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Abstract. The freshwater genus Arctodiaptomus Kiefer, 1932 is a Palaearctic genus, and comprises nearly
75 nominal species. Arctodiaptomus dorsalis (Marsh, 1907), a diaptomid species originally described
within the genus Diaptomus, has long been reported throughout the Americas. Its morphology diverges
from the generic diagnostic features; thus, its taxonomic position has been doubtful. Furthermore, its
phenotypic variability has resulted in local synonymies and suggested it as a species complex. In this
study, we reassign the taxonomic position of “A. dorsalis” based on the examination of type and non-
type material from North and Central America, the analyses of mitochondrial COI, and biogeographic
affinities. Our results show that the American populations attributed fo “A. dorsalis” in the study area
diverge genetically from the genus Arctodiaptomus by 27-29%, and share key diagnostic features with
Mastigodiaptomus Light, 1939, therefore, this species should be transferred to that genus. Furthermore,
the synonymized species Diaptomus alter Herbst, 1960 (Nicaragua), and D. dampfi Brehm, 1932
(Guatemala) were examined from type locality material and found to share the diagnostic characters of
“A.” dorsalis. In addition, we describe Mastigodiaptomus cucapa sp. nov. linked before to “A”. dorsalis,
thus contributing to disentangle this taxonomic problem.
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Introduction

Arctodiaptomus Kiefer, 1932 is a Palearctic (PA) genus of freshwater calanoid copepods. It included 75
valid species worldwide (Walter & Boxshall 2021), classified into five subgenera (Reddy 1994; Btedzki &
Rybak 2016). Some species have been reported for the Nearctic region, including 4. (Rhabdodiaptomus)
arapahoensis (Dodds, 1915), 4. (R.) novosibiricus (Kiefer, 1971), and A. (Haplodiaptomus) kurilensis
Kiefer, 1937. Other representatives such as A. floridanus (Marsh, 1926), A. asymmetricus (Marsh, 1907),
A. saltillinus (Brewer, 1898), and A4. dorsalis (Marsh, 1907) are known from the Nearctic (NA), Mexican
Transition Zone (MTZ), and Neotropical (NT) regions (Reid & Williamson 2010).

The present study revises the taxonomic position of “A. dorsalis”, originally described within the genus
Diaptomus. Previously, Dussart & Defaye (1983) suggested that “A. dorsalis” and its American congeners
(i.e., 4. floridanus, A. asymmetricus, A. saltillinus) may not belong to the genus Arctodiaptomus. Reddy
(1994), excluded these species from his global revision of the genus without further clarification. The
inclusion of D. dorsalis in Arctodiaptomus was based on the pincer-like spinous process on the male left
P5 Exp2 according to Light (1939), who recommended a more detailed revision of its morphological
characters; later, Dussart & Fernando (1985) referred to this species as “Arctodiaptomus dorsalis™.
Subsequent studies began naming this species 4. dorsalis (i.e., Suarez-Morales et al. 1996; Suarez-
Morales & Elias-Gutiérrez 2001; Reid 2007; Elias-Gutiérrez et al. 2008a, 2008b; Brandorff 2012; Papa
et al. 2012; Hairston ef al. 2025).

“Arctodiaptomus dorsalis” was originally described from Slidell County in Louisiana, USA (locality
now disappeared). The species name refers to the keel-like dorsal projections on female’s fourth and fifth
pedigers (Marsh 1907; Reid 2007). It has been considered a widespread species across the Americas,
from the USA to Colombia (Reid 2007). It has also been reported from Hawaii and the Phillipines, where
it is considered an invasive introduced species (Papa et al. 2012; de Leon et al. 2020; Hairston et al.
2025).

Because of its morphological variability, “A4. dorsalis” has long been regarded as a species complex,
leading to taxonomic ambiguities and synonymies in different regions, such as Diaptomus proximus
Kiefer, 1936 from Haiti, D. alter Herbst, 1960 from Nicaragua according with Dussart & Fernando
(1985), and D. dampfi Brehm, 1932, from Guatemala, based on the taxonomical revision of Sudrez-
Morales & Elias-Gutiérrez (2001). Elias-Gutiérrez et al. (2008a) explored the genetic diversity of the
freshwater cladocerans and copepods from Mexico and Guatemala, revealing that “A. dorsalis” is a
species with high genetic diversity, suggesting that it might constitute a species complex

Considering that the genus Arctodiaptomus is primarily distributed in the PA, we hypothesize that this
species may be more accurately assigned to a genus whose endemic American taxa share morphological
distribution and morphological characters. In this study we propose to reassign “A. dorsalis” to the
genus Mastigodiaptomus Light, 1939 based on the descriptions of the world-wide known copepods by
Kiefer (1932) and Dussart & Defaye (1995), COI barcodes available for the studied area, and detailed
morphological analysis of type material. We also describe a new species associated with the species
complex.

Material and methods

This study includes seven American ecoregions as defined by Morrone (2015, 2017) and Escalante et al.
(2021): Baja Californian, Sonoran, Austroriparian, Veracruzan, Yucatan Peninsula, Pacific Lowlands,
and the Sierra Madre Occidental, distributed across two bioregions, the NA and NT, including the MTZ

(Fig. 1).
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Fig. 1. Collection sites of analyzed specimens of “Arctodiaptomus dorsalis”. Stars indicate specimens
of “A. dorsalis” s. str. Ecoregions for both bioregions and the Mexican Transition Zone are based on
Morrone (2015, 2017) and Escalante et al. (2021).
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Taxonomic analysis

The nomenclatural history of the taxa related to “A. dorsalis™ is presented in chronological order, taking
into account previous analyses and descriptions by Marsh (1907, 1959), Brehm (1932, 1939), Kiefer
(1936), Light (1939), Wilson (1959), Herbst (1960), Dussart & Defaye (1983), Collado et al. (1984),
Dussart & Fernando (1985), Reddy (1994), Reed (1994), Suarez-Morales & Elias-Gutiérrez (2001),
Reid (2007), Elias-Gutiérrez et al. (2008a, 2008b); in order to highlight the longstanding taxonomic
uncertainty and problematic position of this species.

To address this uncertainty, an integrative approach combining molecular and morphological evidence
was implemented to re-evaluate both the generic placement of “A. dorsalis” and its species-level
identification.

A total of 222 mitochondrial Cytochrome Oxidase Subunit 1 (COI) DNA sequences were obtained
from the Barcode of Life Data Systems (www.boldsystems.org, accession date: 2 Mar. 2026). This data
includes genetic sequences from the Austroriparian ecoregion, the area were syntypes of “A. dorsalis”
were recorded (Supp. file 1). These sequences were used to explore the genetic divergence within and
between one Nearctic, one Neotropical, and two Palaearctic genera.

In order to re-evaluate the generic placement of “A. dorsalis”, COI barcodes from Mexican
representatives of the family Diaptomidae Baird, 1850 of Mastigodiaptomus and Leptodiaptomus
Light, 1938 were included because of their geographical distributions overlap with previous records
of “A. dorsalis” in the study area. Furthermore, genetic divergence was compared between the above
mentioned genera, and some Palaearctic species of Arctodiaptomus: A. (Arctodiaptomus) laticeps
(Sars G.O., 1863) and 4. (Stenodiaptomus) stewartianus (Brehm, 1925), and Metadiaptomus asiaticus
(Uljanin, 1875): this latter classified in Paradiaptominae Kiefer, 1932. A curated dataset named
“Mastigodiaptomus dorsalis Taxonomic Revision” was created, including all compiled sequences
available at https://doi.org/10.5883/DS-MDTS.

Subsequently, COI sequences were aligned to 575 base pairs (bp) with CLUSTAL W and default
parameters. Pairwise genetic distances within and between groups (intra-, inter-specific, and intra-,
intergeneric) were computed using the Kimura 2 Parameter (K2P) distance model. A Maximum
Likelihood (ML) tree was inferred from the aligned sequences, and nodal support was assessed with
1000 bootstrap replicates. The tree was rooted with M. asiaticus as the outgroup. Five discrete Gamma
categories with Invariant sites (G+1) were used to model distribution rate differences among sites
(Kimura 1980). These analyses were performed using MEGA ver. 7. Both analyses together allowed the
construction of generic identification to estimate between and within taxa, identify coherent sequence
clusters, and determine the generic affinity of “A. dorsalis”.

To complement the ML tree, multi-rate Poisson Tree Processes (mPTP) and Assemble Species by
Automatic Partitioning (ASAP) species delimitation analyses (Kapli et al. 2017; Puilliandre et al.
2020) were carried out. Both methods provided an independent model-based evaluation of species
boundaries, enabling us to detect separation between species and determine whether the American
populations attributed to “A. dorsalis” correspond to a single or more species. These analyses supported
and complemented the anatomical characteristics observations of biological material classified as
“A. dorsalis”, including examinations of syntype material, and to validate the separation of one new
species described in this study.

The sequences of A. (4.) laticeps and A. (S.) stewartianus were excluded from the ASAP analysis to avoid
algorithmic under-partitioning caused by their high genetic divergence. ASAP was performed using the
software available in iTaxoTools (https://itaxotools.org/) (accession date: 13 Mar. 2026), whereas mPTP
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was conducted at https://mptp.h-its.org/#/tree (accession date: 13 Mar. 2026), selecting Metadiaptomus
asiaticus as outgroup (Saetang et al. 2022).

The morphological descriptions are based on the examination of type material and specimens deposited in
the National Museum of Natural History, Washington D.C. (USNM), and the Colecciéon de Zooplancton
held at El Colegio de la Frontera Sur — ECOSUR, Chetumal, Quintana Roo, Mexico (ECO-CH-Z)
(Supp. file 2).

Specimens from preserved samples were isolated and mounted on semipermanent slides showing the
body and dissected appendages. Illustrations were made with a Nikon Y-IDT camera lucida attached to
a Nikon Eclipse i50 light microscope.

Selected specimens were dehydrated through increasing ethanol concentrations up to absolute ethanol,
followed by hexamethyl-disilazane (HMDS) drying for Scanning Electron Microscopy (SEM) with a
JEOL JSM6010 microscope at ECOSUR-Chetumal, Mexico.

The morphological terminology follows Huys & Boxall (1991), with the following abbreviations:

Al = antennule
A2 = antenna

ae = aesthetasc
Bs = basis

CR = caudal rami
Cx = coxa

Enp = endopod
Exp = exopod
LP5 = leftfifth leg
Md = mandible
Mx1 = maxillule
Mx2 = maxilla
Mxp = maxilliped
P1-P5 = first to fifth legs
RP5 = right fifth leg
S = seta

sp = spine

Identification keys were constructed following the revisions of the genus Mastigodiaptomus by Wilson
(1959), Elias-Gutiérrez et al. (2008b, 2023), Gutiérrez-Aguirre & Cervantes-Martinez (2013, 2016),
Gutiérrez-Aguirre ef al. (2014, 2020) and Suarez-Morales et al. (2020).

Results

Nomenclatural History of “Arctodiaptomus dorsalis”

The nomenclatural history of Arctodiaptomus dorsalis begins with Marsh (1907), who described
Diaptomus dorsalis from material collected in Guzman and Slidell lakes in Louisiana. The species
was diagnosed by the presence of dorsal processes on the female pedigers and a hyaline process on
RP5 Bs. Marsh placed it within the albuquerquensis group (with D. albuquerquensis Herrick, 1895,
D. asymmetricus Marsh, 1907, D. purpureus Marsh, 1907, and D. saltillinus Brewer, 1898, species
currently ascribed as Mastigodiaptomus albuquerquensis (Herrick, 1895), Arctodiaptomus asymmetricus,
Mastigodiaptomus purpureus (Marsh, 1907), and Arctodiaptomus saltillinus) based on shared
morphological characters and overlapping distributions in the southern United States.
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For Central America, Brehm (1932, 1939) described D. dampfi from Lake Petén, Guatemala,
distinguishing it from D. dorsalis by the absence of dorsal processes on the female pedigers and a
symmetrical urosome. Kiefer (1936) later described “Diaptomus” proximus from Haiti, noting its
similarity to D. dorsalis but differing in the robustness of the distal spines on the P5.

