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Abstract

Two new species of caligid sea lice, Caligus izmiriensis sp. nov., and Caligus sarosensis sp. nov. are described, based
on specimens collected from the zooplankton in the Gulf of Sigacik and the Gulf of Saros off the Aegean Sea coast of
Tiirkiye. Detailed examination of the morphology of these two new species and comparisons with other closely related
caligid species, especially Metacaligus yucatanensis Suarez-Morales, Kim & Escamilla, 2012, resulted in the recognition
of the genus Metacaligus Thomsen 1949 as a junior synonym of Caligus O.F. Miiller, 1785. Based on this proposed
synonymy, all species of the genus Metacaligus are here transferred to Caligus: Metacaligus trichiuri (Kroyer, 1863),
M. rufus (Wilson, 1908), and M. unguidentatus (Rangnekar & Murti, 1950) all return to their original combinations
as Caligus trichiuri Kroyer, 1863, Caligus rufus Wilson, 1908, and Caligus unguidentatus Rangnekar & Murti, 1950,
respectively; Metacaligus yucatanensis Suarez-Morales, Kim& Escamilla, 2012, becomes Caligus yucatanensis (Suéarez-
Morales, Kim & Escamilla, 2012) comb. nov.; transferring Metacaligus latus Ho & Lin, 2002 would create a secondary
homonym of Caligus latus Byrnes 1987, so a replacement name is proposed as Caligus cultellus nom. nov. We recognise
C. yucatanensis as a member of the C. undulatus-group. The four other species previously placed in Metacaligus form
a cluster which represents a new species group, the Caligus trichiuri-group. An updated list of planktonic caligids is
presented, together with keys to species of the C. undulatus-group and of the newly proposed C. trichiuri-group. The
subgenus Subcaligus Heegaard, 1943 was originally proposed to accommodate Caligus (Subcaligus) bocki Heegaard,
1943, and was characterised by its unusual stylet-like sternal furca. This subgenus has not been treated as valid by
subsequent authors and we here formally propose to treat Subcaligus Heegaard 1943 as a junior synonym of Caligus.

Key words: Caligidae, planktonic, copepod, Tiirkiye, sea lice

Introduction

The parasitic copepod family Caligidae Burmeister, 1835 is the most species-rich family in the entire Copepoda
and it currently comprises more than 500 valid species (Walter & Boxshall 2023). Members of the family are
commonly known as sea lice which typically utilize wild or cultured marine fish species as their hosts (Boxshall
2018; Costello 2009; Johnson et al. 2004). It has been estimated that approximately 60% of all copepod infestations
in fin-fish farming in marine and brackish water environments are attributable to sea lice (Johnson et al. 2004).
Species belonging to the genera Caligus O.F. Miiller, 1785, and Lepeophtheirus von Nordmann, 1832 in particular,
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have been reported to cause significant economic losses in aquaculture (Mackenzie 2022), with losses due to sea lice
in the salmon farming industry alone estimated to be in excess of $1 billion p.a. (Boxaspen et al. 2022).

The majority of sea lice have direct life cycles incorporating only a short free-swimming phase consisting of
two non-feeding naupliar stages and the infective first copepodid stage (Boxshall & Ozak 2022), but in recent years
the discovery of numerous adult Caligus species within the zooplankton community has prompted a re-evaluation
of the lifestyle of these parasites and has led to the frequent occurrence of the term “planktonic caligid” in recently
published papers. In their review and checklist, Venmathi Maran et al. (2016) listed a total of 32 species of caligids
belonging to the genera Caligus, Lepeophtheirus and Metacaligus Thomsen, 1949, which have been collected from
the plankton. We note that 19 of the species listed by (Venmathi Maran et al. 2016) have also been sampled from
fish hosts, while the remaining 13 species have been found exclusively in the plankton.

In the present study, we describe two new species of Caligus, C. izmiriensis sp. nov. and C. sarosensis sp. nov.
based on specimens found in zooplankton samples taken from Aegean Sea waters, off the Turkish coast. Based
on the comparative morphological data obtained from these new species descriptions, we explored the boundaries
between the genus Metacaligus and Caligus, concluding that these genera are synonymous. In addition, all available
previous reports on planktonic caligids were revisited and we collated several additional old records of planktonic
caligids that had been overlooked in recent reviews. We note that at least 44 caligid species have been reported from
plankton samples (Table 1).

TABLE 1. Caligid species recorded as adults free-swimming in plankton'.

Group* Species Specimens  Locality Source Notes
N/A Anchicaligus nautili Stebbing, 1900 1 male 07°53°S, 116° 18’E Heegaard, 1972 as Caligulina ocularis
(see Dojiri & Ho, 2013)
C.mac  Caligus aduncus Shen & Li, 1959 2 females Tsingtao Harbour (China) Shen & Li, 1959
C.pro  Caligus affinis Heller, 1865 1 male Loanda Harbour (Gulf of Guinea) Scott, 1894 as C. bengoensis (see
Hayes, et al., 2012)
UA Caligus calotomi Shiino, 1954 1 male Tokushima (Japan) Venmathi Maran etal.,
2012a
C.und  Caligus chelifer Wilson, 1905 1 male Gulf of Mexico Suarez-Morales et al.,
1998
1 female Off Rockport, Texas (USA) Heegaard, 1966 as C. hyalinae (see
1 male Boxshall & Bernot, 2023)
UA Caligus chiastos Lin & Ho, 2003 1 male Gulf of Thailand Venmathi Maran e?
al.,2012b
C.pse  Caligus chinglonglini Ohtsuka & 1 male Iki Island (Japan) Ohtsuka & Boxshall,
Boxshall, 2019 2019
UA Caligus coryphaenae Steenstrup & 4 males Nansei Islands (Japan) Venmathi Maran &
Liitken, 1861 Ohtsuka, 2008
1 male Loanda Harbour (Gulf of Guinea) Scott, 1894 as C. thymni (see Hayes,
etal., 2012)
1 female unknown Wilson, 1905
1 male Easter Island (Chile) Wilson, 1905
1 male Mindanao (Philippines) Wilson, 1905
7 females Various stations in North Heegaard, 1972 Material from Dana
3 males Atlantic and Indian Oceans Expedition
C.dia  Caligus costatus Shen & Li, 1959 2 males Tsingtao Harbour (China) Shen & Li, 1959 Recognised here as
member of C. diaphanus
group
UA Caligus curtus Miiller, 1785 1 specimen  Bermuda Wilson, 1936 Sex unspecified
UA Caligus dubius Scott, 1894 1 female Loanda Harbour (Gulf of Guinea) Scott, 1894 Redescribed by Boxshall
5 males & Gurney, 1980

...... continued on the next page
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TABLE 1 (Continued)

Group* Species Specimens Locality Source Notes
UA Caligus elongatus von Nordmann,  females & British coastal waters Todd et al., 1996 Common in coastal
1832 males plankton samples
1 male Gulf of Mexico Wilson, 1950 as C. rapax
UA Caligus epidemicus Hewitt, 1971 multiple Mitchel River (Australia) Hewitt, 1971
specimens
C.und  Caligus evelynae Suarez-Morales, 1 female Bay of Amuay (Venezuela) Suérez-Morales et al.,
Camisotti & Martin, 2012 1 male 2012a
UA Caligus hyalinus Czerniavski, 1868 1 male Black Sea Czerniavski, 1868
UA Caligus ilhoikimi Suarez-Morales & 16 females Xcalak Reef (Mexico) Suarez-Morales &
Gasca, 2016 14 males Gasca, 2016
C.und  Caligus izmiriensis sp. nov. 3 females [zmir Bay (Turkiye) Present account
2 males
C.pse  Caligus latigenitalis Shiino, 1954 1 male Seto Inland Sea (Japan) Venmathi Maran et
al.,2012b
UA Caligus littoralis Luque & Cezar, 13 females Western Caribbean (off Kimet al., 2019
2000 5 males Venezuela)
C.mac  Caligus longicaudatus Brady, 1899 1 male Port Chalmers (New Zealand) Brady, 1899
C.und  Caligus longiramus Venmathi 1 female Amami Island (Japan) Venmathi Maran e?
Maran,Ohtsuka & Jitchum, 2012 al.,2012b
C.mac  Caligus macarovi Gusev, 1951 1 male California (USA) Heegaard, 1966
1 male San Francisco (USA) Heegaard, 1972 Material from Dana
Expedition
UA Caligus minimus Otto, 1821 1 female Gulf of Iskenderun (Tiirkiye) Kamanli, 2023
C.und  Caligus ogawai Venmathi Maran, 2 females Seto Inland Sea (Japan) Venmathi Maran et
Ohtsuka & Shang, 2012 1 male Hirado Island (Japan) al.,2012a
C.mac  Caligus orientalis Gusev, 1951 2 females Yellow River (China) Shen, 1957 as C. laticorpus
1 male
1 female Mankyong River (South Venmathi Maran &
1 male Korea) Ohtsuka, 2008
1 female Amoy (China) Venmathi Maran et
1 male Ariake Sea (Japan) al.,2012a
UA Caligus pelagicus Kurian, 1955 3 females Kayamkulam (India) Kurian, 1955
3 males
UA Caligus planktonis Pillai, 1979 1 female Oft Trivandrum (India) Pillai, 1979
UA Caligus praetextus Bere, 1936 1 male Gulf of Cariaco (Venezuela) Kim et al., 2019
C.pro  Caligus productus Dana, 1852-1853 1 female California (USA) Wilson, 1935
7 females Various stations in North Atlantic Heegaard, 1972 Material from Dana
7 males and Indian Oceans Expedition
C.mac  Caligus punctatus Shiino, 1955 12 females China Shen, 1957 most from plankton, as
8 males C. communis
C.mac  Caligus quadrigenitalis Venmathi 1 female Theya Island (Japan) Venmathi Maran et
Maran, Ohtsuka & Shang, 2012 al.,2012a
UA Caligus rufimaculatus Wilson, 1905 1 female Laguna Chelem (Mexico) Suarez-Morales et al.,
4 males 2012b
1 male Turpialito (Venezuela) Kim et al., 2019
C.tri Caligus rufus Wilson, 1908 3 females Laguna Chelem (Mexico) Sudrez-Morales et al., as Metacaligus rufus
1 male 2012b
C.und  Caligus sarosensis sp.nov. 1 female Gulf of Saros (Tiirkiye) Present account

