
quenced using an automated capillary electrophoresis sequencer
(ABI 3730XL, Macrogen, Inc., Seoul, Korea). The sequences
were edited using ProSeq v3.0 beta (Filatov 2002) and aligned
with Clustal 2 (Larkin et al. 2007).

Sequences of the parasitic copepods of the family Bomolo-
chidae von Nordmann, 1832 were used as the outgroup for com-
parison with the parasites analysed in this study; a sequence of
the COI gene of Bomolochus cuneatus Fraser, 1920 was obtained
from GenBank, whereas a sequence of the 28S gene of an uniden-
tified species of Bomolochidae from the fish Prolatilus jugularis
(Valenciennes) collected off the coast of Chile was obtained dur-
ing this study. Other adult parasite species of the genera Lepeoph-
theirus von Nordmann, 1832, Caligus Miiller, 1785, Peniculus
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Figs. 7-12. Morphology of Caligus sp. A — Morphotype 2 (Ca-
ligidae). Fig. 7. Dorsal view of the body of a late chalimus.
Fig. 8. Dorsal view of the body. Fig. 9. Anteroventral view of
the cephalothorax; Fig. 10. Legs and genital complex of an ear-
ly chalimus. Fine hairs on the setae are not shown in drawings.

Fig. 11. Scanning electron microscopy image of the ventral view
of the whole body. Fig. 12. Buccal tube and mandible. Abbrevia-
tions: An2 — antenna; BT — buccal tube; L1 — first leg; L2 — sec-
ond leg; L3 — third leg; L4 — fourth leg; Ma — mandible.

von Nordmann, 1832, Metapenniculus Castro et Baeza, 1985,
Trifur Wilson, 1917 and Parabrachiella Wilson, 1915 were in-
cluded in the analyses for comparison with the parasite morpho-
types found in the fish larvae.

Phylogenetic trees were generated using MEGA v6 software
(Tamura et al. 2013) with the Neighbour-Joining (NJ) algorithm
(Nei and Kumar 2000) and the maximum composite likelihood
(ML) evolution model (Tamura and Nei 1993). The NJ and ML
methods employed a 1 000 bootstrap replicate analysis to obtain
nodal support. The NJ method utilised Kimura-2-parameters
(K2P) as a model of evolution for both genes. ML utilised GTR
+ G + I for the 28S gene and GTR + G for the COI gene chosen
according to Akaike information criterion values in Modeltest 3.7
(Posada and Crandall 1998). Finally, maximum parsimony analy-
sis was performed using PAUP* 4.0b10 (Swofford 2001). Nodal
support was estimated using 1 000 bootstrap replicate analysis.

After confirming which parasite morphotypes could be distin-
guished as species, all of the parasites were examined again for
reclassification to the lowest taxonomic level, according to the
previously conducted morphological and molecular analyses. The
abundance, intensity and prevalence of each parasite taxon were
calculated at the two localities (Coloso and El Quisco).

RESULTS

A total sample of 5574 fish larvae of 40 species was
collected in the nearshore region in the northern and cen-
tral zones of Chile. Of these specimens, 1577 were from
off Coloso and 3997 were from off El Quisco, correspond-
ing to 20 and 37 fish species, respectively, at each locality.
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Figs. 13-21. Morphologies of undetermined parasitic cope-
pods — Morphotype 3; Fig. 13. Dorsal view of the body.
Fig. 14. Ventral view of the body. Fig. 15. Maxilla. Fig. 16. Scan-

ning electron microscopy image of the anteroventral view.
Fig. 17. Posteroventral view of the body. Figs. 18-21. Morpho-
type 4. Fig. 18. Dorsal view of the body. Fig. 19. Ventral view
of the body. Fine hairs on the setae are not shown in drawings.
Figs. 20-21. Photographs of the anteroventral part of the body
(arrows in Fig. 22 show two ventral spines). Abbreviations: Anl
— antennule; An2 — antenna; BT — buccal tube; Mp — maxilliped;
Mx2 — maxilla; L1 — first leg; L2 — second leg; L3 — third leg.

