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Abstract

Introduction A new species of the genus Caligus is described based on specimens collected from pompano, Trachinotus
ovatus (Linnaeus), caught in eastern Atlantic waters, near the Madeira archipelago.

Methods Pompano (n=21) were purchased from the local fish market and examined for parasitic copepods. Morphological
features of the copepods were examined and drawn using an Olympus BX51 equipped with a drawing tube. Key diagnostic
characters were scanned using a confocal laser scanning microscope and a scanning electron microscope.

Results Caligus madeirensis sp. nov., can be distinguished from all congeners (270 spp.) by the combination of the follow-
ing characters: (i) an accessory process on the 3 outer terminal spines located on the distal exopodal segment of leg 1, (ii)
a mandible with 14 teeth, (iii) a sternal furca with parallel, spatulate tines, (iv) a maxilliped with 2 simple setae at base of
a claw, (v) a leg 3 with second endopodal segment with 5 pinnate setae, (vi) a 2-segmented leg 4 exopod with I; III spine
formula, (vii) a male antenna with 4 overlapping plates on the distal segment, (viii) a male maxilliped corpus bearing a
prominent myxal process ornamented with dense corrugations along inner margin.

Conclusion Together with Caligus madeirensis sp. nov., the Caligus fauna of Portugal consists of 13 species reported from
17 Portuguese marine fishes. Considering the large number of marine fish species (510 spp.) currently recorded from Por-
tuguese waters it seems that only 3.3% of the Portuguese marine fishes have been found to be infested with species of the
genus Caligus O.F. Miiller, 1758, the result of which, however, might be due to limited sampling.
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Introduction

Among the 30 valid genera within the fish family Carangi-
dae Rafinesque, the genus Trachinotus Lacepede currently
comprises a total of 21 valid species. Pompano, T. ovatus
(Linnaeus), is one of the most commonly cultured species
of the genus Trachinotus which is mainly distributed in
tropical and subtropical waters of the eastern Atlantic, the
Mediterranean, and along the African coast, including the
offshore islands [15]. Trachinotus ovatus has long been
considered as one of the promising fish species for marine
aquaculture due to its rapid growth rate and increasing
market demand [41]. However, several bacterial and para-
sitic diseases have been reported in both wild and cultured
T. ovatus which can cause significant economic losses [13,
14, 16, 32, 35, 42]. Sea lice, species of parasitic copep-
ods belonging to the family Caligidae Burmeister, 1835
often cause severe damage and lead to secondary bacterial
infections on marine and brackish water fishes, and seven
species of the genus Caligus O.F. Miiller, 1785 (Copep-
oda: Caligidae) have been reported from five different fish
species belonging to the genus Trachinotus. The first five
Caligus species: Caligus epidemicus Hewitt, 1971, C.
epinepheli Yamaguti, 1936, C. orientalis Gusev, 1951, C.
pagrosomi Yamaguti, 1939, and C. punctatus Shiino 1955
have been reported from 7. blochii (Lacepede). Whereas
C. diaphanus von Nordmann, 1832 was reported from 7.
botla (Shaw), and C. mutabilis Wilson C.B., 1905 was
reported from T. carolinus (Linnaeus), 7. goodei Jordan
& Evermann, and 7. ovatus (Linnaeus) [4, 9, 10, 18, 20,
24, 31, 34, 40].

A review of the parasites of marine, freshwater and
farmed fishes of Portugal, [11] listed eight species of
the genus Caligus, C. brevicaudatus Scott, A., 1901, C.
diaphanus, C. dicentrarchi Cabral & Raibaut, 1983, C.
elongatus von Nordmann, 1832, C. minimus Otto, 1821,
C. musaicus Cavaleiro, Santos & Ho, 2010, C. pageti
Russel, 1925, and C. pelamydis Krgyer, 1863, from
Portuguese marine fishes. However, according to [9],
the holotype of Caligus biaculeatus Brian, 1914, col-
lected by [1] and stored in the collections of the Musée
Océanographique in Monaco, were recovered from the
specimens of Macrurus and Bathygadus captured during
a trawl operation conducted near Madeira archipelago.
The report of C. biaculeatus from Madeira was presum-
ably overlooked by [11]. Since this review [11], three
more species: C. bonito Wilson, C.B. 1905, C. lichiae
Brian, 1906 (as C. aesopus Wilson, C.B., 1921), and
C. mulli Rodrigues, Ozak, Silva & Boxshall, 2018 have
been reported from the fishes of Madeira and the Azores
archipelago [5, 6, 17]. Thus, the total number of Cali-
gus species reported from Portuguese marine fishes was

@ Springer

increased from 8 to 12. Here, we add one more species
to the Caligus fauna of Portugal, Caligus madeirensis sp.
nov., collected from 7. ovatus captured from Madeira.

