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Abstract Based on the examination of diverse 
crustacean taxa collected along the Mexican Pacific 
and deposited in the Colección Nacional de Crustá-
ceos of the Instituto de Biología, UNAM, six spe-
cies of bopyrid isopods were detected. New hosts 
and localities are reported for Munidion pleuroncodis 
Markham, 1975, Probopyrus pacificensis Román-
Contreras, 1993, Probopyrus markhami Román-Con-
treras, 1996, Progebiophilus bruscai Salazar-Vallejo 
& Leija-Tristán, 1990 and Schizobopyrina striata 
(Nierstrasz & Brender à Brandis, 1929). Cataphryxus 
zapoteca sp. nov., is described as abdominal parasite 
of the shrimp Lysmata galapagensis Schmitt; this 
bopyrid is the second species described in the genus 
Cataphryxus Shiino, 1936 and the first registered on 
the American continent. Taxonomic characters, dis-
tribution and some reproductive data for five of the 
six species examined are provided in order to update 
the knowledge of this parasite group in this Eastern 
Pacific region.

Introduction

Bopyrid isopods are obligate parasites of other 
crustaceans and to complete their life-cycle, they need 
two different groups of crustacean hosts: copepods as 
intermediate hosts and decapods, as definitive hosts 
(Cericola & Williams, 2015). Bopyrid females have 
large and asymmetric bodies, so much so that in some 
species they are barely recognizable as isopods; in 
contrast, males are small and similar in form to free-
living isopods (Román-Contreras, 2008; Williams & 
Boyko, 2012). These parasites can negatively impact 
the host biology and ecology by causing metabolic, 
behavioral, physiological and reproductive alterations 
(Román-Contreras, 2008).

According to Markham (1992), the first two 
bopyrid isopods recorded from the eastern Pacific 
coast were Argeia pugettensis Dana, 1853 parasitizing 
Crangon munita (Dana), cited as C. munitus, in Puget 
Sound (Dana, 1853) and Phyllodurus abdominalis 
Stimpson, 1857 parasitizing a “common Gebia” 
at Puget Sound and Tomales Bay, in the northwest 
coast of US (Stimpson, 1857); subsequently in 
the early 1900s Richardson (1905) recognized 13 
bopyrid species distributed along the Pacific coast, 
of which 11 remain accepted today. Markham (1992) 
recognized 29 described and 10 undescribed bopyrid 
species parasitizing 86 species of host decapods along 
the Eastern Pacific coast, later the number found in 
this region was estimated at 37, which represents 
only 22.3 % of the 166 species reported for the 
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whole Western Pacific (Williams & Boyko, 2012). 
The underrepresentation of bopyrids along in the 
Eastern Pacific seems to be product of an inadequate 
sampling as the number of potential hosts is probably 
not a limiting factor (Markham, 1992).

In the Mexican Pacific, three deep sea bopyrids 
were the first reported: Bathygyge grandis Hansen, 
1897 parasitizing Glyphocrangon spinulosa Faxon off 
the coast of Nayarit at a depth of ~1236 m, Pseudione 
galacanthae Hansen, 1897 parasitizing Galacantha 
diomedeae Faxon in the Gulf of California at a depth 
of ~1571 m, and Parargeia ornata Hansen, 1897 
parasitizing Metacrangon procax (Faxon), cited as 
Sclerocrangon procax, off the coast of Guerrero 
at a depth of ~1207 m (Hansen, 1897). There were 
no additional records of bopyrids for almost 80 
years (Román-Contreras, 2008), until the reviews 
of the genera Stegophryxus Thompson, 1902 and 
Munidion Hansen, 1897 were published (Markham, 
1974, 1975). Currently, based on checklists included 
in some ecological reports (Campos & Campos, 
1989a; Salazar-Vallejo & Leija-Tristán, 1990), 
bibliographical compilations (Román-Contreras, 
2008) and recent reports of these parasites (Romero-
Rodríguez & Álvarez, 2019), bopyrid diversity in the 
region comprises 19 species found parasitizing a wide 
diversity of crustaceans.

During examination of biological material 
deposited in the Colección Nacional de Crustáceos 
(CNCR), housed at the Instituto de Biología of 
the Universidad Nacional Autónoma de México, 
parasitized crustaceans of diverse taxa were detected 
thus the aim of this study is to report the taxonomic 
identity, host selection, distribution and reproductive 
data on the bopyrid species examined in order to 
update the knowledge of this parasite group along the 
Mexican Pacific.

Material and methods

The abdomen and carapace of diverse taxa of 
crustaceans formerly collected along the Mexican 
Pacific and deposited in the CNCR were examined 
for bopyrid isopods. The size, considered as carapace 
length (CL) and sex for each host were registered. 
The bopyrids were gently removed from their hosts 
in order to recognize their specific identities and to 
record the size of each parasite, that was considered 

as total length (TL) and measured from the anterior 
margin of the first pereomere of the longer side 
to the posterior margin of the pleon (Romero-
Rodríguez & Álvarez, 2020). For each bopyrid 
ovigerous female fecundity was estimated by direct 
counting of embryos, except in brood pouches with 
large numbers of embryos in which a subsample was 
counted directly and the number of embryos was 
calculated by extrapolation. Embryos were classified 
as: egg, embryo I, embryo II and epicaridium larvae 
following Romero-Rodríguez and Román-Contreras 
(2013). Ten embryos were randomly selected from 
each brood pouch, their width  (d1) and length  (d2) 
were measured and their volume (V) calculated 
with the formula V = π(d1)2 *  (d2)/6 (Romero-
Rodríguez & Román-Contreras, 2013; Cericola & 
Williams, 2015). Measurements were made to the 
nearest 0.1 mm using an ocular micrometer attached 
to a compound microscope. Drawings made with a 
camera lucida were used to construct figures using 
Adobe Illustrator. Digital photographs of bopyrids 
were taken with a Leica DFC490 camera mounted on 
a Leica Z16APOA stereomicroscope provided with 
the Leica Application Suite version 4.3.0.

Systematics

Suborder Epicaridea Latreille, 1825
Family Bopyridae Rafinesque, 1815
Subfamily Bopyrinae Rafinesque, 1815
Genus Probopyrus Giard and Bonnier, 1888
Probopyrus pacificensis Román-Contreras, 1993
Figs. 1, 2A, 3A, 4A-B, 5; Table 1
Bopyrids.– Holthuis, 1954: 6, 7 [Zunzal and Con-
chalió Rivers, El Salvador; parasitizing Macrobra-
chium tenellum (Smith)].
Probopyrus sp.– Román-Contreras, 1979: 157 
[Laguna Tres Palos, Guerrero, Mexico; same 
host].– Román-Contreras, 1983: 361.
Probopyrus pandalicola.– Guzmán & Román-Con-
treras, 1983: 345–357 [Guerrero and Michoacán, 
Mexico; same host].– Román-Contreras, 1991: 112, 
115, 119 [Laguna de Coyuca, Guerrero, Mexico; 
same host]. [not Probopyrus pandalicola (Packard, 
1879)].
Probopyrus pacificensis Román-Contreras, 1993: 
689–697, figs. 1–2 [type locallity: Laguna Tres Palos, 
Guerrero, Mexico, same host].
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Probopyrus pacificensis.– Román-Contreras, 1996: 
208.– Rodríguez-Almaraz et  al., 2000: 860 [Puerto 
Peñasco, Sonora, Mexico, parasitizing Palaemon rit-
teri Holmes].– Dreyer & Wägele, 2001: 159, figs. 1, 
3, 4, 6–9, Tables  1, 3.– Espinosa-Pérez & Hen-
drickx, 2001: 50.– Román-Contreras & Bourdon, 
2001: 918, 922, 927, Tables  1, 2.– Román-Contre-
ras & Soto, 2002: 285.– Román-Contreras, 2004: 
153–156, 161, fig.  3, Tables  1, 2.– Román-Contre-
ras & Romero-Rodríguez, 2005: 86, 87.– Román-
Contreras, 2008: 95, 96, 98, 102, figs.  1, 2, 4, 7, 

Table  1.– Ocaña-Luna et  al., 2009: 259–261, fig.  1, 
Table  1 [San Francisco creek, Nayarit and Palo 
María creek, Jalisco, Mexico; parasitizing M. tenel-
lum].– Saito et al., 2010: Table 1.– Boyko et al., 2013: 
fig.1.– Romero-Rodríguez & Román-Contreras, 2013: 
645.– Sivasubramanian et  al., 2015: fig.  2.– Vargas-
Ceballos et  al., 2016: 34–44, fig.  2 [Ameca river, 
Jalisco, Mexico; same host].– Hendrickx et  al. 
2019: Table  7.– An et  al., 2020: fig.  2.– Bortolini 
et  al., 2021: table  2.– Aguilar-Perera, 2022: 114, 

Fig. 1  Bopyrid species distribution along the Pacific coast of 
Mexico. 1. Anathelges hyphalus (Markham, 1974). 2. Apor-
obopyrus bourdonis Markham, 2008. 3. Aporobopyrus curta-
tus (Richardson, 1904). 4. Aporobopyrus muguensis Shiino, 
1964. 5. Aporobopyrus trilobatus (Nierstrasz & Brender à 
Brandis, 1925). 6. Bathione magnafolia Román-Contreras 
& Boyko, 2007. 7. Bathygige grandis Hansen, 1897. 8. Cat-
aphryxus zapoteca sp. nov. 9. Leidya infelix Markham, 2002. 
10. Ione cornuta Spence Bate, 1863. 11. Munidion pleuron-

codis Markham, 1975. 12. Parargeia ornata Hanse, 1897. 13. 
Phyllodurus abdominalis Stimpson, 1857. 14. Probopyrus 
pacificensis Román-Contreras, 1993. 15. Probopyrus 
markhami Román-Contreras, 1996. 16. Progebiophilus brus-
cai Salazar-Vallejo & Leija-Tristán, 1990. 17. Pseudione gala-
canthae Hanse, 1897. 18. Schizobopyrina bruscai Campos & 
Campos, 1990. 19. Schizobopyrina striata (Nierstrasz & Bren-
der à Brandis, 1929)
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Fig. 2  Dorsal view of adult 
bopyrid isopod females that 
parasitize crustaceans on 
the Mexican Pacific coasts. 
a. Probopyrus pacificen-
sis CNCR-36921-B. b. 
Probopyrus markhami 
CNCR-36923-B. c. Schiz-
obopyrina striata CNCR-
36924. d. Cataphryxus 
zapoteca sp. nov. CNCR-
36925. e. Munidion pleu-
roncodis CNCR-36926-D. 
f. Progebiophilus bruscai 
CNCR-36927. Scale bars = 
1.0 mm

