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Abstract
Two new species of Paracalanidae, Giesbrecht, 1893, have been described. Paracalanus brasiliensis sp. nov. and Bestiolina
brasiliensis sp. nov. were registered in four estuaries on the central coast of Brazil. Paracalanus brasiliensis sp. nov. females
differ from their congeners mainly with regard to body size, the structure of swimming legs 1–4, absence of bristles in the
coxopodites, spinules between the spines in the third segment of the exopodite, and the shape of the seminal receptacles. The
uniformity of the number of spinules and their location on the anterior face of the second exopodite of legs 2–3 and the absence of
spinules on the endopodite of legs 3–4 differentiate Bestiolina brasiliensis sp. nov. females from other Bestiolina Andronov,
1991, species. In the males of both species, the main diagnostic features (swimming leg seta, spine formula, and ornamentation)
are generally observed in females with a few additional characteristics. Genetic divergence analyses based on partial mitochon-
drial COI (mtCOI) sequences revealed no genetic divergence between Paracalanus brasiliensis sp. nov. and Paracalanus sp. E.
sensu Cornils and Held (2014), demonstrating that they are mutually conspecific. mtCOI sequence data from Bestiolina
brasiliensis sp. nov. identified a clade with high bootstrap support that separated the specimens in this study from other
Bestiolina species. The present report provides the first morphological description of females and males of both Paracalanus
brasiliensis sp. nov. and Bestiolina brasiliensis sp. nov. and presents molecular evidence for species specificity. Matters regard-
ing the validity of these species are also discussed.
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Introduction

Many planktonic marine crustaceans, such as copepods, have
cosmopolitan distributions (Boxshall and Defaye 2008).
Increasing evidence of cryptic speciation has emphasized the
need to re-evaluate the status of copepod species complexes
via molecular and morphological studies to obtain a clearer
picture of the distributions of these pelagic marine organisms
and their evolutionary history (Cornils and Held 2014; Bode
et al. 2017). Copepod species identification is often based on
body tagma, segmentation, and the armor of cephalic and
thoracic appendages (Huys and Boxshall 1991). These char-
acteristics are generally only developed in adult organisms,
and thus, the identification of individuals in various juvenile
life stages (nauplii and copepodites) is often impossible
(McManus and Katz 2009). Furthermore, copepod identifica-
tion is challenging because of incomplete or inconsistent tax-
onomic keys (Bucklin et al. 1996; Goetze 2003; Laakmann
et al. 2013).

The Paracalanidae copepod family comprises the genera
Acrocalanus Giesbrecht, 1888; Bestiolina (Andronov,
1991); Calocalanus Giesbrecht, 1888; Delius (Andronov,
1972); Mecynocera Thompson I.C., 1888; Paracalanus
Boeck, 1865; and Parvocalanus Andronov, 1970 (Bradford-
Grieve et al. 1999; Bradford-Grieve 2008). The first phyloge-
netic study of this family confirmed the existence of two spe-
cies complexes within the Paracalanus genus (Cornils and
Blanco-Bercial 2013) that were originally established by
Sewell (1929): Paracalanus aculeatus and Paracalanus
parvus complexes. This molecular phylogenetic study sug-
gested that the P. aculeatus and P. parvus complexes had very
different phylogenetic affinities within the Paracalanidae fam-
ily (Cornils and Blanco-Bercial 2013). Specimens of the
P. parvus species complex may be distinguished from indi-
viduals of the P. aculeatus complex by differences in antenna
segmentation and length, spermatheca shape, and internal
bristle length of the caudal branches (Cornils and Blanco-
Bercial 2013; Cornils and Held 2014).

Currently, the P. parvus species complex comprises seven
species: Paracalanus parvus (Claus, 1863); Paracalanus
indicus Wolfenden, 1905; Paracalanus quasimodo Bowman,
1971; Paracalanus nanus Sars G.O., 1925; Paracalanus
intermedius Shen & Bai, 1956; Paracalanus tropicus
Andronov, 1977; and Paracalanus serrulus Shen & Lee,
1963 (Walter and Boxshall 2021). Nonetheless, the inclusion
of P. serrulus and P. intermedius in this complex remains
questionable (Cornils and Held 2014). In many marine coastal
areas, species of the P. parvus complex have dominated the
planktonic copepod communities present (Di Mauro et al.
2009; Hidaka et al. 2016; Kasapidis et al. 2018; Oda et al.
2018), including those found in Brazilian waters (Sterza and
Fernandes 2006; Dias and Bonecker 2008; Araujo 2016; da
Rosa et al. 2016; Araujo et al. 2017a, b).

Descriptions of the species within the P. parvus species
complex have mainly emphasized ornamentation differences
on swimming leg surfaces and serration on the outer edges of
the exopods (Claus 1863; Bowman 1971; Bradford 1978;
Cornils and Held 2014). However, it has been recently shown
that some of these morphological characteristics may be in-
sufficient to discriminate between species of the P. parvus
complex (Kasapidis et al. 2018). The study on the genetic
structure of the P. parvus complex based on mitochondrial
marker genes (cytochrome oxidase c subunit I, COI) has pro-
vided evidence of cryptic or pseudo-cryptic speciation and
indicated that Paracalanus parvus s.s. is not panmictic but
geographically restricted to the northern and southeastern
Atlantic (Cornils and Held 2014). In addition, a divergent
lineage of Paracalanus parvus s.l. was detected in the south-
western Atlantic Ocean (Paracalanus sp. E).

The Bestiolina genus was originally defined to accommo-
date Acrocalanus inermis Sewell, 1912, which differed great-
ly from all other Acrocalanus species (Andronov 1972;
Andronov 1991). To date, nine Bestiolina species have been
described: Bestiolina inermis (Sewell, 1912); Bestiolina
similis (Sewell, 1914); Bestiolina sinica (Shen & Lee, 1966);
Bestiolina zeylonica (Andronov, 1972); Bestiolina amoyensis
(Li & Huang, 1984); Bestiolina arabica Ali, Al-Yaman &
Prusova, 2007; Bestiolina coreana Moon, Lee & Soh, 2010;
Bestiolina mexicana Suárez-Morales & Almeyda-Artigas,
2016; and Bestiolina sarae Dorado-Roncancio & Gaviria,
2019.

Bestiolina species are concentrated in the coastal tropical
regions of the Indo-Pacific, South African Atlantic,
Colombian Pacific, and Gulf of Mexico (Moon et al. 2010;
Razouls et al. 2005–2021; Dorado-Roncancio et al. 2019).
However, it has been speculated that Bestiolina species orig-
inated from the Indo-Malayan region (Ali et al. 2007).
According to Dorado-Roncancio et al. (2019), a poor under-
standing of the diversity and distributional patterns of the
Bestiolina genus may be explained by inappropriate sampling
techniques (nets with mesh size >200 μm), the small size of
the individuals (670–1,008 μm), and confusion regarding the
copepodite stages of other paracalanid species.

During a research project that focused on the composition,
biomass, and distribution of the zooplankton community of
the central Brazilian coast (Araujo et al. 2017a, b), samples
were collected from four different estuarine areas (Macaé, São
João, Perequê-Açu, and Bracuí). The authors recorded the
abundance of the Paracalanidae family with regard to
B. similis, P. quasimodo, Parvocalanus crassirostris (Dahl,
1894), and Paracalanus spp. (consisting of unidentified spec-
imens and copepodites). Although Paracalanus and
Bestiolina species were present in several samples, individuals
could not be assigned to any known species due to observed
morphological characteristics that differed from previously
described genera.

   54 Page 2 of 28 Marine Biodiversity           (2021) 51:54 



Because of the scarcity of information regarding both the
molecular and taxonomic definitions of Brazilian
Paracalanidae, we aimed to present the first morphological
description and molecular barcodes (mitochondrial COI) of
the new species Paracalanus brasiliensis sp. nov. and
Bestiolina brasiliensis sp. nov. We also compared the molec-
ular results of Brazilian P. parvus s.l. specimens with the
findings of Cornils and Held (2014).

Material and methods

Surveys were carried out in four estuaries located in Rio de
Janeiro state: Macaé (22° 22′ 28″ S and 41° 46′ 30″ W), São
João (22° 35′ 54″ S and 41° 59′ 32″W), Bracuí (22° 57′ 12″ S
and 44° 24′ 05″W), and Perequê-Açu (23° 13′ 01″ S and 44°
42′ 40″ W). Surveys were conducted every 2 months from
March 2013 to March 2015 (Fig. 1). In August 2013, logisti-
cal problems prevented sampling in the Perequê-Açu estuary,
and an additional survey was conducted in this estuary in
November 2014.

Zooplankton sampling was performed by horizontal sur-
face tows using cylindrical-conical plankton nets (0.6 m
mouth diameter; 200 μm mesh) fitted with a flowmeter
(General Oceanics Inc., Miami, FL, USA) that was attached
to the net mouth to calculate the volume of water filtered. Each
net tow was only conducted for 5 min due to the high density
of suspended material in the estuaries. Immediately after

collection, the organisms were preserved in 4% buffered for-
malin for morphological analysis. Another haul was made
under the same conditions, and the material obtained was im-
mediately preserved in 99.5% hydrated ethyl alcohol. After 24
h, the alcohol was replaced to maintain DNA integrity in the
samples for molecular analysis. Temperature and salinity were
measured in situ using an HQ40D portable multiparameter
probe (Hach Company, Loveland, CO, USA).

Specimens of potentially novel species were sorted, dis-
sected, and identified to a specific level under a Stemi SV6
stereomicroscope (Carl Zeiss, Oberkochen, Germany) and an
SZX-ILLB2-100 stereomicroscope (Olympus, Tokyo, Japan).
All specimens were preserved in ethanol and deposited in the
National Museum (MN) and in the Laboratório Integrado de
Zooplâncton e Ictioplâncton (LIZI) of the Universidade
Federal do Rio de Janeiro (DZUFRJ Copepoda), Rio de
Janeiro, Brazil.