We found that 3.6% of the fish from off Coloso and 4.4%
of the fish from off El Quisco harboured ectoparasites in
larval stages. Among all of the species collected at each
locality, five fish species (25%) from Coloso and eight spe-
cies from El Quisco (19%) hosted ectoparasites (Table 1).
Furthermore, 686 of the fish larvae from off northern Chile
and 455 from off central Chile were assessed for endopara-
sites. However, no endoparasites were found in these fish
(Table 2).

Parasite morphology

Only parasitic copepods were found on fish larvae
(Table 1). According to the available descriptions of the
larval stages of other species of the Caligidae (e.g. Mad-
inabeitia and Nagasawa 2011, Venmathi-Maran et al.
2013) or Pennellidae (e.g. Brooker et al. 2007, Ismail et
al. 2013), the copepods collected in this study were des-
ignated as early and late development of chalimus stages.
The main distinctions among the morphotypes are men-
tioned below.
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Figs. 22-26. Morphology of copepod Caligus sp. B. Fig. 22. Dor-
sal view of a developed chalimus — Morphotype 5 (Caligidae).
Fig. 23. Ventral view of the cephalothorax — Morphotype 5
(Caligidae). Fig. 24. Dorsal view of the whole body of cope-
pod — Morphotype 6 (Caligidae). Fig. 25. Ventral view of the
whole body of copepod — Morphotype 6 (Caligidae). The fine

hairs on the setae are not shown. Fig. 26. Scanning electron mi-

croscopy image of the ventral view of the whole body — Morpho-
type 6 (Caligidae). Abbreviations: BT —buccal tube; Ln — lunules;
L1 — first leg; L2 — second leg; L3 — third leg; L4 — fourth leg;
SF — sternal furca.

Morphotype 1 (Pennellidae) (Figs. 1-6): early and late
chalimus. Total body length, 508—1195. Antenna covered
by membrane that belongs to filament base (Fig. 2). Ce-
phalothorax longer than wide, 320-596 x 196-358. Buc-
cal tube wide almost up to apical part (Figs. 2, 3, 6). No
laminae at base of buccal tube (Fig. 6). Mandible inside
buccal tube, with pointed, simple blade. Maxilla brachi-
form, lacertus with two strong processes in middle portion,
with lateral process showing a rounded projection and
ventral process with triangular projection (Figs. 3, 5, 6).
Genital complex-abdomen almost oval in shape (Figs. 2,
4). Maxilliped absent (Figs. 1, 5, 6). First and second pairs
of legs biramous (Fig. 4). Third and fourth pairs of legs
poorly developed or absent in early development chalimus
(Fig. 1). Third and fourth pairs of leg uniramous, present in
late chalimus (Fig. 4).

Morphotype 2 (Caligidae) (Figs. 7-12): early and late
chalimus. Total body length, 689—1541, excluding sectae
on caudal ramus. Cephalothorax oval, longer than wide,
468-1007 x 272-710 (Figs. 7, 8, 9). Buccal tube some
distance from anterior extremity of body, its length repre-
senting 15-16% of body length (Figs. 9, 11). Mandible in-
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Figs. 27-32. Morphology of copepod Trifur sp. 2 — Morphotype 7
(Pennellidae). Fig. 27. Dorsal view of the body (arrow shows the
constriction in the abdomen); Fig. 28. Ventral view of the body of
an advanced chalimus. Fig. 29. Antenna; Fig. 30. Buccal tube and
maxillule. Fine hairs on the setae are not shown. Fig. 31. SEM
image of the ventral view of the body; Fig. 32. Laminae at the
buccal tube. Arrows in Fig. 34 show the processes on the lacertus
in the maxilla. Abbreviations: Anl — antennule; An2 — antenna;
BT — buccal tube; La — lacertus; Lm — laminae; Mx2 — maxilla;
Mx1 — maxillule; Mp — maxilliped.

side buccal tube, with pointed and serrated blade (Fig. 12).
Sternal furca and lunules not observed (Figs. 7-9, 11). First
and fourth legs uniramous. Second and third legs biramous
(Figs. 10, 11).