Fig. 3  Ventral view of 
adult bopyrid isopod 
females that parasitize 
crustaceans on the 
Mexican Pacific coasts. 
a. Probopyrus pacificen-
sis CNCR-36921-C. b. 
Probopyrus markhami 
CNCR-36923-B. c. Schiz-
obopyrina striata CNCR-
36924. d. Cataphryxus 
zapoteca sp. nov. CNCR-
36925. e. Munidion pleu-
roncodis CNCR-36926-D. 
f. Progebiophilus bruscai 
CNCR-36927. Scale bars = 
1.0 mm
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Table 1.– García-Madrigal et al., 2022: Table 1.– Kato 
et al., 2022: fig. 11.– Wu et al., 2022: fig. 1.

Material examined.– 2 ovigerous females (3.92 ± 
0.40 mm TL), 1 adult female (3.33 mm TL), 1 cryp-
toniscus larva (0.84 mm TL) and 2 males (0.99 ± 
0.01 mm TL) (CNCR-36921) parasitizing 2 females 
(4.30 ± 0.28 mm LC) and 1 male (4.15 mm LC) of 
Palaemon hiltoni (Schmitt) (CNCR-19680); M. Mar-
tínez-Mayén det. host; Estero Santa Cruz, Bahía de 
Kino, Sonora, Mexico (28°47’55"N 111°54’58"W); 
Villalobos et  al. colls.; 28 March 1983. 3 ovigerous 
females (5.71 ± 0.44 mm TL) and 3 males (1.64 ± 
0.09 mm TL) (CNCR-36922) parasitizing 2 females 
(6.57 ± 0.14 mm LC) and 1 male (6.0 mm LC) of 
Palaemon ritteri (CNCR-34120); M. Martínez-Mayén 
det. host; Isla Socorro, Colima, Mexico (18°46’57"N 
110°58’05"W); 25 January 2008.

Distribution.– Probopyrus pacificensis has 
been mainly collected on the branchial chamber of 
Macrobrachium tenellum that inhabits coastal lagoons 
and associated rivers and ponds from southern Nayarit 
to Guerrero, Mexico (Román-Contreras, 1993; 
Ocaña-Luna et  al., 2009). Rodríguez-Almaraz et  al. 

(2000) extended the northern range of this bopyrid to 
Puerto Peñasco, Sonora, parasitizing Palaemon ritteri 
(Fig. 1) and its presence was suggested in the Zunzal 
and Conchalió Rivers, El Salvador, parasitizing 
M. tenellum and on the Atlantic coast of Panama 
parasitizing M. acanthurus (Román-Contreras, 2004). 
Here we report for the first time to P. pacificensis 
from Socorro Island, Colima, parasitizing P. ritteri 
(Fig. 1), and Palaemon hiltoni is reported by first time 
as host of P. pacificensis.

Remarks.– The material examined conforms well 
with the characteristics proposed for P. pacificen-
sis (Figs.  2A, 3A, 4A-B, 5A) by Román-Contreras 
(1993): antennule and antenna of three and two seg-
ments, respectively (Fig. 5B), barbula with two lateral 
projection on each side, inner smaller and slenderer 
than external one (Fig.  5C), palp of the maxilliped 
ovoid with 6 to 10 setae (Fig. 5D), all pereopod bases 
with conspicuous and rounded carina (Figs.  5E), as 
well as long pleopods that reach or protrude from the 
lateral margin of the pleon (Figs. 5A). Two variations 
of the species noted by Román-Contreras (1993) also 
were observed: the internal ridge of first oostegite 

Fig. 4  Adult bopyrid 
isopod males that para-
sitize crustaceans on the 
Mexican Pacific coasts. a. 
Probopyrus pacificensis 
CNCR-36922-B, dorsal 
view. b. same, ventral view. 
c. Probopyrus markhami 
CNCR-36923-B, dorsal 
view. d. same, ventral view. 
e. Munidion pleuroncodis 
CNCR-36926-F, dorsal 
view. f. same, ventral view. 
g. Progebiophilus bruscai 
CNCR-36927, dorsal view. 
h. same, ventral view. Scale 
bars = 0.2 mm
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Fig. 5  Probopyrus pacifi-
censis CNCR-36922-A, 
except f, CNCR-36921-A. 
a, Ovigerous female, dorsal 
view. b. Antennule and 
antennae. c. Barbula. d. 
Maxilliped. e. Right pereo-
pod 7. f. Right oostegite 
1, internal view. g. Right 
oostegite 1, internal view. h. 
Pleon, ventral view. Scale 
bars: a = 1.0 mm. b and e 
= 0.1. c, d and f-h = 0.5 
mm. Numbers indicates 
the corresponding pleopod. 
Abbreviations: en, endo-
pod; ex, exopod

Table 1  Reproductive traits of the examined bopyrid isopods parasitizing crustaceans in the Mexican Pacific coast. *Females with 
evident loss of embryos. aestimated by indirect method

Species n Embryo stage Fecundity ± D.S. Mean embryo size ± D.S.

Length (mm) Width (mm) Volume  (mm3)

Munidion pleuroncodis 7 I 11134.57 ± 4360.25 0.166 ± 0.013 0.158 ± 0.012 0.0022 ± 0.0005
1 II 6413 0.169 ± 0.013 0.153 ± 0.009 0.0021 ± 0.0004
1 epicaridium 7431 0.232 ± 0.12 0.144 ± 0.011 –

Probopyrus pacificensis 4 I 2687.67 ± 401.58 0.163 ± 0.12 0.147 ± 0.013 0.0019 ± 0.0004
1 II 823 0.182 ± 0.009 0.147 ± 0.010 0.0021 ± 0.0004

Probopyrus markhami 1 I <100* 0.179 ± 0.014 0.170 ± 0.016 0.0028 ± 0.0007
1 epicaridium 27038.5a 0.284 ± 0.021 0.149 ± 0.011 –

Progebiophilus bruscai 1 II 4416 0.176 ± 0.009 0.147 ± 0.002 0.0020 ± 0.0002
Schizobopyrina striata 1 I < 30* 0.120 ± 0.007 0.115 ± 0.008 0.0008 ± 0.0002
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ranged from slightly sinuous (n = 2) (Fig. 5F) to digi-
tate (n = 2) (Fig. 5G), and the notch in the pleotelson 
ranged from absent (n = 1) (Fig. 2A) or slight (n = 1) 
(Fig. 5H) to conspicuous (n = 4) (Fig. 5A). However, 
the following differences from the original descrip-
tion were noted: females with scarce dorsal pigmen-
tation (Figs.  2A), especially in those parasitizing P. 
ritteri (Fig. 5A); pereomeres 5–7 of both sides of the 
body with lateral margins square and close together to 
each other (Figs. 2A, 5A), and the middle margin of 
the barrbula elevated forward but not acute (Fig. 5C). 
Pleopods were not described in detail but those of 
specimens examined were of different shape and size, 
with pairs 1 and 2 foliaceous with the endopod wider 
than the exopod but with pairs 3–5 oblong in outline 
with both rami of similar width; the length of both 
rami progressively decreasing posteriorly but in pairs 
1 and 2 the endopod is similar or longer than the exo-
pod while in pairs 3–5 the endopod is progressively 
smaller than the exopod (Fig. 5H).

Probopyrus pacificensis and P. pandalicola 
are quite similar but they have been recognized as 
distinct genetically (Dreyer & Wägele, 2001; An 
et  al., 2020; Kato et  al., 2022) and morphologically 
can be distinguished as P. pandalicola has both 
the antennule and antenna three-segmented, two 
obtuse points in the middle margin of the barbula, 
maxilliped with subtrapezoidal palp, basis of first 
pereopod with reduced or absent carina and first pair 
of pleopods large and nearly concealing all others 
(see Markham, 1985; Román-Contreras, 2008). 
Based on these morphological differences and host 
selection, Román-Contreras (2004) questioned the 
presence of P. pandalicola in the eastern Pacific, 
which was previously reported parasitizing Palaemon 
ritteri in the northeast coast of Baja California, 
Mexico (Campos & Campos, 1989a) and Palaemon 
hiltoni in the Gulf of Nicoya, Costa Rica (Jiménez & 
Vargas, 1990); but because both reports precede the 
description of P. pacificensis it is probable that they 
actually correspond to this latter species, especially 
those parasitizing P. hiltoni as Jiménez & Vargas 
(1990) pointed out differences and doubted the 
identification of their specimens as P. pandalicola. 
Román-Contreras (2004) reported P. ritteri 
parasitized by a Probopyrus sp. at two islands of 
the Gulf of California, Mexico, and described some 
characters of these specimens that match those of P. 
pacificensis (see Román-Contreras, 2004, Table  2). 

The above allow us to suggest that the distribution 
of P. pandalicola is restricted to the west Atlantic 
coasts and that of P. pacificensis to the eastern Pacific 
region.