Specimen illustrations and details of the morphological
structures used for identification were elaborated in ink from
the observations of the structures of specimens dissected un-
der an optical microscope, an Axio Imager 2 differential in-
terferential phase contrast (DIC) microscope (Carl Zeiss), a
JSM 5310 scanning electron microscope (SEM, Jeol USA
Inc., Peabody, MA, USA), and a Quanta 250 SEM (FEI
Company, Hillsboro, OR, USA). Schematic drawings were
diagrammed using Adobe Photoshop CS6 (Adobe System
Incorporated, San Jose, CA, USA). The body sizes of individ-
uals were measured from the head to the tip of the caudal rami

Fig. 1 Map of the sampled estuaries in Rio de Janeiro, Brazil. 1, Macaé river estuary; 2, São João river estuary; 3, Bracuí river estuary; 4, Perequê-Açu
river estuary
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using Image Pro Plus v. 6.1 (Media Cybernetics, Silver
Spring, MD, USA). This study’s descriptive terminology fol-
lows Huys and Boxshall (1991) and Ferrari and Ivanenko
(2008).

Molecular analysis

DNA extraction and amplification

Genomic DNA was extracted from whole specimens, which
were washed with TE 1× (10 mMTris-HCl; 1 mMEDTA; pH
8.0) and placed individually in 1.5-mL microtubes containing
40 μL of cell lysis buffer (10 mM Tris pH 8, 50 mM KCl,
0.5% Tween 20); 20 μg/mL of proteinase K was added to the
mixture, following the protocol of Lee and Frost (2002) with
somemodifications. Thematerial was incubated at 65 °C for 1
h. Then, the samples were heated at 95 °C for 15 min, follow-
ed by centrifugation at 13,400 rpm for 10 min. The obtained
DNA samples were stored at −20 °C until further analysis. For
PCR reactions, 1–2 μL of the extract was used. An ~700-bp
fragment of the mtCOI gene was amplified by PCR using the
forward and reverse primers L1384 (GGTCATGTAATCAT
AAAGATATTG; Machida et al. 2004) and HCO2198
(TAAACTTCAGGGTGACCAAAAAATCA; Folmer et al.
1994), respectively. PCR reactions were performed in a final
volume of 25 μL containing 2.5 μL 10× reaction buffer
(50 mM KCl, 75 mM Tris-HCl, and 20 mM (NH4)2SO4 at
pH 9.0), 1.5 mM MgCl2, 0.3 μM of each primer, 0.2 mM
dNTPs (dATP, dTTP, dCTP, and dGTP), 0.05 U/μL Taq
recombinant DNA polymerase, 10 μg of the template DNA,
and sufficient Milli-Q® water (MilliporeSigma, Burlington,
MA, USA) to obtain the final volume. Amplification was
performed using a Veriti 96-well thermocycler (Applied
Biosystems, Foster City, CA, USA) with the following cy-
cling conditions: initial denaturation at 95 °C for 10 min,
followed by 40 cycles of denaturation at 95 °C for 30 s, an-
nealing at 42 °C for 30 s, extension at 72 °C for 1 min, and a
final extension at 72 °C for 4 min. The PCR products were
visualized by electrophoresis on a 1% agarose/TBE (89 mM
Tris, 89 mM H3BO3, 2 mM EDTA) gel and then prepared for
sequencing using a BigDye Terminator v. 3.1 Cycle
Sequencing Kit (Applied Biosystems), using the same primers
as those used for the PCR amplifications. The sequences were
run on an ABI 3500 Genetic Analyzer capillary DNA se-
quencer (Applied Biosystems).

Sequence editing and analysis

After sequencing, the results were imported to the Sequencing
Analysis Software v6.0 (Applied Biosystems), and sequence

quality analysis was performed using electropherograms.
Consensus sequences of mtCOI were manually edited by
comparing the aligned sequences for the forward and reverse
strands using Geneious Prime 2019.1 (Biomatters Ltd,
Auckland, New Zealand; Larkin et al. 2007). A basic local
alignment search tool (BLAST; Altschul et al. 1990) was used
with a network service (http://www.ncbi.nlm.nih.gov/) to
search for instances of sequence homology in the GenBank
nucleotide database. Sequences were deposited in GenBank
with the accession numbers MN444035 and MN444036
(Paracalanus brasiliensis sp. nov.) and MN719030 to
MN719034 (Bestiolina brasiliensis sp. nov.; Table 1).

A 640-bp gene fragment from Paracalanus brasiliensis
sp. nov. was aligned with the selected sequences used in a
previous study of the Paracalanus parvus species complex
(Cornils and Held 2014; see SupplementaryMaterials 1 and
2). For Bestiolina brasiliensis sp. nov., a 642-bp gene frag-
ment was aligned with all 33 published COI Bestiolina se-
quences (GenBank, accessed on June 17, 2019).Alignments
and a phylogenetic tree based onmaximum likelihood (ML)
were built with ClustalW v. 2.0 (Kumar et al. 2016) using
MEGA7 (Kumar et al. 2016). In the ML analysis, a general
time-reversible (GTR) model was chosen as the nucleotide
substitution model (Tavaré 1986) with a proportion of in-
variable sites, a correction of different site substitution
GAMMA rates, and the generation of 1000 bootstrap repli-
cates. Additional Bestiolina and Paracalanus species se-
quences present in the NCBI database were incorporated to
construct the ML tree (Table 1), and Acrocalanus gracilis
Giesbrech t , 1888 (JQ911965) , and Acrocalanus
longicornis Giesbrecht, 1888 (JQ911966), were selected
to form the outgroups for the Bestiolina phylogenetic anal-
ysis. Clade support is indicated at the top of the knot of the
consensus tree branches. Pairwise genetic distances were
also calculated with MEGA7 using the uncorrected p dis-
tances for all codon positions.

Results

Systematics

Class Hexanauplia Oakley,Wolfe, Lindgren, & Zaharof, 2013
Subclass Copepoda Milne Edwards, 1840
Order Calanoida G.O. Sars, 1903
Family Paracalanidae Giesbrecht, 1893
Genus Paracalanus Boeck, 1865
Paracalanus brasiliensis sp. nov.
Genus Bestiolina Andronov, 1991
Bestiolina brasiliensis sp. nov.
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Table 1 Information on COI sequences of the Paracalanus parvus species group and Bestiolina species published in GenBank

Genus Species Accession
numbers

Location Remarks

Bestiolina Bestiolina similis JQ911968 Kaneohe bay, Hawaii Cornils and Blanco-Bercial
(2013)

Bestiolina similis KC594120 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594121 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594122 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594123 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594124 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594125 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594126 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594127 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KC594128 Kaneohe bay, Hawaii Jungbluth and Lenz (2013)

Bestiolina similis KT149367 South West Coast of India Unpublished

Bestiolina similis KT149368 South West Coast of India Unpublished

Bestiolina similis KP068660 South West Coast of India Unpublished

Bestiolina similis AB679172 Palau, Micronesian Unpublished

Bestiolina similis AB679173 Palau, Micronesian Unpublished

Bestiolina similis AB679174 Palau, Micronesian Unpublished

Bestiolina similis AB679175 Palau, Micronesian Unpublished

Bestiolina similis AB679176 Palau, Micronesian Unpublished

Bestiolina similis AB679177 Palau, Micronesian Unpublished

Bestiolina similis AB679178 Palau, Micronesian Unpublished

Bestiolina similis AB679179 Palau, Micronesian Unpublished

Bestiolina similis AB679180 Palau, Micronesian Unpublished

Bestiolina similis AB679181 Palau, Micronesian Unpublished

Bestiolina similis AB679182 Palau, Micronesian Unpublished

Bestiolina similis AB679183 Palau, Micronesian Unpublished

Bestiolina similis AB679184 Palau, Micronesian Unpublished

Bestiolina similis AB679185 Palau, Micronesian Unpublished

Bestiolina similis AB679186 Palau, Micronesian Unpublished

Bestiolina similis AB679187 Palau, Micronesian Unpublished

Bestiolina similis AB679188 Palau, Micronesian Unpublished

Bestiolina sp. KC784343 East China Sea, Changjiang river estuary Unpublished

Bestiolina sp. KC784349 East China Sea, Changjiang river estuary Unpublished

Bestiolina sp. JQ911969 Indonesia, SW Sulawesi Cornils and Blanco-Bercial
(2013)

Bestiolina brasiliensis sp. nov. MN719030 Bracuí estuary (1), Rio de Janeiro, Brazil Developed

Bestiolina brasiliensis sp. nov. MN719031 Bracuí estuary (2), Rio de Janeiro, Brazil Developed

Bestiolina brasiliensis sp. nov. MN719032 Macaé estuary, Rio de Janeiro, Brazil Developed

Bestiolina brasiliensis sp. nov. MN719033 Perequê-Açú estuary, Rio de Janeiro, Brazil Developed

Bestiolina brasiliensis sp. nov. MN719034 São João estuary, Rio de Janeiro, Brazil Developed

Acrocalanus Acrocalanus gracilis JQ911965 SW Sulawesi, Indonesia Cornils and Blanco-Bercial
(2013)

Acrocalanus longicornis JQ911966 Atlantic Ocean, Tropical Eastern Atlantic
Ocean

Cornils and Blanco-Bercial
(2013)

Paracalanus Paracalanus indicus KF715899 Indian Ocean, Thailand, Similan Islands Cornils and Held (2014)

Paracalanus indicus KF715902 Coral Sea, Australia Cornils and Held (2014)

Paracalanus indicus KF715903 Coral Sea, Australia Cornils and Held (2014)

Paracalanus indicus KF715904 SW Sulawesi, Indonesia Cornils and Held (2014)

