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Abstract
We present the first description of Zoea I of Macrobrachium crenulatum and compare it with available data 

of other zoeae of Macrobrachium spp. of the Neotropics to identify morphological characteristics to differentiate 
the first zoea of M. crenulatum from zoeae of other species of the genus. A female with embryos was collected in 
the Atlantic drainage of Costa Rica, Central America. After hatching in the laboratory, larvae were preserved in 
glycerinate alcohol and later semi-permanent slides were prepared for morphological study and larval description. A 
table was prepared to compare the morphology of the first zoea of M. crenulatum to the first zoeae of other species 
of Macrobrachium. Among species of Macrobrachium phylogenetic and geographically closely related, the first 
zoea of M. crenulatum can be differentiated by the comparison of some structures as antenna (number of articles on 
scaphocerite), maxillipeds (number of plumose setae; setation pattern), maxilla (setation pattern), maxillule (number 
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Introduction

The genus Macrobrachium Spence Bate, 1868 is 
one of the most speciose taxa among caridean shrimps, 
currently accounting for more than 270 species (De Grave 
& Fransen, 2011; Pantaleão et al., 2025; Poore & Ahyong, 
2023). The genus is cosmopolite, with representatives 
inhabiting different environments with distinct climate 
conditions throughout the world. Macrobrachium is 
remarkably diverse in subtropical and tropical regions, 
such as Central and South America as well as in the 
Indo-Pacific region (Murphy & Austin, 2005; Pileggi & 
Mantelatto, 2012; Pileggi et  al., 2014). Some species of 
Macrobrachium are marine, estuarine and anchialine, but 
the vast majority inhabit typically freshwater systems, 
such as rivers, lakes and floodplains (Chace & Bruce, 
1993; Fujita et al., 2015; Poore & Ahyong, 2023).

Besides the elevated number of species, the genus is 
highly diverse in terms of morphological characteristics, 
ecological traits and reproductive strategies (Sastry, 1983; 
Wowor et al., 2009). Some species of Macrobrachium, for 
instance, complete their entire life cycle in freshwater. 
Others are amphidromous and depend on both freshwater 
and estuarine/marine environments to finish their cycle, 
which implies migration events from one water system to 
the other (Bauer, 2011a, b; Liu et al., 2007; Wowor et al., 
2009). Another varying feature of the biology and ecology 
of species of Macrobrachium is the duration of larval 
development. While some species have extended larval 

development (ELD) with a long duration of the larval 
period and the number of larval stages varying between 
9 and 13, others have an abbreviated larval development 
(ALD) with 1 or 2 free-swimming larval stages before 
reaching the juvenile stage (Anger, 2013; Jalihal et  al., 
1993; Shokita, 1985; Wowor et al., 2009). 

One of the representatives of this shrimp genus is 
Macrobrachium crenulatum Holthuis, 1950, with its 
geographical distribution including the coastal waters of 
Nicaragua, Costa Rica, Panama, Colombia, Venezuela, 
Jamaica, Grenada, and Trinidad and Tobago (Holthuis, 
1952; Hunte, 1979; Pileggi et  al., 2014; Rossi, 2012). 
This species is characterized by an amphidromous life 
cycle with extended larval development (ELD) (Bauer, 
2013; Pileggi et  al., 2014). Adults have been the target 
of taxonomic, ecological and molecular studies (Pileggi 
et al., 2014; Rossi, 2012; Valencia & Campos, 2007); 
however, the larval morphology of M. crenulatum has 
never been described. This lack of information about 
the larval morphology hinders the global comprehension 
of species, since understanding larval features is not 
only useful for the larval recognition itself, but also for 
studies about the larval ecology, for resolving taxonomic  
problems and for providing phylogenetic insights (Lai 
et al., 2013; Pantaleão et al., 2025).