Materials and Methods

Twenty-one individuals of Trachinotus ovatus (Linnaeus,
1758) (total body length 27.1—40 cm) caught in oceanic
waters off Madeira, were purchased from local fishermen and
examined for parasitic copepods. Copepods were removed
from the host’s body surface and fixed in 70% ethanol. Sub-
sequently, specimens were cleared in lactic acid for 2 h prior
to examination using a Nikon SMZ 800 N dissecting ster-
eomicroscope and an Olympus BX51 equipped with differ-
ential interference contrast (DIC) microscope. Specimens
were mounted as temporary preparations in a drop of lactic
acid on a cavity slide for making measurements and draw-
ings. Measurements were made using an ocular micrometer
and drawings were made with the aid of a drawing tube. All
measurements are given in millimetres unless otherwise stated
and are presented as the range followed by the mean in paren-
theses. Some appendages of the new species were scanned
using a Zeiss LSM 700 Confocal laser scanning microscope
(CLSM). CLSM images were processed using Drishti soft-
ware (version 2.6.4) [23] by following the imaging techniques
applied by [21]. The protocols for preparing crustaceans for
scanning electron microscopy (SEM) followed [12]. Ethanol-
fixed specimens were hydrated to distilled water and post-
fixed in 1-2% osmium tetroxide (OsO4) in buffer for 2 h,
washed in distilled water, dehydrated through graded acetone
series, critical point dried using liquid carbon dioxide as the
exchange medium, mounted on aluminium stubs, and sputter-
coated with platinum. Coated specimens were examined on a
Zeiss Supra 55 (FE-SEM, Germany) field emission scanning
electron microscope at 1-3 kV. The scientific and common
names of fishes follow [15] and the morphological terminol-
ogy for the copepods follows [2] and [19].

Results

Family: Caligidae Burmeister, 1835

Genus: Caligus O.F. Miiller, 1785

Caligus madeirensis sp. nov. (6 females and 3 male).

Type host: Trachinotus ovatus (Linnaeus, 1758)
(Carangidae).

Type locality: Eastern Atlantic waters, near Madeira
(Portugal).

Site on host: Body surface.
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Prevalence: 38% (8 fish infected of a total of 21
examined).

Type material: Holotype female [CUMAPCOP/2019-8];
allotype male [CUMAPCOP/2019-9] temporarily stored in
the collection of the Aquatic Parasitology Museum of the
Faculty of Fisheries, University of Cukurova (CUMAP),
Adana, Turkey due to Covid-19 and will be sent to the Natu-
ral History Museum in London, UK. Paratype female and
male specimens are stored in the personal collection of the
first author.

Etymology: The species name refers to the type locality.
Description (Figs. 1-9).

