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Abstract

A parasitological survey of fishes from two tributaries (Veados and Paranapananema Rivers) of the Jurumirim Reservoir,
Upper Paranapanema River, Sdo Paulo State, Brazil, was carried out a during a sampling survey in 2011 and 2012. Several
ectoparasitic copepods were found inside the nostrils of the freshwater anostomid fish, Schizodon intermedius Garavello
& Britski, 1990. The morphological analysis of the copepod specimens indicated that they represent two species of
the ergasilid genus Gamispatulus Thatcher & Boeger, 1984: Gamispatulus schizodontis Thatcher & Boeger, 1984 (type
species) and an undescribed species, Gamispatulus ferrilongus n. sp., which are described herein. The present specimens
of G. schizodontis agree in several respects with its original description; however, some differences were found regarding
the morphology of mouthparts and the ornamentation of legs and antennules. These differences were not sufficient to
propose a new species for this genus. However, it could indicate the need for reassessment of the type material to have a
more complete representation of this species. Gamispatulus ferrilongus n. sp. shares several similarities with its congener
G. schizodontis but the new species can be readily distinguished from its congener in having a unique combination of
diagnostic features including: a long rostral spine with tip extending up to half of cephalothorax, simple retrostylets
(lacking adjacent spatulate processes), and dorsal surface of genital double-somite with 2 rounded processes (anterior and
posterior) on both lateral margins. A host-parasite list for all vaigamid genera and species is included.
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Introduction

Species of Crustacea present wide-ranging morphological variation, being considered even higher than other mega-
diverse groups such as insects (Martin & Davis 2001). This morphological diversity provides crustaceans to occur
in a wide variety of habitats, ranging from pools of glacial meltwaters to hypersaline lakes (Boxshall & Defaye
2008), and exhibit different lifestyles, from planktonic to parasitic (Tavares-Dias et al. 2015). The parasitism arose
independently several times in the evolutionary history of crustaceans which provided this group with different
parasitic life strategies, including groups with a single parasitic phase, e. g. post-mated adult females in Ergasilidae,
to other groups where only eggs leave their hosts’ body, as in several species of Pentastomida (Williams & Bunkley-
Williams 2019).

In freshwater, three groups of parasitic crustaceans, Branchiura, Copepoda, and Isopoda, stand out due to their
importance and diversity (Tavares-Dias et al. 2015). These three groups represent a great part of the parasitic crus-
tacean fauna, especially in the Neotropical region, and have great relevance due to the impact that some species
have on natural and cultivated fish populations (Eiras et al. 2010; Pavanelli et al. 2013). Among fish diseases those
caused by copepods of the family Ergasilidae stand out. These small copepods, especially in massive infections, can
cause significant mortality of their fish hosts (Piasecki et al. 2004; Pavanelli et al. 2008).

Ergasilidae is one of the largest families of parasitic copepods of the order Cyclopoida. Currently, this family
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comprises about 262 species in 30 valid genera (Narciso et al. 2019), which include representatives in all continents
except the Antarctic (Boxshall & Defaye 2008). In Brazil, Ergasilidae represents the largest family of parasitic crus-
taceans with about 60 species from 17 genera (Luque et al. 2013; Marques et al. 2015).

Most ergasilids are found attached to the gills of their fish hosts, but some species are also found in nostrils.
Currently, eight ergasilid genera have one or more species that parasitize the fish nostrils in Brazil: Brasergasilus
Thatcher & Boeger, 1983; Ergasilus von Nordmann, 1832; Gamidactylus Thatcher & Boeger, 1984; Gamispatulus
Thatcher & Boeger, 1984; Gamispinus Thatcher & Boeger, 1984; Rhinergasilus Boeger & Thatcher, 1984; Thero-
damas Krayer, 1863; and Vaigamus Thatcher & Robertson, 1984 (Varella et al. 2019). Gamidactylus, Gamispatulus,
Gamispinus, Vaigamus, together with Pseudovaigamus Amado, Ho & Rocha, 1995, compose the closely related
subgroup within the Ergasilidae known as “vaigamids”. Species from this subgroup are among the most commonly
recorded species from fish nostrils in Brazil, and are characterized by the following diagnostic features: rostrum
with rostral spine, antenna armed with 2 claws (middle and inner claw), and cephalothorax armed with a pair of
dorsolateral stylets (retrostylets) (Amado et al. 1995). Except for Gamidactylus, all other vaigamid genera are still
monotypic.

During a parasitological survey of fishes from two tributaries (Veados and Paranapanema Rivers) of the Juru-
mirim Reservoir, Upper Paranapanema River, Sdo Paulo State, Brazil, we detected several ectoparasitic ergasilids
parasitizing the nostrils of the anastomid teleost Schizodon intermedius Garavello & Britski, 1990. A morphological
analysis of these specimens indicated that they represent two ergasilid species, Gamidactylus schizodontis Thatcher
& Boeger, 1984, whose description is expanded, and an undescribed species, Gamispatulus ferrilongus n. sp.,
which is herein described based on female specimens.