Pileggi et al. (2014) conducted a molecular study, which 
provided phylogenetic data about the “sibling species” 
of Macrobrachium from Central America. According to 
these authors, morphological features of adults are often 

of spines), and telson (outer pair of setae). The larval morphology of M. crenulatum corroborated the phylogenetic 
position and may serve as a taxonomic tool for the distinction between the first zoea of closely related species. 

Keywords: Atlantic drainage; Caridea; Costa Rica; Larval morphology

Resumen 
Presentamos la primera descripción de la zoea I de Macrobrachium crenulatum y la comparamos con datos 

disponibles de otras primeras zoeas de especies de Macrobrachium del Neotrópico, con el objetivo de identificar 
características morfológicas que permitan diferenciar la primera zoea de M. crenulatum respecto de las de otras 
especies del género. Una hembra ovígera fue colectada en la cuenca atlántica de Costa Rica, Centroamérica. Tras la 
eclosión en laboratorio, las larvas fueron preservadas en alcohol glicerinado y, posteriormente, se prepararon láminas 
semipermanentes para su estudio morfológico y la descripción larval. Se elaboró una tabla comparativa con la 
morfología de la primera zoea de M. crenulatum respecto de las primeras zoeas de otras especies de Macrobrachium. 
Entre las especies filogenética y geográficamente relacionadas, la zoea I de M. crenulatum puede distinguirse 
mediante la comparación de estructuras como antenas (número de artejos del escafocerito), maxilípedos (número y 
patrón de setas plumosas), maxila (patrón de setas), maxílula (número de espinas) y telson (disposición del par lateral 
de setas marginales). La morfología larval de M. crenulatum respalda su posición filogenética y puede servir como 
herramienta taxonómica para diferenciar la primera zoea de especies estrechamente relacionadas.

Palabras clave: Vertiente Atlántica; Caridea; Costa Rica; Morfología larvaria
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not sufficient to distinguish the “sibling species” of the 
genus, including the distinction between transisthmian 
pairs of sibling species Macrobrachium hancocki Holthuis, 
1950 and M. crenulatum. Recently, Pantaleão et al. (2025) 
conducted a novel study integrating larval morphology 
and molecular data to understand the phylogenetic 
context of relevant traits of species of Macrobrachium life 
history and larval morphology. Nonetheless, the authors 
highlighted that one of the limitations was the lack of 
larval descriptions for the vast majority of species of 
Macrobrachium as well as the accuracy of the available 
descriptions.

Considering the high diversity of Macrobrachium 
in Central America, the absence of larval descriptions 
hinders the identification of their larvae in plankton 
samples and thus a broader understanding of their larval 
ecology, especially in river systems where several species 
of Macrobrachium co-occur (see Lara & Wehrtmann, 
2011). Therefore, here we describe for the first time 
the first zoea of M. crenulatum. The results include a 
comparison with other newly hatched larvae of species 
of Macrobrachium, which may serve as a taxonomic tool 
for the distinction between the first zoeae of these closely 
related species. 

Materials and methods

An ovigerous female (carapace length = 16.6 mm) was 
collected on 23 May 2010 in the Suarez River (09º43’40” N, 
22º50’25.5” W), at the district of Cahuita, in the province 
of Limón, in the Atlantic drainage of Costa Rica, Central 
America. The female was collected using a sieve through 
ascendant movements near the margins of the river; once 
obtained, it was moved to the laboratory where it was kept 
alive until the larvae hatched 1 day after the collection. 
The hatching larvae were collected using a Pasteur pipette 
and then transferred to a tube containing glycerinate 
alcohol 80% (1:1). The parental female was preserved in 
alcohol 80%. Both larvae and the female were deposited at 
the Coleção de Crustáceos do Departamento de Biologia 
(CCDB), Faculdade de Filosofia, Ciências e Letras de 
Ribeirão Preto (FFCLRP), Universidade de São Paulo 
(USP). Genetic sequences of the parental female were 
generated by Rossi and Mantelatto (2013) and are available 
in GenBank under accession numbers JQ805902 for the 
cytochrome c oxidase subunit I (COI) and JQ805867 for 
the histone 3 (H3) markers (https://www.ncbi.nlm.nih.
gov/nuccore/jq805902 and https://www.ncbi.nlm.nih.gov/
nuccore/jq805867).