Adult female Body (Fig. 1a) typical for the genus with
dorsal cephalothoracic shield, fourth leg bearing somite,
genital complex, and 1-segmented abdomen. Total body
length 4.74-4.94 mm (4.80, n=6) measured from mid-
anterior margin of the frontal plate to the posterior end
of caudal rami, excluding setae. Dorsal cephalothoracic
shield, subcircular convex lateral margins, slightly longer
than wide, 2.23-2.48 x2.00-2.20 mm (2.30%x 2.12), ante-
rior part ornamented with numerous sensillae; frontal plate
with a strip of narrow marginal membrane forming a pair
of lunules on either side; thoracic zone of shield wider than
long 1.13-1.36x 1.42-1.58 mm (1.20 X 1.50), about 52%
of the cephalothorax, with posterior margin forming a pair
of posterior sinuses on either side, each sinus bearing flap-
like hyaline membrane, posterior edge of a thoracic zone
extending slightly beyond the posterior end of lateral zones.
Fourth pedigerous somite sub-trapezoidal, wider than long,
0.13-0.22x0.48-0.54 mm (0.17 x 0.50), distinctly separated
from cephalothorax and genital complex. Genital complex
wider than long, 1.26-1.39 % 1.44—-1.57 mm (1.31x 1.52),
subrectangular with convex lateral margins and slightly
lobate, rounded posterolateral corners, mid-anterior part
about 1.21 times wider than the posterior part. Free abdo-
men (Fig. 1b), subrectangular, 1-segmented, longer than
wide, 0.54-0.65x%0.37-0.48 mm (0.61 x 0.42), with slightly
indented anterolateral margin and convex lateral sides. Cau-
dal ramus (Fig. 1b) subrectangular, about 1.6 times longer
than wide 0.18-0.22x0.11-0.14 mm (0.20 % 0.12), about
33% of the abdomen, armed with 6 plumose setae plus tuft
of spinules along inner margin, outer dorsal seta smallest,
medio-dorsal surface of ramus ornamented with sensilla.

Antennule (Fig. 1c) 2-segmented; proximal segment with
25 plumose setae along anteroventral surface plus 2 naked
dorsal setae, about 1.6 times longer than the distal segment;
distal segment, cylindrical, about 2.6 times longer than wide,
armed with 1 subterminal seta on posterior margin and 11
naked setae plus 2 aesthetascs around apex.

Antenna (Figs. 1d, 3a) uniramous, 3-segmented. proximal
segment with posteriorly-directed blunt process, inner mar-
gin of process straight and outer margin rounded posteriorly;
middle segment subrectangular, bearing large corrugated
adhesion pad on dorsal surface; distal segment with sharply
recurved claw, armed with distal seta located at mid-length
and large, proximal cuticular swelling bearing tiny apical
seta. Post-antennal process (Fig. le) with curved, blunt
tine and armed with 2 unisensillate papillae on the basal
part, plus similar unisensillate papilla located on the ven-
tral cephalothoracic surface, near the base of postantennal
process. Maxillule (Figs.1f, 3b) comprising anterior papilla
carrying 3 naked setae and inwardly curved dentiform pos-
terior process with rounded tip, medio-ventral surface of
posterior process ornamented with traces of cuticular fold-
ings. Mandible (Figs. 2a, 3c) stylet-like, armed with 14 inner
teeth distally. Sternal furca (Figs. 2b, 3d) with subrectangu-
lar box and slightly divergent spatulate tines with incurved
tips. Maxilla (Figs. 2c, 3d) 2-segmented, proximal segment
(lacertus) large, unarmed; slender distal segment (brachium)
bearing minute spinules distally along posterior margin
(Figs. 2d, 3f), and with large subterminal hyaline membrane
on inner margin plus short canna and long calamus distally;
both canna and calamus ornamented with bilateral strips of
serrated membranes. Maxilliped subchelate; protopodal seg-
ment (corpus) elongate and unarmed; distal subchela about
2 times longer than terminal claw and carrying two small
setae at base of claw (Fig. 2f).

Leg 1 (Fig. 4a) biramous with 2-segmented exopod and
unsegmented vestigial endopod. Sympod (Figs. 4a, 5a)
bearing lateral plumose seta and inner plumose seta and
ornamented with patch of tiny spinules on ventral surface
(Figs. 5b, ¢). First exopodal segment robust and ornamented
with a row of setules along the posterior margin; armed
with a small spine at the outer distal corner. Distal exopodal
segment (ESM_1) with 3 plumose setae posteriorly plus 4
terminal elements; outermost element (spine 1) with fine
serrations along the outer margin (Fig. 4b, arrows), and
slightly more than half length of spine 2; middle 2 elements
(spines 2 and 3) more or less equal, each of 3 spines bearing
slender, the spiniform accessory process slightly longer than
spine (Fig. 5d, e, white arrows); innermost element (seta 4)
(Fig. 5d, e, black arrows) slightly longer than spines.