Material and Methods

Specimens of S. intermedius were collected during a sampling survey in 2011 and 2012 from two tributaries of
the Jurumirim Reservoir, as follow: (1) Paranapenema River, Jurumirim Reservoir (23°29°16.54” S, 48°37°12.88”
W), municipality of Angatuba, Sdo Paulo State, Brazil; and (2) Veados River, Jurumirim Reservoir (23°16°2.49”
S, 48°38°15.72” W), municipality of Itatinga, Sdo Paulo State, Brazil. Fish collections were authorized by the De-
partment of Fisheries Development and Inspection (license #SP/538/88), and all procedures followed the recom-
mendations of the Ethical Commission for Animal Experimentation from the Sdo Paulo State University (Unesp),
Institute of Biosciences, Botucatu, Brazil (protocol #120-CEEA). Fish were collected using multi-panel gill nets
(3-14 cm mesh) soaked for 14 h. Each specimen was individually stored in plastic bags and placed in a freezer be-
fore necropsy. The nostrils and branchial arches of each fish were sectioned and then flushed with distilled water.
Wash contents were collected in Petri dishes and examined for copepods using a stereomicroscope. Copepod found
were stored in 70% ethanol, cleared in lactic acid, and then mounted in Hoyer’s medium. Whenever necessary, some
specimens were dissected in glycerol medium and then each part was mounted on individual slides. Coverslips were
sealed with transparent nail varnish.

TABLE 1. Abbreviations of body parts and segments used throughout the text to describe copepods.

Abbreviation Meaning
Ae asthetascs
AS-1(2,3) To indicate the first (second, third) abdominal somite
PS-1 (2-5) To indicate the first (second to fifth) pedigerous somite
P1 (2-5) To indicate the first (second to fifth) leg
enp Endopod
exp Exopod
enp-1 (2, 3) To indicate the first (second, third) endopodal segment
exp-1(2,3) To indicate the first (second, third) exopodal segment

Morphological analyses and measurements of whole/dissected copepods were made using a microscope with
differential interference contrast optics (Leica DMLB 5000, Leica Microsystems). Drawings were made with aid of
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a microscope (LeicaDMLS, Leica Microsystems, Wetzlar, Germany) equipped with a drawing tube. All measure-
ments are in micrometres (um) and presented as the range followed by the mean in parenthesis. Morphological
nomenclature followed Boxshall & Monta (1997) and Boxshall & Halsey (2004), also used to identify copepod
specimens to family and genus level. Abbreviations used throughout the description text to refer the structures and
segments described are shown in Table 1. The nomenclature used for the antennary segmentation assumed that: the
ergasilid antenna is 4-segmented (comprising coxobasis and three endopodal segments) and the claw is an armature
element derived from the third endopodal segment (El-Rashidy & Boxshall 1999). Ecological descriptors such as
prevalence, mean abundance, and intensity were calculated following Bush et al. (1997).

Type specimens (holotype and paratypes) were deposited in the Invertebrate Collection of the Instituto Nacional
de Pesquisas da Amazonia (INPA), municipality of Manaus, Amazonas State, Brazil.

Taxonomy

Order Cyclopoida Burmeister, 1834

Family Ergasilidae Burmeister, 1835

Genus Gamispatulus Thatcher & Boeger, 1984

Gamispatulus schizodontis Thatcher & Boeger, 1984
(Figs. 1-4)

Host. Schizodon intermedius Garavello & Britski, 1990 (Anostomidae)

Locality. Veados River, Jurumirim Reservoir, Upper Paranapanema River (23° 16'2.49" S, 48° 38'15.72" W),
municipality of Itatinga, Sdo Paulo State, Brazil.

Additional locality. Paranapenema River, Jurumirim Reservoir, Upper Paranapanema River (23° 29'16.54" S,
48°37'12.88" W), municipality of Angatuba, Sao Paulo State, Brazil.

Site in host. Nostrils.

Specimens deposited. INPA 2526 to INPA 2529 (12 adult females) deposited in the Invertebrate Collection of
the Instituto Nacional de Pesquisas da Amazonia (INPA), municipality of Manaus, Amazonas State, Brazil.

Prevalence and mean intensity in nostrils: 21 infect hosts in 28 analyzed fish (or 75%) and 17 £ 4,5 copepods
per infected fish.

Prevalence and mean intensity on the gill filaments. None of the 28 analyzed fish.

Description of adult female. Based on 12 female specimens, no males observed. Body cyclopiform (Fig. 1A),
comprising prosome, urosome, and caudal rami; prosome consisting of cephalosome and PS-1; PS-1 fused to cepha-
losome; and 3 free pedigerous somites (PS-2 to PS-4). Cephalothorax tapering anteriorly (Fig. 1A), maximum width
at level of retrostylets tip (Table 2), dorsal eyespot, rostrum well-developed and protruded anteriorly, dorsal surface
ornamented with bristles laterally, with paired dorsolateral stylets (= retrostylets) (Fig. 1B). Rostrum ornamented
with paired bristles anteriorly, armed with rostral spine (Fig. 1D); rostral spine tapering posteriorly, extending up
to one-third of cephalothorax length, with rounded tip (Fig. 1D). Retrostylets double (Fig. 1B) bearing medial
spatulate processes, ornamented with bristles laterally; stylet curved, with acute tip; spatulate process rounded
posteriorly. Free pedigerous somites decreasing gradually in width from anterior to posterior (Fig. 1A); PS-2 nar-
rower than PS-1, with paired integumental windows laterally on tergite (Fig. 1C); PS-3 and PS-4, both lacking such
integumental windows (Fig. 1A).