All the following methodological steps were 
performed at the Laboratório de Bioecologia e Sistemática 
de Crustáceos (LBSC/FFCLRP/USP). Firstly, semi-

permanent slides were prepared to make possible the 
morphological study and the larval description (Pantaleão 
et  al., 2011). Before mounting the slides, some larvae 
were colored with methylene blue 1% to facilitate the 
visualization of some structures. Slide preparation started 
with the dissection of larvae in glycerin mounted on a 
slide. Dissection was carried out under a stereomicroscope 
Leica™ M205 C equipped with a digital camera Leica™ 
DFC295. Before mounting the coverslip, larval body 
structures were organized to avoid over-position. Nail 
base was used to fix the coverslip. Slides were observed 
under a microscope Zeiss™ AxioScope A.1 equipped 
with a Zeiss™ AxioCam MRc 5. Photos of the slides 
were taken using AxioVision Rel. 4.8. These photos were 
used as a base for the drawings made posteriorly with the 
computational program Adobe Illustrator version 24.2.1.

The morphological study involved the analysis, the 
description and the drawing of the entire specimen with 
all its appendages, with special attention devoted to the 
number and shape of cuticular outgrowths (e.g., spines, 
setae). Larval description was based mainly on Clark et al. 
(1998) and updates by Clark and Cuesta (2015), but other 
referential studies on larval morphology were also used as 
guides for morphological analyses, the description and the 
drawings (Anger, 2001; Bueno & Rodrigues, 1995; Garm, 
2004; Melo & Brossi-Garcia, 2005; Pantaleão et al., 2011; 
Pohle & Telford, 1981). Information about the larval size 
was obtained by measuring (see Pantaleão et  al., 2021) 
the total length (TL) from the tip of the rostrum to the 
posterior margin of the telson, and carapace length (CL) 
from the posterior margin of the ocular orbit to the 
posterior margin of the carapace using a stereomicroscope 
equipped with a digital software (Leica Application Suite 
version 3.8). 

An analysis was carried out to compare the 
morphology of the first zoea of M. crenulatum in 
relation to other species of Macrobrachium from the 
Neotropics that present ELD. We applied 2 criteria for 
species selection: phylogenetic proximity and similarity 
in geographic distribution. Considering the phylogenetic 
hypothesis presented by Pantaleão et  al. (2025), our 
comparison includes M. faustinum (de Saussure, 1857), 
M. olfersii (Wiegmann, 1836), and M. surinamicum 
Holthuis, 1948 since all these species are closely related 
to M. crenulatum. Although M. acanthurus (Wiegmann, 
1836), M. heterochirus (Wiegmann, 1836), and M. 
carcinus are also relatively close to M. crenulatum, their 
inclusion is particularly relevant because their geographic 
distributions overlap, at least partially, with that of M. 
crenulatum, M. olfersii and M. surinamicum. In some 
cases, this overlap includes freshwater systems in Costa 
Rica, the country of origin of the larvae examined here, 

https://www.ncbi.nlm.nih.gov/nuccore/jq805902
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and even cases of sympatry, such as in the Suarez River 
(Pileggi et  al., 2014). Moreover, the inclusion of M. 
olfersii addresses a particular issue, as this species and 
M. crenulatum have been considered part of the same 
species complex (i.e., species complex of M. olfersii) (see 
Rossi & Mantelatto, 2013). In contrast, some species that 
are phylogenetically and/or geographically close to M. 
crenulatum were not included in the comparative analysis 
because, for several of them (e.g., M. digueti (Bouvier, 
1895), M. hancocki Holthuis, 1950, M. hobbsi Nates & 
Villalobos in Villalobos-Hiriart & Nates-Rodríguez, 
1990), no published description of their first zoea is yet 
available (Pantaleão et al., 2025).