The average fecundity and embryo size for two 
stages of development of P. pacificensis are in 
table  1. Overall, fecundity of P. pacificensis agrees 
with the range of 350–11850 embryos reported for 
P. pandalicola (Beck, 1980) but by developmental 
stages it was lower than the mean brood size estimated 
by Beck (1980) for egg (3920 embryos) and embryo 
I stages (4154.2 embryos). The embryo size of both 
developmental stages of P. pacificensis are similar to 
those reported for egg (length and width of 0.15 mm) 
and embryo I (length of 0.18 – 0.20 mm, width 0.15 
– 0.18 mm) of P. pandalicola (Beck, 1980).

Probopyrus markhami Román-Contreras, 1996
Figs. 1, 2B, 3B, 4C-D, 6; Table 1

Probopyrum (sic).– García-Bojórquez, 1983: 7 
[parasitizing Macrobrachium americanum Bate].
Probopyrus markhami Román-Contreras, 1996: 
204–209, figs. 1–15 [type locallity: La Unión River, 
Guerrero, Mexico, same host].
Probopyrus markhami.– Espinosa-Pérez & Hen-
drickx, 2001: 50.– Román-Contreras & Bourdon, 
2001: 918, 922, 927, Tables  1, 2.– Román-Contre-
ras, 2004: 153, 156, 161, fig. 3, Tables 1, 2.– Brusca 
et  al., 2005: 137.– Román-Contreras, 2008: 98, 
Table 1.– Ocaña-Luna et al., 2009: 259, 260.– Saito 
et  al., 2010: Table  1.– Vargas-Ceballos et  al., 2016: 
40.– Hendrickx et al. 2019: Table 7.– García-Madri-
gal et al., 2022: Table 1.
Material examined.– 2 ovigerous females (18.01 
± 1.05 mm TL) and 2 males (3.07 ± 0.46 mm TL) 
(CNCR-36923) parasitizing 1 female (23.5 mm CL) 
and 1 male (27.0 mm CL) of Macrobrachium ameri-
canum (CNCR-25470). F. Álvarez det. host; Río 
Verde, Oaxaca, Mexico (16°00’48"N 97°47’28"W); 
F. Álvarez and J. L. Villalobos colls.; 16 December 
2008.
Distribution.– Román-Contreras (2004) considered 
Probopyrus markhami as endemic to Mexico because 
its known distribution range was from Piaxtla River, 
Sinaloa, to Coyuca River, Guerrero (Román-Contre-
ras, 1996); here we extend its southern range to Río 
Verde, Oaxaca (Fig.  1). To our knowledge, this is 
the third time that P. markhami has been collected, 
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always parasitizing the branchial chambers of the 
prawn M. americanum.
Remarks.– The characters of the specimens examined 
(Figs.  2B, 3B, 4C-D, 6A) are consistent with those 
proposed for P. markhami by Román-Contreras 
(1996), excepting the following: barbula with middle 
margin slightly sinuated (Fig.  6B); maxilliped with 
triangular palp but of more rounded outline than 
illustrated by Román-Contreras (1996, figs. 8–9) and 
the number of setae on it varied from three to ten 
(Fig.  6C); first pair of oostegites with posterolateral 
point wide and rounded but not horn-shaped (Fig. 6D, 
E), and inner margin with stout and semi-quadrate 

digitations (Fig.  6E); conspicuous dark brown 
carina on basis of all pereopods on short side of 
body (Figs. 3B, 6F); pleopods 1 and 2 with endopod 
rounded and wider than exopod while in pairs 3–5 
both rami are progressively more similar in size and 
shape posteriorly (Fig. 6F).

Probopyrus markhami resembles P. pacificensis, 
but according to Román-Contreras (1996) they can 
be distinguished by the body length/width ratio, the 
depth of the notch of the last pleomere, the body 
pigmentation intensity, the pleopods’ length and the 
presence/absence of tiny knob-like uropods near 
the anterior margin of the ventral surface of the last 

Fig. 6  Probopyrus 
markhami CNCR-36923-A. 
a. Ovigerous female, dorsal 
view. b. Barbula. c. Maxil-
liped. d. Left oostegite 
1, external view. e. same, 
internal view. f. Pleon, 
ventral view. Scale bars = 
1.0 mm. Numbers indicates 
the corresponding pleopods. 
Abbreviations: en, endo-
pod; ex, exopod
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pleomere. Based on the material examined of both 
species we suggest that the shape of both the palp and 
digitations of the inner ridge of the first oostegite are 
characters to distinguish between species.

Román-Contreras (2004) recognized four 
Probopyrus species distributed along the Mexican 
Pacific: P. bithynis Richardson, 1904, P. markhami, P. 
pacificensis and P. pandalicola. The presence in the 
Eastern Pacific of the latter two species was treated 
above. The record of P. bithynis from the Mexican 
Pacific coast seems dubious because it was recorded 
parasitizing Macrobrachium olfersii (Wiegmann) at 
Tuxtepec River, Oaxaca, a branch of the Papaloapan 
River (Román-Contreras, 2004) which originates in 
Oaxaca, near the border with Veracruz, and flows into 
the Gulf of Mexico. Apparently, this host-parasite 
association can inhabit regions very far from the 
coasts, as they have also been recorded in the Tamuín 
River, San Luis Potosí, 200 km inland from the Gulf 
of Mexico (Román-Contreras, 2004). Hence, we 
suggest that P. markhami and P. pacificensis are the 
two only Probopyrus species distributed along the 
Pacific coast of Mexico.

Table  1 shows the average fecundity and embryo 
size recorded in two ovigerous females of P. 
markhami, to our knowledge, these are the first 
reproductive data for this bopyrid. The fecundity 
calculated for P. markhami is among the highest 
recorded for any bopyrid (see Cericola & Williams, 
2015; Romero-Rodríguez & Álvarez, 2020; 2023) 
which could be explained by the large size of the 
ovigerous female examined (~18 mm TL) because in 
bopyrids fecundity is positively related to the size of 
ovigerous females (see Cericola & Williams, 2015). 
Sizes of embryos in stage I (Table  1) are similar to 
those previously reported for other bopyrid species 
but epicaridium larval size (Table1) is slightly larger 
than those of other species (see Romero-Rodríguez 
and Álvarez, 2020, 2023).

Genus Schizobopyrina Markham, 1985
Schizobopyrina striata (Nierstrasz & Brender à Bran-
dis, 1929)
Figs. 1, 2C, 3C, Table 1
Bopyrina striata Nierstrasz & Brender à Brandis, 
1929: 40–42, figs.  52–53 [type-locality: San Diego 
Bay, California, USA, parasitizing Hippolyte cali-
forniensis Holmes].

Schizobopyrina striata.– Markham, 1985: 46.– Cam-
pos & Campos, 1990: 634–637, figs. 1–2 [Puertecitos, 
Baja California, Mexico, parasitizing Thor algicola 
Wicksten].–Markham, 1992: Table  1.– Espinoza-
Pérez & Hendrickx, 2001: 51.– Brusca et  al., 2005: 
137.– Román-Contreras, 2008: Table  1.– Espinoza-
Pérez & Hendrickx, 2006: 237.– Brusca, 2007: 426, 
493 Table  29.3.– Romero-Rodríguez & Martínez-
Mayén, 2017: 119.– Hendrickx et al., 2019: Table 7.
Material examined.– 1 ovigerous female of 3.27 
mm TL (CNCR-36924) parasitizing 1 Periclimenes 
infraespinis (Rathbun) female of 3.03 mm CL 
(CNCR-29152); J. Romero det. host; Isla Alcatraz, 
Bahía de Kino, Sonora, Mexico (28º49’00.4’’N 
111º58’58’’W); 08 March 2007.
Distribution.– To our knowledge this is the third 
time that S. striata has been collected since it was 
described, and the second record from the Gulf of 
California (Fig.  1). It has been recorded from San 
Diego, California, USA; Puertecitos, Baja Califor-
nia (Campos & Campos, 1990) and Isla Alcatráz, 
Sonora, Mexico (Herein). Although it is distributed 
in a relatively restricted region this bopyrid species 
has a wide host selectivity as it occurs in both H. 
californiensis and T. algicola (Nierstrasz & Brender 
à Brandis, 1929; Campos & Campos, 1990) belong-
ing to Alpheoidea and P. infraespinis (Herein) to the 
Palaemonidae.
Remarks.– Excepting the lack of dorsal or ventral 
pigmentation, the female examined (Figs.  2C, 3C) 
fits well all other characters previously reported for S. 
striata by Nierstrasz & Brender à Brandis (1929) and 
Campos & Campos (1990). The female examined was 
almost detached from the host’s branchial chamber, 
which could explain the absence of the male and 
the evident brood mass loss, as it was only carrying 
25 embryos in stage I, with sizes (Table  1) similar 
to those recorded for other bopyrid species (see 
Romero-Rodríguez & Álvarez, 2020, 2023).