Urosome consisting of PS-5, genital double-somite, and 3 free abdominal somites (AS-1 to AS-3) (Fig. 2B);
PS-5 (Fig. 2B) reduced, smaller and thinner than prosome somites, unornamented; genital double-somite (Fig. 2B),
about 1.5 times wider than long, bearing paired slit-like genital apertures dorsally, ventral surface with paired pores
near anterior margin and ornamented with spinules laterally; abdominal somites decreasing in width from anterior to
posterior, each somite ornamented with spinules laterally (Fig. 2B); AS-3 (= anal somite) deeply incised posteriorly
(= anus).
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FIGURE 1. Gamispatulus schizodontis Thatcher & Boeger, 1984—adult female. A body, ventral view. B retrostylets, dorsal
view. C second pedigerous somite, dorsal view, with paired integumental windows laterally on tergite (arrowhead). D rostral
spine, ventral view. A, C—Specimen INPA 2527a. B—Specimen INPA 2527b. D—Specimen INPA 2528a. Scale bars in pm.
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FIGURE 2. Gamispatulus schizodontis Thatcher & Boeger, 1984—adult female. A intercoxal sclerites and intercoxal plates,
ventral view. B urosome, ventral view. C antenna, middle claw with fossa on concave margin (arrowhead). D antennule. Ae =
aesthetascs. isl to isIV = first to fourth intercoxal sclerites. ipl to ipIIl = first to third intercoxal plates. P5 = fifth leg. S1 = seta
1. S2 =seta 2. A, B, C—Specimen INPA 2527a. D—Specimen INPA 2529a. Scale bars in micrometers (Lm).
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Caudal rami (Fig. 2B), about 1.2 times longer than wide; each ramus ornamented with spinules on ventral sur-
face and armed with 2 naked setae: seta 2 about 2 times longer than seta 1 (Table 2).

TABLE 2. Measurements in micrometers (um) of adult females of Gamispatulus schizodontis Thatcher & Boeger, 1984
and Gamispatulus ferrilongus n. sp. SE = standard error.

Gamispatulus schizodontis Thatcher & Gamispatulus ferrilongus n. sp.
Boeger, 1984 (present specimens)

Character Range (Mean) Range (Mean)
Total length * 417-535 (474) 451-677 (593)
Cephalothorax length 222-252 (238) 277-415 (317)
Cephalothorax width 165-205 (181) 215-284 (249)

Rostral spine length 62-82 (76) 170-186 (178)
Retrostylet length 108-141 (124) 142-171 (154)
Spatulate process length 34-51 (45) -
Antennule length 95-117 (106) 114-126 (121)
Antenna segment 1 length 38-61 (49) 66-88 (80)
Antenna segment 2 length 66-78 (71) 84-96 (91)
Antenna segment 3 length 3441 (38) 47-59 (53)
Antenna segment 4 length 7-10 (8) 9-13 (11)
Middle claw length 29-41 (36) 35-42 (39)
Inner claw length 25-35(31) 26-39 (33)
Pedigerous somite 2 length 45-65 (55) 63-79 (73)
Pedigerous somite 2 width 131-163 (149) 166—-186 (176)
Pedigerous somite 3 length 45-57 (48) 51-81 (64)
Pedigerous somite 3 width 102-119 (110) 121-140 (131)
Pedigerous somite 4 length 29-38 (33) 37-58 (46)
Pedigerous somite 4 width 71-83 (79) 87-101 (92)
Pedigerous somite 5 length 15-24 (19) 18-26 (22)
Pedigerous somite 5 width 56-72 (63) 59-88 (78)
Genital double-somite length 3140 (34) 43-60 (52)
Genital double-somite width 53-71 (62) 79-94 (87)
Abdominal somite 1 length 12-16 (14) 15-21 (18)
Abdominal somite 1 width 39-52 (45) 51-65 (60)
Abdominal somite 2 length 12-18 (15) 15-22 (19)
Abdominal somite 2 width 37-50 (43) 47-60 (56)
Abdominal somite 3 length 10-15 (12) 14-18 (16)
Abdominal somite 3 width 35-46 (40) 42-56 (50)
Caudal ramus length 18-24 (22) 21-33 (28)
Caudal ramus width 14-22 (17) 17-25 (20)
Caudal ramus seta 1 length 84-136 (106) 15-25(19)
Caudal ramus seta 2 length 177277 (242) 102-119 (110)
Caudal ramus seta 3 length - 17-22 (20)

Caudal ramus seta 4 length

203-246 (230)

Egg sac length 204-441 (333) 452-855 (538)
Egg sac width 75-86 (80) 74-118 (92)
*less caudal rami setae
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Antennule 5-segmented (Fig. 2D), setal formula: 12, 4, 4, 2, 5 + 2 ae (total 29). Antenna (Fig. 2C) 4-segmented
comprising coxobasis, and 3-segmented enp; coxobasis ( = first segment) broad, with short naked seta; enp-1 ( =
second segment) ornamented with spinule row along outer margin and large spine near middle of inner margin;
enp-2 ( = third segment) slightly curved, unornamented; enp-3 (= fourth segment) reduced, unornamented; and 2
terminal claws (= inner and middle claw); middle claw curved, with fossa on concave margin (arrowed in Fig. 2C);
inner claw needle-shaped, thinner than middle claw, without fossa.

Buccal apparatus (Fig. 3A) comprising labrum, mandible, and maxilla; labrum broad, rounded posteriorly,
partially covering other buccal components (Fig. 3B); mandible armed with 2 blades (anterior and posterior blade);
both blades ornamented with spinules along posterior margin; maxilla 2-segmented, comprising syncoxa ( = first
segment) and basis ( = second segment); syncoxa broad, with distal pore (arrowed in Fig. 3D); basis with multiples
spinules.