The geographic distributions of all compared 
species, based on published reports, are presented in 
Figure 1. Morphological characteristics of Zoea I of all 
compared species with ELD life cycle were compiled and 
summarized in Table 1. Additionally, an identification 
key for the compared species was developed based on 
morphological traits of the first zoea. 

Description

Order Decapoda Latreille, 1802
Suborder Pleocyemata Burkenroad, 1963
Family Palaemonidae Rafinesque, 1815
Genus Macrobrachium Spence Bate, 1868
Macrobrachium crenulatum Holthuis, 1950
Figures 2A-E, 3A-I

Locality: District of Cahuita, province of Limón, 
Costa Rica.

Material examined: a parental female and larvae 
mounted in 11 slides, each one containing one larva 
dissected (8 slides) or entire larvae (3 slides). Accession 
number: CCDB 3174.

Dimensions of newly hatched larvae: TL = 2.18 ± 
0.12 mm; CL = 0.33 ± 0.02 mm (n = 10). Body (Fig. 2A, 
B): carapace smooth; rostrum long, curved downwards 
and with the shape of a spine; sessile eyes; pleon with 
5 segments; fourth pleonite with 2 posterodorsal simple 
setae. Antennule (Fig. 2C): uniramous; peduncle long 

Table 1
Comparison of meristic and morphological characteristics of Zoea I among different species of Macrobrachium in the Neotropics with 
Extended Larval Development, adapted from Pantaleão et al. (2011) and Vieira et al. (2017). For multi-articled structures, cuticular outgrowths 
(plumose setae, simple setae or spines) on the same articles are separated by (+), while those on different articles are separated by comma. 
Other symbols and abbreviations used: aest. = aesthetascs; s. = setae; si. = simple setae; pl. = plumose setae; sp. = spine; (c.o.) = cuticular 
outgrowths; (*) = larval description and larval illustration are divergent; (**) = data exclusively based on larval illustration; description not 
available; (-) = information about the morphological trait unavailable; (?) = description of the appendage unavailable; (;) = data from 2 different 
larval descriptions.

Authors Choudhury 
(1970)

Choudhury 
(1971)

Hunte (1980) Vega-Perez 
(1984)

Dugger & 
Dobkin 
(1975); Melo 
& Brossi-
Garcia (2005)

Vieira et al. 
(2017)

Present study

Species M. acanthurus M. carcinus M. faustinum M. heterochirus M. olfersii M. surinamicum M. crenulatum
Locality Jamaica, 

Westmoreland
Jamaica, St. 
Elizabeth

- Brazil, SP USA, Florida; 
Brazil, SP

Brazil, PA Costa Rica, 
Limón

Size (mm) Total length 2.25-2.35 2.0-2.1 1.85-1.95 2.208 1.72-1.77; 
1.8-2.05

1.55-1.84 2.18

Structures Trait
Antennule Exopod (c.o.) 3 aest. + 1 

seta + 1 pl.
3 aest. + 1 
si. + 1 pl.

3 aest. + 1 
si. + 1 pl.

3 aest. + 1 
si. + 1 pl.

4 aest. + 1 pl.; 
3 aest. + 1 
pl.*

3 aest. + 1 
si. + 1 pl.

4 aest. + 1 pl.

Antenna Protopod 
spines

Absent** Absent - 1 Absent; 1 Absent 1

Flagellum 
(c.o.)

1 si. + 1 pl. 1 si. + 1 pl. 1 si. + 1 pl. 1 si. + 1 pl. 2 si. + 1 pl.; 1 
si. + 1 pl.

1 si. + 1 pl. 1 sp. + 1 pl.

Scaphocerite 
articles

4 or 5 5 4 or 5 5* 5**; 6 6 5

Scaphocerite 
(c.o.)