Morphotype 3 (Figs. 13—17): copepodid. Total body
length, 486—1004, cephalothorax oval, 300-599 long ex-
cluding setae on caudal ramus, 176-374 wide. Antenna and
antennule segmented (Figs. 13, 14, 16). Antenna wide with
slender claw (Fig. 16). Maxillule with two setae (Fig. 16).
Buccal tube wide at base, narrower in apical portion
(Fig. 14). Maxilla two-segmented, lacertus and brachium
with smooth surface, terminally with claw with 7 teeth
(Figs. 15, 16). Maxilliped not observed. Two or three pairs
of biramous legs (Figs. 14, 17).

Morphotype 4 (Figs. 18-21): late chalimus. Body
length 507-547, excluding setae on caudal ramus. Cepha-
lothorax oval, 315-339 long, 177-194 wide. Frontal fila-
ment long, with large bulbous base (Fig. 18). Around buc-
cal tube, 2 pairs of large, simple, rigid structures; another
pair similar but shorter, posterior to buccal tube (Figs. 19,
20). Maxilla two-segmented, lacertus and brachium with
smooth surface, terminally with serrated claw. Maxilliped
large, two-segmented, bearing two spine-like structures on
corpus and spine in middle part of subchela (Figs. 19, 21).
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Second and third legs biramous (Figs. 18, 19). Third leg
composed of one long seta and 1 short seta (Figs. 18, 19).

Morphotype 5 (Caligidae) (Figs. 22, 23): late chalimus.
Frontal filament present. Total body length 2812-3 043,
excluding setae on caudal ramus. Cephalothorax oval,
1906—1956 long x 1370-1468 wide (Fig. 22). Post-anten-
nary process pointed, appearing as claw (Fig. 23). Buccal
tube a short distance from anterior extremity of body, its
length representing 16% of body length (Fig. 23). Sternal
furca present (Fig. 23). First and fourth legs uniramous;
second and third legs biramous.

Morphotype 6 (Caligidae) (Figs. 24-26): late chalimus.
Total body length 1 192—1 555 excluding setae on caudal ra-
mus. Cephalothorax oval, 754—1 140 long x 528-666 wide
(Figs. 24-26). Proportion of distance from anterior edge of
buccal tube to anterior edge of body divided by total body
length 0.21-0.22 (Figs. 25, 26). Post-antennary process
pointed, no setules or setac observed. Buccal tube wider
at base and narrower in apical portion. Maxillule as an in-
verted triangle with two setae anteriorly (Fig. 25). Max-
illa two-segmented, lacertus and brachium with smooth
surface, terminally with two unequal elements. Maxilliped
large but unarmed, subchela sharply pointed (Figs. 25, 26).
Sternal furca not observed. First and fourth legs uniramous
(Figs. 25, 26). Second and third legs biramous (Figs. 25,
26). Fifth legs rudimentary.

Morphotype 7 (Pennellidae) (Figs. 27-32): late
chalimus. Total body length 696—1141. Cephalothorax
longer than wide, 418-562 x 266-376, with rounded pro-
jections at posterolateral corners (Fig. 27). Genital com-
plex almost oval in shape, with constriction in middle zone
(Figs. 27, 28, 31). Buccal tube wide at base, narrower in
apical portion (Figs. 30, 32). Two lines of small laminae
at base of buccal tube (Fig. 32). Mandible inside buccal
tube, with pointed, simple blades. Maxilla brachiform,
lacertus with two processes in middle part, both with tri-
angular projections (Fig. 32); brachium slender, with claw
extended from terminal part. Maxilliped present; two-
segmented, terminal portion almost rounded, with small
claw (Figs. 28). First and second pairs of legs biramous
(Figs. 28, 31). Third and fourth pairs of leg uniramous.