Subfamily Hemiarthrinae Markham, 1972
Genus Cataphryxus Shiino, 1936
Cataphryxus zapoteca sp. nov.
Figs. 1, 2D, 3D, 7
Type host.– Lysmata galapagensis Schmitt.
Type locality.– Estacahuite beach, Oaxaca, Southeast 
Pacific coast of Mexico (15°40’06"N 96°28’53"W).
Type Material.– 1 adult female of 3.52 mm TL 
(CNCR-36925) on the abdomen of L. galapagensis 
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male of 5.87 mm CL (CNCR-31526); Martínez-
Guerrero B. det. host; Estacahuite, Oaxaca, Mexico at 
20 m. deep; 28 February 2015.
Etymology: The specific name zapoteca is to honor to 
the ancient Mesoamerican civilization that inhabited 
the current region of Oaxaca, mainly, where the 
specimen was collected.
Diagnosis.– Female body asymmetrical, right side of 
body longer than left, all pereomeres distinct on short 
side of body, fused on long side, 7 pairs of pereopods, 

marsupium tightly closed, oostegites of long side of 
body larger than on short side, 5 pleomeres, bilobed 
lateral plates on pleomeres 1–4, pleomere 5 small 
with bilobed posterior margin, 4 pairs of biramous 
pleopods but 3 and 4 each with additional appendage 
next to endopods, uropods absent. Body white in 
color, lacking pigmentation and eyes.
Description.– Holotype: Adult female (Figs. 2D, 3D, 
7A): body length 3.52 mm, maximal width 2.71 mm 
at pereomere 3, head length 0.84 mm, head width 1.00 

Fig. 7  Cataphryxus 
zapoteca sp. nov. CNCR-
36925. a. Adult female 
holotype, dorsal view. b. 
Antennule and antennae. 
c. Maxilliped. d. Barbula. 
e. Pereopod 1, short side. 
f. Pereopod 7, short side. 
g. Pereopod 3, long side. 
h. Pereopod 7, long side. 
i. Adult female holotype, 
ventral view. j. Oostegites 
detail. k. Oostegite 1 with 
pereopod 1, long side, 
external view. l. Oostegite 
1, short side, external view. 
m. Oostegite 1 with pereo-
pod 1, long side, internal 
view. n. Oostegite 1, short 
side, internal view. Scale 
bars: a, j and i = 1.0 mm. c-
d and k-n = 0.5 mm. b and 
e-h = 0.1 mm. Numbers 
indicate the corresponding 
structures. Abbreviations: 
E, exopod; e, endopod; L, 
oostegite of long side of 
body; Lo, external lobe; 
Lp, lateral plate; p, papilla-
like appendage; S, oostegite 
of short side of body
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mm, pleon length 1.09 mm, pleon width 2.80 mm. 
Head square in shape, distinct from first pereomere, 
posterior margin slightly rounded, anterior margin 
deeply divided at middle portion, lateral margins 
extending onto first pereomere, eyes absent (Figs. 2D, 
7A). Antennule of 4 segments, basal one largest with 
rounded margins, distal segment smaller, rounded and 
bearing 2 or 3 distal setae (Fig.  7B). Antenna of 5 
segments, first one short and broad, second one larger 
and tapered, three last segments very slender, of 
similar size but faintly tapering distally, last segment 
bearing 2 or 3 distal setae (Fig.  7B). Maxilliped 
longer than wide, without palp, surface smooth, 
anterior segment semi-rectangular in shape with 
anterior margin rounded, slightly tapered posteriorly; 
posterior segment triangular in shape with small 
and blunt spur (Fig.  7C). Barbula with 2 smooth 
projections on each side; external projection slender, 
blunt and slightly curved; internal projection wider, 
blunt and triangular in shape; medial margin nearly 
straight and smooth (Fig. 7D).

Pereon with all pereomeres on short side of body 
distinct from mid-dorsal portion to lateral margins; 
on long side of body, excepting pereomeres 1 and 2, 
both dorsal and lateral margins not clearly distinct 
(Figs.  2D, 7A). Pereomeres 1 and 2 with small, 
flat and rounded dorsolateral bosses. Pereomeres 
3 and 4 of long side of body with indistinct square 
dorsolateral bosses, both pereomeres far apart from 
each other, pereomere 4 reaching first pleopods 
(Fig.  7A). Seven pairs of pereopods; first 2 pairs 
next to head, directed forward and similar in size and 
form; basis and ischium stout and square in outline, 
merus and carpus fused, propodus oblong, dactylus 
short and blunt (Fig. 7E). Pereopods 3–7 on short side 
of body close to each other (Fig. 2D) and of similar 
form to first 2 pairs but slightly increasing in size 
posteriorly (Fig. 7F). On long side of body pereopods 
3–7 thinner and differing in form, with bases of 3 and 
4 short and rounded, ischium long, merus and carpus 
fused, propodus oblong and dactylus tiny and blunt, 
both widely separated from each other and on lateral 
margin of pereomeres 3 and 4, respectively (Fig. 7G); 
pereopods 5–7 with bases each as rounded bump, 
ischium long, merus with lateral carina, carpus semi-
square, propodus oblong and dactylus short and blunt 
(Fig.  7H), all three crowded between posterolateral 
margin of oostegite 4 and first pair of pleopods of 
long side of body (Fig. 3D). Marsupium completely 

closed by oostegites of long side of body (Figs. 3D, 
7I), oostegite 2 roughly triangular, covering more 
than half of marsupium with projecting lobe 
extending between pereomeres 2 and 3 (Fig. 7A, I); 
oostegites 3–5 of rectangular shape, decreasing in 
size posteriorly, oostegites 2–4 with bases of lateral 
margins fused (Fig. 7I, J). First pair of oostegites with 
smooth surface, larger on long side of body than short 
side but similar in shape, anterior segment larger 
and ovoid, posterior segment short with rounded 
margins and stout posterolateral point (Fig.  7K, 
L); inner ridge curved and smooth with thick and 
triangular lobule on proximal portion (Fig.  7M, N). 
On short side of body, oostegite 2 ovoid, larger than 
first one,overlapping oostegites 1, 3, 4; oostegites 3–5 
reduced, ovoid in shape and imbricated, with external 
lobe on oostegites 4 and 5 (Fig. 7J).

Pleon with 5 pleomeres laterally distinct but 
more or less fused medially, tapering posteriorly 
(Figs. 2D, 7A). Pleomeres 1–4 with bilobed lateral 
plates arising from short peduncle, both lobes 
similar in size, elongated and oval, lateral plates on 
pleomeres 1 and 2 more recurved than on 3 and 4 
(Fig.  7A, I, J). Pleomere 5 small, quadrangular in 
shape with bilobed posterior margin (Fig.  7A). 
Pleon nearly covered dorsally by 4 pairs of 
pleopods. Exopods larger than endopods, foliose 
with irregular outline and more or less folded; 
endopods square in shape and irregular outline, 
pleopods 3 and 4 each with extra papilla-like 
appendage next to base (Figs.  3D, 7I). Uropods 
absent.
Male: Unknown.

Remarks.– According to the female’s morphological 
characters (pereomeres fused on long side of body, 7 
pairs of pereopods, 5 pleomeres, of which the first 4 
with bilobated lateral plates), the specimen examined 
belongs to Cataphryxus (Shiino, 1936). No male 
was recorded but males of this genus have the head 
separated from the first pereomere, pleomeres are 
completely fused, and lack pleopods and uropods 
(Shiino, 1936).
Boyko et  al. (2023) listed this genus as monotypic, 
represented only by Cataphryxus primus (Shiino, 
1934). Females of C. zapoteca sp. nov. and C. 
primus are quite similar, but can be distinguished by 
C. primus having pereomeres lacking dorsolateral 
bosses, pleomeres laterally and dorsally distinct, 
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lateral plates of pleomeres 1–4 and pleopods similar 
in shape, only 4 oostegites on the long side of the 
body, maxilliped with nearly straight anterior margin, 
and barbula with external projection curved and 
hook-like (Shiino, 1934).

Cataphryxus species parasitize the abdomen of 
Lysmata shrimps from the Pacific Ocean, C. primus 
on Lysmata sp. (referred as Hippolysmata sp.) from 
Yusaki, Seto, Japan (Shiino, 1934) and C. zapoteca 
n. sp. on L. galapagensis from the southeast Pacific 
coast of Mexico.
Subfamily Pseudioninae Codreanu, 1967
Genus Munidion Hansen, 1897
Munidion pleuroncodis Markham, 1975
Figs. 1, 2E, 3E, 4E-F, 8, Table 1
Munidion pleuroncodis Markham, 1975: 425–428, 
432, 440 (in key), figs.  5–8 [type locality: off Baja 
California Sur, Mexico, parasitizing Grimothea 
planipes (Stimpson) (cited as Pleuroncodes 
planipes)].– Campos-González & Campoy-Favela, 
1987: 39, 46–47 (in key).– Markham, 1992: 
Table  1.– Brook et  al., 1994: Table  1.– Wetzer & 
Brusca, 1997: 25–27, figs.  1.9, 1.10.– Pardo et  al., 
1998: 276.– Tsai et al., 1999: Table 2.– Brusca et al., 
2007: 512 (in key), fig.  236C.– Román-Contreras, 
2008: 93, 94 Table 1.

Material examined.– 9 ovigerous females (13.20 
± 1.04 mm TL), 2 adult females (12.85 ± 0.33 mm 
TL), 1 juvenile female (10.77 mm TL) and 12 males 
(2.29 ± 0.24 mm TL) (CNCR-36926) parasitizing 7 

females (24.30 ± 2.14 mm CL) and 5 males (28.59 
± 0.93 mm CL) of Grimothea planipes (CNCR-
9198); J.L. Villalobos det. host; Isla Socorro, Colima, 
Mexico (18°46’26"N 110°58’18"W); 08 May 1965.
Distribution.– Munidion pleuroncodis has been 
recorded from Monterey, California, USA, to the 
west coast of the Baja California peninsula, Mexico 
(Markham, 1975, 1992). Wetzer & Brusca (1997) 
suggested that it occurred at least to the central part 
of Mexico, but to our knowledge the record from Isla 
Socorro, Colima, represents the southern limit of its 
known distribution (Fig.  1). The species is always 
found parasitizing the branchial chambers of the 
galatheid “red crab” G. planipes.
Remarks.– The characters of the females (Figs.  2E, 
3E) and males (Fig.  4E-F) examined matched well 
with those proposed for M. pleuroncodis by Markham 
(1975), excepting the following: all females with 
maxilliped clearly segmented, posterior segment 
triangular in outline, provided with long and acute 
spur (Fig. 8A); one female with the inner margin of 
the first oostegite barely sinuated. Males each with 
a midventral tubercle on first pleomere (Fig.  4F). A 
juvenile female (Fig.  8B, C) showed the marsupium 
open as the oostegites were not fully developed and 
both the inner ridge of first oostegite and the middle 
margin of the barbula are barely sinuated.