10 pl. + 1 
si. + 1 seta

1 sp. + 10 
pl. + 1 si.

10 pl. + 1 seta 11 pl. + 1 sp. 1 sp. + 10 
pl. + 1 si.

10 pl. 1 sp. + 9 
pl. + 2 si.
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Table 1. Continued

Authors Choudhury 
(1970)

Choudhury 
(1971)

Hunte (1980) Vega-Perez 
(1984)

Dugger & 
Dobkin 
(1975); Melo 
& Brossi-
Garcia (2005)

Vieira et al. 
(2017)

Present study

Mandible Left 
mandible 
(c.o.)

Molar process 
with 4 or 5 
small teeth, 
incisor process 
with 3 teeth

Molar 
process 
unarmed, 
incisor 
process with 
4 teeth

Molar process 
with 2 
protuberances, 
incisor process 
with 4 teeth

Molar process 
with 2 teeth, 
incisor process 
with 3 teeth

Molar process 
unarmed, 
incisor 
process with 
3 teeth; 
Molar process 
unarmed, 
incisor 
process with 1 
tooth and 1 pl. 

Incisor process 
with 2 teeth

2 sp.

Right 
mandible 
(c.o.)

Molar process 
with 2 
protuberances, 
incisor process 
with 2 teeth

Molar 
process 
unarmed, 
incisor 
process with 
2-3 teeth

Molar process 
with 2 
protuberances, 
incisor process 
with 2 teeth

Molar process 
with 4 teeth, 
incisor process 
with 3 teeth

- ; Molar 
process 
unarmed, 
incisor 
process with 2 
teeth and 1 si.

Incisor process 
with 1 larger 
tooth and 
several smaller 
teeth

Molar process 
unarmed, 
incisor process 
with 3 teeth

Maxilulle Coxal endite 
(c.o.)

4 s. 4 s. 4 s. 4 or 5 si. 4 sp.; 0 4 si. 4 si.

Basial endite 
(c.o.)

2 small 
teeth + 2 large 
teeth

2 small 
teeth + 2 
large 
teeth + 1 seta

2 small 
teeth + 2 large 
teeth

5 sp. 4 sp.; 2 si.* 2 si. 5 si.

Endopod 
(c.o.)

2 sp. 2 sp. 2 sp. 2 si. 2 sp.; 0 1 si. 2 si.

Maxilla Coxal endite 
s.

4 pl. 4 pl. 3 pl. 4 pl. + 1 si. 2 si. + 2 pl.; 
4 si.

4 pl. 1 si. + 3 pl.

Basial endite 
proximal / 
distal lobe s.

2 pl. / 2 pl. 2 pl. + 1 si. / 
2 pl. + 1 si.

2 pl.* / 2 pl. 2 pl. / 2 pl. 2 si. / 2 si. 3 pl. / 2 pl. 3 si. / 2 si.

Palp 
proximal / 
distal lobe s.

2 s. / 1 pl. 2 pl. / 1 pl. 2 s.* / 1 si. 2 pl. / 1 pl. 1 si. + 1 pl. 
/ 1 pl.; 2 si. / 
1 si.

2 pl. / 1 pl. 2 si. / 1 pl.

First 
maxilliped

Basial s. 1 seta + 1 
seta + 1 seta

3 si. 1 seta + 1 
seta + 1 seta

4 or 5 si. 1 si. 0 1 si. + 2 si. + 1 
si.

Endopod 
(c.o.)

3 s. 3 sp. 3 s. 4 si. 3 si. + 1 si.; 
3 si.

2 si. + 2 pl. 3 si.

Exopod 
articles

Unarticled** - Unarticled** Unarticled 2 Unarticled Unarticled

Exopod s. 4 pl. 4 pl. 4 pl. 4 pl. 2 pl. + 4 pl.; 
4 pl. 