Molecular analyses

Samples of all of the collected copepod morphotypes
were subjected to DNA extraction. However, DNA extrac-
tion and PCR sequencing were successful for only five
morphotypes (MT1, MT2, MTS, MT6 and MT7). Analy-
sis of the molecular sequences obtained for the 28S rRNA
gene revealed that the two types of Pennellidae collected
(MT1 and MT?7) belong to the genus Trifur (Fig. 33) with
a genetic distance of 0% (Table 3). A specimen of Pennelli-
dae (designated as Afta2 MT7), included in the 28S rRNA
gene analysis only, was different from the other pennellids
(MT1, MT7) (Fig. 33; Table 3). In contrast, COI sequence
analysis indicated that Pennellidae MT1 and MT7 were
different species (Fig. 34). Additionally, MT1 exhibited
a genetic difference of only 0.9% with adult Trifur from
Merluccius gayi (Guichenot), indicating that these copep-
ods likely belong to the same species (Table 4).
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Fig. 33. Phylogenetic tree showing the relationships among the ectoparasite larvae identified in this study, including species of Caligi-
dae, Pennellidae and Bomolochidae. The phylogenetic tree is based on Neighbour-Joining (NJ) analyses of 28S rRNA gene sequences.
The numbers along the branches indicate the percentages of supporting values resulting from the different analyses, in the following
order: NJ, maximum composite likelihood and maximum parsimony. Values lower than 50% are indicated with dashes. Symbols indi-
cate the specimens of Pennellidae (circles) and Caligidae (inverted triangles) collected in this study. Abbreviations: Ap — Acanthistius
pictus (Tschudi); As — Anisotremus scapularis (Tschudi); Gc — Genypterus chilensis (Guichenot); Hm — Hemilutjanus macrophthalmos
(Tschudi); Lp — Labrisomus philippii (Steindachner); Mg — Merluccius gayi (Guichenot); MT — morphotype; Mv — Myxodes viridis

(Valenciennes); Ph — Paralabrax humeralis (Valenciennes); Pj —

Prolatilus jugularis (Valenciennes); Sd — Semicossyphus darwini

(Jenyns); SI—Seriola lalandi (Cuvier et Valenciennes); So — Sebastes oculatus (Valenciennes); Sv — Scartichthys viridis (Valenciennes).

Regarding the family Caligidae, analysis of the 28S
rRNA gene sequences showed that the three morphotypes
classified within Caligidae (MT2, MT5 and MT6) belong
to the genus Caligus (Fig. 33). This result was in part cor-
roborated by the COI gene analysis (Fig. 34), which also
indicated that the three morphotypes of Caligidae corre-
sponded to only two species. Caligidae MT6 and MT5
showed little genetic difference (0.7% and 4 bp, Table 4),
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indicating that they are the same species, but at different
chalimus stages because of their different morphology.

Parasite burdens

Pennellid copepods (MT1 and MT7) were the most
common parasites at both localities (Coloso and El Quis-
co), revealing prevalences between 0.5 and 14% (Table 1).
Multispecific infections in an individual host (up to two ec-
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Table 3. Pairwise sequence divergences for the 28S region of the rDNA gene among parasitic copepods found in marine fish from
Chile, sequenced in this study. The divergence distances were calculated using the maximum composite likelihood model and are
shown as a percentage (below the diagonal). The mean number of mutations between pairwise comparisons is also shown for each
clade (above the diagonal).

Parasitic copepods 1 2 3 4 5 6 7 8 9 10 11
1 Pennellidae MT1 - 1 0 0 0 0 39 218 218 226 218
2 Pennellidac MT7 0.2 - 1 1 1 1 40 218 218 226 218
3 Pennellidae Aftal MT7 0 0.2 - 0 0 0 39 218 218 226 218
4 Trifur sp. So 0 0.2 0 - 0 0 39 218 218 226 218
5 Trifur sp. 1 Mg 0 0.2 0 0 - 0 39 218 218 226 218
6 Trifur sp. 2 Mv 0 0.2 0 0 0 - 39 218 218 226 218
7 Pennellidae Afta2 MT7 6.2 6.4 6.2 6.2 6.2 6.2 - 216 216 222 215
8 Caligidae MT6 45.4 453 45.4 45.4 45.4 45.4 44.8 - 0 84 71
9 Caligidae MT5 454 453 454 454 454 454 448 0 - 84 71
10 Caligidae MT2 479 478 479 479 479 478  46.6 13.8 13.8 - 38
11 Caligus lalandei 457 456 457 457 457 457 448 11.6 11.6 5.9 -

Abbreviations: Mg — Merluccius gayi (Guichenot); MT — morphotype; Mv — Myxodes viridis (Valenciennes); So — Sebastes oculatus (Valenciennes).