To our knowledge, there are no previous 
reproductive data for this species. The average 
fecundity of M. pleuroncodis was the second highest 

Fig. 8  Munidion pleuron-
codis. a. Maxilliped of adult 
female (CNCR-36926-F). 
b. Juvenile female, dorsal 
view. c. same, ventral view 
(CNCR-36926-E). Scale 
bars = 1.0 mm
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of all species treated in this study but the sizes and 
volume of embryos are similar to the other species 
reported here (Table  1) and to other bopyrids 
(Romero-Rodríguez & Álvarez, 2020, 2023). Overall, 
the oostegites of ovigerous females were tightly 
overlapped but fecundity was quite variable, even in 
females of similar sizes, which could be attributed to 
the sampling stress produced during the collection of 
its host.
Genus Progebiophilus Codreanu & Codreanu, 1963
Progebiophilus bruscai Salazar-Vallejo & Leija-
Tristán, 1990
Figs. 1, 2F, 3F, 4G-H, 9, Table 1
Aporobopyrus sp.– Leija-Tristan & Salazar-Vallejo, 
1987: 179. [de la Paz Bay, Baja California Sur, 
Mexico, parasitizing Upogebia dawsoni Williams]
Pseudione sp.– Campos & Campos, 1989a: 33, 
Table  2 [Tortugas Bay, Baja California Sur, 
Mexico, parasitizing Upogebia macginitieorum 
Williams].– Campos & Campos, 1989b: 177 [Todos 
Santos Bay, Baja California Sur, Mexico, same host].
Progebiophilus bruscai Salazar-Vallejo & Leija-
Tristán, 1990: 424–429, figs.  2, 3, Table  1 [type 
locality: de la Paz Bay, Baja California Sur, Mexico, 
parasitizing U. dawsoni]
Progebiophilus bruscai.– Leija-Tristán & 
Salazar-Vallejo, 1991: 1-4, fig.  1, Tables  1, 

2.– Campos et  al. 1992: 753, 756, 757.– Markham, 
1992: Table  1.– Kazmi & Bourdon, 1997: 
62.– Campos & Campos, 1998: 288–293, figs.  1, 
2, Table  1 [Baja California and Baja California 
Sur, Mexico, parasitizing U. dawsoni and U. 
macginitieorum].– Trilles, 1999: 326.– Espinoza-
Pérez & Hendrickx, 2001: 51.– Markham, 2001: 
198, 200.– Brusca et  al., 2005: 137.– Markham, 
2005: 85, 86, 90 [Baja California and Baja 
California Sur, Mexico, parasitizing U. dawsoni 
and Pomatogebia rugosa (Lockington) (cited as 
Upogebia rugosa)].– Espinoza-Pérez & Hendrickx, 
2006: 237.– Román-Contreras, 2008: Table 1.–Smith 
et al., 2008: 231.– An et al., 2009: Table 1.– Campos 
et  al., 2009: 1255, 1257, Table  1.– Williams & An, 
2009: 121.– Dumbauld et  al., 2011: 337.– Boyko 
et  al., 2017: 268, 269.– Hendrickx et  al., 2019: 
Table  7.– Romero-Rodríguez & Álvarez, 2019: 
100.– Bortolini et al., 2021: Table 2. Aguilar-Perera, 
2022: 114, Table 1.
Material examined.– 1 ovigerous female of 6.53 mm 
TL (CNCR-36927) on 1 Upogebia galapagensis 
Williams female of 9.50 mm CL (CNCR-6761); J.C. 
Nates det. host; Isla San José, near to Cocinas estuary 
inlet, Baja California Sur, Mexico (24°53’14"N 
110°34’24"W); E. Lira and M.D. Valle colls.; 04 
November 1986.

Fig. 9  Progebiophilus 
bruscai CNCR-36927. a. 
Ovigerous female, dorsal 
view. b. Barbula. c. Maxil-
liped. Scale bars: a = 1.0 
mm. b and c = 0.5 mm
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Distribution.– Progebiophilus bruscai parasitizes 
the branchial chamber of ghost shrimps of the genus 
Upogebia (U. dawsoni, U. macginitieorum and U. 
spinigera (Smith)) and Pomatogebia (P. rugosa) that 
inhabit both coasts of the Baja California peninsula, 
Mexico (Fig.  1), and Santa Julia, Nicaragua (Boyko 
et  al., 2017). Our record is within the known 
distribution range of this parasite but U. galapagensis 
is reported for the first time as host of P. bruscai.
Remarks.– The female (Figs.  2F, 3F) and male 
(Fig.  4G-H) examined resemble P. bruscai in all 
details, except the following: female with pereomeres 
1–4 bearing reduced and rectangular coxal plates as 
well as flattened and rectangular dorsolateral bosses 
(Fig.  9A); barbula with two thin lateral projections 
of similar size on each side and with the right 
middle margin more digitate than the left (Fig. 9B); 
maxillipeds with anterior segment quadrangular in 
outline, posterior one triangular with acute spur and 
triangular palp bearing scant thin setae (Fig. 9C). The 
male has mid-ventral tubercles on pereomeres 4–7 
and lacks terminal setae on the uropods (Fig.  4G-
H). No previous reproduction data for P. bruscai is 
available but fecundity and embryo size recorded 
from the female examined (Table  1) are similar to 
those reported for other bopyrids of comparable size 
(see Cericola & Williams, 2015; Romero-Rodríguez 
& Álvarez, 2020, 2023).

Discussion

The epicaridean (Bopyroidea and Cryptoniscoidea) 
biodiversity reports from the Pacific coast of Mexico 
have been summarized by Campos & Campos 
(1990a), Salazar-Vallejo & Leija-Tristán (1990) and 
Román-Contreras (2008), and have also been included 
in compilations on the diversity of crustaceans that 
inhabit this region (Espinosa-Pérez & Hendrickx, 
2001; Aguilar-Perera, 2022; García-Madrigal et  al., 
2022). However, further data including prevalence, 
annual abundance variability or host-parasite size 
relationship have been reported for only two of 
six bopyrid species examined here: Probopyrus 
pacificensis (see Guzmán & Román-Contreras, 1983; 
Campos & Campos, 1989a; Vargas-Ceballos et  al., 
2016) and Progebiophilus bruscai (see Leija-Tristán 
& Salazar-Vallejo, 1991). To our knowledge, the first 
records on the reproductive biology for all species 

examined, excepting Cataphryxus zapoteca sp. nov., 
are here reported.

Overall, ovigerous females of the larger species, 
P. markhami and M. pleuroncodis, carried a greater 
number of embryos (Table 1) which is consistent with 
the assumption that fecundity in bopyrids is positively 
related to female size (Beck, 1980; McDermott, 
1991, 2002; Romero-Rodríguez & Román-Contreras, 
2013). Likewise, it is important to highlight that 
embryo sizes data for the 5 species examined were 
comparable to those reported for other bopyrids 
(Cericola & Williams, 2015; Romero-Rodríguez & 
Álvarez, 2020, 2023), and provides an initial insight 
on reproductive traits of these bopyrid species, as the 
information comes from samples not systematically 
collected for isopod parasites; thus, further studies are 
needed in order to get a better understanding of the 
reproductive behavior of this parasitic group in the 
Eastern Pacific.

The bopyrid biodiversity for the Mexican Pacific 
remains poorly known, both taxonomically and 
biologically and, although C. zapoteca sp. nov. 
represents a new record, the number of species of 
these parasites recognized in this region remains 
at 19 due to the removal of P. pandalicola whose 
distribution range is restricted to the Atlantic coast. 
Most bopyrid species are distributed in the Gulf of 
California area and only five species (Aporobopyrus 
trilobatus (Nierstrasz & Brender à Brandis, 1925), P. 
markhami, P. pacificensis, P. ornata, and C. zapoteca 
sp. nov.) have been recorded in the Mexican South 
Pacific region (Fig.  1). The distribution of bopyrids 
coincides with the general crustacean diversity 
observed throughout the Mexican Pacific, which is 
higher in the Gulf of California area, south to Cabo 
Corrientes, Jalisco, and decreases in the South Pacific 
(Hendrickx, 1993); this could be an artifact of the 
reduced number of samplings done in this region 
(García-Madrigal et  al., 2012). Recently, efforts 
have been made to improve our knowledge of the 
crustacean diversity in the Mexican South Pacific 
(García-Madrigal et  al., 2022), which could also 
improve the data on the symbionts, including bopyrid 
isopods, associated with these crustaceans.

Acknowledgments We thank S. Guzmán-Gómez (LANA-
BIO/IB/UNAM) for her assistance in taking the photographs 
for figures  1–3; and J. L. Villalobos-Hiriart (Colección 
Nacional de Crustáceos/IB/UNAM) and M. Martínez-Mayén 



711Syst Parasitol (2023) 100:697–714 

1 3
Vol.: (0123456789)

(Unidad de Ecología/ICMyL/UNAM) for their support with 
the laboratory work.

Author contributions JRR: Conceptualization, specimen 
identification, writing original draft preparation and editing. 
FA: Conceptualization, original draft reviewing and editing.

Funding This work was funded by a grant provided to JRR 
by “Programa de Becas Posdoctorales UNAM”.

Data availability Type material, and all specimens 
examined, are deposited in the Colección Nacional de 
Crustáceos (CNCR), Instituto de Biología, Universidad 
Nacional Autónoma de México (see text for details) and are 
available for study. Collections data are available in CNCR 
registers.

Declarations 

Conflict of interest The authors have no conflicts of interest 
or competing interests to declare.