4 pl. 4 pl.
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and unarticled; endopod (or primary flagellum) as a long 
terminal plumose seta; exopod (or accessory flagellum) 
with 4 terminal aesthetascs, and 1 short terminal plumose 
seta. Antenna (Fig. 2D): biramous; protopod unarticled 
with 1 terminal spine near insertion of endopod; endopod 
(or flagellum) unarticled with 1 short terminal spine and 
1 long terminal plumose seta; exopod (or scaphocerite) 
5-articled, first article with 2 plumose setae, 1 terminal 
and 1 subterminal and 1 medial protuberance, second 
with 2 setae, 1 inner plumose and 1 outer simple, third 
with 1 inner long plumose seta, fourth with 1 inner long 
plumose seta, and fifth with 5 setae, 1 long subterminal 

plumose, 2 long terminal plumose, 1 short terminal 
plumose, and 1 short terminal simple. Mandibles (Fig. 
3A, B): both rudimentary, lacking palp; right mandible 
with molar process smooth, and incisor process with 2 
subterminal teeth and 1 terminal sharp tooth of varying 
sizes; left mandible with molar and incisor process not 
clearly defined, bearing 2 terminal spines, 1 smaller and 
1 larger. Maxillule (Fig. 3C): coxal and basial endites 
with 4 and 5 terminal simple setae, respectively; endopod 
with 2 terminal simple setae. Maxilla (Fig. 3D): biramous; 
coxal endite with 4 setae, 1 simple and 3 plumose; basial 
endite bilobed, with 3 and 2 simple setae on proximal 

Table 1. Continued

Authors Choudhury 
(1970)

Choudhury 
(1971)

Hunte (1980) Vega-Perez 
(1984)

Dugger & 
Dobkin 
(1975); Melo 
& Brossi-
Garcia (2005)

Vieira et al. 
(2017)

Present study

Second 
maxilliped

Basial s. 0** ? - 1 si. 1 si. 0 1 si.
Endopod 
articles

4 ? 4 4 3 3 3

Endopod s. 0, 0, 1 pl. + 1 
seta**, 1 
claw + 2 s.

? 0, 0, 0, 1 
sp. + 2 s.

0, 0, 2 pl., 2 or 
3 si. + 1 pl.

0, 0, 2 si + 1 
si.; 0, 1 pl., 2 
si. + 1 pl.

0, 1 pl., 4 pl. 0, 1 pl., 4 
si + 1 pl.

Exopod 
articles

Unarticled** ? - Unarticled 2 Unarticled Unarticled

Exopod s. 4 pl. ? - 4 pl. 2 pl. + 4 pl.; 
4 pl.

4 pl. 4 pl.

Third 
maxilliped

Basial s. 0** - - 1 si. 0 0 0
Endopod 
articles

4 4 4 4 3 3 4

Endopod 
(c.o.)

0, 0, 1 seta**, 1 
claw + 3 s.*

0, 0, 0, 1 
sp. + 2 or 3 s.

0, 0, 0, 1 
sp. + 2 s.*

0, 0, 2 or 3 pl., 
2 si. + 1 pl.

0, 0, 3 si. + 2 
si. + 1 pl.; 0, 
1 si. + 1 pl.; 1 
si. + 1 pl.

2 pl., 2 pl., 3 pl. 1 si., 1 si., 2 
pl., 1 si + 2 pl.

Exopod 
articles

Unarticled** Unarticled - Unarticled** 2 Unarticled Unarticled

Exopod s. 4 pl. 4 pl. - 4 pl.** 2 pl. + 4 pl. 4 pl. 4 pl.
Telson Distal margin 

(c.o.)
7 + 7 pl., 
many small sp. 
between s.

7 + 7 pl., 
small sp. 
between 
6 + 6 inner s.

7 + 7 pl., 
many small sp. 
between s.*

7 + 7 pl., small 
si. between pl.