...... continued on the next page
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TABLE 1 (Continued)

Group* Species Specimens Locality Source Notes
UA Caligus savala Gnanamuthu, 1948 12 females Madras (India) Gnanamuthu, 1948
5 males
C.mac  Caligus sclerotinosus Roubal, 1 female Uwajima (Japan) Venmathi Maran &
Armitage & Rohde, 1983 Ohtsuka, 2008
C.dia  Caligus torpedinis Heller, 1866 1 male Fujian Province (China) Venmathi Maran et as C. rotundigenitalis
al.,2012a (see Boxshall & Bernot,
2023)
C.tri Caligus trichiuri Kroyer, 1863 1 female Osaka Port (Japan) Venmathi Maran et as Metacaligus
al.,2012a uruguayensis
C.und  Caligus tripedalis Heegaard, 1972 2 females New Zealand Heegaard, 1972
1 male
C.und  Caligus undulatus Shen & Li, 1959 24 females Kiaochow Bay (China) Shen & Li, 1959
34 males
1 male Mandapam (India) Pillai, 1966
75 females Baia de Paranagua (Brazil) Montu, 1982 including ovigerous and
non-ovigerous females
1 male Ariake Sea (Japan) Venmathi Maran &
Ohtsuka, 2008
1 male Seomjin River (South Korea) Venmathi Maran &
Ohtsuka, 2008
1 female Ube, Seto Inland Sea (Japan) Venmathi Maran &
Ohtsuka, 2008
2 males Laguna Chelem (Mexico) Suérez-Morales et al.,
2012b
1 male Bonny River delta (Nigeria) Heegaard, 1955 as C. hamatus, see
Boxshall & Bernot,2023
2 females Takamatsu Port (Japan) Venmathi Maran et
1 male al.,2012a
5 females Southern & southwestern coast  Moon & Park, 2019
4 males of South Korea
C.und  Caligus yucatanensis (Suarez- 1 female Laguna Chelem (Mexico) Sudrez-Morales et al., as M. yucatanensis
Morales, Kim & Escamilla, 2012) 2 males 2012b
N/A Lepeophtheirus alvaroi Suarez- 2 females Bahia Water (Costa Rica) Suérez-Morales &
Morales & Gasca, 2012 Gasca, 2012
N/A Lepeophtheirus parviventris Wilson, 1 female Bering Sea Venmathi Maran et
1905 al.,2012a
N/A Lepeophtheirus semicossyphi 1 female Theya Island (Japan) Wilson, 1905

Yamaguti, 1939

* Abbreviations for species groups within Caligus: C.dia = C. diaphanus-group, C.mac = C. macarovi-group, C.pro = C. productus-
group, C.pse = C.pseudorhombi-group, C.tri = C.trichiuri-group, C.und = C.undulatus group; N/A = not applicable; UA = unattributed
(i.e. not yet placed in a species group).

! A single male of Caligus tetrodontis Barnard, 1948 was reported from Brazilian plankton by Montt (1982) but this was considered a
misidentification by Hayes et al. (2021) and is not included here.

Material and methods

The Caligus specimens examined in the present study were collected during two different projects conducted off
the Aegean Sea coast of Tiirkiye; the Oceanographic monitoring project (IZIZ Project) and the Integrated Marine
Pollution Monitoring (DE-NIZ Project). In both projects zooplankton samples were collected vertically using a
WP-2 net with 200-pum mesh. Fifteen stations were visited in each project and mean volume of water filtered by the
net was 6.8 1. Collected zooplankton samples were immediately preserved in seawater-formalin solution (4%) in
the field. Subsequently, all Caligus specimens were sorted from the fixed zooplankton samples. A total of 6 Caligus
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specimens were collected. Caligus specimens were later cleared in lactic acid for 2 h prior to examination using
a Nikon SMZ 800N dissecting stereomicroscope and an Olympus BX51 microscope equipped with differential
interference contrast (DIC). Subsequently, specimens were mounted as temporary preparations in a drop of lactic
acid on a cavity slide for taking measurements and making drawings. 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 parentheses where possible. Confocal
laser scanning microscope (CLSM) imaging techniques applied by Kamanli et al. (2017) were used to visualise
some of the appendages of the new species using a Zeiss LSM 700 CLSM and Drishti software (version 2.6.4)
(Limaye 2012) was used to process CLSM images and videos. The videos are provided as Supplementary Video
(SV) in .wmv format and named as SV-1ZM1-4 for Caligus izmiriensis sp. nov., and for C. sarosensis sp. nov. as
SV-SARS5-6, respectively. The morphological terminology for the copepods follows Boxshall (1990) and Huys &
Boxshall (1991). The scientific and common names of fishes presented in this study follow Froese & Pauly (2023).
Type specimens are deposited at the Natural History Museum, London and the remaining material is stored in the
collections of the Aquatic Parasitology Museum at the Faculty of Fisheries, University of Cukurova in Adana,
Tiirkiye.

Results
Family: Caligidae Burmeister, 1835

Genus: Caligus O.F. Miiller, 1785
LSIDurn:lsid:zoobank.org:act:80A9ECDA-BD45-44B9-8247-43CACAS510412

Caligus izmiriensis sp. nov.
LSIDurn:lsid:zoobank.org:act:B6978259-447A-4470-9D74-E1868246E546

Type material

Holotype adult female stored in collections of the Natural History Museum, London (Reg, No,. NHMUK 2022.
201). Type Locality: Stn ILBSW1; Ildir Bay, izmir, Tiirkiye (38°23'38.69"N 26°23'55.95"E): depth 60 m; date
28.02.2020.

Paratype young female stored in the collections of Aquatic Parasitology Museum of the Faculty of Fisheries,
University of Cukurova (CUMAP), Adana, Tiirkiye (Reg. No. CUMAPCOP/2023. Locality: Stn S3; Akarca Cape,
Seferihisar (Aegean Sea, Turkiye) (38°09'40.13"N; 26°48'35.70"E): depth 10 m; date 13.06.2020.

Allotype adult male stored in collections of the Natural History Museum, London (Reg, No,, NHMUK 2022.
202). Type Locality: Stn Sta20; izmir Bay, off Urla (Aegean Sea, Tiirkiye) (38°27'07.41"N; 26°51'19.37"E): depth
50 m; date 07.05.2021.

Additional material: 1 young adult female and 1 adult male from izmir Bay were prepared for confocal laser
scanning microscopy; and were eventually dissected to allow scanning of individual limbs.

Etymology: The species name refers to the type locality.

Description (Figs. 1-7).