Paracalanus indicus KF715989 Indian Ocean: Scott Reef, Australia Cornils and Held (2014)
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Table 1 (continued)

Genus Species Accession
numbers

Location Remarks

Paracalanus indicus KC287774 SW Pacific: Australia Unpublished

Paracalanus nanus KF715942 Mediterranean Sea Cornils and Held (2014)

Paracalanus nanus KF715943 Mediterranean Sea Cornils and Held (2014)

Paracalanus parvus KC287798 Akkeshi Bay, Japan Unpublished

Paracalanus parvus KC784345 Changjiang river estuary, China Unpublished

Paracalanus parvus EU599545 Chinese coastal Unpublished

Paracalanus parvus KF715875 North Sea, Helgoland Cornils and Held (2014)

Paracalanus parvus KF715881 Baltic sea, Kattegat, Denmark Cornils and Held (2014)

Paracalanus quasimodo KF715944 Atlantic Ocean: Mauritania Cornils and Held (2014)

Paracalanus quasimodo KF715949 Mediterranean Sea, Algeria Cornils and Held (2014)

Paracalanus quasimodo KF715958 Mediterranean Sea, Algeria Cornils and Held (2014)

Paracalanus tropicus KF715919 Atlantic Ocean, tropical eastern Cornils and Held (2014)

Paracalanus tropicus KF715924 Atlantic Ocean, tropical eastern Cornils and Held (2014)

Paracalanus tropicus KF715931 Atlantic Ocean, tropical eastern Cornils and Held (2014)

Paracalanus tropicus KF715936 Gulf of Aqaba, Red Sea Cornils and Held (2014)

Paracalanus tropicus KF715937 SW Sulawesi, Indonesia Cornils and Held (2014)

Paracalanus tropicus KF715939 Indian Ocean: Red Sea Cornils and Held (2014)

Paracalanus sp. KF715988 Coral Sea: Australia Cornils and Held (2014)

Paracalanus sp. B KF715992 Pacific Ocean: Australia, Melbourne Cornils and Held (2014)

Paracalanus sp. B KF715996 Pacific Ocean: Australia, Melbourne Cornils and Held (2014)

Paracalanus sp. C KF715882 Pacific Ocean: Northeast, Oregon Cornils and Held (2014)

Paracalanus sp. C KF715883 Pacific Ocean: Northeast, Oregon Cornils and Held (2014)

Paracalanus sp. C KF715887 Pacific Ocean: Northeast, Oregon Cornils and Held (2014)

Paracalanus sp. D KF715977 Chile Cornils and Held (2014)

Paracalanus sp. D KF715978 Chile Cornils and Held (2014)

Paracalanus sp. D KF715979 Comau fjord, Chile Cornils and Held (2014)

Paracalanus sp. E KF715983 Atlantic Ocean: Mar del Plata, Argentina Cornils and Held (2014)

Paracalanus sp. E KF715984 Atlantic Ocean: Mar del Plata, Argentina Cornils and Held (2014)

Paracalanus sp. E KF715985 Atlantic Ocean: Mar del Plata, Argentina Cornils and Held (2014)

Paracalanus sp. E KF715986 Atlantic Ocean: Mar del Plata, Argentina Cornils and Held (2014)

Paracalanus sp. E KF715987 Atlantic Ocean: Mar del Plata, Argentina Cornils and Held (2014)

Paracalanus sp. F KF715888 Atlantic Ocean Northwest Cornils and Held (2014)

Paracalanus sp. F KF715889 Atlantic Ocean Northwest: Gulf of Maine Cornils and Held (2014)

Paracalanus sp. F KF715891 Atlantic Ocean Northwest Cornils and Held (2014)

Paracalanus sp. F KF715967 Atlantic Ocean tropical eastern Cornils and Held (2014)

Paracalanus sp. F KF715970 Atlantic Ocean: South Africa Cornils and Held (2014)

Paracalanus sp. F KF715975 New Zealand: Foveaux Strait Cornils and Held (2014)

Paracalanus brasiliensis sp. nov. MN444035 Perequê-Açú estuary, Rio de Janeiro, Brazil Developed

Paracalanus brasiliensis sp. nov. MN444036 Perequê-Açú estuary, Rio de Janeiro, Brazil Developed
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Paracalanus brasiliensis sp. nov.
http://zoobank.org/01D9E68A-00CA-4065-849B-3331F1CD79E0
(Figs. 2, 3, 4, 5, 6, and 7; Table 2)

Material examined (type material) Holotype: MNRJ-028868
adult females were undissected. Total length (TL, measured
from the tip of the rostrum to the posterior margin of the
caudal rami) 0.58 mm; collected on July 28, 2014, in the
Bracuí estuary, Rio de Janeiro, Brazil. Allotype: MNRJ-
028869, adult male, undissected. TL 0.67 mm; collected on
September 24, 2014, in Bracuí estuary, Rio de Janeiro, Brazil.
Paratypes: DZUFRJ Copepoda-39657, three adult females,
each dissected and mounted on slides, from theMacaé estuary
(August 3, 2013, Rio de Janeiro, Brazil). These specimens
were studied using a Stemi SV6 stereomicroscope and an
SZX-ILLB2-100 stereomicroscope; DZUFRJ Copepoda-
39655, 27 adult female undissected, same locality and date
(TL 0.48–0.67 mm, mean 0.57 mm, SD ± 0.06 mm); two
females processed for SEMmicrographs and 29 adult females
undissected (TL 0.48–0.58 mm, mean 0.54 mm, SD ± 0.04
mm), same locality and date of the holotype (C. Dias, F.
Vieira-Menezes, and S. Bonecker). DZUFRJ Copepoda-
45968, two adult males, each dissected and mounted on slides,
at the same locality and date. These specimens were studied
using a Stemi SV6 stereomicroscope and an SZX-ILLB2-100
stereomicroscope; DZUFRJ Copepoda-39656, seven adult
males were undissected. TL 0.39–0.45 mm, mean 0.41 mm,
SD ± 0.02 mm; same locality and date.

Complementary observations DZUFRJ Copepoda-39658, 30
adult females collected in the Perequê-Açú (June 2, 2014, TL

0.48–0.58 mm) and DZUFRJ Copepoda-39659, 30 adult fe-
males collected in the São João (July 26, 2014, TL 0.51–0.70
mm) estuaries, Rio de Janeiro, Brazil.

Etymology The specific name refers to Brazil, the country in
which this species was collected.

Type locality The Bracuí River Basin is located in the southern
region of Rio de Janeiro. The basin has a drainage area of 185
km2 (COPPETEC 2014). The river runs 24 km to its mouth
located in Ilha Grande Bay (Angra dos Reis, Rio de Janeiro;
Francisco and Carvalho 2004; Francisco and Oliveira 2009).
The estuary is shallow (1–5 m deep) and classified as
microtidal (tide range <2 m), with semidiurnal tides that range
from 0.5 to 1.0 m during neap and spring tides, respectively
(CHM2016). The climate is classified as tropical super-humid
and warm (Silva Soares et al. 2005; Salgado et al. 2007;
Cronemberger 2014) because of the Serra do Mar orographic
barrier. The mean temperature and annual rainfall are over 18
°C and 2,000 mm, respectively (Silva Soares et al. 2005;
Salgado et al. 2007; Cronemberger 2014). The bay’s hydro-
graphic region has one of the highest rainfall indices in Rio de
Janeiro, with the spatial distribution of its precipitation influ-
enced by the rugged topography present (Farias et al. 2017).

The description was made using the following main differ-
ential diagnoses for the Paracalanus species: appearance of ros-
trum, total number of spines present on the dorsal surface of the
exopod and endopodite segments 1–3, and the structure of leg 5.

Description of female (based on the holotype and paratypes)
Body slender. Prosome and urosome distinctly separated. The

Fig. 2 Paracalanus brasiliensis
sp. nov. a Female, lateral view
(holotype MNRJ-028868).
Differential interferential phase
contrast (DIC) micrographs; b
male, lateral view showing ce-
phalic hump (allotype MNRJ-
028869). Optical microscope
photomicrograph
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Fig. 3 Paracalanus brasiliensis sp. nov. female. a Antennule (holotype
MNRJ-028868, paratypes DZUFRJ Copepoda-39655 and DZUFRJ
Copepoda-39657); b antenna (holotype MNRJ-028868, paratypes
DZUFRJ Copepoda-39655 and DZUFRJ Copepoda-39657); c mandible

(paratype DZUFRJ Copepoda-39657); d maxillule (paratype DZUFRJ
Copepoda-39657); emaxilla (paratypeDZUFRJ Copepoda-39657); fmax-
illiped (holotype MNRJ-028868, paratypes DZUFRJ Copepoda-39655
and DZUFRJ Copepoda-39657). Scale bars: a = 100 μm, b–f = 50 μm
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Fig. 4 Schematic drawings of theParacalanus brasiliensis sp. nov. female.
a Lateral view (holotype MNRJ-028868, paratype DZUFRJ Copepoda-
39655), arrow indicating rostrum; b genital double somite (holotype
MNRJ-028868, paratypes DZUFRJ Copepoda-39655 and DZUFRJ

Copepoda-39657), arrow indicating seminal receptacle (SR) and genital
operculum (GO); c P1; d P2; e P3; f P4; g P5 (holotype MNRJ-028868,
paratypes DZUFRJ Copepoda-39655 and DZUFRJ Copepoda-39657).
Scale bars: a = 170 μm, b = 30 μm, c–f = 65 μm, g = 20 μm
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Fig. 5 Paracalanus brasiliensis
sp. nov. female (paratype
DZUFRJ Copepoda-39655). a P1
to P4; b detail of the P1 and P2
coxopodites without spinules; c
urosome showing genital double
somite, lateral view; d P5 from
another female. Scanning electron
micrograph (SEM)