7 + 7 plumose 
sp.; 1 + 1 si. 
(the innermost 
pair without 
setulae) and 
6 + 6 pl.

7 + 7 pl., minute 
setae between 
3 + 3 inner 
setae

7 + 7 pl., small 
sp. between 
3 + 3 inner 
setae

Last pair of 
(c.o.) (most 
lateral)

With setulae 
only on inner 
margin

With setulae 
only on inner 
margin

With setulae 
only on inner 
margin**

With setulae 
only on inner 
margin

With setulae 
only on inner 
margin

With setulae on 
inner and outer 
margins

With setulae 
only on inner 
margin
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Figure 1. Geographic distribution of compared species of Macrobrachium with extended larval development from the Neotropical 
region (Almeida et al., 2008; Bowles et al., 2000; Ferreira et al., 2010; Magalhães & Pereira, 2007; Murienne et al., 2022; Pileggi 
& Mantelatto, 2010; Pileggi et al., 2014; Pompeu et al., 2006; Rossi & Mantelatto, 2013; Tejeda-Mazariegos et al., 2018; Valencia 
& Campos, 2007).
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and distal lobes, respectively; endopod (or palp) bilobed, 
with 2 proximal simple and 1 terminal plumose seta; 
exopod (or scaphognathite) margin with 4 proximal 
plumose setae and 1 long terminal plumose process; 
microtrichia on margins of endopod and exopod. First 
maxilliped (Fig. 3E): biramous; coxa without setae; basis 
with 4 short simple setae arranged 1  +  2  +  1; endopod 
unarticled with 3 terminal simple setae, 1 short and 2 
long; exopod unarticled, with 4 long terminal plumose 
natatory setae; endopod approximately 3 times shorter 

than exopod. Second maxilliped (Fig. 3F): biramous; coxa 
without setae; basis with 1 short simple seta; endopod 
3-articled, first with 0, second with 1 terminal plumose, 
and third with 5, 1 short proximal simple, 3 short terminal 
simple and 1 short terminal sparsely plumose setae, 
respectively; exopod unarticled with 4 long terminal 
plumose natatory setae; endopod slightly shorter than 
exopod. Third maxilliped (Fig. 3G): biramous; coxa 
and basis without setae; endopod 4-articled, first article 
without setae, second with 1 short proximal simple, and 

Figure 2. First zoea of Macrobrachium crenulatum Holthuis, 1950. A) Dorsal view; B) lateral view; C) antennule; D) antenna; E) 
telson. Scale bars (mm) = A, B) 0.16; C) 0.06; D) 0.09; E) 0.12.



L. Oliveira-Rogeri et al. // Revista Mexicana de Biodiversidad 97 (2026): e975675
https://doi.org/10.22201/ib.20078706e.2026.97.5675

9

1 short subterminal simple, third with 2 long terminal 
plumose, and fourth with 3 terminal setae, 1 long simple, 
1 short plumose and 1 long plumose; exopod unarticled 
with 4 long terminal plumose natatory setae; endopod and 
exopod of similar length. Pereiopods (Fig. 3H, I): first and 
second rudimentary and biramous, second slightly longer 
than the first; third, fourth and fifth absent. Telson (Fig. 
2E): posterior bilobed region broader than the anterior, 
with 7 + 7 plumose setae, outer 2 plumose only in inner 
margin; minute spinules along the posterior margin and 
around the bases of 3 + 3 inner setae.

Remarks

The morphological description of Zoea I of 
Macrobrachium crenulatum enables the comparison 
among the first zoeae of closely related congeners as well 
as the definition of some morphological characteristics. 
All the species included in the comparison exhibit type 
I development, characterized by an extended larval 

development and an amphidromous life cycle (Bauer, 
2013). This contrasts with type II development, which 
involves a partially abbreviated larval development and is 
common in freshwater species, and type III development, 
which is marked by a completely abbreviated larval 
development and is typical of species inhabiting mountain 
streams (Jalihal et  al., 1993; Pileggi et  al., 2014; Vieira 
et  al., 2017). Adults of amphidromous species typically 
inhabit both freshwater and brackish environments, except 
for M. crenulatum, M. faustinum, and M. heterochirus, 
whose adults have been reported exclusively in freshwater 
(Holthuis, 1950; Hunte, 1980; Vega-Perez, 1984; Vieira 
et al., 2017).