A conceptual shift occurred with Light (1939); he proposed that several species, including D. dorsalis,
D. asymmetricus, D. saltillinus, D. floridanus Marsh, 1926, and D. proximus, could be assigned to the
subgenus Arctodiaptomus, although he emphasized the need for further study to confirm this placement.

Marsh (1959) and Wilson (1959) treated the species as Diaptomus (Arctodiaptomus) dorsalis. Marsh
maintained D. (4.) dorsalis as distinct from D. (A.) saltillinus and D. (A.) asymmetricus, whereas Wilson
considered D. (4.) proximus a synonym of D. (4.) dorsalis but retained D. (A.) dampfi as a valid species.

Herbst (1960) described D. alter, distinguishing it from related species based on genital somite
asymmetry and male P5 morphology, including thick distal spines on the Cx and an aculeus on Exp2 of
the RP5 lacking denticles.

Dussart & Defaye (1983) questioned the placement of several American species within Arctodiaptomus
and assigned D. dampfi to Mastigodiaptomus dampfi, mentioning that a detailed generic revision was
needed.

Dussart & Fernando (1985) first synonymized Diaptomus alter with D. proximus, thereby reducing
the number of taxa within this group. Subsequently, they synonymized D. proximus with D. dorsalis.
Following these taxonomic decisions, Collado ef al. (1984) and Dussart & Fernando (1985) supported
the combination “Arctodiaptomus” dorsalis based on morphological characters of P5, particularly the
structure of the RP5 Enp, and the presence of a pincer-like process on the LP5 Exp2.

Reed (1994) placed this species within Arctodiaptomus (Arctodiaptomus) in his American classification
of the genus, whereas Reddy (1994) excluded it from his global key to the genus.

Suérez-Morales and Elias-Gutiérrez (2001) synonymized 4. dampfi with A. dorsalis, based on type
material and morphological similarities among both species.

Reid (2007) and Elias-Gutiérrez et al. (2008b) documented a broad distribution of “A4. dorsalis” from
North to northern South America. Molecular evidence (Elias-Gutiérrez et al. 2008a) suggested that
A. dorsalis represents a species complex.

The nomenclatural history of “Arctodiaptomus dorsalis” reveals a pattern of taxonomic uncertainity
associated with its genus status. Given this context, the diagnostic morphological features defining the
Mastigodiaptomus and Arctodiaptomus genera were reviewed based on the generic descriptions of Kiefer
(1932), Light (1939), Reddy (1994), and Dussart & Defaye (1995), to provide a comparative framework
for evaluating the taxonomic placement of “A. dorsalis”.

Mastigodiaptomus Light, 1939: 1) Male RA1 with spiniform processes on segments 10, 11, 13, 14, 15,
sometimes 16; antepenultimate segment with a small extension. 2) Male RP5 Bs with hyaline membrane
caudally; Exp 1 short, posterior edge of inner margin with chitinous membrane; Exp2 longer than wide,
with caudal hyaline membrane; aculeus inserted at distal third of outer margin, terminal claw long,
curved. 3) Male LP5 Exp2 shorter than Expl and tapering gradually, ending in short process and inner
spiniform seta inserted terminally; short Enp with row of fine hair-setae and two short setae. 4) Female
PS5 Exp3 with long spiniform seta and vestigial small seta. 5) Female P5 Enp ending in two curved rows
of setules and two subapical setae.
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Arctodiaptomus Kiefer, 1932: 1) Females A1 and males LA1 with two setae on segment 11. 2) Females
and males with well-developed rostrum, with two more or less blunt spines. 3) Males RP5 Bs with
hyaline lamella on inner side and proximal chitinous lobe. 4) Males LP5 Bs with hyaline lamella on inner
margin, Exp2 ending in elongated digitiform process, with terminal pair of pincer spines. 5) Females
with large wings on fifth pediger. 6) Female P5 Enp short, bearing only setules.

Genetic divergence within and between the analyzed taxa

The taxonomic uncertainty outlined for this species related to its morphology, was contrasted with
genetic data. The molecular analysis based on the COI gene fragment reveals that all sequences attributed
to “A. dorsalis” in the study area are distant from those of the Palaearctic Arctodiaptomus with a

Mastigodiaptomus
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19
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Fig. 2. Maximum Likelihood tree of K2P distances for 222 genetic sequences belonging to the genera
Mastigodiaptomus Light, 1939, Leptodiaptomus Light, 1938, Arctodiaptomus Kiefer, 1932 and
Metadiaptomus Methuen, 1910. Species delimited with mPTP and ASAP models. Each cluster collapsed
in a vertical triangle. Horizontal depth indicates the level of genetic divergence within each group;
vertical height indicates the sequences analyzed. Values on each branch indicate the node support.
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genetic divergence of 27 to 29% (Fig. 2, Table 1), suggesting their distinct generic status. Accordingly,
“A. dorsalis” is hereafter treated as Mastigodiaptomus dorsalis in Figure 2.

The analyzed species of Leptodiaptomus were inferred as at least two distinct clades in the ML tree.
A weakly supported clade comprises Leptodiaptomus siciloides (Lilljeborg, 1889) and L. cuauhtemoci
(Osorio-Tafall, 1941), whereas a second, well-supported, clade includes L. garciai and L. novamexicanus.
This reconstruction probably reflects a partial resolution for Leptodiaptomus because only four species of
this genus were considered here. In contrast, Mastigodiaptomus was represented by multiple sequences
corresponding to 11 of the 16 known species, widely distributed in Mexico.

The mPTP reconstruction (Supp. file 4) recovered two separate clusters within Leptodiaptomus. In
contrast, the ASAP analysis grouped the four analyzed species of Leptodiaptomus into a single genetic
cluster (Supp. file 5).

Although the molecular analyses presented here cannot resolve the taxonomy at the subgeneric level
within Diaptominae, they suggest that Arctodiaptomus dorsalis and A. cucapa sp. nov. are better assigned
to the heterogeneous genus Mastigodiaptomus. In addition, the genetic divergence between the species
of Diaptominae considered here and M. asiaticus (Paradiaptominae) ranged from 18.78 to 29.48%

Mastigodiaptomus dorsalis is represented by 93 sequences from a broad geographic range, including
the southeastern United States, southern and southeastern Mexico, and Guatemala. This group exhibits
moderate intraspecific genetic divergence (3.39%) and strong nodal support (bootstrap value = 96%)
(Fig. 2, Table 1).

A second, well-supported cluster corresponds to Mastigodiaptomus cucapa sp. nov., comprising
12 sequences. This species is clearly differentiated from M. dorsalis, with an interspecific genetic
distance of 8.7%, and shows low intraspecific divergence (0.31%) (Table 1).

Species delimitation analyses further support this pattern. The mPTP analysis recovered all sequences
of M. dorsalis as a single species, distinct from M. cucapa sp. nov. (Fig. 2; Supp. file 3, Supp. file 4).
In contrast, the ASAP analysis identified six groups within the M. dorsalis cluster (Supp. file 5). These
groups were inferred for the most densely sampled species from the dataset (n = 93) and demonstrate
genetic variation within this widely distributed species rather than discrete species-level entities. The
specimens included in this group represents multiple localities across the Nearctic, Mexican Transition
Zone, and Neotropical regions.

Therefore, we interpret ASAP partitions as reflecting intraspecific genetic and phenetic variability within
M. dorsalis at the population level, combined with slight morphological variation as described in Table 3.
Nevertheless, we do not rule out the possibility that further studies using additional markers are needed to
better evaluate this variable species. The most important point is that both methods consistently delimit
M. cucapa sp. nov. as a distinct species from the large cluster represented by M. dorsalis.
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JAIME S. et al., Reevaluation of Arctodiaptomus dorsalis (Calanoida, Diaptomidae)

Taxonomy

Class Copepoda Milne Edwards, 1840
Order Calanoida Sars G.O., 1903
Family Diaptomidae Baird, 1850

Genus Mastigodiaptomus Light, 1939

Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov.
Figs 3-17

Diaptomus dorsalis Marsh, 1907: 408, 467-468, pl. XXIII figs 8-9, pl. XXIV, figs 2-3, 5-6.
Diaptomus dampfi Brehm, 1932: 63-66.
“Diaptomus” proximus Kiefer, 1936: 268-271, abb. 1-8.

Diaptomus dampfi — Brehm 1939: 175-177, 194-195, pl. 35 figs 1-4. — Wilson 1959: 778.

“Diaptomus” proximus — Light 1939: 476.

Diaptomus dorsalis — Light 1939: 476. — Marsh 1959: 769, fig. 1202. — Wilson 1959: 739, 778,
fig. 29.62 a—d.

Diaptomus alter — Herbst 1960: 28-32, abb. 3—7.

Arctodiaptomus dorsalis — Smith & Fernando 1978: 2017-2018, figs 11-13. — Dussart & Defaye 1983:
66, 212. — Collado et al. 1984: 91-92, figs 2—4. — Dussart & Fernando 1985: 204-206, figs 28-32.
— Reed 1994: 671, 676. — Suarez-Morales et al. 1996: 95-100, 107, fig. 18; 2020: 678-679,
fig. 21.7b. — Suarez-Morales & Elias-Gutiérrez 2001: 13-15, figs 1-14. — Elias-Gutiérrez et al.
2008b: 174, fig. 8. — Reid & Williamson 2010: 832, 835, 857, 861, figs 21.2a, 21.6a, 21.12f-g. —
Brandorft 2012: 192-193, 195. — Velazquez-Ornelas et al. 2021: 33-34, 104, figs 14-16.

Type material

Syntypes
USA — Louisiana * 1 @, 1 &, permanent slide with partly dissected specimens, incomplete female; Lake
Slidell; 24 Oct. 1903; E.A. Birge leg.; USNM 309758 « 7 &, permanent slide with complete adults in
lateral view; Guzman; E.A. Birge leg.; USNM 296403.

Other material examined

GUATEMALA — Amatitlan » 6 &, specimens mounted in semipermanent slides; Lake Amatitlan;
14.131° N, 90.541° W; 5 Jun. 2017; A. Cervantes-Martinez, J.R. Juarez-Pernillo and E.M. Reyes-Solares
leg.; ECO-CH-Z-10527, ECO-CH-Z-10662, ECO-CH-Z-10663 * 3 9 Q; same data as for preceding;
ECO-CH-Z-10528, ECO-CH-Z-10529, ECO-CH-Z-10659 « 8 9 Q; same data as for preceding; ECO-
CH-Z-10660, ECO-CH-Z-10661 * 1 §'; same data as for preceding; ECO-CH-Z-10664. — Petén 2 99,
specimen mounted in semipermanent slide; Lake Petén; 16.981° N, 89.712° W; 4 Jul. 1999; M. Elias-
Gutiérrez leg.; ECO-CH-Z-10665, ECO-CH-Z-10669 * 2 229, 2 & J'; same data as for preceding; ECO-
CH-Z-10666 * 2 3 &'; same data as for preceding; ECO-CH-Z-10667 3 9 Q; same data as for preceding;
ECO-CH-Z-10668.