Adult female (Fig. 1A). Body typical for the genus comprising dorsal cephalothoracic shield, free fourth
pedigerous somite, genital complex, and 1-segmented abdomen. Total body length 2.73 mm measured from mid-
anterior margin of frontal plate to posterior end of caudal rami, excluding caudal setae; adult female 1.1 times
longer than total body length of young female (Fig.1B). Dorsal cephalothoracic shield longer than wide (1.32 % 0.93
mm) with slightly convex lateral margins, posterior part about 2 times wider than anterior; frontal plate narrow,
bearing pair of large lunules ventrally, ornamented with strip of narrow marginal membrane; thoracic zone of shield
slightly wider than long (0.69 x 0.75 mm) with posterior margin forming posterior sinuses on either side, each
sinus bearing flap-like hyaline membrane, posterior edge of thoracic zone extending beyond posterior margins of
lateral zones. Dorsal cephalothoracic shield comprising about 48% of total body length. Fourth pedigerous somite
sub-trapezoidal, wider than long (0.17 x 0.31 mm), distinctly separated from cephalothorax and genital complex.
Genital complex longer than wide (0.82 x 0.59 mm), subrectangular with parallel lateral margins; anterolateral
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corners rounded, posterolateral corners distinctly lobate; genital complex length about 60% length of cephalothorax;
posteroventral margin with pair of flap-like processes concealing copulatory pores (Fig. 1C). Free abdomen (Fig. 1A,
C) unsegmented, about 1.9 times longer than wide (0.34 x 0.18 mm), with parallel lateral margins. Combined length
of genital complex and abdomen comprising about 8§7% of cephalothorax length. Caudal ramus subrectangular,
longer than wide (0.10 x 0.06 mm), armed with 6 plumose setae and ornamented with fine setules along inner
margin.

0.25 mm

FIGURE 1. Caligus izmiriensis sp. nov. A. Adult female habitus (dorsal), B. Young adult female habitus (dorsal), C. Pair of
flap-like processes on posteroventral margin of adult female genital complex, D. The same processes on young adult female
genital complex, E. Antennule, F. Antenna; minute papilla-like process with tiny denticle at apex and single sensilla on ventral
cephalothoracic surface(arrows), G. Postantennal process, H. Mandible, I. Maxillule.
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Young adult female (Fig. 1B). Total body length 2.49-2.51 mm (n = 2). Dorsal cephalothoracic shield
subrectangular with convex lateral margins, slightly longer than wide (1.28-1.34 X 0.93-0.95 mm); thoracic
zone of shield slightly wider than long (0.70-0.72 x 0.76—0.79 mm), comprising about 55% of overall length of
cephalothorax. Dorsal cephalothoracic shield comprising about 50% of total body length. Fourth pedigerous somite
sub-trapezoidal, wider than long (0.13-0.15 x 0.33-0.34 mm), distinctly separated from cephalothorax and genital
complex. Genital complex longer than wide (0.77-0.83 x 0.51-0.56 mm), elongate with convex lateral margins;
maximum width in middle, about 1.5 times greater than width at posterior end; posterolateral corners indented,
posterior margin v-shaped and extending back over anterior surface of abdomen (Fig. 1B). Oviducts and cement
glands visible inside genital complex, posteroventral margin with pair of flap-like processes concealing copulatory
pores and partially concealing pair of attached spermatophores (Fig. 1D). Free abdomen (Fig. 1B, D) 1-segmented,
longer than wide (0.36-0.41 x 0.26—0.28 mm), tapering posteriorly, anterior part about 2 times wider than posterior,
lateral margins more-or-less linear. Combined length of genital complex and abdomen comprising about 88% of
cephalothorax length. Caudal ramus subrectangular, about 2 times longer than wide (0.12—0.13 x 0.06—-0.07 mm),
armed with 6 plumose setae.

Antennule (Fig. 1E) 2-segmented; proximal segment about 1.4 times longer than distal segment, armed with 25
plumose setae along anteroventral surface plus 2 naked unequal dorsal setae; distal segment cylindrical, about 2.5
times longer than wide, armed with 1 subterminal seta on posterior margin and 11 naked setae plus 2 aesthetascs
around apex.

Antenna (Fig. 1F) uniramous, 3-segmented; proximal segment lacking posterior process; middle segment
subrectangular, 1.5 times longer than wide and unarmed; distal subchela tapering towards sharply pointed curved
claw, armed with small distal seta located at mid-length and large, papilliform, cuticular swelling proximally
bearing tiny apical seta. Minute papilla-like process bearing tiny denticle at apex and single sensilla present on
ventral cephalothoracic surface near proximal segment (Fig. 1F, arrows). Postantennal process (Fig. 1G) with
almost straight, blunt-tipped tine and ornamented with 2 papillaec each bearing 7 sensillae, plus similar papilla
with 7 sensillae located on adjacent ventral cephalothoracic surface, near base of postantennal process. Mandible
(Fig. 1H) stylet-like, armed with 12 inner teeth distally. Maxillule (Fig.11) comprising anterior papilla carrying 3
unequal pinnate setac and posteriorly-directed dentiform process with rounded tip. Maxilla (Fig. 2A) 2-segmented,
proximal segment (lacertus) large, unarmed; slender distal segment (brachium) with large subterminal hyaline
membrane (flabellum) on inner margin plus short canna and long calamus distally; canna ornamented with strips of
serrated membranes bilaterally, calamus with spirally arranged strips of serrated membrane. Maxilliped (Fig. 2B)
subchelate; protopodal segment (corpus) elongate and ornamented with single pore on myxal area, distal subchela
divided by partial surface suture delimiting terminal claw; subchela bearing lateral seta plus second seta at base of
terminal claw. Sternal furca (Fig. 2C) (SV-IZM1) with subcircular box and straight, blunt-tipped tines positioned
immediately next to each other.

Leg 1 (Figs. 2D, E, 3A) biramous with 2-segmented exopod and vestigial endopod (apparently 2-segmented).
Sympod bearing lateral and inner plumose setae; ornamented with patch of tiny spinules on ventral surface (Fig.
2D). First exopodal segment robust, ornamented with row of setules along posterior margin; armed with small spine
at outer distal corner. Distal exopodal segment (Figs. 2E, 3A) with 3 plumose setae posteriorly plus 4 terminal
elements; outermost element (spine 1) smallest; middle 2 elements (spines 2 and 3) more or less equal in length,
each bearing slender, spiniform accessory process; innermost element (seta 4) distinctly longer than spines, about
equal to length of segment.

Leg 2 (Figs. 2F, 3B) biramous, with distinct coxa and basis; coxa short, bearing long plumose inner seta and
with sensilla on ventral surface; basis armed with short naked seta on outer distal corner plus extensive marginal
membrane along posterior margin and sensilla near middle of posterior margin. Exopod (Figs. 2F, 3C) (SV-1ZM2)
3-segmented; first segment with inner plumose seta, outer spine slightly curved, extending obliquely across surface
of ramus and almost reaching posterior margin of second segment, spine with pecten-like membrane at base;
segment ornamented with row of setules along inner margin; second exopodal segment smallest, with inner plumose
seta and minute outer spine (Figs. 2F arrow, 3C arrow) (SV-IZM2) extending parallel to outer margin of segment:
third exopodal segment with 3 spines and 5 inner plumose setae; proximalmost spine simple and smallest (Figs.
2F arrowhead, 3C arrowhead), second spine with marginal membrane along inner margin, and terminal spine with
outer marginal membrane and row of fine setules along inner margin. Endopod (Figs. 2F, 3D) 3-segmented; first
segment bearing inner plumose seta; second segment elongate, armed with 2 inner plumose setae, and ornamented
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with rows of fine setules along outer edge; third segment smallest, with 6 distal plumose setae plus tuft of fine

setules proximally on outer margin.
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FIGURE 2. Caligus izmiriensis sp. nov. Adult female. A. Maxilla; B. Maxilliped; C. Sternal furca and intercoxal sclerite of
legl; D. Leg 1; E. Terminal elements on distal exopodal segment of leg 1; F. Leg 2.
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FIGURE 3. Caligus izmiriensis sp. nov. Adult female. Drishti applied confocal laser scanning microscope images (CLSM-
D). A. Exopod of leg 1; B. Leg 2; C. Spines on exopodal segments of leg 2, minute outer spine on second exopodal segment
arrowed; D. Ornamentations on endopodal segments of Leg 2.
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Leg 3 (Figs. 4A, 5A) biramous with rami separated by large gap; flattened apron-like sympod carrying extended
strips of hyaline membrane along lateral and free posterior margins plus rows of spinules on outer surface and
corrugated pad on mid-ventral surface (Figs. 4A, 5B); armed with inner coxal seta and outer basal seta positioned
at base of exopod. Intercoxal sclerite narrow, with flap of hyaline membrane along posterior margin. Exopod 3-
segmented: first segment with straight outer spine not reaching articulation between second and third segments,
pecten-like strip of membrane present at base of outer spine; second segment with slender outer spine and inner
plumose seta; third segment with 3 subequal outer spines and 4 short pinnate setae. Endopod 2-segmented; first
segment extending laterally to form elongate velum closing off gap between bases of rami, segment armed with
long inner pinnate seta; second endopodal segment bearing 6 pinnate setae and ornamented with row of long setules
along outer margin.