66/68/- Caligus lalandei S1.P50
100/100/100| Caligus lalandei $1.P51
Caligus lalandei S1.P47
V Caligidae 16-MT2 | Caligus sp. A
100/100/100| Lepeophtheirus sp. Ap.6

L Lepeophtheirus sp.Pj.LE3
Caligus quadratus Ph.P13
70/63/51‘{ Caligus quadratus Ap.P41
Caligus quadratus Hm.P10
Caligus quadratus Ph.P15
.

100/100/100

Caligus quadratus Hm.P9
Caligus quadratus Ap.P29

100/100/100 VCaIilgifiae 38-MT5 Cali B
54/55/60 V Caligidae 37-MT5 + Caligus sp.
V Caligidae 20-MT6 |
Lepeophtheirus sp.Pj.LE2

100/100/100, Caligus cheilodactylus So.Cc2

Caligus cheilodactylus So.Cc1

781 99/89/

99/99/92

88/-/-

Parabrachiella anisotremi As.Pb1
Parabrachiella anisotremi As.Pb2

100/100/100|

59/55/-
|'rParabrachiella anisotremi As.Pb3

Peniculus sp. Pj.PR1
Trifur sp.2 Mv.35

91/96/65

100/99/99 Pennellidae Afta1-MT7 }Tr/fur sp. B

96/-/- Pennellidae 5-MT1 }Trifur Sp. A
99/94/88 Trifur sp.1 Mg.34

67/-/85 Trifur sp. S0.Tr3

100/99/100| Trifur sp. So.Tr2
Trifur sp. So.Tr1

Bomolochus cuneatus HM582237.1

—
0.01

Fig. 34. Phylogenetic tree showing the relationships among the ectoparasite larvae identified in this study, including species of Ca-
ligidae and Pennellidae. The phylogenetic tree is based on Neighbour-Joining (NJ) analyses of the COI gene. The numbers along the
branches indicate the percentages of supporting values resulting from the different analyses, in the following order: NJ, maximum com-
posite likelihood and maximum parsimony. Values lower than 50% are indicated with dashes. Symbols indicate the specimens of Pen-
nellidae (circles) and Caligidae (inverted triangles) collected in this study. Abbreviations: Ap — Acanthistius pictus (Tschudi); As — Ani-
sotremus scapularis (Tschudi); Hm — Hemilutjanus macrophthalmos (Tschudi); Mg — Merluccius gayi (Guichenot); MT — morphotype;
Mv — Myxodes viridis (Valenciennes); Ph — Paralabrax humeralis (Valenciennes); Pj — Prolatilus jugularis (Valenciennes); Sl — Seriola
lalandi (Cuvier et Valenciennes); So — Sebastes oculatus (Valenciennes).

toparasite species) were infrequent (0.05% in El Quisco).
The prevalences of copepod species and their sample sizes
were variable among the fish (Table 1). Despite the small
sample size of Helcogrammoides cunninghami (Smitt)
(n = 7), it displayed the highest prevalence of infection
with Trifur sp. A (14%, Pennellidae MT1) and Caligus sp.
A (29%, Caligidae MT2) (Table 1), followed by Ophiogo-
bius jenynsi Hoese (10%) in fish samples from northern
Chile (Coloso), whereas Gobiesox marmoratus displayed

Folia Parasitologica 2015, 62: 029

the highest prevalence of Trifur sp. A (13%, Pennellidac
MTT1) among fishes from central Chile (off El Quisco). The
prevalence of copepod species in other larval fish species
ranged between < 1-6%. Similarly, the parasite intensity
was low. Pennellidae MT1 and MT7 (7rifur sp. A and B,
respectively) and Caligidae MT2 (Caligus sp. A) ranged
between 1-2 parasites/host; copepods MT3 and MT4 had
one parasite/host, and Caligidaec MT6 (Caligus sp. B) had
two parasites/host. The clingfish G. marmoratus exhibited
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Table 4. Pairwise sequence divergences for the mitochondrial COI gene among parasitic copepods found in marine fish from Chile,
sequenced in this study. The divergence distances were calculated using the maximum composite likelihood model and are shown as
a percentage (below the diagonal). The mean number of mutations between pairwise comparisons is also shown for each clade (above

the diagonal).