MEXICO — Campeche ¢ 56 99, 46 43, sample preserved with 96% ethanol and a drop of
glycerol; Pond 2 Jonuta-Escarcega; 18.063° N, 92.017° W; 26 Jun. 2011; M. Elias-Gutiérrez leg.;
BOLD:AAE0729; ECO-CH-Z-10650. — Guerrero * 5 &, specimens mounted in semipermanent
slide; pond in Lazaro Cardenas Highway; 17.987° N, 102.013° W; 19 Sep. 2004; M. Elias-Gutiérrez
leg.; ECO-CH-Z-10632 « 4 QQ; same data as for preceding; ECO-CH-Z-10633 « 5 @ 9; same data as
for preceding; ECO-CH-Z-10634 « 30 99, 10 &J; sample preserved with 96% ethanol and a drop of
glycerol; same data as for preceding; ECO-CH-Z-10635. — Quintana Roo * 5 99, 15 4J, sample
preserved with 96% ethanol and a drop of glycerol; Felipe Carrillo Puerto, lagoon at Km 170; 19.873° N,
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97.861° W; 2 Mar. 2001; M. Elias-Gutiérrez leg.; ECO-CH-Z-10520 « 5 99, specimens mounted in
semipermanent slide; same data as for preceding; ECO-CH-Z-10521 « 4 @ Q; same data as for preceding;
ECO-CH-Z-10522, ECO-CH-Z-10523 « 5 J; same data as for preceding; ECO-CH-Z-10524 « 8 33;
same data as for preceding; ECO-CH-Z-10525, ECO-CH-Z-10656 * 6 3 3'; same data as for preceding;
ECO-CH-Z-10526, ECO-CH-Z-10657, ECO-CH-Z-10658 * 8 @ 9; same data as for preceding; ECO-
CH-Z-10654, ECO-CH-Z-10655 * 30 22, 30 4J, sample preserved with 96% ethanol and a drop of
glycerol; Bacalar, Cocalitos sinkhole; 18.650° N, 88.409° W; 28 Jun. 2015; M. Elias-Gutiérrez leg.; BIN
no: BOLD:ACE4750; ECO-CH-Z-10651 ¢ 1 @, specimen mounted in semipermanent slide; same data
as for preceding; ECO-CH-Z-11619 ¢ 10 99, 11 &J, sample preserved with 96% ethanol and a drop
of glycerol; Bacalar, Cenote Azul; 18°646° N, 88.458° W; 29 May 1997; A. Cervantes-Martinez and
M. Gutiérrez-Aguirre leg.; ECO-CH-Z-10535 « 1 Q, specimen mounted in semipermanent slide; same
data as for preceding; 25 Aug. 2008; P. Quiroz-Vazquez and J.A. Cohuo-Colli leg.; ECO-CH-Z-5313
« 2 43, same data as for preceding; ECO-CH-Z-5314, ECO-CH-Z-5315 « 2 99, 2 4&, specimens
mounted in semipermanent slide; Othén P. Blanco, Laguna Puente Milagros; 18.503° N; 88.451° W;
14 Sep. 2011; M. Elias-Gutiérrez leg.; BIN no: BOLD:ABA0903; ECO-CH-Z-10652 « 2 99; same
data as for preceding; ECO-CH-Z-10653 ¢ 15 99, 15 3, sample preserved with 96% ethanol and a
drop of glycerol; Othon P. Blanco, Laguna Negra; 18.5° N, 88.394° W; 7 Sep. 2011; M. Elias-Gutiérrez
leg.; BIN no: BOLD:ABA0903; ECO-CH-Z-11620. — San Luis Potosi ¢ 30 29, 30 &, sample
preserved with 96% ethanol and a drop of glycerol; San José Dam; 22.150° N, 101.055° W; 8 Jun. 2021;
A. Cervantes-Martinez, M.A. Gutiérrez-Aguirre and S. Jaime leg.; ECO-CH-Z-10597 « 6 9 ©, specimens
mounted in semipermanent slide; same data as for preceding; ECO-CH-Z-10598 to ECO-CH-Z-10600
12 99Q; same data as for preceding; ECO-CH-Z-10601, ECO-CH-Z-10602, ECO-CH-Z-10630 « 5 33
same data as for preceding; ECO-CH-Z-10603 « 8 &' J'; same data as for preceding; ECO-CH-Z-10604,
ECO-CH-Z-10628 « 5 9 9; same data as for preceding; ECO-CH-Z-10629 « 1 @, 1 &; same data as for
preceding; ECO-CH-Z-11618. — Tabasco * 20 29, 36 3, sample preserved with 96% ethanol and a
drop of glycerol; Laguna Vernet; 17.877° N, 92.550° W; 25 May 2011; M. Elias-Gutiérrez leg.; BIN no:
BOLD:AAE0729; ECO-CH-Z-10649. — Veracruz * 3 99, 20 4'J, sample preserved with 96% ethanol
and a drop of glycerol; Lago de Catemaco; 18.371° N, 95.115 © W; 14 Oct. 1998; M. Elias-Gutiérrez
leg.; ECO-CH-Z-10605 « 5 9, specimens mounted in semipermanent slide; same data as for preceding;
ECO-CH-Z-10606 « 5 3J; same data as for preceding; ECO-CH-Z-10607 « 5 99, 7 43, sample
preserved with 96% ethanol and a drop of glycerol; Km 50 Tampico-Veracruz highway, ephemeral pond;
21.249° N, 95.116° W; 10 Sep. 2005; M. Elias-Gutiérrez leg.; ECO-CH-Z-10530 ¢ 5 @9, specimens
mounted in semipermanent slide; same data as for preceding; ECO-CH-Z-10531 « 2 @ ; same data as for
preceding; ECO-CH-Z-10532 * 3 4J'; same data as for preceding; ECO-CH-Z-10533 « 2 ' J'; same data
as for preceding; ECO-CH-Z-10534 « 4 Q Q; same data as for preceding; ECO-CH-Z-10631. — Yucatan
¢ 729,333, sample preserved with 96% ethanol and a drop of glycerol; Cenote Abala; 20.645° N,
89.685° W; 4 Aug. 2008; M. Elias-Gutiérrez leg.; ECO-CH-Z-10648.

NICARAGUA —Managua *5 99, 6 3J, dissected specimens mounted in slide from sample preserved
with ethanol; Lake Managua; approx. coordinates 12.16° N; 86.32° W; 23 Mar. 1995; L. Moreno leg.;
USNM 243712 ¢ 1 &, dissected specimen mounted in slide from sample preserved with ethanol; Lake
Masaya; approx. coordinates 11.96° N, 86.12° W; 23 Mar. 1991; L. Moreno leg.; USNM 243704 o
2 929,143, dissected specimens mounted in slide from sample preserved with ethanol; Lake Cociboca;
11.12° N, 85.87° W; 13 Jun. 1997; L. Moreno leg.; USNM 243719.

USA — Florida « 4 99, 5 4, dissected specimens mounted in slide from sample preserved with
ethanol; Pensacola, Santa Rosa Island, Pond 3; 30.32° N, 87.23° W; 15 Apr. 1958; G.E. Walsh leg.;
USNM 122758 » 2 9Q; same data as for preceding; USNM 204671 ¢ 1 @, 2 &, specimens mounted
in two slides; Lake George, stn #3680; 29.214° N, 81.382° W; 21 Mar. 1897; W.C. Kendall leg.; USNM
309760 « 4 33, 1 Q, specimens mounted in two slides; same data as for preceding but stn #3681; USNM
309760.
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Table 2. Armature of swimming legs 1-4 observed in all the specimens analyzed in this study. Arabic
numerals = setae; Roman numerals = spines.

legs Cx Bs Exp Enp

P1 0-1 0-0 I-1,0-1, I-3-2 0-1, 0-2-3

P2 0-1 0-0 I-1,1-1,1-3-3  0-1, 0-2, 0-2-3-2
P3 0-1 0-0 I-1,1-1,1-3-3  0-1, 0-2, 0-2-3-2
P4 0-1 0-1 I-1,1-1,1-3-3  0-1, 0-2, 0-2-3-2

Description

Female (character states are shared by all specimens examined in North and Central America.
Description based on specimens from Santa Rosa Island, Pensacola, Florida).
Hasitus (Fig. 3A-B). Body length of 950-1320 um excluding caudal setae. Prosome with five pedigers,
keel-like projections on fourth pediger, and rounded process on fifth pediger (Figs 3B, 4A—B). Short
metasomal wings with two distal spines, slightly asymmetrical (Figs 3A, 4A). Al reaching end of CR
(Fig. 3B). Rostrum with paired spines slightly curved inwards, thick and ending in acute tip (Fig. 3C-D).

UrosoMe (Fig. 4). Three-segmented, smooth dorsoventrally. Genital double-somite longer than wide, with
spine on both margins proximally (Fig. 4A—B). Genital operculum proximally, oval-shaped in ventral
view, with rugose free margin (Fig. 4C). Second somite 0.2 times as long as first somite, integument
slightly rugose distally in ventral view. Anal somite twice as long as second somite (Fig. 4B, D). CR with
setules on both margins and six caudal setae (Fig. 4D).

A1l (Fig. 5A). 25-segmented, setal formula as follows: 1 (1s+1ae), 2 (3s+ lae), 3 (1s+1ae), 4 (1s),
5 (Is+1ae), 6 (1s), 7 (1s+1ae), 8 (1sp+1s), 9 (2s+1ae), 10 (1s), 11 (1s), 12 (1sp+1s+1lae), 13 (1s),
14 (1s+1ae), 15 (1s), 16 (1s+1ae), 17 (1s), 18 (1s), 19 (1s+lae), 20 (1s), 21 (1s), 22 (2s), 23 (25),
24 (2s), 25 (5s+ lae).

A2 (Fig. 5B). Cx small with one seta. Bs elongated, with two distal setae. Enp two-segmented; Enpl with
inner row of spines and two outer setae, Enp2 with two lobes, with eight and seven setae, respectively,
second lobe with proximal row of minute spines. Exp seven-segmented with setal armature as 1, 3, 1,
1,1,1,1-3.

Mb (Fig. 6A). Gnathobase with seven bidented denticles, a spine and outer spiniform seta, inner distal
spine on projection. Cx smooth. Bs with four inner proximal setae. Enp three-segmtented, first segment
without armature, second segment with four setae, third segment with five setae and two rows of minute
proximal spinules. Exp 4-segmented with setal armature as 1, 1, 1, 3.

Mx1 (Fig. 6B). Precoxal arthrite with 14 spiniform setae. Coxal epipodite with nine setae. Basal exite
with spine. Basal endite with four setae. Bs with four setae. Enp three-segmented with setal formula as
4,2, 4; Enpl with distal setules. Exp with six setae.

Mx2 (Fig. 6C). Praecoxa with two lobes, with five and three setae, respectively. Cx with two lobes
bearing three setae each. Allobasis with three setae, distal lobe with single seta. Enp three-segmented
with setal formulaas 1, 1, 2.