Leg 4 (Figs. 4B, 5C) uniramous. Slender protopodal segment with outer distal seta. Exopod 2-segmented (Figs.
4C, 50); first segment armed with slender outer distal spine ornamented with strips of membrane bilaterally; second
segment with 1 lateral spine and 3 distal margin spines increasing in length from outer to inner, middle spine
extending beyond middle of inner spine; inner and middle spines each with pecten at base. Spine (Roman numerals)
and seta (Arabic numerals) formula of rami of legs 1-4 as follows:

Exopod Endopod
Leg 1 1-0; I11,1,3 vestigial
Leg?2 I-1; 1-1; ILLS 0-1;0-2;6
Leg3 1-0; I-1; 11,4 0-1;6
Leg4 1-0; LIII absent

Leg 5 (Fig. 4D) located ventrally near posterolateral corners of genital complex and represented by 2 papillae;
outer (protopodal) papilla bearing single plumose seta; inner (exopodal) papilla carrying 2 equal plumose setae: seta
on outer papilla longest.

Adult male (Fig. 6A) Total body length 1.93-2.08 mm (n = 2); dorsal cephalothoracic shield slender, longer
than wide (1.05-1.10 x 0.70-0.72 mm) excluding hyaline membranes, narrowing anteriorly and with broad marginal
membranes on lateral zones. Thoracic zone of shield slightly wider than long (0.57-0.58 x 0.59-0.60 mm) and
comprising about 54% of cephalothorax length. Fourth pedigerous somite short, much wider than long (0.05-0.06 x
0.23-0.24 mm) and distinctly separated from cephalothorax and genital complex. Genital complex elongate, longer
than wide (0.40-0.43 x 0.26-0.27 mm), lateral margins indented anteriorly, with slightly convex lateral margins
and straight posterior edge, about 38% of cephalothorax length. Abdomen 2-segmented; first free abdominal somite
subrectangular, about 1.4 times wider than long (0.14-0.17 % 0.20-0.24 mm), anterior part slightly wider than
posterior part; anal somite longer than wide (0.22-0.27 x 0.14—0.17 mm) and about 1.57 times longer than preceding
abdominal somite: combined length of genital complex and entire abdomen about 72% of length of cephalothorax.
Caudal rami slightly longer than wide (0.10-0.13 x 0.06-0.08 mm), about 45% of anal somite length, carrying 6
plumose setae.

Antennule as in female. Antenna (Figs. 6B,C, 7A) 3-segmented; proximal segment elongate, with corrugated
adhesion pad distally on ventral surface; middle segment largest with corrugated pads on medial and distal surfaces
(Figs. 6C, 7A) (SV-1ZM3); posteriorly-directed distal segment with 2 fused subrectangular and overlapping plates
(Figs. 6C, 7A), first (upper) plate ornamented with slightly curved cuticular ridge (Fig. 7A arrow), second plate
subrectangular and spatulate, armed with 2 slender basal setae. Postantennal process (Fig. 6D) more curved than
that of female and with tapering tine. Maxillule (Fig. 6E) comprising tapering posterior dentiform process and
anterior papilla bearing 3 subequal naked setac. Mandible and maxilla as in female. Maxilliped (Figs. 6F, 7B, C)
with massive corpus produced into large conspicuous triangular process in myxal area plus small subtriangular
process proximally (Figs. 6G, 7B, C arrowheads) (SV-IZM4); distal surface of small myxal process covered with
slight corrugations (Fig. 6G). Subchela armed with 2 small sensilla plus another longer seta at base of claw (Figs.
6F, 7B arrows). Sternal furca (Figs. 6H, 7C) with tines positioned immediately next to each other, tines about 1.3
times longer than tines of female.

Legs 14 as in female. Leg 5 (Fig. 6]) represented by 2 papillae located on posterolateral margin of genital
complex: outer papilla with 1 long plumose seta and inner (exopodal) papilla with 2 equal plumose setae. Leg 6
(Fig. 6]) represented by single papilla on margin of genital operculum, bearing 2 equal pinnate setae.
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FIGURE 4. Caligus izmiriensis sp. nov. Adult female. A. Leg3; B. Leg 4; C. Exopodal spines of leg 4; D. Leg 5.
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FIGURE 5. Caligus izmiriensis sp. nov. Adult female. Drishti applied confocal laser scanning microscope images (CLSM-D).
A. Leg 3; B. Spinular ornamentations on ventral surface of Leg 3 outer apron; C. Leg 4.
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FIGURE 6. Caligus izmiriensis sp. nov. Adult male. A. Habitus dorsal; B. Antenna; C. Middle and terminal segments of
antenna from different angle; D. Postantennal process; E. Maxillule; F. Maxilliped; G. Details of myxal processes; H. Sternal
furca and intercoxal sclerite of leg 1, in situ; I. Legs 5 and 6.
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FIGURE 7. Caligus izmiriensis sp. nov. Adult male. Drishti applied confocal laser scanning microscope images (CLSM-D).
A. Middle and distal segments of the antenna, overlapping plates on terminal segment arrowed; B. Maxilliped (lateral view)
with two triangular myxal processes (arrowheads) on corpus and 2 small sensillae (arrows) on subchela; C. Maxillipeds from a
different angle showing two myxal processes (arrowheads) and position of sternal furca.
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Remarks

The new species, C. izmiriensis sp. nov., displays several distinctive character states, the most prominent of which
is the unusual form of the sternal furca. In both sexes the tines of the sternal furca are well defined but closely
adpressed to each other along their entire length. This form of sternal furca is unique within the genus, although
a similar, highly modified form of furca was reported for Caligus bocki Heegaard, 1943 by Heegaard (1943) who
described this species as having the tines of the furca fused to form a tapering median spine. Solely based on this
character Heegaard (1943) proposed a new subgenus Subcaligus Heegaard 1943 to accommodate C. bocki. This
subgenus, based on a single autapomorphy, has not gained acceptance and was not even mentioned by Dojiri &
Ho (2013) in their phylogenetic analysis of caligid genera. In the related caligiform genus Dissonus Wilson, 1906
the sternal furca is modified as a short tapering median stylet in one species, D. manteri Kabata, 1966, but in other
congeneric species the furca is either lacking or has the typical structure with paired tines (Boxshall et al. 2008). In
Caligus, as in Dissonus, such a level of variation in sternal furca expression can be readily accommodated within
the genus, and we treat the subgenus Subcaligus as a junior subjective synonym of Caligus. Caligus bocki lacks
plumose setae on the posterior margin of the distal exopodal segment of leg 1 (Heegaard 1943) and the absence of
these setae led (Boxshall & El-Rashidy 2009) to place C. bocki in the C. productus-group of species. The possession
of 3 plumose setae on the posterior margin serves to distinguish C. izmiriensis sp. nov. from C. bocki.

Caligus izmiriensis sp. nov. shares the same unusual form of leg 1 as Metacaligus yucatanensis Suarez-Morales,
Kim & Escamilla, 2012 and a second new species from Turkish coastal waters, which is described below as C.
sarosensis sp. nov. Detailed comparison of the two new species and M. yucatanensis is given below in the Remarks
section for C. sarosensis sp. nov. Another remarkable feature of C. izmiriensis sp. nov. is the presence of paired
flaps on the posteroventral surface of the genital complex of the female. Their function appears to be to partially
conceal and presumably protect the attached spermatophores which discharge their contents into the copulatory
pores of the female. As far as we can ascertain, these flaps are unique to C. izmiriensis sp. nov. within the genus.
Their absence from other caligid species that spend extended periods of time swimming free in the plankton away
from the host (i.e. species included in the Caligus undulatus-group) suggests that they are not associated with a more
planktonic life style.

The shape of the genital complex differs remarkably between the young female and the holotype female, and we
infer that this difference indicates that the holotype has undergone a post-mating metamorphosis, which is common
in female caligids (see Boxshall & Ozak 2022). In C. izmiriensis sp. nov. this metamorphosis involves a marked
change in the shape of the genital complex from having convex lateral margins with the maximum width about in
the middle to becoming subrectangular with parallel lateral margins, plus the development of distinct lobes at the
posterolateral corners. In the young female the posterolateral corners are slightly indented and the posterior margin
is v-shaped.