Parasitic copepods 1 2 3 4 5 6 7 8 9
1 Pennellidae MT1 - 99 18.3 5 61 144 147 155 145
2 Pennellidae MT7 20.3 - 106.3 99 137 186 189 209 1927
3 Trifur sp. So 33 22.1 - 153 723 1443 1458 1557 1383
4 Trifursp. 1 Mg 0.9 20.3 2.8 - 65 145 148 155 143
5 Trifur sp. 2 Mv 11.9 30.1 14.4 12.8 - 134 134 156 144.3
6 Caligidae MT6 313 443 314 316 287 - 4 119 1147
7 Caligidae MT5 32 452  31.8 323 286 0.7 - 120 116.7
8 Caligidac MT2 343 523 345 343 346 251 254 - 105
9 Caligus lalandei 31,6 465  29.8 31 314 24 245 216 -

Abbreviations: Mg — Merluccius gayi (Guichenot); MT — morphotype; Mv —

the richest array of parasites; this fish species exhibited all
of the identified copepod morphotypes (Table 1).

DISCUSSION

Species richness of parasites on fish larvae

Fish larvae of nine of the 40 fish species examined in
this study were parasitised by copepods. Although the
prevalences of parasites were mostly low (Table 1), the to-
tal richness of ectoparasites reached six copepod species,
which could be considered to be high in fish larvae that are
both small and very young (from a couple of days to two
months old). However, the taxonomic diversity of parasites
on fish larvae was low because only copepods were found.
Thus, the parasite community of fish larvae in the near-
shore waters of northern and central Chile was composed
only of copepods: two Trifur spp., two Caligus spp. and
two other species that remained undetermined.

We distinguished two pennellid species (MT1 and
MT?7) based on their morphologies, mainly in relation to
the shape of the buccal tube and abdomen shape, and the
presence of maxilipeds. Pennellid MT1 was characterised
by a wider buccal tube, a subcylindrical abdomen, and
the lack of maxillipeds (Figs. 1-6). In contrast, pennellid
MT?7 possessed an almost conical buccal tube, narrow pos-
terior part of the abdomen and maxillipeds were present
(Figs. 27-32). These species differed from each other mo-
lecularly using the COI gene, although both belonged to
the genus Trifur. Due to lower variability of the 28S rRNA
gene, the analyses based on this gene resulted in that most
of the pennellid species sequenced in this study (from lar-
val and adult fish) appeared in one clade representing the
genus Trifur (Fig. 33). However, one species (similar to the
morphotype MT7) was genetically different from the other
morphotypes in the 28S rRNA gene, suggesting that there
is another species of 7rifur on fish larvae.

Twelve species of the Pennellidae (including some spe-
cies erroneously placed in the freshwater family Lernaei-
dae Cobbold, 1879; see Muiloz and Olmos 2007) have
been recorded in marine fish from off the Chilean coast;
two of these species belong to the genus Trifur: T. puntani-
ger Thomé, 1963 and T. tortuosos Wilson, 1917. The latter
species has been recorded in several benthic and demersal
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fishes. However, there are also a few records of an uni-
dentified species of Trifur found in intertidal fish species
(Mufioz and Olmos 2007). Therefore, our ability to iden-
tify pennellids at the larval stage is limited, even when mo-
lecular techniques are used. The DNA sequence analyses
revealed that the specimens of Trifur collected from Se-
bastes oculatus (Valenciennes) and Myxodes viridis (Va-
lenciennes) are actually different species (Fig. 33). Pen-
nellidae MT1 (Pennellidae 5 MTT1; Fig. 33) was the only
species closer to the specimens collected from Merluccius
gayi, which had been identified as 7. tortuosus in previous
studies (Atria 1977, George-Nascimento 1996). However,
due to poor understanding of the taxonomy of the Pennelli-
dae in Chile, the previous identifications of these copepods
may appear to be erroneous.