25

FIGURE 3. Gamispatulus schizodontis Thatcher & Boeger, 1984—adult female. A buccal apparatus. B labrum. C mandible. D
maxilla, syncoxa with pore (arrowhead). Ab = anterior blade. Pb = posterior blade. A, C, D, E—Specimen INPA 2529b. Scale

bars in micrometers (pum).
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P1 to P4 biramous (Figs. 4A-C); each leg comprising coxa, basis, endopod (inner ramus) and exopod (outer
ramus). P1 (Fig. 4A); coxa unornamented; basis with bare outer seta; enp 2-segmented, both segments ornamented
with spinules and bristles on outer margin and lacking any ornament on inner margin; enp-1 ( = proximal segment)
armed with 1 plumose seta on inner margin; enp-2 ( = distal segment) about 2 times longer than previous segment,
armed with 2 serrated spines and 5 plumose setae; exp 3-segmented; exp-1 ( = proximal segment) about 1.5 times
longer than following segments, ornamented with spinules along outer margin and bristles on inner margin, armed
with 2 unequal spines ( = anterior and posterior spine) on outer margin; anterior spine short and triangular; poste-
rior spine longer and thinner than previous spine, slightly curved; exp-2 ( = middle segment) ornamented with two
spinule rows on outer margin and lacking any ornament on inner margin; outermost spinules broad, scale-shaped,;
innermost spinules thinner and sharper than outermost spinules; armed with 1 plumose setae on inner margin; exp-3
(= distal segment) lacking any ornament on both margins, armed with 2 simple spines (not serrated) and 5 plumose
setae.

P2 (Fig. 4B); coxa ornamented with 2 robust spinules; basis with bare outer seta; enp 3-segmented, all segments
with spinules and bristles on outer margin and lacking any ornament on inner margin; enp-1 ( = proximal segment)
armed with 1 plumose setae on inner margin; enp-2 ( = middle segment) armed with 2 plumose setae on inner mar-
gin; enp-3 ( = distal segment) slightly smaller than previous segments, rounded, armed with 1 simple spine (not
serrated) and 4 plumose setae; exp 3-segmented; exp-1 ( = proximal segment) about 1.5 times longer than following
segments, ornamented with 3 prominent spinules on outer margin and bristles on inner margin, armed with 1 simple
spine (not serrated) on outer margin; exp-2 ( = middle segment) ornamented with minute spinules on outer margin
and lacking any ornamented on inner margin; spinules smaller than those present in exp-1; armed with 1 plumose
seta on inner margin; exp-3 ( = distal segment) ornamented with 2 set of minute spinules on outer margin, lacking
any ornament on inner margin, armed with 6 plumose setae. P3 with same ornamentation and armament described
for P2.

50

100

50

FIGURE 4. Gamispatulus schizodontis Thatcher & Boeger, 1984—adult female. A leg 1. B leg 2 (=leg 3). C leg 4. D egg sac.
A, C, D—Specimen INPA 2527a. E—Specimen INPA 2526. Scale bars in micrometers (pm).
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P4 (Fig. 4C); coxa ornamented with 5 robust spinules; basis with bare outer seta; enp 2-segmented; enp-1 ( =
proximal segment) with bristles along outer margin and lacking any ornament on inner margin, armed with 1 plu-
mose seta on inner margin; enp-2 ( = distal segment) ornamented with bristles (first half) and spines (second half)
on outer margin, lacking any ornament on inner margin, armed with 4 plumose setae; exp 1-segmented; exopodal
segment ornamented with prominent spinules on outer margin and bristles on inner margin; spinules slightly smaller
than those present in P2 exp-1; armed with 2 minute spines and 4 plumose setae.

PS5 reduced and represented by 2 naked setae (Fig. 2B). Spine and setal formula of biramous swimming legs is
presented in Table 3.

TABLE 3. Armature of swimming legs of Gamispatulus schizodontis Thatcher & Boeger, 1984—adult female. (Roman
numeral = spines; Arabic numerals = setae). P1-P4 = first to fifth swimming leg.

Swimming leg Coxa Basis Endopod Exopod
P1 0-0 1-0 0-1; I1-5 11-0; 0-1; I1-5
P2 11-0 1-0 0-1; 0-2; 1-4 1-0; 0-1; 0-6
P3 11-0 1-0 0-1; 0-2; 1-4 1-0; 0-1; 0-6
P4 V-0 1-0 0-1; 04 114

Intercoxal sclerites slender, unornamented, with both ends directed posteriorly (Fig. 2A). Intercoxal plates of P1
and P2 both with paired pores laterally; intercoxal plate of P4, absent (Fig. 2A). Egg sac paired (Fig. 4D), uniseri-
ate.

Remarks. The examined specimens of G. schizodontis agree in several respects with its original description by
Thatcher & Boeger (1988a). This species can be readily distinguished from all other ergasilids, including species
of closely related genera like Gamidactylus, Gamispinus, Pseudovaigamus, and Vaigamus (also known as “vaiga-
mids”), in having the following combination of diagnostic features: (1) rostrum armed with rostral spine; (2) anten-
nule 5-segmented; (3) antenna armed with 2 terminal claws (middle and inner claw); (4) cephalothorax armed with
dorsolateral retrostylets bearing medial spatulate processes; and (5) P4 with enp 2-segmented and exp 1-segmented.
The presence of retrostylets is a diagnostic feature present in all vaigamids, but the possession of spatulate processes
has been found to be exclusive to G. schizodontis (Thatcher & Boeger, 1984b).

The specimens examined show minor differences in relation to the original description, as follows: (1) third
antennary segment ( = enp-2) unornamented (vs. with spine on inner margin); (2) antennule setal formula: 12, 4, 4,
2,5+ 2ae (vs. 10, 3, 4, 2, 8); and (3) general morphology of buccal apparatus — e.g., mandible with anterior blade
lacking distal tooth (present in the original description). During the study of the attachment strategies in Ergasilidae,
El-Rashidy (1999) did not report the antennary ornamentation described by Thatcher & Boeger (1988), in paratypes
of G. schizodontis. These differences are not deemed sufficient to propose a new species based on these variations;
they indicate the need for reassessment of the type material to have a more complete and accurate representation
of these structures in G. schizodontis The present specimens represent the first report of G. schizodontis from S.
intermedius as well as its second report of G. schizodontis in Southeast Brazil.