Mating in caligid copepods has been observed to take place on the surface of the host (Anstensrud 1992) but
mating behavior is currently unknown for the members of the Caligus undulatus-group. However, the presence
in the plankton of both young females carrying recently deposited spermatophores and adult females that are
postmetamorphic, suggests that the metamorphosis may take place away from any host in these planktonic forms.

Caligus sarosensis sp. nov.
LSIDurn:Isid:zoobank.org:act:C1548B11-522F-4D50-A2C0-0E6A65FAE685

Type material

Holotype adult female stored in collections of the Natural History Museum, London (Reg, No, NHMUK 2022.
200). Type Locality: Stn. SABSW1, Gulf of Saros, Tiirkiye (40°37'52.52"N 26°43'39.70"E): depth 60 m; date
20.02.2019.

Etymology: The species name refers to the Gulf of Saros (Canakkale, Tiirkiye) where the material was
collected.

Description

Adult female [Figs. 8—14]. Body (Figs. 8A, 9A) comprising cephalothorax, free fourth pedigerous somite, genital
complex, and 1-segmented abdomen. Total body length 2.06 mm including caudal rami. Dorsal cephalothoracic shield
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longer than wide, 1.06 x 0.77, narrowing anteriorly towards narrow frontal plate bearing pair of large lunules; lateral
margins convex, with broad hyaline membrane around lateral margins. Cephalothorax comprising approximately
half of total body length. Thoracic zone of shield about as long as wide, 0.56 x 0.63, forming large posterior sinuses
on either side; posterior margin extending beyond posterior end of lateral zones. Fourth pedigerous somite about 2.6
times wider than long (0.10 % 0.26). Genital complex (Figs. 8A, B, 9A) 0.54 x 0.38, subrectangular, with parallel
lateral margins and weakly lobate posterolateral corners, anterior part indented, forming folded narrow transition
between fourth pedigerous somite and genital complex; lateral indentation and partial surface suture present on
anteroventral surface of genital complex at about one third of complex length (Figs. 8B black arrows, 9B white
arrows). Two subrectangular flap-like processes on medioventral surface either side of median line (Figs. 8B, 9B, 9C
arrowheads) (SV-SARS), left and right processes subequal (41 x 74 um, 45 x 74 pm, respectively). Posteroventral
surface of genital complex swollen and produced into lobate posterolateral corners overlying oviduct openings (egg
sac attachment area) (Figs. 8C, 9D). Free abdomen 1-segmented, slender, 2.3 times longer than wide (0.32 x 0.14),
genital complex and abdomen fused laterally, abdomen with numerous overlapping cuticular folds anterolaterally
(Figs. 8C black arrows, 9D white arrows) (SV-SAR6): abdomen with paired swellings on anteroventral surface either
side of mid-line, inner margins of each swelling connecting to another digitiform cuticular medial swelling carrying
two tiny, triangular papilliform processes (Figs. 8C arrowheads, 9D arrowheads) (SV-SARG6), mid-anteroventral
surface ornamented with 2 sensilla (Figs. 8C long arrows, 9D long arrows) (SV-SAR6). Combined length of genital
complex and abdomen about 84% of length of cephalothorax. Caudal ramus (Figs. 8C, 9D) subrectangular, about
1.6 times longer than wide (0.08 x 0.05), bearing 6 plumose setae plus tuft of spinules along inner margin.

Antennule (Fig. 8D) 2-segmented; proximal segment about 1.7 times longer than slender distal segment;
proximal segment armed with 25 plumose setae anteroventrally near anterior margin plus 2 naked dorsal setae
(Fig. 8D arrowheads); slender distal segment carrying 1 subterminal seta on posterior margin and 11 terminal setae
plus 2 aesthetascs (Fig. 8D arrows). Antenna (Figs. 10A, 11A) 3-segmented; proximal segment without posterior
process; middle segment subrectangular; distal segment forming acutely curved claw, with minute distal seta on
outer margin at mid-length (Figs. 10A arrowhead, 11A arrowhead) plus proximal seta. Postantennal process (Figs.
10B, 11B) weakly curved, carrying accessory tine proximally (Fig. 11B arrowhead) plus two papillae on basal part,
each with 6 sensilla; similar papilla with 6 sensilla present on adjacent ventral surface. Maxillule (Figs. 10C, 11C)
comprising slightly curved dentiform posterior process, anterior papilla bearing 1 long and 2 small setae; posterior
part of dentiform process ornamented with narrow marginal flange bilaterally. Mouth tube (Fig. 10D) approximately
1.1 times longer than wide. Distal margins of labium and labrum fringed with hyaline membrane. Labrum with
submarginal row of minute denticles. Mandible (Fig. 10E) curved distally and bearing 12 inner teeth near apex.
Maxilla (Fig. 10F, 11D) 2-segmented, brachiform; proximal segment (lacertus) unarmed; distal segment (brachium)
armed with small subdistal outer hyaline membrane (flabellum) plus 2 elements at apex (short canna and long
calamus) (Fig 11E), canna with bilaterally serrated hyaline membrane, calamus longer than canna and ornamented
with spirally arranged strips of serrated membrane (Figs. 10F, 11E). Maxilliped (Figs. 10G, 11F) comprising large
proximal segment (corpus) and distal subchela representing fused endopodal segments plus curved terminal claw;
subchela armed with small seta at base of claw, tip of claw extending almost to middle of corpus; myxal area
smooth. Sternal furca (Fig. 10H) with short, straight, weakly divergent tines rounded at tip, tines with marginal
flanges.

Leg 1 (Fig. 12A) biramous, with 2-segmented exopod and lobate vestigial endopod carrying minute denticle at
apex (Fig. 12B). Sympod armed with lateral plumose seta and inner seta. First exopodal segment (Fig. 12A) bearing
small spine at outer distal corner but lacking row of setules along free posterior margin (Figs. 12A, 14A). Distal
exopodal segment (Figs. 12C, 14A) with 4 terminal elements (spines 1-3 and inner seta 4) on distal margin; spine 1
(outermost) shortest, middle 2 spines almost equal in length and each bearing single accessory process (Fig. 12C),
seta 4 (innermost) about 4 times longer than middle two spines 2 and 3 and slightly longer than segment; posterior
margin with three plumose setae (Fig. 14A), each distinctly longer than segment.

Leg 2 (Fig. 12D) biramous with 3-segmented rami. First exopodal segment with pinnate seta on inner margin
and long spine at outer distal corner reflexed obliquely back across surface of second exopodal segment; second
segment lacking outer spine, armed only with pinnate seta on inner margin (Figs. 12E, 14B): third exopodal segment
with 5 inner plumose setae plus 3 spines; proximal outer spine (smallest) naked and slender (Figs. 12E,F, 14B
arrow), middle spine with hyaline membrane bilaterally; terminal spine ornamented with hyaline membrane along
outer margin and row of setules along inner margin (Figs. 12E, F, 14B). First endopodal segment armed with inner
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plumose seta; second endopodal segment armed with 2 inner plumose setae and ornamented with rows of setules
along outer and inner margins; third segment with 6 plumose setae and bearing tuft of setules proximal to outermost
seta (Fig. 12G).
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FIGURE 8. Caligus sarosensis sp. nov. Adult female. A. Habitus dorsal; B. Genitoabdomen (ventral) with partial surface suture
on anteroventral surface of genital complex (arrows) and two subrectangular flap like processes (arrowheads); C. Abdomen
(ventral) with overlapping cuticular folds (arrows) on anterolateral parts and digitiform cuticular medial swelling carrying two
tiny triangular papilliform processes (arrowheads) plus 2 sensillae (long arrows) on mid-anteroventral surface; D. Antennule
with 2 naked dorsal setae (arrowheads) on proximal segment and 2 aesthetascs (arrows) on distal segment.
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FIGURE 9. Caligus sarosensis sp. nov. Adult female. Drishti applied confocal laser scanning microscope images (CLSM-D).
A. Habitus dorsal; B. Habitus ventral; C. Two subrectangular flap like processes (arrowheads) on either side of the medioventral
surface of genital complex (arrowheads); D. Abdomen (ventral) with overlapping cuticular folds (white arrows) on anterolateral
parts, digitiform cuticular medial swelling carrying two tiny triangular papilliform processes (arrowheads) and 2 sensillae (long

black arrows) on mid-anteroventral surface.
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FIGURE 10. Caligus sarosensis sp. nov. Adult female. A. Antenna, minute distal seta (arrowhead) on outer margin at mid-

length of terminal claw; B. Postantennal process; C. Maxillule; D. Mouth cone; E. Mandible; F. Maxilla; G. Maxilliped; H.
Sternal furca and intercoxal sclerite of leg 1.
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FIGURE 11. Caligus sarosensis sp. nov. Adult female. Drishti applied confocal laser scanning microscope images (CLSM-D).
A. Antenna, minute distal seta (black arrowhead) on outer margin at mid-length of terminal claw; B. Postantennal process with
accessory tine at base (white arrowhead); C. Maxillule; D. Maxilla; E. Distal segment of maxilla with spirally arranged strips of
serrated membrane on calamus and bilaterally serrated membrane on canna; F. Maxilliped.
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FIGURE 12. Caligus sarosensis sp. nov. Adult female. A. Leg 1 ; B. Endopod; C. Terminal elements on distal segment of leg
1; D. Leg 2; E. Exopod of leg 2; F. Proximal outer spine on third exopodal segment of leg 2; G. Endopod of leg 2.
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FIGURE 13. Caligus sarosensis sp. nov. Adult female. A. Leg 3; B. Outer spines on third exopodal segment of leg 3; C. Leg
4; D. Exopodal spines on leg 4; E. Leg 5.
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FIGURE 14. Caligus sarosensis sp. nov. Adult female. Drishti applied confocal laser scanning microscope images (CLSM-D).