Mxp (Fig. 6D). Praecoxa and Cx fused. Praecoxa with single seta. Cx with tree lobes, first lobe with
two setae and setules, second with three setae, third lobe with setules, four spiniform setae and rounded
projection with row of spinules. Bs elongated, with setules and three proximal setae. Enp six-segmented,
first segment fused to second, with setal formula as 2, 3, 2, 2, 2, 4.
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C,D

Fig. 3. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Adult, © (USNM 122758, Santa Rosa
Island, Pensacola, Florida). A. Habitus in dorsal view. B. Habitus in lateral view. C. Rostrum in ventral
view. D. Rostrum in lateral view. Scale bars = 100 um.
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Fig. 4. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Adult, ¥ (USNM 122758, Santa Rosa
Island, Pensacola, Florida). A. Urosome in dorsal view. B. Urosome in ventral view. C. Genital
operculum. D. Anal somite and caudal rami in ventral view. Scale bars = 100 pm.
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Fig. 5. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Adult, ¢ (USNM 122758, Santa Rosa
Island, Pensacola, Florida). A. Antennule. B. Antenna. Asterisks indicate separation of Al segments.
Abbreviations: see Material and methods. Scale bars =100 pm.
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Precoxal
arthrite

Fig. 6. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Adult, ¢ (USNM 122758, Santa Rosa
Island, Pensacola, Florida). A. Mandible. B. Maxillule. C. Maxilla. D. Maxilliped. Abbreviations: see
Material and methods. Scale bars = 100 um.
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Fig. 7. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Adult, © (USNM 122758, Santa Rosa
Island, Pensacola, Florida). A—D. Swimming legs 1 to 4. E. Leg 5, arrow indicates the exopod 3.
Abbreviations: see Material and methods. Scale bars = 100 pm.
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C,D

Fig. 8. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. A, C. Adult, & (USNM 122758, Santa
Rosa Island, Pensacola, Florida. B, D. Syntype, & (USNM 296403, Guzman, Louisiana). A. Habitus in
dorsal view. B. Habitus in lateral view. C. Rostrum in ventral view. D. Rostrum in oblique view. Scale

bars = 100 um.
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Fig. 9. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. A, E. Adult, & (USNM 122758, Santa Rosa
Island, Pensacola, Florida. B-C. Syntype, & (USNM 296403, Guzman Lake, Louisiana). D. Syntype
(USNM 309758, Slidell Lake, Louisiana). A. Urosome in dorsal view. B. Urosome in lateral view.
C. Fourth urosomite, anal somite and caudal rami in dorsal view. D. Right antennule. E. Right antennule
segments 20 to 22. Asterisks indicate separation of the segments in the right A1l. Scale bars = 100 um.
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SwiMMING LEGS (Fig. 7A-D). Spinal and setal armature as presented in Table 2. P1 with setules on Cx.
Exp three-segmented, setules along inner margin of Expl, setules along outer margin on Exp2 and 3.
Enp two-segmented, smooth (Fig. 7A). P2 Cx and Bs smooth, Exp three-segmented with protuberance
bearing setules on inner margin of Expl, setules along inner margin of Exp2, setules along outer margin
of Exp3; Enp three-segmented with setules along inner margins, Enp2 with Schmeil’s lobe in semi-
acute tip; Enp3 with spinules apically (Fig. 7B). P3 Cx longer than wide, Cx and Bs smooth, Exp three-
segmented, with setules along inner margin of Expl; Enp three-segmented with spinules apically on
Exp3 (Fig. 7C). P4 Cx longer than wide, Cx and Bs smooth; Exp three-segmented, setules along inner
margin of Exp 1 and 2; Enp three-segmented with setules along inner margin and spinules apically on
Exp3 (Fig. 7D).

P5 (Fig. 7E). Cx with thick distal spine. Bs in triangle-shape with distal outer sensilla, Exp three-
segmented; Expl longer than wide; Exp2 with minute proximal spiniform process on outer margin and
row of spinules on inner margin. Exp3 fused to Exp2, with small spinous process and spine reaching
beyond midlength on outer margin of Exp2. Enp one-segmented, as long as inner margin of Exp1, ending
in acute tip and two distal spines, with setules subterminally.

Fig. 10. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. A. Syntype (USNM 309758, Santa Rosa
Island, Pensacola, Florida). B-C. Syntype, & (USNM 296403, Guzman Lake, Louisiana, A. Right leg 5.
B. Right leg 5 coxa, basis and exopod 1, arrow indicates proximal projection. C. P5. Abbreviations: see
Material and methods. Scale bars = 100 pum.
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Male
Character states are shared by all specimens examined in North and Central America. Description based
on specimens from Guzman and Slidell lakes, Louisiana and Santa Rosa Island, Pensacola, Florida.

Hagirus (Fig. 8A-B). Total body length of 850-1500 um excluding caudal setae. Prosome smooth with
five pedigers, metasomal wings short, bearing two minute spines distally (Fig. 8A-B). Rostrum with
acute rostral spines slightly curved inwards, and left projection proximally (Fig. 8C-D). A1l reaching
tip of CR.

UrosoME (Fig. 9A—C). Five-segmented. First urosomite with two lobes on left margin and spine on right
margin (Fig. 9A). Second to fourth urosomites of about the same length (Fig. 9A—B). Fourth urosomite
with rows of spinules in different patterns covering dorsal surface. Anal somite of half the length of
preceeding urosomites, covered with papules on surface. CR with inner setules and tubercules on surface,
bearing six caudal setae (Fig. 9C).

Fig. 11. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. A-C. @, pedigers 3—5 in lateral view.
D-E. &, pedigers 3-5 in dorsal view. A. Specimen form Pensacola, Florida, USA (USNM 122758).
B. Specimen from San José Dam, San Luis Potosi, Mexico (ECO-CH-Z-10629). C. Specimen from
lake Amatitlan, Guatemala (ECO-CH-Z-10660). D. Specimen from sinkhole in Km 170, Quintana Roo,
Mexico (ECO-CH-Z-10524). E. Specimen from Lake Cociboca, Nicaragua (USNM 243719). Scale
bars = 100 um.
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RAT1 (Fig. 9D-E). 22-segmented. Setal formula as follows: 1 (1s+ lae), 2 (3s+ 1ae), 3 (1s+1ae), 4 (1s),
5 (Is+1ae), 6 (1s), 7 (1s+1ae), 8 (1sp+1s), 9 (2s+1ae), 10 (1sp+1s), 11 (Isp+1s), 12 (1sp+1s+1ae),
13 (1s+1ae), 14 (2s+1ae), 15 (2s+1ae), 16 (2s+1ae), 17 (1s), 18 (0), 19 (1sp+1s), 20 (4s), 21 (2s),
22 (5s+1ae) (Fig. 9 D). Segments 10, 11, 13—15 with proximal spinous process. Segments 17-19 with
dorsal thickening, antepenultimate segment with hook-like distal process (Fig. 9E).

LAI1. As in female (based on specimens from Florida).
BuccaL APPENDAGES. As in females (based on specimens from Florida).
SWIMMING LEGS. As in females (based on specimens from Florida).

RPS5 (Fig. 10). Cx with thick distal spine. Bs with caudal lamella, proximal pointed projection, hyaline
lamella on inner margin, and outer seta distally. Cx and Bs with or without setules along outer margin

Fig. 12. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Scanning Electron Microscopy. A. ¢,
habitus from San Luis Potosi, Mexico. B. &, habitus from San José Dam, San Luis Potosi, Mexico
(ECO-CH-Z-10597). C. @, pedigers 25 from Lake Catemaco, Veracruz, Mexico (ECO-CH-Z-10605).
D. ?, pedigers three to five from sinkhole in Km 170, Quintana Roo, Mexico (ECO-CH-Z-10520). E. @,
metasomal wings from Lake Catemaco, Veracruz, Mexico. F. @, pedigers four and five from Cenote
Azul, Quintana Roo, Mexico (ECO-CH-Z-10535).
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D

Fig. 13. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov., &, right antennule. A. Segments 12—
16 from San Jos¢ Dam, San Luis Potosi, Mexico (ECO-CH-Z-10604), arrows indicate the process on
segments 15 and 16. B. Segments 12—16 from Lake Slidell, Louisiana, USA (syntype USNM 309758),

arrow indicates the process on segment 15. C. Segment 22 from Lake Slidell. D. Segment 22 from San
José Dam. Scale bars = 100 um.
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Fig. 14. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Scanning Electron Microscopy. A, C-D.
Specimens from San José Dam, San Luis Potosi, Mexico (ECO-CH-Z-10597). B, E. Specimens from
Lake Amatitlan, Guatemala (ECO-CH-Z-10663). A. &, right antennule segments 816, arrows indicate
the process on segments 15 and 16. B. @, antennule, segment 11. C. @, antennule, segment 11. D. &,
rostrum. E. &, rostrum.
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(Fig. 10A-B). Exp two-segmented; Expl wider than long, about half the length of Bs, with two lobes
on inner margin distally. Exp2 longer than wide, with caudal lamella, aculeus placed at midlength of
outer margin, with bent terminal claw, about the length of RP5, with row of spinules along inner margin
(Fig. 10A, C).

LP5 (Fig. 10C). Cx with spine on outer margin distally. Bs with seta on outer margin distally. Exp
2-segmented; Expl with row of setules on iner margin, tapering terminally. Exp2 about half the length
of Expl, bearing a patch of setules, and tubercles proximally, serrated spinous process apically as long
as Exp2 with a spinous seta attached, covered with setules, about the same length of the spinous process.

Remarks

The specimens examined in this study from Florida should be considered as M. dorsalis s. str. based on
its proximity (~ 300 km) with the type locality in Louisiana, a site which has since disappeared, sharing
the same habitat and ecoregion.

Fig. 15. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. A-D. &, right leg 5 coxa and basis.
E-F. &, left leg 5, exopod arrows indicate the spinous seta. G-H. @, leg 5, arrows indicate spinous
process on exopod 2 and endopod, respectively. A. Lake Slidell, Louisiana, USA (USNM 30958,
syntype). B, F. Lake Amatitlan, Guatemala (ECO-CH-Z-10664). C. Lake Petén, Guatemala (ECO-
CH-Z-10667). D. Lake Managua, Nicaragua (USNM 243712). E. San José Dam, San Luis Potosi,
Mexico (ECO-CH-Z-10604). G. Lake Amatitlan (ECO-CH-Z-10660). H. San José Dam, San Luis
Potosi, Mexico (ECO-CH-Z-10629). Scale bars = 100 um.
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This species shows several phenetic (morphological) differences between and within populations across
bioregions as presented in Table 3.

Distribution

This species extends to the Eastern NA, in the Alleghany subregion and, particularly, the Austroriparian
ecoregion (Escalante ef al. 2021), where both the type specimens (from Guzman and Slidell lakes in
Louisiana) and the sensu stricto specimens from Florida occur; these sites are characterized by large
lakes and wetlands.

Several NT populations studied occur in Mexico, Guatemala, and Nicaragua, encompassing large
ecoregions such as the Yucatan Peninsula, Pacific Lowlands, and the Veracruzan Province. A record of
“A. dorsalis” by Torres-Orozco & Zanatta (1998) in Lake Catemaco (Veracruzan Province) was preceded
by a more accurate record of the species Mastigodiaptomus albuquerquensis reported by Sudrez-Morales
et al. (1986) in the same ecoregion. Other state and locally records from these Mexican bioregions should
now be re-evaluated. The NT is also characterized by high species and habitat diversity (Morrone 2019)

Fig. 16. Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. Scanning Electron Microscopy, leg 5. A,
A1,A2. Jleg5.B,B.1,B.2,C. Q leg 5. A.1. Specimen from lake Amatitlan, Guatemala. A.2. Specimen
from San José Dam, San Luis Potosi, Mexico. B.1. Specimen from Cenote Azul. B.2. Specimen from San
José Dam, San Luis Potosi, Mexico. C. Exp2, specimen from Cocalitos sinkhole, Quintana Roo, Mexico.
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Fig. 17. Geographical distribution of Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov. specimens
in North and Central America analyzed in this study. Biogeographical representation with ecoregions
is based on Morrone (2015, 2017) and Escalante et al. (2021) for both bioregions and the Mexican
Transition Zone.
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and includes the largest anchialine systems worldwide, with a remarkable number of endemic aquatic
species (Gutiérrez-Aguirre et al. 2024; Jaime et al. 2025).

Other records of this species occur in the MTZ, in the Sierra Madre Oriental, e.g., the San Luis Potosi
population. This area is characterized by predominantly karstic conditions and an average elevation
of 1500 meters above sea level. This region forms the boundary between the NA and NT bioregions
(Morrone 2019; Bautista 2023) Therefore, it is likely that M. dorsalis comb. nov. is a generalist species
inhabiting a wide range of aquatic habitats like wetlands, rivers, man-made lakes and reservoirs, lakes,
temporary ponds, and karstic sinkholes with humid and warm climates (Fig. 17). This explains its wide
distribution across the Americas.