Two morphotypes of Caligidae (MT2, MT5-MT6) were
recognised in the larval fish sample, but molecular data
(Figs. 33, 34) demonstrate that morphotypes 5 and 6 be-
long to the same species. Both species belong to the genus
Caligus and are differentiated according to their morphol-
ogy and sequences of the 28S rRNA and COI genes. Calig-
idae MT5 was an advanced stage of MT6, as evidenced by
its greater body size and the presence of lunules and sternal
furca. Caligids MT2 and MT6 differed from one another
in the distance from the anterior edge to the buccal tube
and chalimus III or IV, which was greater in MT 6 (Figs. 9,
11, 25, 26), and the third leg, where the lobule bearing the
exo- and endopods was wider in MT6 (Figs. 25, 26) than in
MT2 (Figs. 7, 8). The sequences obtained from these two
copepods did not match any of the four Caligus spp. that
have been reported from littoral fish in Chile (C. lalandaei
Barnard, 1948, C. quadratus Shiino, 1954, C. cheilodacty-
lus Kroyer, 1863 and C. aesopus Wilson, 1921; Figs. 33,
34). These four species are the most common along the
northern and central Chilean coast of a total of 12 species
of Caligus known in Chile. Therefore, we cannot conclude
whether the species of Caligus found on fish larvae have
already been described.

Copepods MT3 and MT4 could not be identified as be-
longing to any family or genus group. Unfortunately, mo-
lecular analyses could not be applied to these specimens
because DNA extractions were not successful. Morpholog-
ical comparisons of larval copepods are difficult for most
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species because the larval stages are usually unknown and
adults can be morphologically very different from the lar-
vae (e.g. Gonzalez and Carvajal 2003, Brooker et al. 2007).
Nevertheless, there are some features indicating that these
copepod morphotypes do not belong to Caligidae and Pen-
nellidae. Copepod MT3 exhibits a particular shape of the
maxilla, a short and serrated claw (Figs. 15, 16). In con-
trast, copepod MT4 shows six rigid structures in the ventral
zone around the buccal tube, which, to our knowledge, has
not been described previously in any species. The maxilli-
ped of this species is large, with a strong corpus and a large
subchela. Both copepod morphotypes (MT3 and MT4)
have buccal tubes, suggesting that they belong to the order
Siphonostomatoida.

Endoparasites were not present in the fish species exam-
ined. The biology of endoparasites is different from that of
ectoparasites; endoparasites exhibit a complex life cycle
involving 1-3 intermediate hosts. Once these parasites en-
ter their intermediate hosts, they cannot detach, and trans-
mission to the next host occurs via a passive route, through
predation. Fish larvae feed on planktonic organisms such
as the calanoid copepods, nauplii, copepodids and eggs of
various crustaceans, ostracods, and the larvae of bivalves
and polychaetes (Balbontin et al. 1997, Ochoa-Muiioz et
al. 2013). All of these organisms exhibit small sizes and
short life-spans, which reduces their likelihood of becom-
ing parasitised (Gonzalez 1998). In fact, planktonic inver-
tebrates usually show low parasitic prevalences (Rusinek
et al. 1996, Morais-Falavigna et al. 2003, Riscala-Madi et
al. 2011).

Role of fish larvae in parasite life cycles

According to the findings of this study, fish larvae from
the Chilean nearshore region do not play an important role
in the life cycles of endoparasites. Fish larvae may serve as
intermediate hosts for some ectoparasites that have com-
plex life cycles, with more than one host species. Most ec-
toparasites display a direct life cycle, which implies the
existence of different larval stages on a single host (the de-
finitive host; Boxshall 2005). Several parasitic crustaceans,
however, use intermediate hosts for completing their larval
development, while their definitive hosts belong to other
species with larger body sizes (Anderson and Dale 1981)
or hosts from different habitats (Brooker et al. 2007).