Ethical approval The specimens were collected during sev-
eral years by various projects and researchers following national 
regulations for the protection of biodiversity in force at time of 
collection.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

Aguilar-Perera, A. (2022). Checklist of parasitic isopods (Crus-
tacea: Isopoda) infesting marine decapod and fishes off 
Mexico’s coasts. Thalassas: An International Journal of 
Marine Sciences, 38, 113–121. https:// doi. org/ 10. 1007/ 
s41208- 021- 00336-x

An, J., Williams, J. D., & Yu, H. (2009). The Bopyridae (Crus-
tacea: Isopoda) parasitic on thalassinideans (Crustacea: 
Decapoda) from China. Proceedings of the Biological 
Society of Washington, 122(2), 225–246. https:// doi. org/ 
10. 2988/ 08- 26.1

An, J., Zheng W., Liang J., Xi Q., Chen R., Jia J., Lu X., & 
Jakovlić I. (2020). Disrupted architecture and fast evolu-
tion of the mitochondrial genome of Argeia pugettensis 

(Isopoda): implications for speciation and fitness. 
BMC Genomics, 21, 1–14. https:// doi. org/ 10. 1186/ 
s12864- 020- 07021-y

Beck, J. T. (1980). Life history relationships between the 
bopyrid isopod Probopyrus pandalicola and one of its 
freshwater shrimp hosts Palaemonetes paludosus. Ameri-
can Midland Naturalist, 104(1), 135–154.

Bortolini, R. J. L., Mejía J. A. E., Alonso M. P. R., Romero-
Rodríguez J., & Baeza J. A. (2021). Reproductive biology 
of the bopyrid isopod Robinione overstreeti, a branchial 
parasite of the ghost shrimp Callichirus islagrande 
(Decapoda: Calichiridae) in the Gulf of Mexico. Marine 
Biology Research, 17(3), 247–259. https:// doi. org/ 10. 
1080/ 17451 000. 2021. 19282 21

Boyko, C. B., Bruce N. L., Hadfield K. A., Merrin K. L., Ota 
Y., Poore G. C. B., Taiti S. (2023). World Marine, Fresh-
water and Terrestrial Isopod Crustaceans database. Cat-
aphryxus Shiino, 1936. Retrieved December 22, 2022, 
from https:// www. marin espec ies. org/ aphia. php?p= taxde 
tails & id= 248588

Boyko, C. B., Moss J., Williams J. D., & Shields J. D. (2013). 
A molecular phylogeny of Bopyroidea and Cryptonis-
coidea (Crustacea: Isopoda). Systematic and Biodiversity, 
11(4), 495–506. https:// doi. org/ 10. 1080/ 14772 000. 2013. 
865679

Boyko, C. B., Williams J. D., & Shields J. D. (2017). Parasites 
(Isopoda: Epicaridea and Nematoda) from ghost and mud 
shrimp (Decapoda: Axiidea and Gebiidea) with descrip-
tions of a new genus and a new species of bopyrid isopod 
and clarification of Pseudione Kossmann, 1881. Zootaxa, 
4365(3), 251–301. https:// doi. org/ 10. 11646/ zoota xa. 
4365.3.1

Brook, H. J., Rawlings T. A., & Davies R. W. (1994). Protogy-
nous sex change in the intertidal isopod Gnorimospha-
eroma oregonense (Crustacea: Isopoda). Biological Bul-
letin, 187(1), 99–111. https:// doi. org/ 10. 2307/ 15421 69

Brusca, R. C. (2007). Invertebrate biodiversity in the Northern 
Gulf of California. In R. S. Felger, & B. Broyles (Eds.), 
Dry borders: Great natural reserves of the Sonora desert 
(pp. 418–504). The University of Utah Press.

Brusca, R. C., Coelho V. R., & Taiti S. (2007). Isopoda. In 
Carlton J. T. (Ed.), Intertidal Invertebrates from central 
California to Oregon (pp. 503–542). University of Cali-
fornia Press.

Brusca, R. C., Wetzer R., Espinosa-Pérez M. del C., & Hen-
drickx M. E. (2005). Crustacea 3. Peracarida: Isopoda. In 
Hendrickx, M. E., Brusca R. C., & L. T. Findley (Eds.), 
A Distributional Checklist of the Macrofauna of the Gulf 
of California, Mexico: Invertebrates (pp. 131–137). Ari-
zona-Sonora Desert Museum.

Campos, E., & Campos A. R. (1989a). Epicarideos de Baja 
California: distribución y notas ecológicas de Probopyrus 
pandalicola (Packard, 1879) en el Pacífico oriental. 
Revista de Biología Tropical, 37(1), 29–36.

Campos, E., & Campos A. R. (1989b). Range extensions of 
decapod crustaceans from Bahía Tortugas and vicinity, 
Baja California Sur, Mexico. California Fish and Game, 
75, 174–177.

Campos, E., & Campos A. R. (1990). Taxonomic remarks on 
Schizobopyrina Markham, 1985, with the description of 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s41208-021-00336-x
https://doi.org/10.1007/s41208-021-00336-x
https://doi.org/10.2988/08-26.1
https://doi.org/10.2988/08-26.1
https://doi.org/10.1186/s12864-020-07021-y
https://doi.org/10.1186/s12864-020-07021-y
https://doi.org/10.1080/17451000.2021.1928221
https://doi.org/10.1080/17451000.2021.1928221
https://www.marinespecies.org/aphia.php?p=taxdetails&id=248588
https://www.marinespecies.org/aphia.php?p=taxdetails&id=248588
https://doi.org/10.1080/14772000.2013.865679
https://doi.org/10.1080/14772000.2013.865679
https://doi.org/10.11646/zootaxa.4365.3.1
https://doi.org/10.11646/zootaxa.4365.3.1
https://doi.org/10.2307/1542169


712 Syst Parasitol (2023) 100:697–714

1 3
Vol:. (1234567890)

S. bruscai (Crustacea: Isopoda: Bopyridae). Proceedings 
of the Washington Academy of Sciences, 103(3), 633–642.

Campos, E., & Campos A. R. (1998). Taxonomy and dis-
tribution of the parasitic isopod Progebiophilus brus-
cai Salazar-Vallejo and Leija-Tristán, 1990 (Crustacea: 
Bopyridae). Proceedings of the Biological Society of 
Washington, 111(2), 288–294.

Campos, E., Campos A. R., & Manriquez I. (2009). Intertidal 
thalassinidean shrimps (Thalassinidea, Callianassidea and 
Upogebiidae) of the west coast of Baja California, Mex-
ico: Annotated checklist, key for identification, and sym-
bionts. Crustaceana, 82(10), 1249–1263. https:// doi. org/ 
10. 1163/ 00112 1609X 12481 62702 4454

Campos, E., Campos A. R., & Ramírez J. (1992). Remarks 
on distribution and hosts for symbiotic crustaceans of 
the Mexican Pacific (Decapoda and Isopoda). Proceed-
ings of the Biological Society of Washington, 105(4), 
753–759.

Campos-González, E., & Campoy-Favela J. R. (1987). Epi-
carideos de Baja California. I. Primer registro y notas bio-
ecológicas de dos Bopyridae y un Cryptoniscidae (Crus-
tacea, Isopoda) para México. Ciencias Marinas, 13(3), 
39–48.

Cericola, M. J., & Williams J. D. (2015). Prevalence, repro-
duction and morphology of the parasitic isopod Athelges 
takanoshimensis Ishii, 1914 (Isopoda: Bopyridae) from 
Hong Kong hermit crabs. Marine Biology Research, 
11(3), 236–252. https:// doi. org/ 10. 1080/ 17451 000. 2014. 
928415

Dana, J. D. (1853). United States Exploring Expedition During 
the Years 1838, 1839, 1840, 1841, 1842: Crustacea part 2 
(Vol. 14). Sherman.

Dreyer, H., & Wägele J. W. (2001). Parasites of crustaceans 
(Isopoda: Bopyridae) evolved from fish parasites: Molec-
ular and morphological evidence. Zoology, 103(3–4), 
157–178.

Dumbauld, B. R., Chapman J. W., Torchin M. E. & Kuris 
A. M., 2011. Is the collapse of mud shrimp (Upogebia 
pugettensis) populations along the Pacific coast of North 
America caused by outbreaks of a previously unknown 
bopyrid isopod parasite (Orthione griffenis)? Estuar-
ies and Coasts, 34, 336–350. https:// doi. org/ 10. 1007/ 
s12237- 010- 9316-z

Espinosa-Pérez, M. C., & Hendrickx M. E. (2001). Checklist of 
isopods (Crustacea: Peracarida: Isopoda) from the East-
ern Tropical Pacific. Belgian Journal of Zoology, 131(1), 
43–55.

Espinosa-Pérez, M. C., & Hendrickx M. E. (2006). A compara-
tive analysis of biodiversity and distribution of shallow-
water marine isopods (Crustacea: Isopoda) from polar and 
temperate waters in the East Pacific. Belgian Journal of 
Zoology, 136(2), 219–247.

García-Bojórquez, R. (1983). El langostino (Macrobrachium 
Americanum Bate, 1868). Contribución al conocimiento 
biológico-pesquero. Revista de Ciencias del Mar, Univer-
sidad Autónoma de Sinaloa, 5, 3–5.

García-Madrigal, M. S., Jarquín-González J., & Morales-
Domínguez E. (2012). Panorama del estado del cono-
cimiento de los crustáceos del Pacífico sur de México. 
In Sánchez, A. J., Chiappa-Carrara X., & R. Brito Pérez 
(Eds.), Recursos acuáticos costeros del sureste (Vol. I, pp. 

396–414). Red para el Conocimiento de los Recursos Cos-
teros de México.

García-Madrigal, M. S., Pérez-Enriquez V.I., & Jarquín-Mar-
tínez U. (2022). Crustáceos (Arthropoda: Crustacea). In 
Bastida-Zavala, J. R., & M. S. García-Madrigal (Eds.), 
Invertebrados marinos y costeros del Pacífico sur de Méx-
ico (pp. 199–275). Universidad del Mar y Geomare.