Gamispatulus ferrilongus n. sp.
(ZooBank registration: urn:Isid:zoobank.org:act: CCB1F932-89B1-4494-B429-CC7D8CADY%4AC)
(Figs 5-8)

Type host. Schizodon intermedius Garavello & Britski, 1990 (Anostomidae)

Type Locality. Veados River, Jurumirim Reservoir, Upper Paranapanema River (23° 16'2.49" S, 48° 38'15.72"
W), municipality of Itatinga, Sdo Paulo State, Brazil.

Additional locality. Paranapenema River, Jurumirim Reservoir, Upper Paranapanema River (23° 29'16.54" S,
48°37'12.88" W), municipality of Angatuba, Sdo Paulo State, Brazil.

Site in host. Nostrils.

Specimens deposited. Holotype INPA 2521 (adult female) and Paratypes INPA 2522 to INPA 2525 (7 adult
females) deposited in the Invertebrate Collection of the Instituto Nacional de Pesquisas da Amazonia (INPA), mu-
nicipality of Manaus, Amazonas State, Brazil.
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FIGURE 5. Gamispatulus ferrilongus n. sp.—adult female. A body, dorsal view. B cephalothorax, dorsal view. C second pedi-
gerous somite, dorsal view, with paired integumental windows laterally on tergite (arrowhead). D rostral spine. E antennule. Ae
= aesthetascs. A, C—holotype INPA 2521. B, D—paratype INPA 2522a. E—paratype INPA 2524a. Scale bars in micrometers

(um).
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FIGURE 6. Gamispatulus ferrilongus n. sp.—adult female. A urosome, ventral view. B intercoxal sclerites and intercoxal
plates. C fifth pedigerous somite and genital double-somite, dorsal view. D antenna, second endopodal segment with a distal
pore (white arrowhead) and middle claw with fossa on concave margin (black arrowhead). Ap = anterior processes. isl to isIV =
first to fourth intercoxal sclerites. ipl to ipIIl = first to third intercoxal plates. P5 = fifth leg. Pp = posterior processes. S1 to S4
=seta 1 to seta 4. A, B, C, D—holotype INPA 2521. Scale bars in micrometers (um).
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Prevalence and mean intensity in nostrils. Seven infected hosts in 28 analyzed fish (or 25%) and 2 + 0,4
copepods per infected fish.

Prevalence and mean intensity on the gill filaments. None of the 28 analyzed fish.

Etymology. The specific name results from the combination of two Latin words: ferri ( = any iron tool or
weapon, including a sword ) and /ongus (= long), in reference to the shape and size of the rostral spine, resembling
an ancient Roman sword.

Differential diagnosis. Rostrum well-developed, armed with long rostral spine; rostral spine with acute tip; tip
extending up to half of cephalothorax. Retrostylets simple, without adjacent spatulate processes. Dorsal surface of
the genital double-somite with 2 rounded processes (= anterior and posterior process) on both lateral margins.

Description of adult female. Based on 11 female specimens, no males observed. Body cyclopiform (Fig.
5A), comprising prosome, urosome, and caudal rami; prosome consisting of cephalosome and PS-1; PS-1 fused
to cephalosome; and 3 free pedigerous somites (PS-2 to PS-4). Cephalothorax triangular (Fig. 5B), decreasing
in width anteriorly, maximum width at level of retrostylets tip (Table 2), dorsal eyespot, rostrum well-developed
and protruded anteriorly, dorsal surface with several pores; pores distributed in anterior half of cephalothorax; and
armed with paired dorsolateral stylets (= retrostylets). Rostrum armed with ventral rostral spine; rostral spine long,
extending up to half of cephalothorax, with sharp tip (Fig. 5D). Retrostylets simple (Fig. 5B), without adjacent
spatulate processes; stylet process broad, with acute tip. Free pedigerous somites tapering posteriorly (Fig. 5SA); PS-
2 narrower than PS-1, with paired integumental windows laterally on tergite (Fig. 5C); PS-3 and PS-4, both lacking
such integumental windows (Fig. 5A).

Urosome consisting of PS-5, genital double-somite, and 3 free abdominal somites (AS-1 to AS-3) (Fig. 6A);
PS-5 (Figs. 6A, C) reduced, smaller and thinner than other prosome somites, unornamented; genital double-somite
(Figs. 6A, C), 1.5 times wider than long, bearing paired slit-like genital apertures dorsally, ornamented with trans-
verse row of spinules on ventral surface, dorsal surface with 2 rounded processes ( = anterior and posterior process)
on both lateral margins (Fig. 6C); abdominal somites decreasing in width from anterior to posterior, each somite
ornamented with posterior spinule row along ventral margin (Fig. 6A); AS-3 ( = anal somite) deeply incised poste-
riorly ( = anus).

Caudal rami (Fig. 6A), about 1.5 times longer than wide; each ramus ornamented with paired spinule rows on
ventral surface and armed with 4 setae, all naked: seta 1 and 3 shortest, both setae inserted on ventral surface; seta
2 and 4, both setae inserted on posterior margin; seta 4 longest.