Leg 2 (Fig. 4c) biramous, with distinct coxa and basis;
coxa short, bearing long plumose inner seta and with sen-
sillum on ventral surface; basis armed with short naked seta
on outer distal corner plus extensive marginal membrane
along the posterior margin and sensillum near mid-length
of posterior margin. Exopod (Figs. 4c, 5f, g) (ESM_2)
3-segmented; first segment with inner plumose seta, outer
spine sharply pointed with convex inner margin, extend-
ing beyond posterior margin of the second segment; with
a row of setules on inner margin; second segment smallest,
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Fig. 1 Caligus madeirensis sp. nov. female. a Habitus (dorsal), b abdomen; ¢ antennule; d antenna; e postantennal process; f maxillule
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100 ym

50 ym

100 ym

Fig.2 Caligus madeirensis sp. nov. female. a Mandible; b sternal furca; ¢ maxilla; d calamus and canna of maxilla; e Maxilliped; f setae at base
of maxilliped claw
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Fig.3 Caligus madeirensis sp. nov. female. Scanning electron micro- cess near antenna (asterisk); b maxillule (CLSM-D); ¢ tip of mandi-
scope (SEM) and Drishti applied confocal laser scanning microscope ble with 14 teeth (SEM); d sternal furca (SEM); e Maxilla (CLSM-
images (CLSM-D). a Antenna (SEM) with medio-distal seta (black D); f Tiny denticles on the outer distal edge of brachium (CLSM-D)
arrow), proximal seta (white arrow), and semi-spherical cuticular pro-
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50 um

Fig.4 Caligus madeirensis sp. nov. female. a Swimming leg 1; b Terminal elements on distal exopodal segment of leg 1 indicating tiny serra-
tions on outer 3 spines (black arrows); ¢ Leg 2
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Fig.5 Caligus madeirensis sp. nov. female. Scanning electron micro-
scope (SEM) and Drishti applied confocal laser scanning microscope
images (CLSM-D). a Ventral surface of leg 1 coxa (SEM); b spinules
on ventral surface of leg 1 coxa (SEM); ¢ the same at higher magni-
fication (SEM); d outer 3 spines (white arrows) with accessory pro-

with inner plumose seta and outer distal spine slightly
outwardly curved towards tip, extending obliquely across
to posterior margin of third segment; spines on first and

@ Springer

cesses and inner seta (black arrow) on distal exopodal segment of leg
1 (SEM); e the same from a different angle, f exopod and endopod
of Leg 2 (CLSM-D), g leg 2 exopod, arrow indicating the first spine
lying behind the distal exopodal segment (SEM); h endopodal seg-
ments of leg 2 (SEM)

second exopodal segments each with the bilateral hyaline
membrane. Third exopodal segment with 3 outer spines
and 5 inner plumose setae; first spine simple and smallest
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(Figs. 4c, 5g, arrows), lying parallel to the anterior mar-
gin of dorsal surface (ESM_2), second spine with flanges
along the inner margin and third spine with outer marginal
membrane and fine setules along inner margin. Endopod
(Figs. 4c, 5h) 3-segmented; first segment subrectangular,
bearing inner plumose seta and tuft of fine pinnules dis-
tolaterally; second segment elongate, armed with 2 inner
plumose setae, and rows of fine spinules along outer edge;
third segment smallest, with 6 distal plumose setae.

Leg 3 (Fig. 6a) with flattened apron-like sympod carrying
extended strips of hyaline membrane along lateral and free
posterior margins plus rows of spinules on the outer and
mid-ventral surface. Exopod 3-segmented: the first segment
with large, recurved outer spine; large hyaline flap present
along concave margin of spine; second segment with outer
spine and inner plumose seta; third segment with 3 sub-
equal outer spines and 4 short pinnate setac. Endopod 2-seg-
mented; first segment with long inner pinnate seta; second
with 5 pinnate setae, ornamented with rows of long setules
along the outer margin.

Leg 4 (Fig. 6b) uniramous. Protopodal segment with outer
distal seta, outer dorsal surface ornamented with numerous
sensillae. Exopod 2-segmented; first segment armed with
long slender, bilaterally flanged, outer distal spine; second
segment with 3 apical spines increasing in length from outer
to inner, middle spine about 2 times longer than adjacent
outer spine; each spine with pecten at base.