Mastigodiaptomus cucapa sp. nov.
urn:lsid:zoobank.org:act:689D452B-7F02-404C-9B4A-D26350CCSESF
Figs 18-25

Diagnosis

Female and male prosome with row of minute spinules on pedigers 3—5 (Figs 18E, 19E, 23B-C).
Rostrum elongated and slender, curved inwards (Figs 18C-D, 19C, 22D-E). Exp3 of Md palp with three
rows of minute spinules apically (Fig. 21C). Mx1 with proximal setules on praecoxal arthrite (Fig. 21D).

Female metasomal wing slightly asymmetric, left wing longer than right. A1 overreaching CR by three
segments (Figs 18A-B, 19A, D). Genital double-somite slightly dilated, CR with setules on outer margin
(Fig. 20B—C). P5 Bs with process on outer margin distally (upper arrows in Fig. 20D).

Male A1 reaching tip of CR (Fig. 22A). First urosomite with long and slender spine distally (Fig. 22B).
Fourth urosomite with straight row of minute spinules (Figs 22C, 23D). RP5 Bs with caudal lamella
bearing a process distally (upper arrow in Fig. 24C). Exp1 with curved outer projection distally (lower
arrow in Fig. 24C). LP5 Exp2 with setae covered with minute spinules (arrow in Fig. 24D).

Etymology

The species name is a noun in apposition in reference to the Cucapa people, an almost extinct indigenous
community of northwest Mexico, where the type locality is located. The term ‘cucapa’ means ‘people
of water’ in the Cucapan language.

Type material

Holotype
MEXICO — Sonora « @, specimen dissected in semipermanent slide; Mocuzari Dam; 27.231° N,
109.794° W; 30 May 2006; M. Elias-Gutiérrez leg.; BIN no: BOLD:AAF4891; ECO-CH-Z-10636.

Allotype
MEXICO — Sonora * J'; same data as for holotype; ECO-CH-Z-10640.

Paratypes
MEXICO — Sonora « 20 99, 19 3, specimens preserved with 96% ethanol and a drop of glycerol;
same data as for holotype; ECO-CH-Z-10642.

Additional material examined

MEXICO — Baja California Sur * 2 3J, specimens mounted in semipermanent slide; La Palma Dam;
23.226° N, 109.079° W; 26 Apr. 2014; S. Hernandez-Trujillo leg.; ECO-CH-Z-10536 * 16 9 9; same
data as for preceding; ECO-CH-Z-10637, ECO-CH-Z-10644, ECO-CH-Z-10645, ECO-CH-Z-10647
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«6 29,1 J, sample preserved with 96% ethanol and a drop of glycerol; same data as for preceding;
ECO-CH-Z-10538 « 4 3J, specimens mounted in semipermanent slide; same data as for preceding;
ECO-CH-Z-10643 » 2 9 9; same data as for preceding; ECO-CH-Z-10646.

Description

Female
Hagirus. Total body length 823—1,335 um (n = 30) excluding caudal setae. Projections on fourth and fifth
pedigers, in keel-like and rounded shape, respectively (Figs 18A-B, 19A-B, D); pedigers three to five with
row of minute distal spinules (Figs 18E, 19E). Small metasomal wings, slightly asymmetrical, with two
spines distally, left wing longer than right (Figs 18A, 19D). Rostral spines sharp, elongated and slender,
curved inwards (Figs 18C-D, 19C). A1 overreaching CR for ultimate three segments (Figs 18A—B; 19A).

UrosoME. Three-segmented, smooth dorsoventally. Genital double-somite three times longer than wide,
slightly dilated, with a spine on dilatation (Fig. 20B—C); genital operculum rounded, inserted proximally
in ventral view. Second somite wider than long and about six times shorter than first genital somite
(Fig. 20C). Anal somite shorter than genital somite. CR with setules along outer margins and six caudal
setae (Fig. 20B—C).

A1l (Fig. 20A). 25-segmented, with setal formula as follows: 1 (1s+1ae), 2 (3s+1ae), 3 (1s+1ae), 4 (1s),
5 (Is+1ae), 6 (1s), 7 (1s+1ae), 8 (1s+1sp), 9 (2s+1ae), 10 (1s), 11 (1s); 12 (Isp+1s+1lae), 13 (1s),
14 (1s+1ae), 15 (1s), 16 (1s+1ae), 17 (1s), 18 (1s), 19 (1s+lae), 20 (1s), 21 (1s), 22 (2s), 23 (2s),
24 (2s), 25 (4s).

A2 (Fig. 21A-B). Cx three times shorter than Bs, with one seta. Bs elongated with two setae distally.
Enp two-segmented; Enpl with two setae on inner margin distally and row spines along inner margin
proximally; Enp2 with two lobes, first lobe with eight setae, second lobe with seven setae and rounded
row of spinules proximally (Fig. 21A). Exp 7-segmented with setal formula as follows: 1,3, 1, 1, 1, 1,
1-3 (Fig. 21B).

Mb (Fig. 21C). Gnathobase with seven bidented denticles and spine on inner margin, spinous setae on
outer margin, and projection with spine on inner margin. Cx smooth. Bs longer than wide, with four setae
along inner margin. Enp three-segmented; first segment smooth, second with four setae, third with five
setae and three rows of spinules. Exp four-segmented, with setal formulaas follows: 1, 1, 1, 3.

Mx1 (Fig. 21D). Precoxal arthrite with nine lateral and five dorsal spinous setae, and setules proximally.
Coxal epipodite with nine setae. Coxal endite with four setae. Basal endite with four setae. Basal exite
with single spine. Enp three-segmented with setal formula as follows: 4, 4, 3; distal setules on Enpl.
Exp with seven setae.

Mx2 (Fig. 21E). Praecoxa with two lobes with five and three setae, respectively. Cx with two lobes,
bearing three setae each. Allobasis with four setae. Distal lobe with one seta. Enp three-segmented with
setal formula as follows: 1, 1, 2.

Mxp (Fig. 21F). Praecoxa and Cx fused. Praecoxa with one seta. Cx with three lobes; first lobe with
setules and two setae, second lobe with setules and three setae, fourth lobe with setules, four setaec and
rounded proximal projection with spinules. Bs with setules and three proximal setae. Enp six-segmented
with the setal formula as follows: 2, 3, 2, 2, 2, 4; Enp1 fused to Enp2.

P1-4. Spinal and setal armature as presented in Table 2. P1 with setules on Cx. Exp three-segmented,
setules along inner margin of Expl, setules along outer margin on Exp2 and 3. Enp two-segmented,
smooth. P2 Cx and Bs smooth, Exp three-segmented with protuberance with setules on inner margin of
Expl, setules along inner margin of Exp2, setules along outer margin of Exp3; Enp three-segmented with
setules along inner margins, Enp2 with Schmeil’s lobe in semi-acute tip; Enp3 with spinules apically.
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Fig. 18. Mastigodiaptomus cucapa sp. nov. A, C, E. Holotype, adult, ¢, from Mocuzari Dam, Sonora
(ECO-CH-Z-10636). B, D. &, from La Palma Dam, Baja California Sur (ECO-CH-Z-10643). A. Habitus
in dorsal view. B. Habitus in lateral view. C. Rostrum in ventral view. D. Rostrum in lateral view.
E. Pedigers four and five in lateral view. Scale bars = 100 pum.
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Fig. 19. Mastigodiaptomus cucapa sp. nov. Adult, @, from La Palma Dam, Baja California Sur, Mexico
(ECO-CH-Z-10538). Scanning Electron Microscopy. A. Habitus in dorsal view. B. Pedigers 3—5 and
urosome in lateral view. C. Rostrum. D. Pedigers 4 and 5 in dorsal view. E. Closer view of pediger 4.
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Fig. 20. Mastigodiaptomus cucapa sp. nov. A-B, D. Holotype, 9, from Mocuzari Dam, Sonora (ECO-
CH-Z-10636). C. Q, adult, from La Palma Dam, Baja California Sur (ECO-CH-Z-10647).A. Antennule.
B. Urosome in dorsal view. C. Urosome in ventral view. D. Leg 5, upper arrows indicate distal processes,
lower arrow indicates exopod 3. Asterisks indicate separation of Al segments. Abbreviations: see
Material and methods. Scale bars = 100 pum.
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Fig. 21. Mastigodiaptomus cucapa sp. nov. A-C, F. Holotype, ¢, from Mocuzari Dam, Sonora (ECO-
CH-Z-10636). D-E. Allotype, &, from Mocuzari Dam, Sonora (ECO-CH-Z-10640). A. Coxa, basis and

endopod of antenna. B. Exopod of antenna. C. Mandible. D. Maxillule. E. Maxilla. F. Maxilliped. Scale
bars = 100 um.
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Fig. 22. Mastigodiaptomus cucapa sp. nov., allotype, adult, & (ECO-CH-Z-10640, from Mocuzari Dam,
Sonora). A. Habitus in dorsal view. B. Urosome in dorsal view. C. Fourth urosomite, anal somite and
caudal rami. D. Rostrum in ventral view. E. Rostrum in lateral view. Scale bars = 100 um.
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Fig. 23. Mastigodiaptomus cucapa sp. nov., adult, &, from La Palma Dam, Baja California Sur, Mexico
(ECO-CH-Z10538). Scanning Electron Microscopy. A. Antennule, segments 8—17. B. Pediger 4.
C. Pediger 5. D. Fourth urosomite in lateral view.
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C,D \

Fig. 24. Mastigodiaptomus cucapa sp. nov. A. &, from La Palma Dam, Baja California Sur ECO-
CH-Z-10643). B-D. Allotype, adult, &, from Mocuzari Dam, Sonora (ECO-CH-Z-10640). A. Antennule.
B. Leg 5. C. Basis and Expl of right leg 5, arrows indicate distal projection, respectively. D. Exopods 1

and 2 of left leg 5, arrow indicate details on spinous seta. Asterisks indicate segmental separation of the
right Al. Scale bars = 100 pm.
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P3 Cx longer than wide, Cx and Bs smooth, Exp three-segmented, with setules along inner margin of
Expl; Enp three-segmented with spinules apically on Exp3. P4 Cx longer than wide, Cx and Bs smooth;
Exp three-segmented, setules along inner margin of Exp 1 and 2; Enp three-segmented with setules along
inner margin and spinules apically on Exp3.
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Fig. 25. Geographical distribution of Mastigodiaptomus cucapa sp. nov. in the Nearctic bioregion
recorded in this study. Biogeographical representation with ecoregions following Morrone (2017, 2019)
and Escalante et al. (2021).
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PS5 (Fig. 20D). Cx with thick spine distally. Bs with seta proximally and outer projection distally on outer
margin (upper arrows in Fig. 20D). Exp three-segmented; Exp1l longer than wide, Exp2 with outer small
spinous projection and row of minute spinules along inner margin. Exp3 small, with curved spinous
process and spine almost reaching the end of Exp2 (lower arrows in Fig. 20D). Enp one-segmented,
as long as inner margin of Expl, ending in acute spinous process with spinules subtertminally and
terminally.

Male
Hagrrus (Fig. 22A). Total body length 950—1280 um (n = 24) excluding caudal setae. Pedigers four and
five with row of minute spinules distally (Fig. 23B—C). Short metasomal wings, slightly asymmetrical,
with two distal minute spines distally (Fig. 22A). Rostral spines elongated, slender and curved inwards
(Fig. 22D-E). A1 reaching tip CR.

UrosoME (Figs 22B-C, 23D). Five-segmented. First segment wider than long, with two lobes on left and
right, long and slender spine on right side. Urosomites two to four about the same length, longer than
wide (Fig. 22B). Fourth urosomite covered with spinules in straight lines transversally (Figs 22C, 23D).
Anal somite about half the length of preceding urosomites, covered with tubercles laterally. CR longer
than wide, with tubercles, inner setules and six setae (Fig. 22B—C).