Antennule 5-segmented (Fig. 5E), setal formula: 10, 4, 4, 2, 5 + 2 ae (total 27). Antenna (Fig. 6D) 4-segmented
comprising coxobasis, and 3-segmented enp; coxobasis ( = first segment) broad, unornamented; enp-1 ( = second
segment) ornamented with spinule row along outer margin and large spine near middle of inner margin; enp-2 ( =
third segment) slightly curved, with single pore on concave margin (arrowed in Fig. 26D); enp-3 ( = fourth seg-
ment) reduced, unornamented; and 2 terminal claws ( = inner and middle claw); middle claw curved, with fossa on
concave margin (arrowed in Fig. 6D); inner claw without fossa.

Buccal apparatus (Fig. 7A) comprising labrum, mandible, and maxilla; labrum broad, truncated posteriorly,
partially covering other buccal components (Fig. 7B); mandible armed with 2 blades ( = anterior and posterior
blade); anterior blade ornamented with spinules along posterior margin and armed with apical tooth; posterior blade
longer and thinner than previous blade, ornamented with spinules along posterior margin; maxilla 2-segmented,
comprising syncoxa ( = first segment) and basis (= second segment); syncoxa broad, with large subdistal pore (ar-
rowed in Fig. 7D); basis with multiples spinules.

P1 to P4 biramous (Figs. 8A-D), each leg comprising coxa, basis, endopod (inner ramus) and exopod (outer
ramus). P1 (Fig. 8A); coxa unornamented; basis with bare outer seta; enp 2-segmented, both segments with spinules
along outer margin and lacking any ornament on inner margin; enp-1 ( = proximal segment) armed with 1 plumose
seta on inner margin; enp-2 ( = distal segment) about 2 times longer than previous segment, armed with 2 serrated
spines and 5 plumose setae; exp 3-segmented; exp-1 and -2, both with spinules along outer margin; all segments
lacking any ornament on inner margin; exp-1 ( = proximal segment) about 1.5 times longer than following seg-
ments, armed with single distal spine on outer margin; exp-2 ( = middle segment) protrude laterally, armed with 1
plumose seta on inner margin; exp-3 ( = distal segment) ornamented with few spinules (3-4 spinules) located im-
mediately next to first seta (arrowed in Fig. 8 A), armed with 2 simple spines (not serrated) and 5 plumose setae.

P2 (Fig. 8B); coxa ornamented with spinules (4 spinules); basis with bare outer seta; enp 3-segmented, all seg-
ments with spinules along outer margin and lacking any ornament on inner margin; enp-1 ( = proximal segment)
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armed with 1 plumose seta on inner margin; enp-2 ( = middle segment) armed with 2 plumose setae on inner margin;
enp-3 (= distal segment) armed with simple spine (not serrated) and 4 plumose setae; exp 3-segmented; exp-1 and
-2, both with spinules on outer margin; all segments lacking any ornament on inner margin; exp-1 ( = proximal seg-
ment) about 1.5 longer than following segments, armed with single distal spine on outer margin; exp-2 ( = middle
segment) armed with 1 plumose seta on inner margin; exp-3 ( = distal segment) armed with 2 minute spines; spines
smaller than those present in P1 exp-3; and 6 plumose setae. P3 (Fig. 8c) with same ornamentation and armament
described for P2.

FIGURE 7. Gamispatulus ferrilongus n. sp.—adult female. A buccal apparatus. B labrum. C mandible. D maxilla, syncoxa
with pore (arrowhead). Ab = anterior blade. Pb = posterior blade. A—holotype INPA 2521. B, C, D—paratype INPA 2523a.
Scale bars in micrometers (pm).
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P4 (Fig. 8D); coxa ornamented with spinules (3 spinules); basis with bare outer seta; enp 2-segmented, both
segments lacking any ornament on outer and inner margin; enp-1 ( = proximal segment) armed with 1 plumose seta
on inner margin; enp-2 ( = distal segment) armed with 4 plumose setae distally, lacking any spines; exp 1-segment-
ed; exopodal segment lacking any ornament on outer and inner margin, armed with 2 minute spines; spines smaller
than those present in P1 exp-3; and 4 plumose setae.

A

50
50

50

FIGURE 8. Gamispatulus ferrilongus n. sp.—adult female. A leg 1. Bleg 2. Cleg 3. D leg 4. E egg sac. A, B, C, D—holotype
INPA 2521. E—paratype 2522a. Scale bars in micrometers (um).

PS5 reduced and represented by 2 naked setae (Figs. 6A, C). Spine and setal formula of biramous swimming legs
is presented in Table 4.

Intercoxal sclerites slender, unornamented, with both ends directed posteriorly (Fig. 6B). Intercoxal plates from
P1 to P3 with paired lateral pores; intercoxal plate of P4, absent (Fig. 6B). Egg sac paired (Fig. 8E), uniseriate.

Remarks. The new copepod was identified as member of the Ergasilidae based on the absence of maxillipeds
and the presence of uniramous antennae comprising coxobasis ( = first segment) and 3-segmented enp with fourth
segment ( = enp-3) armed with 1 or more terminal claws, mandible bearing 2 spinulate blades, 2-segmented max-
illa with the distal segment ( = basis) ornamented with multiple spinules, and P4 exp 2-segmented in adult females
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(Boxshall & Halsey 2004). Among ergasilids, the new copepod resembles species from the vaigamid subgroup
(Gamidactylus, Gamispatulus, Gamispinus, Pseudovaigamus, and Vaigamus) in having the combination of a 2-seg-
mented enp for P1 and cephalothorax armed with a pair of dorsolateral stylets (or retrostylets).