A. Distal segment of leg 1; B. Exopod of leg 2, proximal outer spine on third exopodal segment arrowed; C. Leg 4 exopodal
spines surrounded with serrated hyaline membrane.
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Leg 3 (Fig. 13A) with narrow intercoxal sclerite, coxa and basis fused into flattened apron-like protopod
ornamented with extended strips of hyaline membrane along lateral and posterior margins. Inner coxal seta and
outer basal seta both pinnate. Exopod 3-segmented, first segment with outer spine extending beyond middle of
second segment, orientated parallel with longitudinal axis of ramus, base of spine with pecten-like strip of with
hyaline membrane; second segment with outer spine and inner plumose seta, plus setules along outer margin; third
segment with outer row of setules and 3 outer spines (Fig. 13B) (first and second spines almost equal in length, third
spine slightly shorter than first 2) plus 4 pinnate setae (Fig. 13A). Endopod (Fig. 13A) 2-segmented; first segment
armed with long, inner pinnate seta and forming flap-like velum extending to base of exopod, ornamented with row
of fine setules along free posterior margin; second segment bearing 6 pinnate setae and bearing row of long setules
along outer margin.

Leg 4 (Fig. 13C) uniramous. Protopodal segment with outer seta derived from basis. Exopod 2-segmented; first
segment armed with long slender, bilaterally flanged, outer distal spine; compound distal segment with 1 lateral
spine and 3 apical spines along oblique distal margin; inner apical spine longest. Inner and middle apical spines each
with pecten at base (Figs. 13D, 14C). Armature of rami of legs 1-4 as follows (Roman numerals indicating spines
and Arabic numerals indicating setae).

Exopod Endopod
Leg 1 1-0; IIL,1,3 vestigial
Leg?2 I-1;0-1; 1L, 1, 5 0-1;0-2;6
Leg3 1-0; I-1; 111, 4 0-1;6
Leg4 I-0; I, IIT absent

Leg 5 (Fig. 13E) located on posterolateral ventral surface of genital complex and represented by 2 small papillae;
outer (protopodal) papilla with single long pinnate seta; inner (exopodal) papilla carrying 2 shorter unequal pinnate
setae; sensilla located on surface close to inner papilla.

Remarks

The new species, C. sarosensis sp. nov. exhibits numerous detailed similarities in the structure and setation of legs
1 to 4 with C. izmiriensis sp. nov. (described above) and Metacaligus yucatanensis is very similar to both new
species, having an unusual leg 1 with a rounded distal margin on the second exopodal segment and spines 1 to 3 are
small and clustered close to the base of seta 4. In addition, spines 2 and 3 each bear an accessory process and seta
4 is longer than the segment. This configuration differs from that of M. yucatanensis only in the lack of accessory
processes on spines 2 and 3, which are absent according to Suarez-Morales ef al. (2012b).

In C. izmiriensis sp. nov. the second exopodal segment of leg 2 carries a tiny vestige of an outer margin spine
but both C .sarosensis sp. nov. and M. yucatanensis lack any vestige of this spine. The loss of this spine is an
extremely rare character state in Caligus. In leg 3 of C. izmiriensis sp. nov. the gap between the rami is smaller than
in the other two species, so the velum is not quite so broad, but all three share an elongate second exopodal segment
and the outer spine on the first exopodal segment is straight and reaches only about two thirds of the distance along
the second segment. There is also a pecten-like, rounded strip of hyaline membrane positioned across the base
of the outer spine on the first exopodal segment in all these species. The segmentation and armature of leg 4 is
similar in these three species and all have the same arrangement of pectens. Despite these detailed similarities, these
species can be readily distinguished by the sternal furca: in C. izmiriensis sp. nov. the sternal furca has long, closely
adpressed tines, compared with short, widely separated tines in C. sarosensis sp. nov., and by the complete absence
of the sternal furca in M. yucatanensis.

The paired cephalothoracic appendages of the two new species are rather generic and lack any distinctive
characteristics. However, the sensory papillae associated with the postantennal process are multisensillate in both
species and the presence of 6 or 7 sensilla per papilla is unusually high as there are rarely more than 4 in the great
majority of Caligus species where the number is known. The presence of an accessory tine on the postantennal
process of C sarosensis sp. nov., serves to distinguish it from C. izmiriensis sp. nov. which lacks such an accessory
tine.
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The new species from the Gulf of Saros exhibits a slender dorsal cephalothoracic shield which narrows
anteriorly towards the frontal plate which bears the paired lunules, and the lateral margins of the shield are provided
with unusually broad marginal membrane. This general morphotype is typical of so-called “planktonic” caligids,
such as Caligus undulatus Shen & Li, 1959. Ohtsuka et al. (2020) listed the narrow frontal plate as a diagnostic
characteristic of their newly proposed Caligus undulatus-group of species which comprised five, possibly six,
species, each of which had originally been described from plankton samples rather than from material obtained from
a host fish. As defined by Ohtsuka et al. (2020), the C. undulatus-group is characterized by: 1), leg 4 is 3-segmented
with IV spines on compound distal exopodal segment; 2), three plumose setae are present on posterior margin of
second exopodal segment of leg 1; 3), outer spines on distal exopodal segment of leg 2 are small or reduced; 4),
antenna with weak or well-developed process on proximal segment; 5), body with relatively narrow frontal plate;
6), female genital complex longer than wide, sometimes with outer margin undulated; and 7), male urosome slender,
with 2-segmented abdomen. In addition to C. undulatus, Ohtsuka et al. (2020) included in this species group C.
evelynae Suarez-Morales, Camisotti & Martin, 2012, C. longiramus Venmathi Maran, Ohtsuka & Jitchum, 2012,
C. ogawai Venmathi Maran, Ohtsuka & Shang, 2012, C. tripedalis Heegaard, 1972, and possibly C. hyalinae
Heegaard, 1966. Subsequently, Boxshall & Bernot (2023) considered that C. syalinae should be treated as a junior
subjective synonym of C. chelifer Wilson, 1905, and they confirmed that this species does also belong in the C.
undulatus-group. Both new species share C. undulatus-group characteristics 1, 2,4, 5, and 6. Caligus izmiriensis sp.
nov. also shares character 7 but the male (and, therefore, the state of characteristic 7) is unknown in C. sarosensis
sp. nov. Characteristic 4 is not robust since it incorporates the two extremes (and presumably all states in between)
of a well-developed process on the proximal segment of the antenna versus proximal process lacking. Characteristic
3 is also variably expressed within the species group, ranging from minute in C. ogawai (Venmathi Maran et al.
2012a), via slender and setiform in C. evelynae (Suarez-Morales et al. 2012a), to about the same size as the distal
outer spine in C. longiramus (Venmathi Maran et al. 2012b). In C. sarosensis sp. nov. the proximal outer spine on
the distal exopodal segment of leg 2 is minute and in C. izmiriensis sp. nov. it is small.

Caligus izmiriensis sp. nov. and C. sarosensis sp. nov. both exhibit the same general morphotype as members
of the C. undulatus-group, especially the narrow frontal plate and the broad marginal membrane around the dorsal
cephalothoracic shield. We propose to place them in the C. undulatus- group together with C. undulatus, C. evelynae,
C. longiramus, C. ogawai, C. tripedalis and C. chelifer. Interestingly Metacaligus yucatanensis also shares C.
undulatus-group characteristics 1, 2, 4, 5, 6 and 7. Regarding characteristic 3, the proximal outer spine on exopodal
segment 3 of leg 2 in M. yucatanensis is long although extremely slender and setiform in appearance (Suarez-
Morales et al. 2012b), somewhat like that of C. evelynae. Despite this impressive array of shared character states,
the two new species can be readily distinguished from M. yucatanensis by the presence of a sternal furca in both
new species. All species currently placed in Metacaligus lack a sternal furca (Dojiri & Ho 2013; Suarez-Morales et
al. 2012b) and the presence of a sternal furca prevents the placement of the new species in Metacaligus. However,
in view of the close similarity between the new species and M. yucatanensis, it is necessary to review the validity of
Metacaligus as a generic level taxon.