Fig. 6 Paracalanus brasiliensis
sp. nov. micrographs showing the
coxopodite and the distal margin
without spinules of the swimming
legs of two females (paratype
DZUFRJ Copepoda-39655). a P1
with minute spinules in segment 2
of the exopodite and b P2
showing the external spine and
the spinules in segment 1 of the
exopodite; c P2–4; d arrow indi-
cating absence of a spinule row
between the two spines on P4.
Scanning electron micrograph
(SEM)
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prosome was three times larger than the urosome. The
prosome had the largest amplitude in the middle region
(Figs. 2a and 4a). Head fused with the first pedigerous somite;
fourth and fifth pedigerous somites separated by indistinct
sutures. Antennule shorter than the body, reaching the anterior
margin of the caudal rami (Figs. 2a and 4a). Rostrum short,
with two thin filaments (Fig. 4a). Urosome 4-segmented (Figs.
4a and 5c). Genital double somite was broader than the length
of the urosome (Fig. 5c). Lateral surface without cluster of
spinules on either side and with minute denticles on distal
margin (Fig. 5d). Seminal receptacles elliptical, with proximal

Fig. 7 Schematic drawings of theParacalanus brasiliensis sp. nov. male.
a Lateral view (allotype MNRJ-028869, paratypes DZUFRJ Copepoda-
39656 and DZUFRJ Copepoda-45968), arrow indicating cephalic hump;
b antennule (allotype MNRJ-028869, paratypes DZUFRJ Copepoda-
39656 and DZUFRJ Copepoda-45968); c antenna (allotype MNRJ-
028869, paratypes DZUFRJ Copepoda-39656 and DZUFRJ Copepoda-

45968); d mandible (paratype DZUFRJ Copepoda-45968); e maxilliped
(allotype MNRJ-028869, paratypes DZUFRJ Copepoda-39656 and
DZUFRJ Copepoda-45968); f P1; g P2; h P3; i P4; j P5 (allotype
MNRJ-028869, paratypes DZUFRJ Copepoda-39656 and DZUFRJ
Copepoda-45968). Scale bars: a = 200 μm, b = 100 μm, c–e = 50 μm,
f–i = 65 μm, j = 20 μm

Table 2 Spine and setal formula of legs 1–4 in Paracalanus brasiliensis
sp. nov.

Leg Coxa Basis Exopodite Endopodite

1 2 3 1 2 3

1 0-1 0-1 0-1 0-1 II,I,4 0-1 1,2,1 -

2 0-1 0-0 I-1 I-1 II,I,5 0-1 0-2 2,2,3

3 0-1 0-0 I-1 I-1 II,I,5 0-1 0-2 2,2,3

4 0-1 0-0 I-1 I-1 II,I,5 0-1 0-2 2,2,3
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half narrower than distal half (Fig. 4b), extended dorsally from
the genital field. The genital operculum projected ventrally
anterior to the seminal receptacles. The anal somite has the
same length as the second and third segments (Fig. 4a).

Antennule (Fig. 3a): 25-segmented, extending to the pos-
terior margin of the anal somite. Segments 1 (I) and 2 (II–IV)
were partially fused. Segments 3 (V)–24 (XXVI). Apical seg-
ment 25 (XXVII–XXVIII) Armature (seta = s) pattern as fol-
lows: segments 1 and 2 (I–IV) - 4s + 1 aesthetasc, 3 (V) - 1s +
1 aesthetasc, 4 (VI) - 1s + 1 aesthetasc, 5 (VII) - 1s + 1
aesthetasc, 6 (VIII) - 1s, 7 (XI) - 1s + 1 aesthetasc, 8 (X) -
1s, 9 (XI) - 1s, 10 (XII) - 1s, 11 (XIII) - 1s, 12 (XIV) - 1s, 13
(XV) - 1s + 1 aesthetasc, 14 (XVI) - 1s, 15 (XVII) - 1s, 16
(XVIII) - 1s, 17 (XIX) - 1s, 18 (XX) - 1s, 19 (XXI) - 1s, 20
(XXII) - 1s, 21 (XXIII) - 1s, 22 (XXIV) - 1s, 23 (XXV) - 1s,
24 (XXVI) - 2s, and 25 (XXVII–XXVIII) - 3s + 1 aesthetasc.
Segments 4–15 have small spines.

Antenna (Fig. 3b): biramous; coxa and basis clearly sepa-
rate, bearing 1 and 2 two setae, respectively. Exopodite 7-
segmented, slightly longer than endopodite; segment 1 with
2 setae, segments 2–6 with 1 seta each, segment 7 bearing 3
setae apically. Endopodite 2-segmented, first segment with 2
setae, second segment bilobed, with proximal lobe bearing 8
setae of different lengths, and distal lobe bearing 6 setae.

Mandible (Fig. 3c): with cutting edge of gnathobase bearing
9 cuspidate teeth and 1 seta. Palp biramous; basis with 5 setae;
exopod 5-segmented, segments 1–4 eachwith 1 seta, segment 5
bearing 2 apical setae. Endopodite 2-segmented, bearing 4 setae
on proximal segment and 11 setae on distal segment.

Maxillule (Fig. 3d): praecoxal arthrite with 13 setae. Coxa
with 3 setae on endite; epipodite with 8 setae. Basis with 4 setae
on proximal endite and 5 setae on distal endite; basal exite with
2 setae. Exopod bearing 11 lateral setae. Endopodite 3-segment-
ed, first to third segments with 3, 4, and 7 setae, respectively.

Maxilla (Fig. 3e): praecoxa bearing 2 endites; proximal
endite with 6 setae, distal with 3 setae; coxa with 2 endites,
each armed with 3 setae; basis with a single endite bearing 4
setae and 1 seta laterally. Endopodite 3-segmented with a setal
formula of 1, 1, 2.

Maxilliped (Fig. 3f): praecoxa and coxa apparently sepa-
rate; praecoxa with 1 seta; coxa bearing 1, 3, and 4 setae
representing endites, and the setae of the first two endites are
spiniforms in the proximal portion; basis bearing 3 spiniform
setae in the proximal portion. Endopodite 6-segmented; first
to sixth segments bearing 2 spiniform setae in the proximal
portion, 4 spiniform setae in the proximal portion, 4, 3+1, 3,
and 4 setae, respectively.

Swimming legs 1–4 increase in size posteriorly (Figs. 4c–f
and 5a). The spine and setal formula of the swimming legs are
shown in Table 2 (Figs. 4c–f and 6a). Coxae not ornamented
with spines or spinules (Figs. 4c–f and 5a–b). Legs 1–4 coxae
with bristles on the inner border (Fig. 4c–f). Leg 1 basis with a
bristle on the inner border (Fig. 4c).

Endopodite 2-segmented in leg 1, 3-segmented in legs 2–4,
the posterior margin being ornamented with spines (Fig. 4c–
f). The first bristle of the endopodite of legs 2–4 reached the
first spine of exopodite segment 3 of the same swimming leg.

Swimming legs 1–4 with 3-segmented exopodites. Last
segment of legs 2–4 with rectangular form and spinule row
on its margin. This segment has no spinule row in the distal
space between the two major spines (Figs. 4c–f and 6b–e).

Leg 5 2-segmented, short, and symmetrical; first segment
slightly robust; second segment bearing two thin and unequal
terminal spines, the longest one having minute spinules in its
distal portion (Figs. 4g and 5d).

Description of male (based on allotype and paratypes)
Prosome 5-segmented. Cephalosome bearing a cephalic dorsal
hump visible in lateral view. The head completely fused with
the first pedigerous somite, and fourth and fifth pedigerous
somites were completely separated (Figs. 2b and 7a). Similar
to the female, antennule shorter than the body, reaching the
distal portion of urosomite 4. Rostrum as in female. Male
mouthparts were significantly reduced. Urosome 5-segmented
without spinules on the genital somite, anal segment longer
than urosomite 4, caudal rami twice as long as wide (Fig. 7a).

Antennule 20-segmented, extending to the distal part of
urosomite 4 (Fig. 7b). Ancestral segments (Huys and
Boxshall 1991) I–II, III–VI, and VII–VIII fused and protrud-
ing. Double apical segment 25 (XXVII–XXVIII). Armature
(seta = s) considering ancestral segmentation (in Roman nu-
merals) as follows: segment 1 (I–II) - 4s + 2 aesthetasc, 2 (III–
VI) - 3s + 5 aesthetasc, 3 (VII–VIII) - 3s + 1 aesthetasc, 4 (IX–
X) - 1s, 5 (XI–XII) - 1s, 6 (XIII) - 0, 7 (XIV) - 1s, 8 (XV) - 1s,
9 (XVI) - 1s, 10 (XVII) - 1s, 11 (XVIII) - 1s, 12 (XIX) - 1s, 13
(XX) - 1s, 14 (XXI) - 0, 15 (XXII) - 0, 16 (XXIII) - 1s, 17
(XXIV) - 2s, 18 (XXV) - 2s, 19 (XXVI) - 2s, 20 (XXVII–
XXVIII) - 3s + 1 aesthetasc.

Antenna (Fig. 7c) biramous but atrophied, coxa, and basis
completely fused with two setae, proximal segments elongate
at the distal segment’s expense, exopodite incompletely fused,
with 5 setae; the 3 terminal setae present in the female are
absent in the male. Endopodite 2-segmented, proximal
endopodal segment naked, distal segment with 5 setae about
midway of inner margin and with 6 terminal setae.

Mandible (Fig. 7d) coxal gnathobase absent, basis un-
armed; exopodite and endopodite 2-segmented, each bearing
6 and 7 setae on the distal segment, respectively.

Maxillule and maxilla vestigial (not drawn). Maxillule signifi-
cantly reduced, andmaxilla presumed to be represented by a knob.