Spine (Roman numerals) and seta (Arabic numerals) for-
mula of rami of legs 1-4 as follows:

Exopod Endopod
Leg 1 1-0; II1,1,3 Vestigial
Leg?2 I-1; I-1; ILL5 0-1;0-2;6
Leg 3 1-0; I-1; 11,4 0-1;5
Leg 4 1-0; LIIT Absent

Leg 5 (Fig. 6¢) located ventrally near posterolateral cor-
ners of the genital complex and represented by 2 papillae;
outer papilla bearing single plumose seta; adjacent body
surface to outer papilla ornamented with 3 sensillae; inner
(exopodal) papilla carrying 2 subequal plumose setae.

Adult male (Fig. 6D) Total body length 5.05-5.50 mm
(5.30, n=3); cephalothoracic shield as long as wide
2.88-3.26x2.86-3.27 mm (3.06 x3.07) excluding hya-
line membranes. Thoracic zone of the shield wider
than long and comprising about 53% of the length of
cephalothorax. Fourth pedigerous somite wider than
long 0.27-0.33%x0.68-0.72 mm (0.30x 0.70) and dis-
tinctly divided from cephalothorax and genital com-
plex. Genital complex subrectangular, longer than
wide, 0.97-1.1x0.66-0.73 mm (1.00x 0.70) with par-
allel lateral margins and narrow posterior part, about

33% of the length of cephalothorax. Abdomen 2-seg-
mented; free abdominal somite quadrangular, as long
as wide, 0.37-0.42x0.37-0.43 mm (0.40x 0.40), with
parallel lateral margins; anal somite longer than wide
0.47-0.52%0.38-0.43 mm (0.50 % 0.40), anal somite about
1.25 times longer than abdominal somite, the combined
length of genital complex and entire abdomen about 63% of
the length of cephalothorax. Caudal rami slightly longer than
wide, 0.28-0.31x0.68-0.72 mm (0.30 X 0.20), about 60%
of the length of the anal somite, carrying 6 plumose setae.

Antennule as in female. Antenna (Figs. 7a, 8a) 3-seg-
mented; proximal segment elongate, with corrugated adhe-
sion pad on medio-ventral surface; middle segment largest
with corrugated pads on medial and distal surfaces (Figs. 7a,
8b) (ESM_3); posteriorly directed distal segment with 4
overlapping plates (Figs. 8a, b) (ESM_3), first (upper) plate
smallest and ornamented with a slightly curved cuticular
ridge (Fig. 8C), second plate subrectangular with rounded
corners, third plate (Figs. 8b, c) largest, with laterally
directed subtriangular projection plus two cuticular ridges on
medio-ventral surface, fourth (lower) plate (Fig. 8b, arrow-
head) located just beneath medio-ventral surface of third
plate, and armed with 2 slender basal setae. Post-antennal
process (Fig. 7b) is more curved than that of females and
with tapering tine. Maxillule with tiny denticle located
medially on the posterior process (Figs. 7c, 9a, arrowed).
Mandible and maxilla as in female. Maxilliped with massive
corpus produced into the conspicuous subrectangular pro-
cess on myxal area, opposing tip of the claw (Fig. 7d, 9b, c¢)
(ESM_4); inner margin of myxal process covered with dense
corrugations (Figs. 7E, 9C arrow). Subchela armed with 2
small setae at the base of the claw (Figs. 7E, 9D arrows)
(ESM_4). Sternal furca and legs 1-4 as in female.

Leg 5 (Fig. 7f) represented by 2 papillae located on the
posterolateral margin of the genital complex: outerpapilla
with 1 plumose seta plus small and inner papilla with 2 plu-
mose setae. Leg 6 (Fig. 7f) is represented by a single papilla
on the posteroventral side of the genital complex, bearing 2
equal pinnate setae.

Remarks

The most distinguishing characteristics of the new species,
C. madeirensis sp. nov, is the possession of an accessory
process on all 3 outer terminal spines on the oblique distal
margin of the second exopodal segment of leg 1. Includ-
ing the three recently described new species, C. adanensis
Ozak, Sakarya & Boxshall, 2019, C. chinglonglini Ohtsuka
& Boxshall, 2019, and C. kajii Ohtsuka & Boxshall, 2019,
the number of valid species within the genus Caligus is now
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100 pm