Validity of Metacaligus Thomsen 1949

Metacaligus was originally established by Thomsen (1949) as a subgenus of Caligus in order to accommodate a
new species, Caligus (Metacaligus) uruguayensis Thomsen, 1949, which was based on material collected from
Trichiurus lepturus (Linnaeus, 1758) caught in the estuary of the Rio de la Plata, Uruguay. His species lacked a
sternal furca and Thomsen (1949) transferred three other species, Caligus rufus Wilson, 1908, C. afurcatus Wilson,
1913 and C. enormis Wilson, 1913, into his new subgenus because they apparently shared the lack of a sternal
furca. Ho & Bashirullah (1977) proposed to raise Metacaligus to generic status and, in addition to the type species
M. uruguayensis (Thomsen, 1949), they included two other species in the genus, M. rufus (Wilson, 1908) and M.
hilsae (Shen, 1957). Metacaligus rufus was collected from an ariid catfish, Bagre marinus (Mitchill, 1815) (Wilson,
1908) and M. hilsae from a dorosomatid clupeiform host, Tenualosa reevesii (Richardson, 1846) (as Hilsa reevesii).
After re-examination of the type material of Caligus afurcatus and C. enormis, Ho & Bashirullah (1977) excluded
both species from Metacaligus even though the sternal furca is absent, because they lacked the “Metacaligus type”
of'leg 1 (with a large spine 1 and progressively smaller spines 2 and 3 (both lacking an accessory process), a long
seta 4, plus 3 reduced plumose setae along the posterior margin of the distal exopodal segment). In C. afurcatus

TWO NEW SPECIES OF PLANKTONIC CALIGUS FROM TURKIYE Zootaxa 5437 (3) © 2024 Magnolia Press - 325



spine 1 is minute and spines 2 and 3 each have an accessory process, and in C. enormis spine 1 is apparently absent
and spines 2 and 3 each have an accessory process. Boxshall & El-Rashidy (2009) placed the latter species in the
Caligus productus-species group due to the loss of 2 plumose setae and the reduction of the third from the posterior
margin of the same segment.

Pillai (1985) recognized that Caligus hilsae Shen, 1957 was a junior synonym of Caligus unguidentatus
Rangnekar & Murti, 1950 but placed this species in Caligus due to Thomsen’s proposal of a new subgenus having
“apparently failed to get accepted”. Caligus unguidentatus was transferred to Metacaligus by Ho & Lin (2002) who
considered it to be a valid genus, and they added a fourth species, M. latus Ho & Lin, 2002, taken from the same host
species, Trichiurus lepturus, as the type species. Hayes et al. (2012) recognized that Caligus trichiuri Kreyer, 1863,
originally reported from the same host (as Trichiurus haumala), was a senior synonym of Metacaligus uruguayensis
and transferred it as Metacaligus trichiuri (Kroyer, 1863). Finally, Suarez-Morales et al. (2012b) added another
species, M. yucatanensis, found in the plankton in a coastal lagoon in the Gulf of Mexico. In their analysis of the
systematics of caligid genera, Dojiri & Ho (2013) treated Metacaligus as a valid genus and noted four diagnostic
character states the combination of which could be used to separate this genus from Caligus, namely: 1, the lack
of a sternal furca; 2, the lack of accessory processes on spines 2 and 3 on the distal margin of the second exopodal
segment of leg 1; 3, the 3 plumose setae on the posterior margin of the same segment are short (i.e. shorter than the
segment); and 4, there is only 1 outer spine on the third exopodal segment of leg 2. As pointed out by Dojiri & Ho
(2013), all these character states can be found individually in particular species of Caligus, but the full combination
is found only in species of Metacaligus. [The description of M. yucatanensis only appeared in 2012, presumably
after Dojiri & Ho (2013)’s analysis of caligid systematics had gone to press, and therefore, this species was not
included in their discussion. ]

Metacaligus, as currently constituted, is heterogeneous: M. yucatanensis shares characters 1 and 2 of Dojiri &
Ho (2013) but the plumose setae on the exopod of leg 1 (character 3) are long, and it retains 2 outer spines on the
third exopodal segment of leg 2 (character 4). The four other Metacaligus species share additional character states,
including the lack of a posterior process on the proximal segment of the female antenna and the major reduction or
loss of the tine of the postantennal process. However, these two character states are widespread within Caligus and
are shared with members of the C. diaphanus-group, which is also characterized by the lack of accessory processes
on spines 2 and 3 on the distal margin of the second exopodal segment of leg 1 (Boxshall 2018), another Metacaligus
characteristic regarded as diagnostic by Dojiri & Ho (2013). Based on the numerous detailed similarities between
Metacaligus yucatanensis and the two new species Caligus described here, we propose to transfer Metacaligus
yucatanensis Suarez-Morales, Kim & Escamilla, 2012, to Caligus as C. yucatanensis (Suarez-Morales, Kim &
Escamilla, 2012) comb. nov. We recognize C. yucatanensis as a member of the C. undulatus-group.

The characters listed by Dojiri & Ho (2013) as supporting the recognition of Metacaligus as a valid genus are
not robust. The loss of the sternal furca has occurred at least three times independently within the genus Caligus:
in C. enormis (a member of the C. productus-group), in C. yucatanensis (C. undulatus-group), and in C. afurcatus.
The reduced length of the 3 plumose setae on the posterior margin of the distal exopodal segment of leg 1 is typical
of members of the C. confusus-group and is also found in some other species such as C. pauliani Nufies-Ruivo &
Fourmanoir, 1956, a member of the C. bonito-group (as C. biseriodentatus Shen, 1957). The absence of accessory
processes from spines 2 and 3 on the distal exopodal segment of leg 1 is found in members of the C. diaphanus-
group and in numerous other Caligus species. The loss of the proximal outer spine of the third exopodal segment
of leg 2 is rare in Caligus, however, it is lacking in C. chinglonglini Ohtsuka & Boxshall, 2019 and is reduced in
size in members of the C. pseudorhombi-group and C. undulatus-group (Ohtsuka ef al. 2020; Ohtsuka & Boxshall
2019; present account). In the light of this, we consider the case for maintaining Metacaligus as a separate genus is
extremely weak and we therefore propose to treat Metacaligus Thomsen, 1949 as a synonym of Caligus O.F. Miiller,
1785. We also propose to transfer its species to Caligus: Metacaligus trichiuri, M. rufus, and M. unguidentatus all
return to their original combinations as Caligus trichiuri, Caligus rufus, and Caligus unguidentatus, respectively.
Transferring Metacaligus latus would create a secondary homonym of Caligus latus Byrnes, 1987, so we propose
a replacement name Caligus cultellus nom. nov. So, Metacaligus latus Ho & Lin, 2002 becomes Caligus cultellus
nom. nov., with the new name derived from the Latin cultellus which is the root of the English word cutlass,
referring to the cutlass fish host (Trichiurus lepturus) of this species.

Excluding Caligus yucatanensis (Suarez-Morales, Kim & Escamilla, 2012) comb. nov., which is a member
of the C. undulatus-group, this cluster of the remaining four species formerly placed in Metacaligus represents a
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new species group, the Caligus trichiuri-group, characterized by the following combination of character states:
the lack of a posterior process on the proximal segment of the female antenna; the reduction or loss of the tine of
the postantennal process; the lack of a sternal furca; the lack of accessory processes on spines 2 and 3 on the distal
margin of the second exopodal segment of leg 1; the small size of the 3 plumose setae on the posterior margin of
the same segment (i.e. they are shorter than the segment); the presence of only 1 outer spine on the third exopodal
segment of leg 2; leg 4 is 3-segmented with a 2-segmented exopod armed with I, IV spines. The C. trichiuri-group
shares several of these character states with the C. diaphanus-group but can readily be distinguished by the state of
leg 4, which is 4-segmented with a 3-segmented exopod armed with I, I, III spines in the latter group.