Maxilliped (Fig. 7e) with coxa and basis naked, terminal
part not segmented with 3 plumose outer setae and atrophied
inner setae.

Swimming legs seta and spine formula and ornamenta-
tion generally as in females. Coxae not ornamented with
spines or spinules, outer edge of exopod segment 2 of legs
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2–4 not serrated (Fig. 7f–i). The swimming legs differ
from those of the female in the following aspects: leg 2
exopodite segment 2 with minute spinules along the lat-
eral border; leg 4 exopodite segment 2 with posterior
margin ornamented with spines; legs 2–3 endopodite seg-
ment 2 with spinules around the distal border, and leg 3
with more spines in the posterior margin than in females.
Leg 5 was strongly asymmetrical and uniramous (Fig. 7j).
Left P5 5-segmented and extends beyond the distal border
of urosome segment 4; basis and exopodite segment 1
unarmed; exopodite segment 4 terminates into the spine.
The right leg is 2-segmented and extends beyond the me-
dium portion of the left leg segment 2. Both legs had two
thin and unequal terminal spines in the distal segment.

Sequence analysis and phylogenetic inference

Fifty females were identified as Paracalanus brasiliensis sp.
nov. for molecular analysis (17 from the Bracuí estuary, 13
from the Macaé estuary, 2 from the Perequê-Açu estuary, and
18 from the São João estuary). Only two extractions (from the
Perequê-Açu and São João estuaries) were sequenced.

Sequences from Paracalanus brasiliensis sp. nov.
(GenBank Accession numbers: MN444035 and MN444036)
aligned with the lineage “Paracalanus sp. E” (GenBank
Accession numbers KF715983–KF715987; Cornils and
Held 2014), which included specimens from the Southwest
Atlantic (Supplementary Materials 1 and 2).

Intraspecific p distances within the lineage “Paracalanus
sp. E” and Paracalanus brasiliensis sp. nov. ranged between 0
and 0.009 and were therefore well below the assumed genetic

divergence threshold in COI for distinct copepod species
(Bucklin et al. 1999). For all other sequences of the P. parvus
species complex, the uncorrected p distances varied between
0.134 and 0.178 (alignment provided as Supplementary
Material 1). Thus, we conclude that the sequences from lineage
“Paracalanus sp. E” from Cornils and Held (2014) also
belongs to the newly described species Paracalanus brasiliensis
sp. nov.

Bestiolina brasiliensis sp. nov.
http://zoobank.org/C4010E14-F38F-4711-AB66-DD4D2F595113
(Figs. 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17; Table 3)

Material examined (type material) Holotype: MNRJ-028870,
adult females were undissected. TL 0.52 mm; collected on
July 28, 2014, in the Bracuí estuary (22° 57′ 12″ S, 44° 24′
05″ W), Rio de Janeiro, Brazil. Allotype: MNRJ-028871,
adult male, undissected. TL 0.40 mm; collected on February
9, 2015, in the Bracuí estuary, Rio de Janeiro, Brazil.
Paratypes: DZUFRJ Copepoda-45969, three adult females,
each dissected and mounted on slides, at the same locality
and date. These specimens were studied using a Stemi SV6
stereomicroscope and an SZX-ILLB2-100 stereomicroscope;
DZUFRJ Copepoda-39660, two adult females were processed
for SEM micrographs, and 26 adult females were left
undissected. TL 0.44–0.53 mm, mean 0.48 mm, SD ± 0.02
mm, same locality and date (C. Dias and F. Vieira-Menezes);
DZUFRJ Copepoda-45970, two adult males, each one dis-
sected and mounted on slides. Organisms were studied using
a Stemi SV6 stereomicroscope and an SZX-ILLB2-100 ste-
reomicroscope; DZUFRJ Copepoda-29095, two males

Fig. 8 Bestiolina brasiliensis sp.
nov. a Female, lateral view
(holotype MNRJ-028870).
Photograph taken on Nikon
SMZ25 stereomicroscope; b
male, lateral view (allotype
MNRJ-028871). Differential
interferential phase contrast (DIC)
micrographs
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Fig. 9 Bestiolina brasiliensis sp. nov. female. a Antennule (holotype
MNRJ-028870, paratypes DZUFRJ Copepoda-39660 and DZUFRJ
Copepoda-45969); b antenna (holotype MNRJ-028870, paratypes
DZUFRJ Copepoda-39660 and DZUFRJ Copepoda-45969); c mandible

(paratype DZUFRJ Copepoda-45969); d maxillule (paratype DZUFRJ
Copepoda-45969); emaxilla (paratype DZUFRJ Copepoda-45969); fmax-
illiped (holotypeMNRJ-028870, paratypes DZUFRJ Copepoda-39660 and
DZUFRJ Copepoda-45969). Scale bars: a = 100 μm, b–f = 50 μm
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Fig. 10 Schematic drawings of Bestiolina brasiliensis sp. nov. female. a
Lateral view (holotype MNRJ-028870, paratypes DZUFRJ Copepoda-
39660 and DZUFRJ Copepoda-45969); b urosome (holotype MNRJ-
028870, paratypes DZUFRJ Copepoda-39660 and DZUFRJ Copepoda-

45969), arrow indicating seminal receptacle (SR) and genital operculum
(GO); c P1; d P2; e P3; f P4; g P5 (holotype MNRJ-028870, paratypes
DZUFRJ Copepoda-39660 and DZUFRJ Copepoda-45969). Scale bars:
a = 200 μm, b = 50 μm, c–f = 65 μm, g = 20 μm
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processed for SEM micrographs, and four adult males
undissected. TL 0.39–0.45 mm, mean 0.41 mm, SD ± 0.02
mm; same locality and date (C. Dias and F. Vieira-Menezes).

Complementary observations DZUFRJ Copepoda-39662, 34
adult females, collected from the Perequê-Açú estuary
(June 2, 2014, TL 0.45–0.57 mm); DZUFRJ Copepoda-
39663, 30 adult females from the São João estuary (July 26,
2014, TL 0.43–0.60 mm); and DZUFRJ Copepoda-39664, 30
adult females from the Macaé estuary (March 29, 2014, TL
0.54–0.60 mm), Rio de Janeiro, Brazil.

Etymology The species name refers to Brazil, the country in
which the genus was first reported.

Type locality The same as that of Paracalanus brasiliensis sp.
nov.

The description was made using the following main differ-
ential diagnoses for the Bestiolina species: rostral projections,
presence or absence of spinule rows on the margin of the fifth
pedigerous somite, swimming-leg ornamentation, and caudal
setae.

Description of female (based on the holotype and paratypes)
Body robust, widest at pedigerous somite 1; anterior end of
cephalosome rounded, tapering distally (Figs. 8a and 11a–b).
Well-developed rostral projections (Fig. 11b). Cephalosome
and pedigerous somite 1 were separated by complete sutures
(Figs. 10a and 11a). The fourth and fifth pedigerous somites
completely separated (Fig. 10a); distal margin of the fifth
pedigerous somite rounded with a row of minute spinules
(Figs. 10b and 12a–b) in lateral view; exhibits minute spinules
in ventral view (Fig. 12a) and minute spinules in the urosome
in side view (Fig. 12b). Urosomes with four free somites. The
first and second urosomites fused, forming the genital double
somite symmetrical in dorsal view, protruding ventrally in
lateral view (Figs. 10b and 15a). The genital double somite
typically has paired genital apertures, genital operculum, and a

pair of rounded colored seminal receptacles appearing in both
lateral and ventral views. The genital operculum is located in
the ventral-posterior region, anterior to the seminal receptacles
(Fig. 15b). In the lateral view, minute spinules on the superior
part of the genital double somite. Anal somite slightly longer
than the preceding two urosomites combined. Symmetrical
caudal rami, almost as long as the anal somite (Figs. 10b
and 15a), each ramus contained five caudal setae, one of
which was reduced distally at the medial margin.

Antennule (Fig. 9a): 23-segmented, extending to the caudal
rami (Fig. 10a). Ancestral segments (Huys and Boxshall
1991) I–IV and XXVII–XXVIII fused. Armature (seta = s,
spine = sp) considering ancestral segmentation (in Roman
numerals) as follows: I–IV - 7s, V-1s + 1 aesthetasc, VI - 1s
+ 1 aesthetasc, VII - 1s + 1 aesthetasc, VIII - 1s + 1 aesthetasc,
IX - 1s + 1 aesthetasc, X–XI - 1s + sp, XII - 1s + 1 sp, XIII - 1s,
XIV - 1s, XV - 1s, XVI-2s, XVII - 1s, XVIII - 1s, XIX - 1s,
XX - 1s + 1 aesthetasc, XXI - 1s + 1 aesthetasc, XXII - 1s,
XXIII - 2s, XXIV - 1s + 1 sp, XXV - 2s, XXVI - 2s, and
XXVII–XXVIII - 4s + 1 aesthetasc.

Antenna (Fig. 9b) is biramous. Coxa with 1 spiniform setae
basis with 2 long distal setae Endopod 2-segmented; first seg-
ment with 2 unequal setae; second segment bilobate; subter-
minal lobe with 9 setae; terminal lobe with 6 setae. Exopod 7-
segmented, with a setal formula of 1, 3, 1, 1, 1, 1, 4.

Mandible (Fig. 9c): Gnathobase well-developed, cutting
edge with short teeth and dorsal seta; basis of palp with 4
subequal setae; endopod 2-segmented, proximal and distal
segments with 4 and 11 setae, respectively; exopod 5-seg-
mented, with a setal formula of 1, 1, 1, 1, 2.

Maxillule (Fig. 9d) with praecoxal arthrite carrying 13 setal
elements on and around the distal margin. Coxa with 2
endites, each endite with 3 setae; coxal epipodite with 9 setae,
7 setiform, and 2 spiniform. Basis with 4 setae on endite;
endopod and exopod with 14 and 11 setae, respectively.