The new copepod was identified as member of Gamispatulus for possessing the following combination of di-
agnostic features: (1) rostrum armed with rostral spine (lacking in Gamidactylus and Gamispinus); (2) 5-segmented
antennule (6-segmented in species of Gamidactylus, Pseudovaigamus, and Vaigamus); (3) antenna with 2 terminal
claws ( a single claw is present in Pseudovaigamus and Vaigamus); (4) third antennary segment unornamented (or-
namented with long spinules in Gamispinus), and (5) P4 with 2-segmented enp and 1-segmented exp. In addition to
these generic features, the new copepod also resembles its congener, G. schizodontis (type species), in possessing
smooth intercoxal plates in P1-P3, second antennary segment (or enp-2) ornamented with spinule row along outer
margin and large spine near middle of inner margin, and egg sacs uniseriate.

TABLE 4. Armature of swimming legs of Gamispatulus ferrilongus n. sp.—adult female. (Roman numeral = spines;
Arabic numerals = setae). P1-P4 = first to fifth swimming leg.

Swimming leg Coxa Basis Endopod Exopod
Pl 0-0 1-0 0-1; I1-5 1-0; 0-1; 1I-5
P2 V-0 1-0 0-1; 0-2; -4 [-0; 0-1; II-6
P3 V-0 1-0 0-1; 0-2; 1-4 1-0; 0-1; II-6
P4 11-0 1-0 0-1;0-4 11-4

The new copepod, Gamispatulus ferrilongus n. sp., can be readily separated from its congener in having simple
retrostylets, thus diverging from restrostylets with medial spatulate process of G. schizodontis. Furthermore, the
size of rostral spine is also different in these two species: in Gamispatulus ferrilongus n. sp. it is about three times
longer than that in G. schizodontis: 180 in Gamispatulus ferrilongus n. sp. vs. =60 in G. schizodontis [see figure 5
in Thatcher & Boeger (1984b)]. The morphology of the genital double-somite in G. ferrilongus n. sp. also differs
from that of G. schizodontis: in G. ferrilongus n. sp. the dorsal surface of this somite carries 2 rounded processes (
= anterior and posterior process) with similar size on both lateral margins (Fig. 6C), whereas in G. schizodontis this
somite, even though it carries similar processes (see Fig. 1A), they are relatively smaller and different in size from
each other. Another distinct difference between both species is the armature of the caudal rami: in G. ferrilongus n.
sp. each ramus bears 4 setae being 2 smaller (= seta 1 and 3) and 2 longer (= seta 2 and 4), whereas in G. schizodon-
tis each ramus bears only 2 long setae (due to their position these setae are putative equivalent to seta 2 and 4 from
G. ferrilongus n. sp.), lacking any short setae. Finally, the ornamentation of the legs of G. ferrilongus n. sp. differs
in several aspects from those present in G. schizodontis, as follow: (1) coxa from P2 to P4 carries minute spinules
(3-4 spinules) laterally in G. ferrilongus n. sp. vs. coxa with long spinules (2-5 spinules) in G. schizodontis; (2) P1
exp-1 armed with single distal spine on outer margin in G. ferrilongus n. sp. vs. P1 exp-1 armed with 2 unequal
spines (i.e. anterior spine short and triangular, and posterior spine long and thinner) in G. schizodontis; and (3) exp-1
of P2 and P3 ornamented with a row of minute spinules along outer margin in G. ferrilongus n. sp. vs. exp-1 of P2
and P3 ornamented with three prominent spines located in the distal half of the segment as in G. schizodontis.

Based on the morphological differences listed above, the present specimens were considered as a new species,
Gamispatulus ferrilongus n. sp., of the ergasilid genus Gamispatulus.

Discussion

Currently, all known species of the six vaigamid genera, including the new species proposed herein, are found only
in Brazil. Vaigamid species have been reported from 3 and 11 different host orders and families, respectively (Table
5). Gamispatulus schizodontis is the species that occur in the largest variety of fish hosts, in 12 different fish species
from 4 families: Anostomidae (7 spp.), Erythrinidae (2 spp.), Pimelodidae (1 sp.), and Serrasalmidae (2 spp.). On
the other hand, Gamidactylus hoplius Varella & Malta, 1996, G. piraya Thatcher, Santo & Brasil-Sato, 2008 and
G. ferrilongus n. sp. have so far only been reported from a single host each (Table 5). The occurrence of vaigamids
in hosts from 3 different orders, Characiformes (majority), Siluriformes, and Perciformes, suggest a low level of
specificity at fish order level.
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TABLE S. List of fish parasitized by vaigamid species. SH = Site in host. SB = Brazilian states.