RA1 (Figs 23A, 24A). 22-segmented, with setal formula as follows: 1 (1s), 2 (3s+ lae), 3 (1s+1ae), 4
(1s), 5 (1s+1ae), 6 (1s), 7 (1s+1ae), 8 (I1s+1ae), 9 (2s), 10 (Isp+1s), 11 (Isp+1s), 12 (Isp+1s+ lae),
13 (1s), 14 (2s+1ae), 15 (2s+1ae), 16 (2s+1ae), 17 (1s), 18 (0), 19 (Isp+1s), 20 (4s), 21 (2s), 22 (4s).
Segments 13—16 with spinous process. Segments 17—19 with with dorsal thickening. Segment 19 with
pseudosegmentation. Antepenultimate segment with distal hook-like process.

LA1. As in female.
MOUTHPARTS. As in female.
P1-P4. As in female.

RPS5 (Fig. 24B—C). Cx with thick spine distally. Bs with hyaline lamella on inner margin; caudal lamella
with projection proximally, ending in acute spinous process and distal projection (upper arrow in
Fig. 24C), and distal outer setae. Exp 2-segmented; Expl wider than long, with two lobes along inner
margin and rounded process on outer margin (lower arrow in Fig. 24C); Exp2 longer than wide, with
inverted “3” shaped lamella, bent aculeus inserted at midlength of outer margin, terminal claw about the
same length as RP5, with minute spinules on inner face. Enp one-segmented reaching lamella of Exp2,
ending in acute tip and setules.

LP5 (Fig. 24B, D). Cx with thick spine distally, Bs with seta on outer margin distally. Exp two-
segmented; Expl with row of setules along inner margin tapering distally; Exp2 with rounded patch of
setules on inner margin, and tubercles proximally, strong serrated spinous process terminally, with setae
on inner margin covered with minute spinules (Fig. 24D). Enp one-segmented, reaching midlength of
Exp2, ending in acute tip and setules.

Remarks

Morphological comparisons of M. dorsalis allowed us to identify a new species as previously
hypothesized by Elias-Gutiérrez et al. (2008a, 2008b). This species is herein described as
Mastigodiaptomus cucapa sp. nov., which resembles the nominal M. dorsalis, including projections
on pedigers 4 and 5 and a one-segmented female P5 Enp. Males of both species have a pincer-like LP5
Exp2. However, several diagnostic characters allow a clear differentiation in M. cucapa sp. nov: 1) in
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both sexes, the prosome bears rows of minute spinules on pedigers 3 to 5, the rostrum is elongated,
slender, and curved inwards, the Md palp Exp3 possesses three rows of apical minute spinules, and the
Mx1 praecoxal arthrite features proximal setules. 2) The female is characterized by slightly asymmetric
metasomal wings with the left one longer than the right, A1 overreaching the CR by three segments,
genital double-somite is slightly dilated, CR with setules on the outer margin, and a P5 Bs with a process
on the distal outer margin. 3) The male is distinguished by an A1 reaching the tip of the CR, a first
urosomite with a long and slender distal spine, a fourth urosomite with a straight row of minute spinules,
a RP5 Bs caudal lamella bearing a distal process, an RP5 Exp1 with a curved distal outer projection, and
LP5 Exp2 setae densely covered with minute spinules.

Distribution

This species was recorded in the Western NA subregion (Fig. 25), particularly within the Californian
and Rocky Mountain dominions, encompassing the Californian and Sonoran ecoregions (Escalante et al.
2021). These regions are located in northern Mexico and the southern USA and are characterized mainly
by arid environments with vegetation from temperate forests (Morrone 2019). Although this region has
a mean annual precipitation deficit of 500—-600 mm, it contains permanent, ephemeral, saline, freshwater
and occasionally alkaline epicontinental water bodies.

Key to the species of Mastigodiaptomus

The key is modified from the key based on morphological analysis proposed by Wilson (1959), Elias-
Gutiérrez et al. (2008b), Gutiérrez-Aguirre & Cervantes-Martinez (2013, 2016), Gutiérrez-Aguirre et al.
(2014, 2020), Suarez-Morales et al. (2020) and Elias-Gutiérrez et al. (2023).

Females
1. Setules only on medial margin of CR ........ccociiiiiiiiii e 2
— Setules on both medial and lateral margins of CR .........cccccooiiiiiiiiiiiiiit e 4

2. Symmetric or asymmetric genital double-somite, dilated proximally or bulbose, with short spines on

DOt INATZINS 1.vviiuiiiiiieiieiiet ettt et ettt e et e et e ebeesbeesbeesseesbeesseesseasbeesseesseesseesseesseesseesseesseessessseenns 3
— Symmetric genital double-somite, almost parallel lateral margins, with short spines on both
TNATZINS .eeeitieiiieie ettt ettt e et e ettt eeeateeteenteenbeeneeeneeeneeennesnseens M. purpureus Marsh, 1907 [Cuba]

3. Slightly asymmetric genital double-somite, bulbose lateral margins, with short spines on both
margins; P5 Enp two-segmented, reaching midlength of inner margin of Exp 1; Bs with rounded
process projecting over Enp; prosome smooth, without projection on pedigers 4 and 5 ...................

......................................... M. reidae Suarez-Morales & Elias-Gutiérrez, 2000 [Campeche, Mexico]

— Symmetric genital double-somite, slightly dilated proximally, lateral margins with short spines, P5
Enp one-segmented, reaching the end of inner margin of Expl, Bs with rounded outer distal process;
prosomites 3—5 with row of minute spinules, with processes on pedigers 4 and 5 ........ccccoceveeeenene.

.................. M. cucapa sp. nov. [Sonora, Baja California Sur — Mexico; California, Indiana — USA]

4. Slightly symmetric genital double-somite, almost parallel margins; one- or two-segmented Enp of

P ettt h et bttt h e bttt h e a e bbbt be st na et eaeas 5
— Asymmetric genital double-somite, bulbose margins or dilated proximally; one- or two-segmented
23 o o ) i e USSP 9
5. Left thoracic wing slightly shorter than right wing; Al reaching proximal third of genital double-
SOMILE ..eevevieiieeeieeeeereeenneeans M. maya Suarez-Morales & Elias-Gutiérrez, 2000 [Campeche, Mexico]
— Left thoracic wing slightly longer than right wing; Al reaching beyond distal margin of genital
AOUDIE-SOMILE .....iiiiiiieiiciieieete ettt ettt sttt sttt 6
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6.

10.

11.

12.

13

14.

15.

Al extending beyond CR by last one or two segments; lateral margins of genital double-somite

parallel: right and left spines placed at the same level .........cccoovevieiienieiiericeeeeeee e, 7
Al reaching anal somite or CR; genital double-somite asymmetric: right spine placed more proximal
thAN TETE SPINE ..evviiiieiicieeie et ettt e et e e b e s b e esbeesbeesbeesbeesbeesseesbeesseesseesseassenssenssas 8

Genital double-somite 1.5 times as long as wide; A1 without setules on medial margin .....................
.................................................. M. texensis Wilson M.S., 1953 [Texas, USA; Southeastern Mexico].
Genital double-somite 1.0-1.1 times as long as wide; A1 with setules on medial margin ...................
................................................ M. siankaanensis Mercado-Salas et al., 2018 [Quintana Roo, Mexico]

Al reaching half the length of anal somite; widest region of the body on first pediger of prosome;
length/width ratio of rostral spines = 2.0-2.1; genital double-somite 1.6—1.7 times as long as wide ...
................................................................... M. ha Cervantes-Martinez, 2020 [Quintana Roo, Mexico]
Al reaching distal margin of CR; widest region of the body between second and third pedigers of
prosome; length/width ratio of rostral spines = 2.5-2.6; genital double-somite 1.7—1.8 times as long
AS WIAC eviieiiiiiieeee e M. alexei Elias-Gutiérrez, 2020 [ Veracruz, Mexico]

One or two urosomites with a chitinous protuberance in the right posterolateral corner ............... 10
Urosomites with straight posterior margins, without protuberances in the right posterolateral

Second urosomite with one acute protuberance in the right posterolateral corner; P5S Enp one-
segmented .......cceevveeirennennnn. M. amatitlanensis (Wilson M.S., 1941) [Lake Amatitlan, Guatemala]
Genital double-somite and second urosomite with chitinous protuberance in the right posterolateral
corner; PS ENp tWO-SEZMENLEA .......ccvieeviiiieiieiieie ettt ere et e et e b e esbeesbeesseesseesseesseesseenns
.............................. M. cuneatus Gutiérrez-Aguirre & Cervantes-Martinez, 2016 [Sinaloa, Mexico]

Genital double-somite distal half laterally swollen or curved and wrinkled on the right lateral
10T 141 RSP SSP 12
Genital double-somite distal half straight or dilated on the right lateral margin ...............cccveene.ne. 14

Second and third urosomites fused ventrally, usoromite two-segmented ventrally and three-segmented
dorsally, plus CR ....coccooiiiiiieees M. cihuatlan Gutiérrez-Aguirre, 2020 [Guerrero, Mexico]
Urosomites unfused, urosomite three-segmented dorsoventrally, plus CR ...........ccocoviininnnenn. 13

. P5 Enp as long as medial margin of Exp1; distal half of genital double-somite curved and wrinkled

on the right lateral MATZIN .......ccviiiiiiiieii ettt b et e s e enseeneeenes
................... M. suarezmoralesi Gutiérrez-Aguirre & Cervantes-Martinez, 2013 [Chiapas, Mexico]
PS5 Enp shorter than the half the length of medial margin of Exp1; distal half of genital double-somite
swollen on the right lateral margin ...................... M. montezumae (Brehm, 1955) [Central Mexico]

Very small spines arranged in parallel rows on dorsal and anal plate; lateral spines of genital double-
somite inserted at the same level; ventral spine of right wing if fifth pediger of prosome directed to the
posterior region of the body .........cccecevvrvevenennen. M. nesus Bowman, 1986 [Mexico, Central America]
Dorsal and anal plate bare; right spine of genital double-somite inserted more proximally than left;
ventral spine of right wing of fifth pediger of prosome directed to the dorsal region of the body ..... 15

Al 24-segmented, fourth pediger of prosome with large blunt process on dorsal surface ...................
......................................................... M. galapagoensis Elias-Gutiérrez et al., 2023 [Galapagos Island]
Al 25-segmented, fourth pediger of prosome with blunt or keel-like process on dorsal surface .....16
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16.

17.