Maxilla (Fig. 9e): praecoxa and coxa incompletely fused,
proximal praecoxal endite with 5 setae, distal and coxal
endites with 3 spiniform setae in the proximal portion each;
basal endite with 4 spiniform setae in the proximal portion.

Fig. 11 Bestiolina brasiliensis sp.
nov. females (paratype DZUFRJ
Copepoda-39660). a Lateral
view; b detail of the anterior
extremity showing the very robust
rostrum. Scanning Electron
Micrograph (SEM)
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Endopod 3-segmented; first segment with endite bearing 1
seta; second segment with 3 setae; third segment with 4 setae.

Maxilliped (Fig. 9f): slender, with elongate syncoxa, armed
with 4 groups of setal elements, proximally with 1, second
with 2, third with 3, and distalmost group with 4 subequal
setae; rows of tiny spinules at insertion of third and fourth
setal groups. Basis with 3 spiniform setae in the proximal
portion Endopod 6-segmented, setal formula of 2, 3, 3, 2, 4,
4. The setae of the endopod 1-segment were spiniform in the
proximal portion.

Swimming legs 1–4 increase in size posteriorly, each com-
prising coxa, basis, and 3-segmented exopodites (Figs. 10c–f
and 13a). The spine and setal formulas of the swimming legs
are shown in Table 3 (Fig. 10c–f). Leg 1 with 2-segmented
endopodite, and legs 2–4 with 3-segmented endopodites. Legs
2–4 coxae with a robust plumose internal bristle (Fig. 10c–f).

Swimming leg 1 with a robust bristle on the basis, reaching
the end of the second endopodite segment (Fig. 13c).
Exopodite 3-segmented, with the end of the first segment pre-
senting 12 spinules in the outer margin (Fig. 13d). Part of the
anterior surface of the base and segments 1, 2, and 3 of the
exopodite with tiny and robust spinules (Fig. 13b–c). The
second segment ornamented, with a row of long spinules on
the outer margin that reaches the last segment (Fig. 13c). The
third segment with two slender external spines (Fig. 10c).
Endopodite 2-segmented, the first one ornamented with bris-
tles (Figs. 10c and 13b).

Leg 2 with the first exopodite segment ornamented with a
row of 3–4 spines (variation between the analyzed specimens)
on its posterior face (Fig. 13e–f). Two spinules in the second
segment of the exopodite (not shown) and endopodite in the
anterior and posterior faces, respectively. Endopodites 2 and 3
with minute spinules (Figs. 10d and 13b).

Leg 3 with the second and third exopodite segments
ornamented with two spinules on the anterior and posterior
faces, respectively (Figs. 10e and 14a). The third segment’s
spinules were less conspicuous than those in the second seg-
ment (Fig. 14b).

Leg 4 (Fig. 10f) with the second segment of exopodite
ornate with two very sharp spinules on its anterior portion
(Figs. 10f and 14c).

Leg 5 was reduced, represented by a pair of rounded lobes
with slight asymmetry (Figs. 10g and 14d).

Description of male (based on allotype and paratypes) Body
slenderer compared with females. Cephalosomes with dorsal
humps visible in lateral view (Figs. 16a and 17a, b) and fused
with first pedigerous somite as in females (Figs. 8b; 16a; 17a).
Fourth and fifth pedigerous somites completely separated,
posterolateral margins of fifth pedigerous somite rounded
and symmetrical, with a row of minute spinules (Fig. 16a).
Rostral projections were thicker but slenderer than in females
(Fig. 16a). Urosome 5-segmented, the second longer than the
others. Symmetrical caudal branch, approximately 2 times
longer than wide; armed with 5 caudal setae, with four distal
setae and one distally reduced in the medial border (Figs. 16a
and 17d).

Antennule non-geniculate; long and symmetrical, extending
about as far as mid-urosome (Fig. 16b); 20-segmented, segment
1 (ancestral segments I–IV), 2 (ancestral segments V–VIII); IX–
X and XXVII–XXVIII fused. Segmentation and setation pat-
tern (seta = s) as follows: I–IV–4s, V–VIII–7s, IX–X–2s, XI–

Fig. 12 Bestiolina brasiliensis sp. nov. female (paratype DZUFRJ
Copepoda-39660). a Arrows indicate spinules on the last pedigree
somite and the minute spinules in ventral view; b detail of the spinules
at the distal margin of the prosome. Scanning electron micrograph (SEM)
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1s, XII–0, XIII–1s, XIV–1s, XV–0, XVI–0, XVII–0, XVIII–0,
XIX–1s, XX–1s, XXI–2s, XXII–0, XXIII–0, XXIV–1s, XXV–
2s, XXVI–2s, XXVII–XXVIII–4s + 1 aesthetasc.

Antenna (Fig. 16c) biramous, but atrophied; coxa and basis
completely fused, with single seta; endopod 2-segmented, first
segment unarmed, second segment bilobed, subterminally with

4 setae and terminally 5 setae; exopod incompletely fused,
armed with 5 setae, distal segment small, knob-like, unarmed.

Mandible (Fig. 16d) coxal gnathobase absent, basis un-
armed; exopod 2-segmented, with partial suture, armed with
6 setae; endopod 2-segmented, first segment unarmed, second
endopodal segment with 8 setae.

Fig. 13 Bestiolina brasiliensis sp.
nov. female (paratype DZUFRJ
Copepoda-39660). Electron
micrographs showing the
swimming legs. a Increasing size
of swimming legs toward P4; b
ornamentation with P1 and P2
minute spinules, spinules, and
spines; c detail of basipodite
bristle and P1 minute spinules; d
detail of the spinules in P1; e, f
variation in the number of
spinules in the first segment of the
P2 exopodite
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Maxillule and maxilla rudimentary (not drawn).
Maxilliped (Fig. 16e) reduced, with 4 segments includ-

ing long and robust syncoxa without seta, shorter
subrectangular basis with single seta, and 2-segmented
endopod. First endopodal segment with 3 setae, outermost
thick, bipinnate; distal segment with 4 setae, 2 of them
thick, bipinnate.

Swimming-leg seta and spine formula and ornamentation
generally as in females. Swimming legs differ from those of
the female in the following aspects: exopodite terminal seta of
legs 1–4 narrower and exopodite outer spines with less curva-
ture than female legs (Fig. 16f–i). Legs 2–3 with exopodite with
six spinules on the anterior surface of segment 3, close to the
first outer spines (Fig. 16g–h). Swimming leg 5 strongly asym-
metrical, right leg rudimentary represented by a rounded lobe as
in female (Figs. 16j and 17c–d); left leg 5-segmented,
uniramous, as long as urosome (Figs. 16a and 17a). Coxa dilat-
ed, basis and first exopodite segment unarmed, exopodite seg-
ment 4 with an external latero-distal spine, and distal segment
with two unequal spines, one external and exceedingly small,
and the other internal, long, and slender (Figs. 16j and 17c).

Sequence analysis and phylogenetic inference

A total of 49 females were used for molecular analysis (four
from the Bracuí estuary, four from the Macaé estuary, two
from the Perequê-Açu estuary, and 39 from the São João
estuary). Five sequences were obtained for the four estuaries
(two sequences from Bracuí and one sequence from Macaé,
Perequê-Açu, and São João).

The reconstructedML tree of the BestiolinaCOI sequences
revealed that the sequences of Bestiolina brasiliensis sp. nov.
(GenBank accession numbers MN719030-MN719034) were
different from all other published COI sequences
(Supplementary Materials 3 and 4). Uncorrected p distances
within Bestiolina sp. nov. varied between 0 and 0.006
(alignment in Supplementary Material 3). For all other pub-
lished Bestiolina sequences, the uncorrected p distance ranged
from 0.083 to 0.157, which was in the range of the divergence
COI threshold for distinct species (Bucklin et al. 1999).
However, the maximum likelihood tree of Bestiolina spp.
yielded several lineages of Bestiolina similis, which might
be an indication of cryptic speciation within B. similis or

Fig. 14 Bestiolina brasiliensis sp.
nov. female (paratype DZUFRJ
Copepoda-39660). a
Ornamentation with spines on the
second segment of P3 exopodite;
b spinules on the third segment of
the P3 exopodite; c spinules on
the second segment of P4
exopodite; d P5. Scanning
electron micrograph (SEM)
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misidentification. A more comprehensive study of Bestiolina
species delimitation is needed to resolve these uncertainties.

Discussion

Specimens identified asParacalanus spp. orBestiolina similis
collected from estuaries of the central Brazilian coast were
reviewed, and unidentified Paracalanus spp. adults (females
and males) were separated and morphologically analyzed in
greater detail. Some morphological differences were found
between the specimens classified as either Paracalanus
brasiliensis sp. nov. or Bestiolina brasiliensis sp. nov. and
those from the literature of these genera. Taxonomic and

genetic analyses of Paracalanus brasiliensis sp. nov. and
Bestiolina brasiliensis sp. nov. specimens suggest that the
individuals collected from the four estuaries sampled in this
study belong to a new species.

Paracalanus brasiliensis sp. nov

The morphological identification of the Paracalanus speci-
mens was based on taxonomic criteria, such as the absence
or presence of serration on the outer distal edge of exopodite 3
of swimming legs P2–4 in females. This was the main criteri-
on used to distinguish between P. parvus, P. indicus, and P.
quasimodo. The presence or absence of ornamentation on the
first basipodite of the swimming legs, as well as the presence
or absence of a prominent cephalic dorsal hump on the
prosome in males, is also cited as a diagnostic feature
(Kasapidis et al. 2018).

Paracalanus brasiliensis sp. nov. has morphological char-
acteristics that differentiate it from the Paracalanidae species
belonging to the P. parvus species complex found along the
Brazilian coast and other parts of the world. These character-
istics include the species’ swimming legs, the seminal recep-
tacle shape, and total length.