Guzmán, A. M., & Román-Contreras R. (1983). Parasitismo 
de Probopyrus pandalicola (Isopoda, Bopyridae) sobre el 
langostino Macrobrachium tenellum en la costa Pacífica 
de Guerrero y Michoacán, México. In P. M. Arana (Ed.) 
Proceedings of the International Conference on Marine 
Resources of the Pacific (pp. 345–357).

Hansen, H. J. (1897). Reports on the dredging operations 
off the west coast of Central America to the Galapagos 
Islands, to the west coast of Mexico, and in the Gulf of 
California, in charge of Alexander Agassiz, carried on 
by the U.S. Fish Commission Steamer Albatross during 
1891, Lieut. Commander Z. L. Tanner, U.S. Navy, com-
manding. XXII. The Isopods. Bulletin Museum of Com-
parative Zoology Harvard College, 31(5), 95–129.

Hendrickx, M. E. (1993). Crustáceos decápodos del Pacífico 
mexicano. In Salazar-Vallejo S. I., & N. E. González 
(Eds.), Biodiversidad marina y costera de México (271–
318 pp). CONABIO and CIQROO Press.

Hendrickx, M. E., García-Prieto L., Yañez-Rivera B., Goméz 
S., & Carballo J. L. (2019). Contribución de las institu-
ciones nacionales en el conocimiento de la biodiversi-
dad marina del Pacífico mexicano. Síntesis y proyecci-
ones hacía el futuro. Geomare Zoologica, 1(1–2), 3–50.

Holthuis, L. B. (1954). On a collection of decapod crusta-
cea from the Republic of El Salvador (Central America). 
Zoologische Verhandelingen, 23, 1–43.

Jiménez, M. P., & Vargas V. M. (1990). Probopyrus pandali-
cola (Isopoda: Bopyridae) infesting Palaemonetes hil-
tonii (sic) (Crustacea: Caridea), along the Pacific coast 
of Costa Rica. Revista de Biología Tropical, 38(2B), 
457–462.

Kato, N., Chen C., Watanabe H. K., Yamamoto M., & Shi-
momura M. (2022). The first bopyrid isopod from 
hydrothermal vents: Pleurocryptella shinkai sp. nov. 
(Isopoda: Epicaridea) parasitizing Shinkaia crosnieri 
(Decapoda: Anomura). Zoological Science, 39(3), 293. 
https:// doi. org/ 10. 2108/ zs210 117

Kazmi, Q., & Bourdon R. (1997). A new bopyrid isopod 
Progebiophilus assisi on the mud shrimp Upogebia (U.) 
assisi Barnard (Thalassinoidea) from Pakistan. Pakistan 
Journal of Marine Science, 6(1–2), 59–67.

Leija-Tristán, A., & Salazar-Vallejo S. I. (1987). Relación 
huésped-parásito del isópodo Aporobopyrus sp. y el 
camarón fantasma Upogebia dawsoni, en la bahía de 
La Paz, B.C.S. IX Congreso Nacional de Zoología, 
(Abstract). 179 pp.

Leija-Tristán, A., & Salazar-Vallejo S. I. (1991). Parasitismo 
de Progebiophilus bruscai (Isopoda: Bopyridae) sobre 
el camarón Upogebia dawsoni (Thalassinoidea: Upo-
gebiidae), en Baja California Sur, México. Revista de 
Biología Tropical, 39(1), 1–5.

Markham, J. C. (1974). Parasitic bopyrid isopods of the 
amphi-american genus Stegophryxus Thompson with 
the description of a new species from California. 

https://doi.org/10.1163/001121609X12481627024454
https://doi.org/10.1163/001121609X12481627024454
https://doi.org/10.1080/17451000.2014.928415
https://doi.org/10.1080/17451000.2014.928415
https://doi.org/10.1007/s12237-010-9316-z
https://doi.org/10.1007/s12237-010-9316-z
https://doi.org/10.2108/zs210117


713Syst Parasitol (2023) 100:697–714 

1 3
Vol.: (0123456789)

Bulletin Southern California Academy of Science, 73, 
33–41.

Markham, J. C. (1975). A review of the bopyrid isopod genus 
Munidion Hansen, 1897, parasitic on galatheid crabs in 
the Atlantic and Pacific oceans. Bulletin of Marine Sci-
ence, 25(3), 422–441.

Markham, J. C. (1985). A review of the bopyrid isopods 
infesting caridean shrimps in the northwestern Atlantic 
Ocean, with special reference to those collected during 
the Hourglass cruises in the Gulf of Mexico. Memoirs of 
the Hourglass Cruises, 7(3), 1–156.

Markham, J. C. (1992). The Isopoda Bopyridae of the eastern 
Pacific - missing or just hiding? Proceedings of the San 
Diego Society of Natural History, 17, 1–4.

Markham, J. C. (2001). A review of the bopyrid isopods par-
asitic on thalassinidean decapods. In Kensley, B., & R. 
C. Brusca (Eds.) Crustacean Issues 13. Isopod System-
atics and Evolution (pp. 195–204). Balkema.

Markham, J. C. (2005). New species and records of Bopyri-
dae (Crustacea: Isopoda) infesting species of the genus 
Upogebia (Crustacea: Decapoda: Upogebiidae): the 
genus Progebiophilus Codreanu and Codreanu, 1963; 
and remarks on Phyllodurus Stimpson, 1857. Proceed-
ings of the Biological Society of Washington, 118(1), 
84–95. https:// doi. org/ 10. 2988/ 0006- 324X(2005) 
118[84: NSAROB] 2.0. CO;2

McDermott, J. J. (1991). Incidence and host-parasite rela-
tionship of Leidya bimini (Crustacea, Isopoda, Bopyri-
dae) in the brachyuran crab Pachygrapsus transversus 
from Bermuda. Ophelia, 33, 71–95. https:// doi. org/ 10. 
1080/ 00785 326. 1991. 10429 731

McDermott, J. J. (2002). Relationships between the parasitic 
isopods Stegias clibanarii Richardson, 1904 and Bopy-
rissa wolffi Markham, 1978 (Bopyridae) and the inter-
tidal hermit crab Clibanarius tricolor (Gibbes, 1850) 
(Anomura) in Bermuda. Ophelia, 56, 33–42. https:// doi. 
org/ 10. 1080/ 00785 236. 2002. 10409 487

Nierstrasz, H. F., & Brender à Brandis G. A. (1929). Papers 
from Dr. Th. Mortensen’s Pacific Expedition 1914–16. 
48. Epicaridea 1. Videnskabelige Meddelelser fra Dansk 
Naturhistorisk Forening i Kjobenhavn, 87, 1–44.

Ocaña-Luna, A., Martínez-Guzmán L. A., & Sánchez-
Ramírez M. (2009). Nuevos registros del parásito 
Probopyrus pacificensis (Isopoda: Bopyridae) en el sur 
de Nayarit y norte de Jalisco, México. Revista Mexi-
cana de Biodiversidad, 80, 259–261. https:// doi. org/ 10. 
22201/ ib. 20078 706e. 2009. 001. 602

Pardo, L. M., Guisado C., & Acuña E. (1998). Pseudione 
humboldtensis, a new species (Isopoda: Bopyridae) of 
parasite of Cervimunida johni and Pleuroncodes mono-
don (Anomura: Galatheidae) from the northern coast of 
Chile. Proceedings of Biological Society of Washington, 
111(2), 272–277.

Richardson, H. (1905). A monograph on the isopods of 
North America. Bulletin of the United States National 
Museum, 54, 1–727.

Rodríguez-Almaraz, G., Leija-Tristán A., & Mendoza R. 
(2000). Records of caridean shrimps (Crustacea: Decap-
oda) from the coasts of the Mexican Pacific Ocean, Gulf 
of Mexico and Mexican Caribbean. Bulletin of Marine 
Science, 67(2), 857–867.

Román-Contreras, R. (1979). Contribución al conocimiento 
de la biología y cología de Macrobrachium tenellum 
(Smith) (Cructacea, Decapoda, Palaemonidae). Anales 
del Instituto de Ciencias del Mar y Limnología, Univer-
sidad Nacional Autónoma de México, 6(2), 137–160.

Román-Contreras, R. (1983). Impacto de parasitosis por isópo-
dos bopyridos sobre Macrobrachium spp. en las costas del 
Pacífico. In Arana P. M. (Ed.), Proceedings of the Interna-
tional Conference on Marine Resources of the Pacific (pp. 
359–363).

Román-Contreras, R. (1991). Ecología de Macrobrachium 
tenellum (Decapoda, Palaemononidae) en la Laguna Coy-
uca, Guerrero, Pacífico de México. Anales del Instituto 
de Ciencias del Mar y Limnología, Universidad Nacional 
Autónoma de Mexico, 18(1), 109–121.

Román-Contreras, R. (1993). Probopyrus pacificensis, a new 
parasite species (Isopoda: Bopyridae) of Macrobrachium 
tenellum (Smith, 1871) (Decapoda: Palaemonidae) of the 
Pacific coast of Mexico. Proceedings of the Biological 
Society of Washington, 106(4), 689–697.

Román-Contreras, R. (1996). A new species of Probopyrus 
(Isopoda, Bopyridae), parasite of Macrobrachium ameri-
canum Bate, 1868 (Decapoda, Palaemonidae). Crusta-
ceana, 69(2), 204–210.

Román-Contreras, R. (2004). The genus Probopyrus Giard 
and Bonnier, 1888 (Crustacea: Isopoda: Bopyridae) in the 
eastern Pacific with seven new records for Mexico. Con-
tribuciones al estudio de los crustáceos del Pacífico Este, 
3, 153–168.

Román-Contreras, R. (2008). Estudios y registros de isópodos 
epicarideos de México: 1897-2005. In Álvarez F., G. A. 
Rodríguez-Almaraz (Eds.), Crustáceos de México: Estado 
actual de su conocimiento (pp. 81–114). Dirección de 
Publicaciones Universidad Autónoma de Nuevo León.