Fourth pediger of prosome with keel-like process and rounded projection of fifth pediger on dorsal
surface; P5 Enp one-segmented as long as medial margin of EXpl .......ccceoveviievienienieieeeee,
............................. M. dorsalis (Marsh, 1907) [Easter region of USA and Mexico, Central America]
Fourth pediger of prosome with blunt process on dorsal surface; PS5 Enp two-segmented reaching
half the length of lateral margin Of EXPL .....cccoooiiiiiiiiiiecieeeeece e 17
Short spines of rostrum: 1.5-3.6 times as long as wide; cuticular surface of pedigers smooth (or at
most, extremely small setae on ventrolateral surfaces); 1.4—1.8 mm of body length, including CR ..
........................................... M. albuquerquensis (Herrick,1985) [Northern Mexico, Southern USA]
Long spines of rostrum: 3.6— 4.0 times as long as wide; setules on ventral and distal margins from
2-5 pedigers (continuous or discontinuous rows); 0.9—1.3 mm of body length, including CR .........
...................................................................... M. patzcuarensis (Kiefer, 1938) [Michoacan, Mexico]

Males

RAT with spiniform process on segment 16 well-developed, almost as long as its segment width;
RP5 Bs with one subrectangular protuberance on medioproximal margin ........cc.cceeceeveeniereeneenneens
............................................................................ M. reidae Suarez-Morales & Elias-Gutiérrez, 2000
RAT1 spiniform process reduced or absent; RP5 Bs with rounded basal protuberance on medioproximal
TTMATZIIL 1uvvieeieeeiteeeteeeteeeteeeteeestseessseessseeasseeesseeesseeessseassseensseessseesssaesssaeenseeensseessseesseeassaeasseennseennsenans 2

RP5 Bs with only one lobular protuberance on medioproximal margin, no chitinous lamella (in

CAUAAL VIEW) 1..etiiiiiiieiie ettt ettt et e et e e bt e e ettt e e bt e eateeetbeetae e sseeesseeeaseeesseeensseesseessseessseeensenans 3
RP5 Bs with chitinous lamella or lamellae and with or without protuberance on medioproximal
F00E:) ¢ 014 TR PP 4

RP5 Bs with large protuberance; Exp2 with two semicircular transverse lamellae and one longitudinal
Y-shaped ridge; RA1 antepenultimate segment with fang-like process ..........cccceecevivvievenincecicnene.
.......................................................................................................... M. montezumae (Brehm, 1955)
RPS5 Bs with short protuberance; Exp2 with one low, rounded protuberance on outer margin; RA1
antepenultimate segment with wide knob-1ike process .........ccccceeievierieiienienieieeeeeeee e
............................................................................. M. maya Suarez-Morales & Elias-Gutiérrez, 2000

RP5 Bs with one chitinous lamella (or hyaline membrane) .............cccocvevieevieciieciieieeieeie e 5
RP5 Bs with more than one chitinous lamella (or hyaline membrane) ...........ccccooevevvierciercrinnennnnnn 13
RP5 Bs with chitinous semicircular lamella .........c..ccoevviiiiiiiiiiiieiicicc e 6
RP5 Bs with chitinous, cuneiform, transversal, longitudinal or semitriangular lamella ................ 10
RP5 Exp2 caudal surface smooth, without lamellae ......................... M. ha Cervantes-Martinez, 2021

RP5 Exp2 caudal surface ornamented with sclerotization, lamellae, hyaline membranes or ridge ....7

RPS5 Exp2 caudal surface with two short semicircular lamellae: one medial and one lateral; aculeus
length of half the length of its segment; RA1 with short spiniform process on segment 14 ..............
............................................................................................................... M. purpureus (Marsh, 1907)
RPS5 Exp2 caudal surface with one sclerotization; aculeus length over half of its segment; RA1 with
long spiniform process 0N SEZMENTt 14 ........ccoociiiiiiiiiiiiiieieeie ettt stee e e sieesiaeseeeseeesaeens 8

Urosomites two to four with rows of tiny spines on dorsal surfaces; LP5 Exp2 triangular, attenuated

distally (with only setules); RP5 Exp2 with a long, straight ridge ............. M. nesus Bowman, 1986
Urosomites with smooth dorsal surfaces; LP5 Exp2 truncated or tapering distally, with apical
dentiCles (PIUS SCLULES) ..vivvieiiiiiiieeieete et et et ete et e et e st e s b e s tbestaessaessaesssesssesssesssessaesssesssesssesssensaens 9
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9.

10.

I1.

12.

13.

14.

15.

16.

17.

RPS Exp2 1.6 times as long as wide, with one elongated hyaline membrane ............c.ccoceeeeerenenncnne
..... M. siankaanensis Mercado-Salas, Khodami, Kihara, Elias-Gutiérrez & Martinez-Arbizu, 2018
RP5 Exp2 1.7-1.8 times as long as wide, with a narrow crescent-shaped sclerotization ...............
....................................................................................................... M. alexei Elias-Gutiérrez, 2020

RA1 spine on segment 8 enlarged, unarticulated, modified into a strong spiniform process; PR5 Exp2
caudal surface with two sclerotized projections plus one sclerotized longitudinal line .....................
................................................................................................ M. cihuatlan Gutiérrez-Aguirre, 2020
RAT articulate spine of segment 8 extremely small, or with single seta; RP5 Exp2 caudal surface
nude or with SIMPIE OTNAMENT .........eoiiiiiiiiieii et e e ee e e e saeessbeeesbeeenreeeneees 11

RA1 segment 8§ with single seta; RP5 Exp2 with shallow longitudinal groove ...........ccocceceeverenennene
....................... M. galapagoensis Elias-Gutiérrez, Steinitz-Kannan, Sudrez-Morales & Lopez, 2023
RA1 segment 8 with small spine; RP5 caudal surface nude or with simple ornament .................. 12

RPS5 Exp2 with naked surface; Bs caudal surface with triangular protuberance on distal margin and
one rounded protuberance on medioproXimal MAargin ...........cccceervierieerieniereeneee e
............................................................ M. cuneatus Gutiérrez-Aguirre & Cervantes-Martinez, 2016
RPS5 Exp2 with straight ridge; obliquely directed; Bs caudal surface without protuberances, almost
TECLANGULAT ..ottt M. amatitlanensis (Wilson M.S., 1941)

LP5 Exp2 distally truncated and denticulated; aculeus inserted subterminally into the RP5 Exp2 ........
.................................................................................................................. M. texensis Wilson M.S., 1953
LP5 Exp2 distally attenuated (triangular); aculeus inserted into the second third of the RP5 Exp2 .....14

Aculeus shorter than the length of RP5 Exp2, with long spinules on medial margin; two short semi-
cuticular lamellae on medial margin of Exp2; second to fourth urosomites with denticules on dorsal
SUITACES .ovevvveeeiieeiieeiie e, M. suarezmoralesi Gutiérrez-Aguirre & Cervantes-Martinez, 2013
Aculeus subequal or longer than the length of RP5 Exp2, with short spinules on medial margin, or
bare; one long, curved hyaline lamella on Exp2; dorsal surfaces of urosomites nude or with minute

spinules on dorsal surface of fourth UrOSOMILE ..........cccuevviiiiiiiiiiiiieiie e 15
RP5 Bs with butterfly-like caudal lamella; nude uroSOMites ..........cccceevierienienieniienieniesieseeeene 16
RP5 Bs with proximal process on caudal lamella; fourth urosomite with minute spinules on dorsal
SUTTACE ..ttt ettt ettt ettt et ettt et et e et e e et et e ea bt en bt eabeea bt enbeenbe e st e bt enbeenbeenbeeseenbeeseenne 17

Short rostral spines: 2.2-3.0 times as long as wide; cuticular surfaces of prosomites nude; 1.37-1.82
mm body length, including CR ..........ccoooeiviiriiniiieee M. albuquerquensis (Herrick, 1895)
Long rostral spines: 3.5-5.0 times as long as wide; setules on ventral and distal margins from second
to fifth prosomites (continuous or discontinuous rows); 0.9—1.1 mm body length, including CR .....

.......................................................................................................... M. patzcuarensis (Kiefer, 1938)

First urosomite with right slender spine distally; RP5 Exp1 with curved outer projection; LP5 Exp2

distal spiniform seta covered with minute SPINUIES .........cceevvveverierireecienierrenenns M. cucapa sp. nov.
First urosomite with regular distal spine; RP5 Expl without outer projection; LP5 Exp2 distal
spiniform seta covered with minute setules ..........ccoceveviviieniieriiencienienenns M. dorsalis (Marsh 1907)
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Discussion

History of the generic assignment

The historical nomenclature treatment of “Arctodiaptomus dorsalis” reveals persistent taxonomic
uncertainty for decades, particularly regarding its generic placement and species limits. Since its
original description by Marsh (1907), the species has been repeatedly reassigned and compared with
morphologically similar taxa, reflecting the difficulty of interpreting diagnostic characters for this species.

For instance, the resemblance of “Arctodiaptomus dorsalis” with Prionodiaptomus Light, 1939 have
been mentioned by Collado et al. (1984), without further clarification and without including a formal
synonymy for this species. The main generic differences between “A. dorsalis” and Prionodiaptomus,
can be found in Dussart & Defaye’s (1995) generic descriptions.

The major inconsistency is its generic delimitation, and somehow its specific status: despite the
fact that 4. (H.) kurilensis and A. (R.) arapahoensis are American species traditionally assigned to
Arctodiaptomus, in our opinion they do not fully conform to the diagnostic features of the genus.
Probably, the reason why Dussart & Defaye (1983) and Reddy (1994) remarked that their position within
the genus Arctodiaptomus was doubtful, was because generic morphological characters differ from those
presented for the Palaearctic Arctodiaptomus.

In addition, Light (1939) excluded Diaptomus dorsalis from Mastigodiaptomus, and tentatively
suggested that this species and its congeners (D. floridanus, D. asymmetricus, and D. saltillinus) might
be more appropriately placed in Arctodiaptomus. However, he also recognized that the available evidence
was insufficient to confirm this relocation. Later, Dussart & Defaye (1983) clarified that these American
species do not correspond to the diagnostic characters of Arctodiaptomus, thereby rejecting Light’s
(1939) proposal.

In that sense, the exclusion of “A. dorsalis” from the genus Arctodiaptomus stems from morphological
inconsistencies with the genus diagnosis, assigned after Dussart & Fernando (1985). According to Kiefer
(1932), Reddy (1994), Dussart & Defaye (1995), the genus Arctodiaptomus is characterized by the
female with wide metasomal wings, antennule segment 11 bearing two setae, P5S Enp short, bearing only
a tuft of apical setules, or subapical row of setules on the anterior aspect. Males exhibit a RP5 Bs with
hyaline lamella and plug-like lobe, and LP5 Exp2 forming a distinct ‘pincer’ with an elongated digitiform
process and terminal seta, and RA1 with spines on segments 10, 11, 13, sometimes on segments 14, 15.

None of these morphological characters were observed in the specimens analyzed herein. Contrastingly,
they exhibit morphological characters consistent with Mastigodiaptomus s. str. as defined by Kiefer
(1932), Light (1939), Wilson (1959), Dussart & Defaye (1995), such as: males RA1 with spiniform
processes on segments 10, 11, 13, 14, 15 and sometimes on 16; antepenultimate segment with a small
extension. RP5 with caudal hyaline membrane. LP5 with Expl tapering gradually, Exp2 ending with
process and inner spiniform seta. Females P5 Exp3 with long spiniform seta and vestigial seta, Enp
ending in two curved rows of setules and subapical setae. These characters support the reassignment of
“A. dorsalis” to Mastigodiaptomus dorsalis.

Chronicle of synonyms

Regarding the synonym species assigned to “A. dorsalis”, Brehm (1932, 1939), stated that the main
difference between D. dampfi and D. dorsalis was the absence of the typical keel-like dorsal processes
on the female’s pediger. Nevertheless, revising material from the type locality (lake Petén, Guatemala),
we found specimens with very reduced processes, variation in the dorsal process was also reported by
Suérez-Morales & Elias-Gutiérrez (2001), who synonymized 4. dampfi with “A. dorsalis”.
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On the other hand, Herbst (1960) described D. alter with characters resembling “A. dorsalis” without
performing a formal species comparison. After revising several specimens from Nicaragua, including the
type locality (lake Managua), we found slight morphological differences observed in other M. dorsalis
populations (see Figs 11, 15; Table 3). Although we did not revise material of D. proximus, this species
was synonymized with D. alter and subsequently with D. dorsalis by Dussart & Fernando (1985). They
concluded that probably all these synonymies are the result of the material preparation and compression
of the structures between the slide and coverslip, thus, they suggest to revise especially male’s P5 in three
dimensions. Nevertheless, slight morphological differences could be related to phenotypic variations,
such as the reported for M. ha Cervantes, 2020 (Cervantes-Martinez et al. 2021).

Differentiation of M. cucapa sp. nov.