Regarding the structures present in P2–4, females and males
of P. brasiliensis resemble P. parvus, P. nanus, P. intermedius,
and P. serrulus in the absence of many posterior surface spi-
nules in the coxopodite, P. parvus, P. intermedius, and P.
serrulus in the absence of posterior surface spinules on the
basipodite, and P. parvus in the absence of serration between
the spines of the 3rd articulated exopodite (Table 4; Bradford
1978). According to Bradford (1978), the relationships of both
sexes of P. intermedius and P. serrulus with other members of
the P. parvus group are difficult to determine because these
species have not yet been fully described. Moreover, in a study
on the P. parvus species complex from the Mediterranean and
Black Seas, Kasapidis et al. (2018) demonstrated the difficulty
of using routine morphological characters in the discrimination
of Paracalanus species (P. parvus, P. indicus, and P.
quasimodo), especially because of the great variability in the
morphological characteristics of the latter two species.

Most of the diagnoses and remarks on Paracalanus species
were made based on a study of females. Despite the diagnostic
characteristics of the swimming legs of females and males of
P. brasiliensis sp. nov. being similar to those of some species
of the genus, P. brasiliensis sp. nov. has unique characteristics
that define it as a new species, namely the swimming legs seta
and spine formula and ornamentation.

The original description of the P. parvus species com-
plex provides insufficient diagnostic information regarding
the morphology of the urosome and genital double
somites. For example, for P. serrulus, P. intermedius, and
P. tropicus, only figures of the species are available,
whereas, for P. quasimodo, little information and few

Fig. 15 Bestiolina brasiliensis sp. nov. female (paratype DZUFRJ
Copepoda-39660). a Urosome showing genital double somite (GS),
anal somite (AS), and caudal rami (CR), lateral view; b seminal
receptacles, ventral view. Scanning electron micrograph (SEM)
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figures are available. The material used herein is similar to
that of P. quasimodo, P. indicus, and of the three groups of
species of the P. parvus complex described by Hidaka
et al. (2016) in terms of the presence of a genital double
somite with denticles on the distal margin, even though the
cluster of spinules above the spermatheca found in P.
quasimodo (Bowman 1971) is not present. The specimens
were also similar in the overall shape and arrangement of
the genital field and seminal receptacles to the species of
group 1 of the P. parvus complex (Hidaka et al. 2016);
however, they had elliptical seminal receptacles rather than
rectangular receptacles in the distal half. Hidaka et al.
(2016) identified three species in the waters around

Japan: P. tropicus (group 3), P. indicus (group 2), and an
undescribed species (Paracalanus sp. (NWP)—group 1).

In relation to TL, P. brasiliensis sp. nov. was slightly lon-
ger thanP. nanus (F 0.50–0.65,M 0.50–0.60) but smaller than
the other species of the P. parvus complex (P. indicus: F 0.66–
1.30, M 0.74–1.40; P. parvus: F 0.62–1.30, M 0.50–1.40; and
P. quasimodo: F 0.75–1.00, M 0.82) found along the Brazilian
coast, and P. tropicus (F 0.74–0.90), P. intermedius (F 0.88,
M 0.78), and P. serrulus (F 1.02, M 0.97) (Razouls et al.
2005–2021).

Paracalanus nanus may be distinguished from other spe-
cies by its small size, short antennules (barely reaching the end
of the prosome), and the distal edges of exopodite 3 of non-

Fig. 16 Schematic drawings of the Bestiolina brasiliensis sp. nov. male.
a Lateral view (allotype MNRJ-028871, paratypes DZUFRJ Copepoda-
29095 and DZUFRJ Copepoda-45970), arrow indicating cephalic hump;
b antennule (allotype MNRJ-028871, paratypes DZUFRJ Copepoda-
29095 and DZUFRJ Copepoda-45970); c antenna (allotype MNRJ-
028871, paratypes DZUFRJ Copepoda-29095 and DZUFRJ Copepoda-

45970); d mandible (paratype DZUFRJ Copepoda-45970); e maxilliped
(allotype MNRJ-028871, paratypes DZUFRJ Copepoda-29095 and
DZUFRJ Copepoda-45970); f P1; g P2; h P3; i P4; j P5 (allotype
MNRJ-028871, paratypes DZUFRJ Copepoda-29095 and DZUFRJ
Copepoda-45970). Scale bars: a = 150 μm, b = 100 μm, c–e = 50 μm,
f–i = 65 μm, j = 20 μm
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serrated swimming legs 2–4 (Cornils and Held 2014; Fig. 1).
Paracalanus indicus, P. parvus, and P. quasimodo are distin-
guished by differences in the serration of the distal outer edge
of exopodite 3 from P2 to P4. Paracalanus parvus has a bulg-
ing forehead, while a dorsal bulge in the prosoma is present in
P. quasimodo (Bowman 1971). Male P. parvus lacks a cephal-
ic hump in the lateral view. Paracalanus indicus is character-
ized by the presence of posterior dorsal spines in the female
genital double somite (Bradford 1978). According to Kasapidis
et al. (2018), in their study of the taxonomic status and

distribution of the P. parvus species complex in the
Mediterranean and Black Seas, there are subtle morphological
differences between P. parvus, P. indicus, and P. quasimodo,
while the individual variability observed in Mediterranean
specimens renders proper identification problematic.

There is a need to resolve the taxonomic ambiguities pres-
ent and provide molecular databases with species data that
have been validated by morphological and molecular taxono-
my studies (Bucklin et al. 2016). Cornils and Held (2014)
revealed 10–12 putative species in the P. parvus species com-
plex, some of which may possibly be cryptic, with differing
geographical distributions. In several instances, specimens
that had been previously morphologically identified as a par-
ticular species were phylogenetically assigned to different
species. In this study, P. brasiliensis sp. nov. sequences ob-
tained from Brazil’s central coast were compared with se-
quences from the lineages revealed by Cornils and Held
(2014). The tree generated by the mtCOI gene fragments
remained unchanged, and high bootstrap values were ob-
served (ML 100%), indicating that the P. brasiliensis sp.
nov. species found in the São João and Perequê-Açu estuaries

Fig. 17 Bestiolina brasiliensis sp.
nov. male (paratype DZUFRJ
Copepoda-29095). a Lateral
view, showing the somite
pedigerous 1 (SP1) fused to the
cephalosome; b dorsal cephalic
hump; c lateral view, urosome,
and P5, arrow indicating rounded
right lobe; d urosome: second
urosomite (U2) and caudal rami
(RC). Scanning electron micro-
graph (SEM)

Table 3 Spine and setal formula of legs 1–4 in Bestiolina brasiliensis
sp. nov.

Leg Coxa Basis Exopodite Endopodite

1 2 3 1 2 3

1 0-0 0-1 0-1 0-1 II,I,4 0-1 1,2,2 -
2 0-1 0-0 I-1 I-1 III,I,5 0-1 0-2 1,2,3
3 0-1 0-0 I-1 II-1 III,I,5 0-1 0-2 1,2,3
4 0-1 0-0 I-1 II-1 III,I,5 0-1 0-2 1,2,3
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and specimens collected from the coastal waters of Argentina
(Paracalanus sp. E. KF715983, Paracalanus sp. E.
KF715986, and Paracalanus sp. E KF715987; Cornils and
Held 2014) are co-specific. Paracalanus brasiliensis sp.
nov. has morphological characteristics similar to those of P.
quasimodo. These species are differentiated by the absence of
spinules between the spines of the third articulated exopodite
of legs P2–4 and bristles in the coxopodite in Paracalanus
brasiliensis sp. nov. Genetic distance confirmed the separa-
tion of these species (Supplementary Material 1).

The large geographic gaps in the eastern Pacific, southwest-
ern Atlantic, and Indian Oceans may indicate the existence of

new species or cryptic species, which may alter the current
biogeography of Paracalanidae. The present study describes a
new Paracalanus species based on morphological and molec-
ular evidence from the estuaries of southeastern Brazil and the
waters of the coast of Argentina. The presence of Paracalanus
brasiliensis sp. nov. was recorded in other places on the Rio de
Janeiro coast, such as on Rasa Island (23° 03′ 38.10″ S and 43°
06′ 40.94″O), Guanabara Bay in Niteroi (22° 55′ 24.29″ S and
43° 06′ 18.68″ O), and Arraial do Cabo (22° 58′ 14″ S–23° 01′
04″ S and 42° 00′ 05″–42° 00′ 57″W; Fig. 18). Therefore, it is
necessary to review samples containing P. brasiliensis sp. nov.
to identify potential locations where this species may occur.

Table 4 Morphological comparison of species belonging to the Paracalanus parvus complex occurring on the Brazilian coast, based on the tables in
Kang (1996) and Bradford (1978), and Paracalanus nanus schemes (Razouls et al. 2005–2021). *Personal observation

Taxonomic characters of the swimming legs P. quasimodo P. indicus P. parvus P. nanus P. brasiliensis sp. nov.