Pennellid copepods require one (Anstensrud and
Schram 1988, Ismail et al. 2013) or two hosts (Brooker
et al. 2007) over the course of their life, which may de-
pend on the parasite species involved. Therefore, species
of Trifur (Pennellidae MT1 and MT7) may use fish larvae
as intermediate hosts only. First, different chalimus stages
were found on the fish larvae, meaning that they can de-
velop during the parasitic larval stages. Second, the small
body size of the fish (Table 1) makes it unlikely that para-
sites will reach maturity in these fish, because fish larvae
have shown growth rates between 0.14 and 0.24 mm/day
(Contreras et al. 2013, Plaza et al. 2013), which implies
that it takes several months for fish to reach an adequate
body size to energetically support large parasites. George-
Nascimento et al. (2004) indicated that small hosts would
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not be able to support the energetic demands of large or
abundant parasites. Third, species of Trifur have been re-
corded on fish from different habitats, such as the Scor-
paenidae, Merlucciidae from dermesal habitats and the
Labrisomidae and Gobiesocidae from the intertidal zone.
However, it seems that infection with 7rifur occurs in the
water column in the nearshore zone, where fishes of the
families Scorpaenidae and Merlucciidae normally live
(Mufoz and Olmos 2007), as opposed to the intertidal
zone where Trifur larvae have never been found on adult
intertidal fish and adults are found only rarely (Muifioz
and Castro 2012, Mufioz 2014). In our study, Trifur sp. A
(MT1) from fish larvae had a genetic match with an adult
Trifur sp. 1 from Merluccius gayi (Merlucciidae), indicat-
ing that the life cycle of this 7rifur sp. can be completed
on fish from demersal habitats.

The caligid species found on larval fish may use them as
intermediate hosts. Species of Caligus found in the present
study were at different chalimus stages, which indicates
that they can develop in larval stages on these little fish
that were mainly intertidal species as adults (i.e. species
of the Gobioesocidae, Clinidae, Labrisomidae and Trip-
terygiidae; Table 1). However, species of Caligus are not
common on fish from intertidal rocky pools (e.g. Pardo-
Gandarillas et al. 2004, Flores and George-Nascimento
2009, Muioz and Delorme 2011), except the juveniles of
Bovichthys chilensis Regan, which were parasitised by Ca-
ligus sp. with a prevalence of 2.8% in the central-southern
region of Chile (Mufioz et al. 2002). Therefore, we suggest
that intertidal fish are not common definitive hosts for Ca-
ligus spp. and that nearshore larval fish are being used as
intermediate hosts by these copepods.

In this study, we determined that parasitic copepod lar-
vae, both pennellids and caligids, have exploited larval
hosts to reach a sufficient stage of development to en-
able them to detach from their host and swim, searching
for their definitive hosts. This process can be considered
a strategy that also allows the parasitic copepods to infect
hosts of different sizes and to achieve major spatial disper-
sion through mobile young hosts. However, parasitic cope-
pods remained in nearshore habitats parasitising definitive
hosts, such as demersal and subtidal fish (e.g. Mufloz et
al. 2002, Henriquez and Gonzalez 2014), because inter-
tidal fish larvae are not common definitive hosts for these
groups of parasites, even though some species live between
the intertidal and subtidal zone.

This study also revealed that there are some issues in the
taxonomy of copepods from Chile. We could not identify
all of the copepod species found on the fish larvae because
there are few pennellids identified on fish from Chile and
these copepods are not frequent in adult fish (e.g. George-
Nascimento 1996, Munoz and Castro 2012, Mufioz 2014).
Caligids are better studied, but we could not identify the
species that we found, even when molecular analyses were
used. Identifications of copepods MT3 and MT4 were not
possible and still we do not have any knowledge to further
their taxonomical identifications. Therefore, there is still
a lot of work to do related to parasitic larval stages of cope-
pods, not only in their descriptions and identification but
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also in their biology and the host species they need during
their lives.
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