Females of M. cucapa sp. nov. can be distinguished from M. dorsalis by their Al extending beyond CR
by three segments (vs antenules reaching tip of CR or beyond it only by 1 segment in M. dorsalis), a
slightly dilated genital double-somite, CR with setules on outer margin (vs setules on both CR margins
in M. dorsalis), and Bs of P5 with rounded process distally. Additional differences include: three rows of
spinules on the mandible Enp3, setules on the precoxal arthrite margin of Mx1, and long, slender rostral
spines.

Males of M. cucapa sp. nov. have a long spine distally on the first urosomite, RP5 Bs with a process
distally on the caudal lamella, Exp1 with a curved projection on the outer margin, and LP5 Exp2 setae
covered with minute spinules. These characters are different in M. dorsalis, which lacks Bs and Expl
projections distally and the LP5 Exp2 setae are setulate.

Genetic divergence of the analyzed taxa

The intergeneric divergences between Mastigodiaptomus, Leptodiaptomus, and Arctodiaptomus
ranged from 27-30% (Table 1) which are consistent with values reported in other calanoid copepods
(Bucklin et al. 2003). The COI barcode analysis revealed that all specimens historically identified as
“A. dorsalis” can be allocated to a single, well-supported group showing some affinities with the genus
Mastigodiaptomus (Fig. 2). Interspecific divergence within Mastigodiaptomus species found in this study,
is also in agreement with previous findings (Mercado-Salas ef al. 2018; Gutiérrez-Aguirre et al. 2020).

The COI gene exhibits relatively high mitochondrial substitution rates, and calanoid copepods in
particular exhibit accelerated molecular evolution, which can result in deep divergences even among
closely related taxa. In this group, interspecific distances exceeding 20% have been reported (Thum &
Derry 2008), along with a wide range of intergeneric divergence between 9 and 25% (Bucklin ef al.
2003). This overlap indicates that, in rapidly evolving taxa, species with a low evolutionary rate may
exhibit genetic distances comparable to those observed among more recently diversified genera. For
instance in species with allopatric or parapatric speciation in a short period of time as observed for
diaptomids (Mercado-Salas et al. 2018). Conversely, divergence thresholds alone may be insufficient
for distinguishing taxonomic levels in these groups.

Furthermore, mtCOI has been widely used as a complementary tool for species delimitation and
taxonomic identification across several taxa (Hebert et al. 2003; Kochanova et al. 2021). Nevertheless,
single-marker mitochondrial analyses are generally less informative for resolving relationships at higher
taxonomic levels, such as subfamilies or families (Elias-Gutiérrez et al. 2026). This inadequacy of the
COI marker could also apply to genus complexes of more ancient origin, like the Leptodiaptomus/
Mastigodiaptomus complex, and it could be one of the reasons for the low bootstrap support values
found in our analysis (Fig. 2).
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In any case, the analyzed COI fragment proved useful in highlighting — alongside the morphological
analysis — to suggest the placement of M. dorsalis within Mastigodiaptomus, as well as for supporting
the recognition of M. cucapa sp. nov., particularly because the analysis included sequences representing
11 of the 16 currently recognized species of the genus.

The pattern recovered for Leptodiaptomus with the ML tree may also reflect the effects of partial taxon
sampling within Diaptominae, considering that only four representatives of this widespread genus were
included in the analysis. A limited sampling effort, coupled with the genetic divergence observed in
L. novamexicanus could be one of the contributing factors to the separation into at least two distinct
clades. Similar patterns of unresolved or incomplete sorting in mitochondrial gene trees have been
documented in arthropods, with about 26% of unsolved groups at different taxa levels (Funk & Omland
2003), as well as in freshwater (Elias-Gutiérrez et al. 2026) and marine copepods (Blanco-Bercial ef al.
2014).

Accordingly, Mastigodiaptomus dorsalis shows moderate instraspecific genetic divergence (see
Fig. 2, Table 1), which is consistent with the slight morphological variation observed from different
localities in the Neotropics and the Mexican Transition Zone (Table 3; Figs 11-16). Similar patterns
of intra- and interpopulation variability have been documented in other diaptomid copepods, including
Mastigodiaptomus montezumae (Brehm, 1955), Leptodiaptomus sicilis (S.A. Forbes, 1882) and
Tropodiaptomus vicinus (Kiefer, 1930) (Mercado-Salas et al. 2018; Ortega-Mayagoitia ef al. 2022;
Saetang et al. 2022).

Due to the high sampling density of M. dorsalis (93 COI sequences), the ASAP analysis inferred an
increased number of genetic partitions within this cluster, likely resulting in oversplitting. As sampling
intensity increases, the probability of detecting higher intraspecific genetic divergence also rises (Gaytan
et al. 2020).

Furthermore, widely distributed species such as M. dorsalis are expected to exhibit considerable
intraspecific genetic and phenetic variability. This variability is often associated with genetic isolation
by distance, as documented in some moth species (Gaytan et al. 2020), or with phenotypic plasticity in
response to environmental heterogeneity, as observed in tropical cichlids (Barrientos-Villalobos et al.
2018). Similar patterns have also been reported in other diaptomids such as L. sicilis (Barrera-Moreno
et al. 2015), as well as in systems influenced by continental-island isolation (Cervantes-Martinez et al.,
2021).

Thus, the ML tree in combination with mPTP results supports the interpretation that the partitions
inferred by ASAP represents geographically structured subgroups within M. dorsalis, rather than discrete
species-level entities.

Furthermore, the ML tree and species delimitation analyses (mPTP and ASAP) consistently support the
recognition of M. cucapa sp. nov. as a distinct species separated from M. dorsalis (Fig. 2). The genetic
divergence between these taxa (8.07%, Table 1) falls within the range commonly reported for closely
related species in diaptomid copepods (Bucklin et al. 2003; Elias-Gutiérrez et al. 2026). Comparable
values have been documented for sibling species such as M. patzcuarensis and M. albuquerquensis (~4%,
Gutiérrez-Aguirre et al. 2014) as well as L. garciai and L. novamexicanus (6.04%, Montiel-Martinez
et al. 2008). In these cases, species boundaries were supported by integrative evidence, including
morphological differentiation and geographic distribution, highlighting the importance of combining
multiple lines of evidence when addressing similar species.

The COI gene has been widely used to analyze taxon identification mainly in the Americas, related
to zooplankters such as rotifers, cladocerans, copepods, and acarii (Cervantes-Martinez ef al. 2023),
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compared with the use of other molecular markers (Mercado-Salas ef al. 2018; Gutiérrez-Aguirre et al.
2020; Garcia-Morales et al. 2021; Elias-Gutiérrez et al. 2026). In combination with species delimitation
methods, along with detailed morphological and distributional assessments, these analyses can provide
a robust framework for integrative taxonomical analysis (Kochanova et al. 2021; Saetang et al. 2022),
as presented in this study.

Nevertheless, due to the high substitution rate of the COI gene and relatively short fragment length
(~650 bp), this marker has limited resolution for deeper phylogenetic inference. More conservative
markers, such as 18S or 28S rRNA genes, are better suited for reconstructing evolutionary relationships
at higher taxonomic levels (Miracle et al. 2013; Mookkaiah & Ravichandran 2016; Kochanova et al.
2021; Mayor et al. 2024). Therefore, future studies integrating multiple molecular markers will be
essential to further resolve phylogenetic relationships within Diaptomidae in the Americas.

Distributional patterns

The relocation of “A. dorsalis” to the genus Mastigodiaptomus is further supported by geographic
distribution. Mastigodiaptomus is primarily Neotropical, with 16 known species in America, but largely
endemic to Mexico with nine species (Gutiérrez-Aguirre et al. 2020; Elias-Gutiérrez et al. 2023). This
distribution pattern matches that of M. dorsalis (Suarez-Morales & Elias-Gutiérrez 2001; Suarez-Morales
2003; Reid 2007). Whereas species of Leptodiaptomus are mainly distributed in the Nearctic region,
with 22 known species (Silva-Briano & Suarez-Morales 2010), which includes seven species recorded
for the Mexican territory. These genera are the most diverse among epicontinental copepods in America
and in our study area (Cervantes-Martinez et al. 2023). In contrast, species of Arctodiaptomus are largely
Palearctic (Reddy 1994; Btedzki & Rybak 2016).

The bioregional separation of both species surveyed here reinforces their taxonomic distinction.
Mastigodiaptomus cucapa sp. nov. inhabits arid and semi-arid environments in the western Nearctic,
while M. dorsalis is found in humid regions across the NT and NA bioregions, including records in
the MTZ (Morrone 2017, 2019; Escalante et al. 2021). Although reproductive isolation was not tested
for both species, the combination of morphological, genetic and biogeographic evidence supports the
recognition of M. cucapa and validates its separation from the nominal M. dorsalis.

In conclusion, the distinctive morphological characters and biogeographic distribution, supported by CO/
barcodes, allowed us to reclassify this longstanding taxonomical uncertainty. This highlights the key role
of integrative taxonomy in effectively solving cryptic diversity of diaptomid copepod taxa.

The generic status of 4. floridanus, A. saltillinus, and A. asymmetricus should be re-evaluated with
integrative taxonomy; it is likely that they are not members of the genus Arctodiaptomus, according to
the stated in this study.

In the same way, further studies are needed to clarify the identity of “A. dorsalis” populations reported
from the Philippines (Papa et al. 2012; Metillo et al. 2014; de Leon et al. 2020) and Hawaii (Hairston
et al. 2025), which may represent populations of M. dorsalis or M. cucapa sp. nov. In case that the
“A. dorsalis” populations are attributed to the genus Mastigodiaptomus, then, it will be a new record
of extended range of this genus outside their known distribution mainly for the Neotropics (Gutiérrez-
Aguirre et al. 2020), and the fifth record of a species of Mastigodiaptomus inhabiting island environments
(Cervantes-Martinez et al. 2021), in addition to M. galapagoensis Elias-Gutiérrez, Steinitz-Kannan,
Suarez-Morales & Lopez, 2023, M. ha, M. nesus and M. purpureus (Marsh, 1907). Further studies are
necessary to confirm the identities of these island populations.
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Supplementary material

Supp. file 1. Barcode material analyzed in this study, including sequences of Mexican Mastigodiaptomus
Light, 1939, Leptodiaptomus Light, 1938, two species of Arctodiaptomus Kiefer, 1932 and Metadiaptomus
asiaticus (Uljanin, 1875). * = represent material from the same ecoregion of the syntypes of
Mastigodiaptomus dorsalis (Marsh, 1907) comb. nov.
https://doi.org/10.5852/ejt.2026.1120.3355.14693

Supp. file 2. Biological material revised in this study, in the Coleccion de Zooplancton (ECO-CH-Z) and
Invertebrate Zoology Collection (USNM). * = syntypes. Samples labeled as Arctodiaptomus dorsalis
(Marsh, 1907) and Diaptomus dorsalis Marsh, 1907 in the table, correspond to Mastigodiaptomus
dorsalis (Marsh, 1907) comb. nov. as proposed in this study.
https://doi.org/10.5852/ejt.2026.1120.3355.14694

Supp. file 3. mPTP species delimitation groupings for the analyzed sequences of Mastigodiaptomus
Light, 1939, Leptodiaptomus Light, 1938, Arctodiaptomus Kiefer, 1932, and Metadiaptomus asiaticus
(Uljanin, 1875) selected as outgroup. https://doi.org/10.5852/€jt.2026.1120.3355.14695

Supp. file 4. mPTP species delimitation tree for the analyzed sequences of Mastigodiaptomus Light,
1939, Leptodiaptomus Light, 1938 and Arctodiaptomus Kiefer, 1932.
https://doi.org/10.5852/¢jt.2026.1120.3355.14696

Supp. file 5. ASAP species delimitation tree. https://doi.org/10.5852/ejt.2026.1120.3355.14697
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