P2-P4—coxopodite with spinules on the posterior surface X X - X -

P2-P4—3rd serrated exopodite articulated X X (P4 little sawed) X X X

P2—spinules between the spines
of the 3rd articulated exopodite

X X - X -

P3—spinules between the spines
of the 3rd articulated exopodite

X X - X -

P4—spinules between the spines
of the 3rd articulated exopodite

X - - - -

P2-P4—spinules on the 2nd
articulated endopodite

X X X X X

P3-P4—spinules on the 2nd
articulated endopodite

X X Spinules row * X X

Fig. 18 Map of the sampled estuaries: 1, Macaé river estuary; 2, São João river; 3, Bracuí river; 4, Perequê-Açu river, and occurrence points of
Paracalanus brasiliensis sp. nov. (a, Guanabara Bay; b, Rasa Island; c, Arraial do Cabo) in the Rio de Janeiro state, Brazil
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Bestiolina brasiliensis sp. nov

The uniformity of the number of spinules and their location on
the anterior face of the second exopodite of swimming legs 2–
3 and the absence of spinules on the endopodite of swimming
legs 3–4 seem to be sufficient to differentiate Bestiolina
brasiliensis sp. nov. from all other Bestiolina species.
According to Moon et al. (2010), the ornamentation of seg-
ment 2 of the exopodites of swimming legs 2–4 may play a
fundamental role in the separation of similar species. Other
characteristics also appear to be relevant, such as the presence
of posterior spinules on swimming leg exopods 2–3 and the
swimming leg endopodite, the absence of the small external
spine on segment 1 of the exopodite of swimming leg 1, and
the presence of a row of spinules on the posterior margin of
the prosome (Suárez-Morales and Almeida-Artigas 2016;
Table 5). The last two characteristics excluded the possibility
of Bestiolina brasiliensis sp. nov. being B. inermis, B. similis,
B. zeylonica, B. amoyensis, B. arabica, or B. sarae (Table 5).

Although the other species share similarities with the new
species, B. sinica and B. mexicana do not possess spinules on
swimming leg exopods 2–4 and 3–4, respectively. Although
B. mexicana presents the posterior spinule formula on swim-
ming leg 2 of 3,0,0, as does the new species, it is important to
note that B. brasiliensis sp. nov. presented variation in the
number of posterior spinules of this swimming leg (3, 0, 0
and 4, 0, 0). In turn, B. coreana does not have the same
number or location of the spinules of swimming legs 2–4
and exhibits spicules of the form 4 + 3, 4 + 3, or 0 + 4 on
endopodite 2 of swimming legs 2–4, respectively.

In Bestiolina brasiliensis sp. nov. females, a lack of the
small spine on segment 1 of the swimming leg exopodite 1
and the presence of 12 spinules on the distal external margin
on segment 1 of the same swimming leg were observed, a
characteristic that has not been reported for any other species
of this genus. However, the spinulation pattern on the
exopodites’ anterior and posterior faces and endopodites of
swimming legs 2–4 are fundamental for differentiating one
species from its congeners (Ali et al. 2007; Moon et al.
2010). The taxonomic key for females proposed by Moon
et al. (2010) only allowed us to arrive at step 3. However,
our specimens cannot be identified as either B. zeylonica or
B. sinica due to the presence of spinules on the anterior-distal
and posterior-distal faces of segments 1–3 of exopodites of
P2–4. Bestiolina brasiliensis sp. nov. also has the smallest
length, ranging from 0.39 to 0.60 mm (the measurements of
the other species are shown in Table 5).

We described the seminal receptacle, although this struc-
ture is not used as a feature in the differentiation of Bestiolina
species. It was not possible to compare the genital complex of
B. brasiliensis females with that of the other species of
Bestiolina, because it was not described in any of the nine
species known worldwide. Ta
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A small number of males were found compared with fe-
males. These specimens were not in good preservation condi-
tions, making it difficult to visualize the structures. Similar to
other males of the genus, except for B. amoyensis, Bestiolina
brasiliensis sp. nov. males present a cephalic hump. There
were six spinules near the first external spine on the anterior
face of the third segment of swimming leg exopodites 2–3 of
the Bestiolina brasiliensis sp. nov. male. There have been no
reports in the literature on this spinule pattern in other
Bestiolina males.

Specimens belonging to the Bestiolina genus along the
southeastern coast of Brazil were collected by Sterza and
Fernandes (2006), Sterza et al. (2008), Pereira (2010, who
identified B. similis), Araujo (2016), and Araujo et al.
(2017b). The present work elucidates that the species referred
to is Bestiolina brasiliensis sp. nov. Thus, a more detailed
understanding of the morphological characteristics needed
for identification is necessary to further clarify the records of
Bestiolina in southeastern Brazil (Sterza and Fernandes 2006;
Sterza et al. 2008; Pereira 2010).

Bestiolina brasiliensis sp. nov. can be distinguished from
B. similis based on several morphological characteristics. The
latter species has a long and thin rostrum, the presence of three
spinules on the third segment of the P2–3 exopodites, five
spinules on the second segment of the P2–3 endopodites, the
absence of spinules on the posterior margin of the prosome,
and the presence of the marginal spine on the first exopodite
segment of P1. Bestiolina brasiliensis sp. nov. has a shortened
and robust rostrum, the presence of two anterior spinules on
the second segment of the P2–4 exopodite, 3–4 posterior spi-
nules on the first segment, two spinules on the third segment
of the P2–3 exopodite, two posterior spinules on the second
segment of the P2 endopodite, the posterior margin of the
prosome with a spinule row, and the absence of the marginal
spine on the first segment of the P1 exopodite. This informa-
tion has increased the list of known Bestiolina species to 10
and confirms its presence in the South Atlantic Ocean.

An analysis of the literature revealed a lack of molecular
data for Bestiolina species. Molecular data based on the
mtCOI gene are limited to only a few species of the genus
Bestiolina, notably B. similis. The sequences of Bestiolina
brasiliensis sp. nov. developed in the present study were an-
alyzed using Bestiolina species in the GenBank database. An
ML tree analysis determined that the sequences comprised a
single clade, which was divergent from other Bestiolina spe-
cies. Consequently, it may be concluded that our mtCOI se-
quences for Bestiolina brasiliensis sp. nov. represent the first
molecular data for this species. In addition, it may be assumed
thatB. similis is either a species complex containingmore than
three cryptic species or that this situation is the result of mis-
identification [(B. similis in Kaneohe Bay, Hawaii, Jungbluth
and Lenz 2013 and Cornils and Blanco-Bercial 2013;
B. similis of Southwest Coast of India (unpublished); and

B. similis of Palau, Mecherchar Island, Saitoh and Tamate
(unpublished)].

Jungbluth and Lenz (2013) also observed significant genet-
ic divergence (16%) between B. similis from Kaneohe Bay,
Hawaii (intraspecific divergence of 0.2–1.0%) and B. similis
from Palau, Micronesia, suggesting significant genetic isola-
tion between species, which may be due to the more estuarine
species of Kaneohe Bay inhabiting discontinuous environ-
ments that include a barrier reef separating estuarine and
open-ocean specimens. In addition, differentiation within the
B. similis clade itself was present based on individuals collect-
ed from Kaneohe Bay, and another cluster (intraspecific di-
vergence of 0.2%) was formed, which was notably different
from the primary clade (8.6–9.2%). Thus, the authors pro-
posed a second cryptic B. similis species. Secondary clade
specimens were found in the bay’s northern and central re-
gions, where the exchange of estuarine and coastal waters was
greater than that of the southern region. In the same year,
Cornils and Blanco-Bercial recovered the genus Bestiolina
as a monophyletic clade but with moderate to low support
(ML 69%; IB < 0.90).

The genus is commonly found in estuarine and coastal
waters in tropical and subtropical regions. Bestiolina species
are found at different temperatures and salinities, which are
abiotic factors that directly influence copepod productivity.
Bestiolina similis and B. inermis are distributed in the
Pacific and Indian Oceans at salinities of 8–32 (Razouls
et al. 2005–2021). Nonetheless, McKinnon et al. (2003) col-
lected B. similis from the Haughton River, Australia, for cul-
tivation under a controlled temperature (27 °C), and high den-
sities of this copepod were observed in culture for 3 years.
Bestiolina arabica was found near Bubiyan Island, in the
Arabian Gulf, and the Indian Ocean and B. zeylonica has been
found in Sri Lanka and the Indian Ocean at salinities and
temperatures of 37 and 28.6 °C, respectively (Andronov
1972; Ali et al. 2007). Bestiolina amoyensis has been found
in the Jiulong River in the China Sea, and B. sinica has been
found in the China Sea estuaries, in waters with salinities
ranging from 17.6 to 30.7 in 1966 and 1984, respectively. In
Laguna de Mandinga in the Gulf of Mexico, B. mexicana has
been found in waters with a salinity of 23.5 and temperature of
25 °C (Suárez-Morales and Almeyda-Artigas 2016).
Bestiolina coreana inhabits brackish waters off the Yellow
Sea coast and southwest Korean waters. However, Moon
et al. (2010) reported the disappearance of B. coreana in the
Younggwang region in North Korea when the temperature
remained below 20 °C, and the salinities remained above 32.
Finally, B. sarae has been found near Buenaventura in the
Colombian Pacific, a region characterized by bays with tem-
peratures of 26.6–29.7 °C and salinities of 1.3–30 (Dorado-
Roncancio et al. 2019).

Bestiolina brasiliensis sp. nov. was abundant in estuarine
waters with average temperatures of 24.5 ± 2.4 °C and salinities
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ranging from 15 to 25 on the coast of Rio de Janeiro from
March 2013 to March 2015. Except for the record of B.
mexicana in the Gulf of Mexico (Suárez-Morales and
Almeyda-Artigas 2016), no other species of Bestiolina have
been previously recorded in the coastal waters of the
Americas. The distribution pattern explained by Moon et al.
(2010) may be behind the probable speciation of Bestiolina,
with its origin in the Indo-Malaysian region. In addition, inter-
oceanic dissemination that may have been due to Pliocene con-
ditions that have been proposed for Bestiolina (Orsi and
Ohtsuka 1999; Ohtsuka et al. 2018) may have contributed to
the establishment of this genus in the different environments of
its region of origin.

This study provides the first molecular database and mor-
phological authentication of two new species of Paracalanidae
off the central coast of Brazil in the southwestern Atlantic.
Doubts regarding species identification highlight the impor-
tance of a detailed morphological description to obtain proper
species-level descriptions, coupled with a phylogenetic anal-
ysis that is well supported by evolutionary models and reliable
methods.
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