Fig.6 Caligus madeirensis sp. nov. female. a Leg 3; b leg 4; ¢ leg 5; d Caligus madeirensis sp. nov. male habitus (dorsal)
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Fig.7 Caligus madeirensis sp. nov. male. a Antenna; b postantennal process; ¢ maxillule with tiny denticle (arrowhead) on the posterior denti-
form process; d maxilliped; e myxal process on maxilliped corpus; f Leg 5 and Leg 6
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Fig.8 Caligus madeirensis sp.
nov. male. Scanning electron
microscope (SEM) and Drishti
applied confocal laser scanning
microscope images (CLSM-D).
a Antenna (SEM); b Mid-

dle and terminal segment of
antenna indicating the lower
plate (arrowhead) (CLSM-D);
c upper 3 plates on the terminal
segment of the antenna (SEM)

270 [30, 33]. To our knowledge, among these 270 species
only the following four species: C. amblygenitalis Pillai,
1961, C. berychis Wilson C.B., 1936, C. rufimaculatus Wil-
son C.B., 1905, and C. sibogae Boxshall & Gurney, 1980
share this unusual character state with C. madeirensis sp.
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nov.. Of these four species, C. amblygenitalis differs from
the new species in having: (i) a female genital complex that
is markedly longer than wide (vs. as long as wide) and with
parallel (vs. convex) lateral margins, (ii) a female maxilliped
with 2 laterally directed proximal projections (vs. none) on
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Fig.9 Caligus madeirensis sp.
nov. male. Scanning electron
microscope (SEM) and Drishti
applied confocal laser scanning
microscope images (CLSM-
D). a Maxillule indicating tiny
denticle (arrowhead) on the pos-
terior dentiform process (SEM);
b myxal process on maxilliped
corpus; ¢ corrugations (white
arrow) along the inner margin
of the myxal process on maxil-
liped corpus (SEM); d maxil-
liped claw with 2 setae at base
(white arrows) (CLSM-D)

corpus, (iii) a mandible with 12 (vs. 14) marginal teeth at
apex, (iv) a spine with markedly broad hyaline membrane
along outer margin (vs. with bilateral narrow hyaline mem-
brane) on middle exopodal segment of leg 2, and (v) a post-
maxillary process (vs. none). Caligus berychis can be distin-
guished from C. madeirensis sp. nov. in having: (i) a female
genital complex with distinctly lobate (vs. slightly lobate)
posterolateral corners, (ii) a female abdomen that is as long
as wide (vs. longer than wide), (iii) a female sternal furca
with divergent (vs. more or less parallel) tines, (iv) a leg 4
exopod with I; IV (vs. I; III) spine formula, and (v) a male
antenna with a single triangular claw-like plate on the distal
segment (vs. 4 plates). Caligus rufimaculatus can be distin-
guished from the new species in having: (i) a female genital
complex without lobate (vs. slightly lobate) posterolateral
corners and with a straight (vs. concave) posterior margin,
(ii) a straight (vs. curved) female postantennal process, (iii) a
female sternal furca with divergent (vs. more or less parallel)
tines, (iv) a leg 4 exopod with I; IV (vs. [; III) spine formula.
Caligus sibogae differs from the new species in having: (i) a
female abdomen slightly longer (vs. shorter) than the genital
complex, (ii) a leg 2 with the first and second spines on the

proximal and middle segments armed with small denticula-
tions on inner margin (vs. armed with a bilateral strip of the
hyaline membrane), (iii) a leg 3 with a straight spine (vs.
curved) on the first exopodal segment, (iv) a male maxilliped
with a single seta (vs. 2 seta) at the base of the claw.

In addition to the most remarkable feature (having an
accessory process on all 3 outer terminal spines on the dis-
tal exopodal segment of leg 1), C. madeirensis sp. nov. can
be distinguished from all other congeners of the combina-
tion of the following character states: (i) a mandible with 14
teeth, (ii) a sternal furca with more or less parallel, spatulate
tines, (iii) a maxilliped with 2 simple setae at the base of the
claw, (iv) a leg 3 with the second endopodal segment bear-
ing 5 pinnate setae, (v) a 2-segmented leg 4 exopod with I;
III spine formula, (vi) a male antenna with 4 overlapping
plates on the distal segment, and (vii) a male maxilliped
corpus bearing a prominent myxal process ornamented with
dense corrugations along its inner margin. These detailed
comparisons justify the establishment of a new species to
accommodate the specimens collected from Trachinotus
ovatus in the eastern Atlantic, off Madeira.
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Table 1 Species of Caligus reported from marine fishes of Portugal