Key to species of Caligus trichiuri-group (females only)

1. Abdomen 1-segmented, shorter than genital complex. . ... ... ... 2
- Abdomen 2-segmented, longer than genital complex . .......... ... ... i C. unguidentatus
2. Genital complex wider than long, with convex lateral margins. . . ......... ... ... . ... ... .... C. cultellus nom. nov.
- Genital complex longer than wide, with more-or-less parallel lateral margins . . ........... ... .. ... ... ... ... ... 3
3. Genital complex large, almost as long as cephalothorax . . ... ... ... i C. trichiuri

Genital complex small, less than half length of cephalothorax . ........ ... ... .. .. .. . ... ... . ... . .. ... C. rufus

Updated key to species of Caligus undulatus-group (females only)

1. Distal segment of antennule short (less than 2.5 times length of proximal segment) .. .......... ... . ... ... ........ 2
- Distal segment of antennule elongate (about 2.5 times length of proximal segment) . ...................... C. longiramus
2. Sternal fUrca PrESENL. . . . .. ..ot e e e e e e e 3
- Sternal furca absent . .. ... . C. yucatanensis comb. nov.
3. Genital complex at least 3 times longer than abdomen .. ... ... ... ... .. . ... . C. evelynae
- Genital complex less than 3 times longer than abdomen. . . ... ... .. . 4
4. Postantennal process with accessory tine on base part. . . ...t C. sarosensis sp. nov.
- Postantennal process simple, lacking accessory tine . . .. ...ttt e 5
5. Sternal furca with tines closely adpressed along midline. . ............ ... ... ... ... .. ... . ... C. izmiriensis Sp. nov.
- Tines of sternal furca clearly separated .. .. .. .. ... ... e 6
6. Abdomen distinctly 2-segmented and about as long as genital complex. . ........... ... ... . .. ... C. chelifer
- Abdomen 1-segmented and shorter than genital complex . ...... ... .. i 7
7. Abdomen more than 2 times longer than wide. .. ... ... .. . C. undulatus
- Abdomen less than 2 times longer than Wide. . .. ... ... . e 8
8. Dorsal cephalothoracic shield subtriangular, with straight lateral margins . .. .. .......... ... .. ... ... .... C. tripedalis
- Dorsal cephalothoracic shield rounded, with evenly convex lateral margins .............. ... ... ... ....... C. ogawai
Discussion

The two new species, C. izmiriensis sp. nov. and C. sarosensis sp. nov., have a slender dorsal cephalothoracic
shield which narrows anteriorly towards the frontal plate bearing the lunules and they share this shape with most
of the other members of the C. undulatus-group, namely: C. chelifer (Figs. 15A-B), C. evelynae (Figs. 15C-D), C.
longiramus (Fig. 15E), C. tripedalis (Fig. H-1), C. undulatus (Figs. 15J-K), and C. yucatanensis comb. nov. (Figs.
15L; 16A). Where both sexes are known, both exhibit the same distinctive shape. Only C. ogawai (Figs. 15F-G)
has a more rounded dorsal cephalothoracic shield as found in most of the other species of Caligus reported as
free-swimming in the plankton, such as C. aduncus (Fig. 16B), C. chinglonglini (Fig. 16C), and C. quadrigenitalis
(Fig. 16D) which are currently known only from the plankton, having never been recorded from a host. There are,
however, a few species such as C. rufus (Figs. 16E-F) and C. planktonis (Fig. 16G) appear somewhat intermediate
in cephalothoracic shape and there is a wide range of shapes exhibited although C. undulatus-group species tend
to cluster at the narrow end of that shape spectrum. The three species of Lepeophtheirus reported from plankton
samples, L. alvaroi Suarez-Morales & Gasca, 2012 (Fig. 16H), L. parviventris Wilson, 1905 (Figs. 161-J) and L.
semicossyphi Yamaguti, 1939 (Figs. 16K-L), also have a rounded dorsal cephalothoracic shield, as in the majority
of the Caligus species. We infer that the narrower tapering shape of the C. undulatus-group species is linked to the
extended periods they spend swimming up in water column.
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FIGURE 15. A-B. Caligus chelifer Wilson C.B., 1905 (female; male); C-D. Caligus evelynae Suarez-Morales, Camisotti &
Martin, 2012 (female; male); E. Caligus longiramus Venmathi Maran, Ohtsuka & Jitchum, 2012 (female); F-G. Caligus ogawai
Venmathi Maran, Ohtsuka & Shang, 2012 (female; male); H-1. Caligus tripedalis Heegaard, 1972 (female; male); J-K. Caligus
undulatus Shen & Li, 1959 (female; male); L. Caligus yucatanensis nov. comb. (Sudrez-Morales, Kim [.H. & Escamilla, 2012)
(female).

Reduction in the size or number of setation elements along the outer margin of the exopod of leg 2 occurs in the
C. undulatus-group, the C. pseudorhombi-group and the newly proposed C. trichiuri-group. Within the genus, the
complete absence of the outer margin spine from exopodal segment 2 is reported only in C. yucatanesis comb. nov.
and C. sarosensis sp. nov., but this spine is reduced to a tiny vestige in C. izmiriensis sp. nov. This marked reduction
or loss appears to be a robust synapomorphy linking these three species, and they are here placed together in the C.
undulatus-group. The same spine is also reduced in size in C. cultellus nom. nov. but it retains an ornamentation of
bilateral marginal membranes (see Ho & Lin 2004, as Metacaligus latus).

The reduction and loss of the proximal outer spine on the third exopodal segment of leg 2 is a character state
exhibited in representatives of all three of these species groups. In C. sarosensis sp. nov. this proximal spine is
reduced to a tiny vestige, but in both C. izmiriensis sp. nov. and C. yucatanensis it is slender but well developed. In
species of the C. pseudorhombi-group this spine and the distal outer margin spine are both generally reduced and in
one species, C. chinglonglini, the proximal spine appears to be absent but is perhaps represented by a minute knob-
like process on the margin of the segment (Ohtsuka & Boxshall 2019). In species of the C. trichiuri-group this spine
is absent. We infer that the reduction and loss of the outer margin setation elements on leg 2 is a convergent trend
within Caligus.
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FIGURE 16. A. Caligus yucatanensis nov. comb. (Suarez-Morales, Kim [.H. & Escamilla, 2012) (male); B. Caligus aduncus
Shen & Li, 1959 (female); C. Caligus chinglonglini Ohtsuka & Boxshall, 2019 (male); D. Caligus quadrigenitalis Venmathi
Maran, Ohtsuka & Shang, 2012 (female); E-F. Caligus rufus (Wilson C.B., 1908) (female; male); G. Caligus planktonis Pillai
N.K., 1979 (female); H. Lepeophtheirus alvaroi Suarez-Morales & Gasca, 2012 (female); [-J. Lepeophtheirus parviventris
Wilson C.B., 1905 (female; male); K-L. Lepeophtheirus semicossyphi Yamaguti, 1939 (female; male).

A surprising diversity of caligid species has been recorded swimming free up in the water column. At least
40 species of Caligus have been reported from the plankton (Table 1). These represent six of the eight currently
recognized species groups within the genus, but the list also includes several that have not yet been assigned to a
species group. This behavior may be more widespread than currently appreciated. Caligids have also been reported
free-swimming in artificial situations such as aquaria (e.g. Caligus calotomi) (see Shiino 1954). Experimental
laboratory studies on Lepeophtheirus salmonis (Kroyer 1837) have demonstrated significant levels of inter-host
transfer (Hull et a/. 1998) and that adult males of L. salmonis transferred more often than adult females. Males are
also recorded more frequently from the plankton than females, with 26 (39%) of the individual reports in Table 1
based on the presence of males only, 22 (33%) on males and females, and only 16 (24%) on females only. Two (3%)
of the records did not specify the sex of the specimens. Boxshall & Ozak (2022) inferred that the more frequent
presence of adult males in the plankton was likely linked to their more active role in mate location. Lee et al. (2022)
reported seven species of Caligus taken in light traps deployed in shallow coastal waters around the coast of South
Korea but these are not included in Table 1 because it seems possible that these caligids may have left the host in
response to the light source stimulus and that they may not swim freely in the water column as part of their normal
behavior.
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SUPPLEMENTARY VIDEO LEGENDS

SV-1ZM1. Caligus izmiriensis sp. nov. Drishti applied 3D-CLSM video of female sternal furca SV-1ZM2. Caligus
izmiriensis sp. nov. Drishti applied 3D-CLSM video of female leg 2 exopod SV-1ZM3. Caligus izmiriensis sp. nov.
Drishti applied 3D-CLSM video of male antenna

SV-1ZM4. Caligus izmiriensis sp. nov. Drishti applied 3D-CLSM video of male maxilliped

SV-SARS. Caligus sarosensis sp. nov. Drishti applied 3D-CLSM video of female genital complex (ventral)

SV-SARG6. Caligus sarosensis sp. nov. Drishti applied 3D-CLSM video of female abdomen (ventral)
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