SH BS Host List Reference
Gamidactylus Nostrils Rondonia  Brycon amazonicus (Spix & Agassiz, Varella (1994)
bryconis Varella, 1829) Thatcher (1998)
1995 Brycon melanopterus (Cope, 1872) Luque & Tavares (2007)
Eiras et al. (2010)
Luque et al. (2013)
Pavanelli et al. (2013)
Gamidactylus Nostrils Rondonia  Hoplias malabaricus (Bloch, 1794) Varella & Malta (1995)
hoplius Varella & Luque & Tavares (2007)
Malta, 1996 Eiras et al. (2010)
Luque et al. (2013)
Pavanelli et al. (2013)
Gamidactylus Nostrils Amazonas  Colossoma macropomum (Cuvier, 1816)  Thatcher & Boeger (1984b)
Jaraquensis Parana Prochilodus lineatus (Valenciennes, Thatcher (1998)
Thatcher & Boeger, 1837) Fischer et al. (2003)
1984 Semaprochilodus insignis (Jardine, 1841) Lizama et al. (2005)
Serrasalmus altispinis Merckx, Jégu & Lizama et al. (2006a)
Santos, 2000 Lizama et al. (2006b)
Thatcher (2006)
Lacerda et al. (2007)
Luque & Tavares (2007)
Takemoto et al. (2009)
Eiras et al. (2010)
Luque et al. (2013)
Pavanelli et al. (2013)
Tavares-Dias et al. (2013)
Morey & Malta (2016a)
Morey & Malta (2016b)
Morey et al. (2016)
Oliveira et al. (2017)
Gamidactylus Nostrils Minas Pygocentrus piraya (Cuvier, 1819) Thatcher et al. (2008)
piraya Thatcher, Gerais
Santos & Brasil-
Sato, 2008
Gamidactylus sp. Gills Amapa Curimata incompta Vari, 1984 Takemoto et al. (2009)
Parana Pimelodus maculatus Lacepede, 1803 Luque et al. (2013)
Neves & Tavares-Dias
(2019)
Gamispatulus Nostrils Sdo Paulo  Schizodon intermedius Garavello & Present contribution
ferrilongus n. sp. Britski, 1990
Gamispatulus Nostrils Amazonas  Hoplias lacerdae Miranda Ribeiro, 1908 Present contribution
schizodontis Parana Hoplias malabaricus (Bloch, 1794) Thatcher & Boeger (1984a)
Thatcher & Boeger. Minas Leporinus friderici (Bloch, 1794) Thatcher (1998)
1984 Gerais Leporinus lacustris Amaral Campos, Guidelli et al. (2006)
1945 Thatcher (2006)

Megaleporinus elongatus (Valenciennes,
1850)

Megaleporinus obtusidens (Valenciennes,
1837)

Pimelodus maculatus Lacepéde, , 1803
Serrasalmus maculatus Kner, 1858
Serrasalmus marginatus Valenciennes,
1837

Schizodon borellii (Boulenger, 1900)
Schizodon fasciatus Spix & Agassiz,
1829

Schizodon intermedius Garavello &
Britski, 1990

Lacerda et al. (2007)
Guidelli et al. (2009)
Takemoto et al. (2009)
Eiras et al. (2010)
Rosim et al. (2010)
Guidelli et al. (2011)
Luque et al. (2013)
Pavanelli ef al. (2013)
Oliveira et al. (2017)

...Continued on the next page
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TABLE 5. (continued)

SH BS Host List Reference
Gamispatulus sp. Unspecified Parana Pachyurus squamipennis Agassiz, 1831 Lizama et al. (2005)
Minas Piaractus mesopotamicus (Holmberg, Lizama et al. (2006a)
Gerais 1887) Lizama et al. (2006b)
Sdo Paulo  Prochilodus lineatus (Valenciennes, Lizama et al. (2007)
1837) Luque & Tavares (2007)
Takemoto et al. (2009)
Pavanelli ef al. (2013)
Luque et al. (2013)
Gamispinus Nostrils Amazonas  Ageneiosus inermis (Linnaeus, 1766) Thatcher & Boeger (1984c)
diabolicus Thatcher Minas Pimelodus maculatus Lacepede, 1803 Thatcher (1998)
& Boeger, 1984 Gerais Thatcher (2006)
Parana Brasil-Sato et al. (2000)
Brasil-Sato (2003)
Luque et al. (2013)
Pavanelli et al. (2013)
Ferreira & Tavares-Dias
(2017)
Pseudovaigamus Plankton Amazonas  Free-living Thatcher & Robertson
spinicephalus (1984)
(Thatcher & Thatcher (1998)
Robertson, 1984) Luque & Tavares (2007)
Luque et al. (2013)
Vaigamus Plankton Amazonas  Free-living Thatcher & Robertson
retrobarbatus (1984)
Thatcher & Thatcher (1998)
Robertson, 1984 Luque et al. (2007)
Luque et al. (2013)
Vaigamus sp. Gills Parana Astyanax lacustris (Liitken, 1875) Brasil-Sato (2003)
Liver Minas Cichla temensis Humboldt, 1821 Luque & Tavares (2007)
Nostrils Gerais Pimelodus maculatus Lacépede, 1803 Lizama et al. (2008)
Pseudoplatystoma punctifer (Castelnau, Lopes et al. (2009)
1855) Takemoto et al. (2009)
Pseudoplatystoma tigrinum Eiras et al. (2010)
(Valenciennes, 1840) Luque et al. (2013)
Pavanelli et al. (2013)
Camargo et al. (2016)
Vaigamidae gen. sp. Nostrils Parana Auchenipterus osteomystax (Miranda Guidelli ez al. (2006)

Ribeiro, 1918)

Leporinus friderici (Bloch, 1794)
Leporinus lacustris Amaral Campos,
1945

Megaleporinus elongatus (Valenciennes,
1850)

Megaleporinus obtusidens (Valenciennes,

1837)

Pimelodus maculatus Lacépede, 1803
Pinirampus pirinampu (Spix & Agassiz,
1829)

Pseudoplatystoma corruscans (Spix &
Agassiz, 1829)

Takemoto et al. (2009)
Tavernari et al. (2009)
Guidelli ez al. (2011)
Oliveira et al. (2017)

In Brazil, vaigamids were recorded in 6 different states from the North, South, and Southeastern regions (Table
5). The absence of these copepods in other states and regions — e.g. Central-West and Northeast Brazil, can be
attributed to a reduced number of limnological studies in these regions when compared to the other (Silva & Per-
biche-Neves 2017). Although Sao Paulo State is considered the region with the largest number of studies about
microcrustaceans (Silva & Perbiche-Neves 2017), the present report of G. schizodontis and G. ferrilongus n. sp. in
S. intermedius indicates that this region still has great potential for discovering new taxa and new records of known
species.
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