Species Fish Family Fish Species Locations References
Caligus biaculeatus Brian, 1914 Macrouridae  Coryphaenoides sp. Madeira [1,9]
(reported as Macrurus sp.)
Bathygadus sp.
Caligus bonito bonito Wilson C.B., 1905 Scombridae Katsuwonus pelamis (Linnaeus) Madeira [17]
Caligus brevicaudatus Scott A., 1901 Soleidae Pegusa lascaris (Risso) Mainland Portugal [11, 27-29]

Solea senegalensis Kaup
Solea solea (Linnaeus)

Caligus diaphanus von Nordmann, 1832

Pleuronectidae Platichthys flesus (Linnaeus)

Mainland Portugal [7, 11]

Caligus dicentrarchi Cabral & Raibaut 1983 Moronidae Dicentrarchus labrax (Linnaeus) Mainland Portugal [11, 37]
Caligus elongatus von Nordmann, 1832 Trichiuridae  Lepidopus caudatus (Euphrasen) Great Meteor Sea- [11, 22, 26-29]
mount (Azores)
Soleidae Microchirus azevia (de Brito Capello) Mainland Portugal

Microchirus variegatus (Donovan)

Solea solea (Linnaeus)
Caligus lichiae Brian, 1906 Carangidae Seriola dumerili (Risso) Madeira [6]
(reported as Caligus aesopus Wilson C.B., 1921) Seriola rivoliana Valenciennes
Caligus madeirensis sp. nov Carangidae Trachinotus ovatus (Linnaeus) Maderia Present account
Caligus minimus Otto, 1821 Moronidae Dicentrarchus labrax (Linnaeus) Mainland Portugal [11, 37]

Farmed fish [11, 38, 39]

Caligus mulli Rodrigues, Ozak, Silva & Box- Mullidae Mullus surmuletus Linnaeus Azores [36]

shall, 2018
Caligus musaicus Cavaleiro, Santos & Ho, 2010

Caligus pageti Russel, 1925 Moronidae
Caligus pelamydis Krgyer, 1863 Scombridae
Carangidae

Pleuronectidae Platichthys flesus (Linnaeus)
Dicentrarchus labrax (Linnacus)
Scomber scombrus Linnaeus

Trachurus trachurus (Linnaeus)

Mainland Portugal [8, 11]
Mainland Portugal [11, 37]
Mainland Portugal [3, 11, 25]
Mainland Portugal

Discussion

Including Caligus maderiensis sp. nov. from pompano, there
are now 271 valid species of Caligus know from marine
and brackish water fishes, but only 13 have been reported
so far from Portuguese marine waters, utilizing 17 fish spe-
cies belonging to eight fish families (Table 1). Consider-
ing the species richness of marine fish (510 spp.) currently
known from Portuguese oceanic waters [15], it seems that
the Caligus fauna of Portugal is relatively poorly known.
Only 3.3% of Portuguese marine fishes have been found to
be infested with species of Caligus and all of these are tel-
eosts (Table 1). Of these fish species, the following eleven
species: European seabass, Dicentrarchus labrax (Linnaeus),
skipjack tuna, Katsuwonus pelamis (Linnaeus), surmullet,
Mullus surmuletus Linnaeus, European flounder, Platich-
thys flesus (Linnaeus), Atlantic mackerel, Scomber scombrus
Linnaeus, greater amberjack, Seriola dumerili (Risso), long-
fin yellowtail, S. rivoliana Valenciennes, Senegalese sole,
Solea senegalensis Kaup, dover sole, S. solea (Linnaeus),
pompano, Trachinotus ovatus, and Atlantic horse mackerel,
Trachurus trachurus (Linnaeus) are economically important
for Portuguese fisheries and marine aquaculture. In particu-
lar, greater amberjack, longfin yellowtail, pompano, and the
two sole species listed, are considered as the most promising

@ Springer

new species for marine fish farming. The sea lice reported
from these economically important marine fish must be
taken into consideration as one of the major disease threats
that may result in mortalities and economic losses.
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