Román-Contreras, R., & Bourdon R. (2001). Probopyrus insu-
laris, a new species (Isopoda: Bopyridae), a parasite of 
Macrobrachium faustinum (Saussure de, 1857) (Decap-
oda: Palaemonidae), with criteria to differentiate species 
of Probopyrus. Proceedings of the Biological Society of 
Washington, 114(4), 918–928.

Román-Contreras, R., & Romero-Rodríguez J. (2005). Inci-
dence of infestation by Bopyrina abbreviata Richard-
son, 1904 (Isopoda: Bopyridae) on Hippolyte zostericola 
(Smith, 1873) (Decapoda: Hippolytidae) in Laguna de 
Términos, Gulf of Mexico. Nauplius, 13(1), 83–88.

Román-Contreras, R., & Soto L. A. (2002). A new deep-water 
genus and species of a branchial bopyrid infesting the gal-
atheid crab Munidopsis erinaceus from the Southwestern 
Gulf of Mexico. Journal of Crustacean Biology, 22(2), 
279–286. https:// doi. org/ 10. 1163/ 20021 975- 99990 234

Romero-Rodríguez, J., & Álvarez F. (2019). Bopyrid isopods 
of the genus Aporobopyrus infesting porcellanid crabs 
(Decapoda: Anomura) in the Gulf of California, Mexico: 
new host and parasite records. Proceedings of the Bio-
logical Society of Washington, 132(1), 99–118. https:// doi. 
org/ 10. 2988/ 19- 00005

Romero-Rodríguez, J., & Álvarez F. (2020). New hosts and dis-
tribution records for bopyrid isopods parasitising alpheid 
shrimps (Decapoda, Alpheidae) in the SW Gulf of Mex-
ico and Mexican Caribbean. Journal of Natural History, 

https://doi.org/10.2988/0006-324X(2005)118[84:NSAROB]2.0.CO;2
https://doi.org/10.2988/0006-324X(2005)118[84:NSAROB]2.0.CO;2
https://doi.org/10.1080/00785326.1991.10429731
https://doi.org/10.1080/00785326.1991.10429731
https://doi.org/10.1080/00785236.2002.10409487
https://doi.org/10.1080/00785236.2002.10409487
https://doi.org/10.22201/ib.20078706e.2009.001.602
https://doi.org/10.22201/ib.20078706e.2009.001.602
https://doi.org/10.1163/20021975-99990234
https://doi.org/10.2988/19-00005
https://doi.org/10.2988/19-00005


714 Syst Parasitol (2023) 100:697–714

1 3
Vol:. (1234567890)

54(35–36), 2219–2248. https:// doi. org/ 10. 1080/ 00222 933. 
2020. 18425 35

Romero-Rodríguez, J., & Álvarez F. (2023). Parasitic bopyrid 
isopods of hermit crabs (Anomura, Paguridae) from the 
Atlantic coast of Mexico, with notes on their reproduction 
and distribution. European Journal of Taxonomy, 861, 
132–167. https:// doi. org/ 10. 5852/ ejt. 2023. 861. 2073

Romero-Rodríguez, J., & Martínez-Mayén M. (2017). First 
record of the bopyrid isopod Schizobopyrina urocaridis 
(Richardson, 1904) from the Mexican Caribbean coast. 
Crustaceana, 90(1), 119–125. https:// doi. org/ 10. 1163/ 
15685 403- 00003 616

Romero-Rodríguez, J., & Román-Contreras R. (2013). Preva-
lence and reproduction of Bopyrina abbreviata (Isopoda, 
Bopyridae) in Laguna de Términos, SW Gulf of Mexico. 
Journal of Crustacean Biology, 33(5), 641–650. https:// 
doi. org/ 10. 1163/ 19372 40X- 00002 182

Saito, N., Shokita S., & Naruse T. (2010). A new species of 
freshwater bopyrid, Probopyrus iriomotensis (Crusta-
cea: Isopoda), parasitizing Macrobrachium spp. (Crus-
tacea: Decapoda), from Iriomote island, Ryukyu islands, 
Southwestern Japan. Species Diversity, 15(3–4), 169–183. 
https:// doi. org/ 10. 12782/ specd iv. 15. 169

Salazar-Vallejo, S. I., & Leija-Tristán A. (1990). Progebio-
philus bruscai n. sp., a new bopyrid isopod parasitic on 
the mud shrimp, Upogebia dawsoni Williams (Thalassi-
noidea), from the Gulf of California. Cahiers de Biologie 
Marine, 30(4), 423–432.

Shiino, S. M. (1934). Bopyrids from Tanabe Bay II. Memoirs 
of the College of Science, Kyoto Imperial University, 
Series B, 9(4), 257–287.

Shiino, S. M. (1936). Bopyrids from Tanabe Bay III. Mem-
oirs of the College of Science, Kyoto Imperial University, 
Series B, 11(3), 157–174.

Sivasubramanian, K., Ravichandran S., Rameshkumar G. 
& Veerappan N. (2015). Occurrence, morphology and 
molecular characterization of bopyrid parasite Epipe-
naeon ingens Nobili, 1906 (Isopoda: Bopyridae). Journal 
of Parasitic Diseases, 40, 1301–1306. https:// doi. org/ 10. 
1007/ s12639- 015- 0675-z

Smith, A. E., Chapman J. W., & Dumbauld B. R. (2008). 
Population structure and energetics of the bopyrid iso-
pod parasite Orthione griffenis in mud shrimp Upogebia 
pugettensis. Journal of Crustacean Biology, 28(2), 228–
233. https:// doi. org/ 10. 1651/ 0278- 0372(2008) 028[0228: 
PSAEOT] 2.0. CO;2

Stimpson, W. (1857). On the Crustacea and Echinodermata of 
the Pacific shores of North America. Boston Journal of 
Natural History, 6, 444–532,

Trilles, J. P. (1999). Ordre des isopods sous-ordre des épi-
carides (Epicaridea Latreille, 1825). In J. Forest (Ed.), 
Traité de zoologie, anatomie, systématique, biologie. 
Tome VII, Fasicule IIIA. Crustacés Péracarides. Part 8. 

Mémoires de l’Institut Océanographique, Monaco, 19, 
279–352.

Tsai, M. L., Li J. J., & Dai C. F. (1999). Why selection favors 
protandrous sex change for the parasitic isopod, Ichthyox-
enus fushanensis (Isopoda: Cymothoidae). Evolutionary 
Ecology, 13, 327–338. https:// doi. org/ 10. 1023/A: 10067 
84330 895

Vargas-Ceballos, M. A., López-Uriarte E., García-Guerrero 
M. U., Vega-Villasante F., Román-Contreras R., Akintola 
S. L., Valencia-Martínez R. E., del Río-Zaragoza O. B., 
Avalos-Aguilar J. J., & Chong-Carrillo O. (2016). Infes-
tation of Probopyrus pacificensis (Isopoda: Bopyridae) 
in Macrobrachium tenellum (Caridea: Palaemonidae) in 
the Ameca River, Jalisco, Mexico: Prevalence and effects 
on growth. Pan-American Journal of Aquatic Sciences, 
11(1), 39–46.

Wetzer, R., & Brusca R. C. (1997). Description of the species 
of the suborders Anthuridea, Epicaridea, Flabellifera, 
Gnathiidea and Valvifera. In J. A. Blake, & P. H. Scott 
(Eds.), Taxonomic atlas of the benthic fauna of the Santa 
Maria basin and Western Santa Barbara channel. The 
crustacea part 2, the Isopoda, Cumacea and Tanaidacea 
(Vol. 11, Chapter 1.2. pp. 9–58). Santa Barbara Museum 
of Natural History.

Williams, J. D., & An J. (2009). The cryptogenic parasitic iso-
pod Orthione griffenis Markham, 2004 from the eastern 
and western Pacific. Integrative and Comparative Biology, 
49(2), 114–126. https:// doi. org/ 10. 1093/ icb/ icp021

Williams, J. D., & Boyko, C. B. (2012). The global diversity of 
parasitic isopods associated with crustacean hosts (Isop-
oda: Bopyroidea and Cryptoniscoidea). PLoS One, 7(4), 
e35350.

Wu, R., Guo R., Xi Q., Paulay G., & An J. (2022). Phyloge-
netic position of Bopyroides hippolytes, with comments 
on the rearrangement of the mitochondrial genome in iso-
pods (Isopoda: Epicaridea: Bopyridae). BMC Genomics, 
23, 253. https:// doi. org/ 10. 1186/ s12864- 022- 08513-9

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1080/00222933.2020.1842535
https://doi.org/10.1080/00222933.2020.1842535
https://doi.org/10.5852/ejt.2023.861.2073
https://doi.org/10.1163/15685403-00003616
https://doi.org/10.1163/15685403-00003616
https://doi.org/10.1163/1937240X-00002182
https://doi.org/10.1163/1937240X-00002182
https://doi.org/10.12782/specdiv.15.169
https://doi.org/10.1007/s12639-015-0675-z
https://doi.org/10.1007/s12639-015-0675-z
https://doi.org/10.1651/0278-0372(2008)028[0228:PSAEOT]2.0.CO;2
https://doi.org/10.1651/0278-0372(2008)028[0228:PSAEOT]2.0.CO;2
https://doi.org/10.1023/A:1006784330895
https://doi.org/10.1023/A:1006784330895
https://doi.org/10.1093/icb/icp021
https://doi.org/10.1186/s12864-022-08513-9

	Cataphryxus zapoteca sp. nov. (Isopoda, Bopyridae) and new hosts and records of bopyrid isopods from the Mexican Eastern Pacific
	Abstract 
	Introduction
	Material and methods
	Systematics
	Discussion
	Acknowledgments 
	References