Before comparing the morphology of the Zoea I 
among species, it is important to consider that most of 
the larval descriptions included in Table 1 were published 
at different times, each reflecting the research context 
on decapod larval morphology of that period. Thus, 
many of the current consensuses on terminology (e.g., 
Clark et  al., 1998) postdate some of the descriptions 

Figure 3. First zoea of Macrobrachium crenulatum Holthuis, 1950. A) Left mandible; B) right mandible; C) maxillule; D) maxilla; 
E) first maxilliped; F) second maxilliped; G) third maxilliped; H) first pereiopod; I) second pereiopod. Scale bars (mm) = A, B) 
0.2; C) 0.08; D, E) 0.09; F, G) 0.1; H, I) 0.05.
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examined. Moreover, recent studies employ more 
advanced technologies than those available in the 1970s, 
80s and 90s, enabling, for example, more accurate and 
detailed descriptions of setal types and number of articles. 
Therefore, some inconsistencies were detected during the 
comparisons of the published descriptions. Thus, we aimed 
to distinguish true morphological differences of the larvae 
from inconsistencies likely resulting from the limited 
technological capabilities used in earlier studies. Although 
we kept the original terminology used by the authors in our 
table, in the following comparison we focus on taxonomic 
informative differences, highlighting instances where a 
variation may result from misinterpretation.

Macrobrachium crenulatum and M. olfersii have 
been considered part of the same species complex due 
to the high morphological similarity of adults (Rossi 
& Mantelatto, 2013; Villalobos-Figueroa, 1967). Their 
close phylogenetic relationship was later confirmed 
using molecular data by Pileggi et  al. (2014) and, more 
recently, by Pantaleão et  al. (2025). For M. olfersii, 2 
larval descriptions of first zoea are available. Dugger and 
Dobkin (1975) provided the first, describing Zoea I of this 
species from females collected in Florida (USA). Later, 
Melo and Brossi-Garcia (2005) provided a description 
for hatched larvae of Macrobrachium birai Lobão, Melo 
& Fernandes, 1986, obtained from a female collected in 
São Paulo (Brazil). Subsequently, however, M. birai was 
regarded as a junior synonymous of M. olfersii by Pileggi 
and Mantelatto (2012). Thus, both studies are treated 
here as descriptions of the first zoeal stage of M. olfersii. 
Although generally similar, both descriptions show some 
differences in the number of cuticular outgrowths on the 
antennal flagellum, maxilla coxal endite, and maxilliped 
endopods. Considering that each study worked with larvae 
from distinct latitudes (USA and Brazil) with different 
temperature regimes and oceanographic dynamics, these 
differences may reflect plasticity in larval morphology, a 
phenomenon that has partially explored in the scientific 
literature (Sandifer & Smith, 1979; Thatje & Bacardit, 
2000; Wehrtmann & Albornoz, 2003). For the comparison 
between M. crenulatum and M. olfersii, we focused only 
on features that are consistent across both descriptions 
of M. olfersii, avoiding traits that showed intraspecific 
variation. In Table 1, when differences are observed in 
the description of Zoea I of M. olfersii, data from both 
descriptions are presented (Dugger & Dobkin, 1975; Melo 
& Brossi-Garcia, 2005). 

The maxillipeds are considerably distinct between 
M. crenulatum and M. olfersii. They differ by the 
number of plumose setae on the third maxilliped exopod: 
Macrobrachium crenulatum presents only 4 terminal 
plumose setae, while the first zoea of M. olfersii has 2 

subterminal plumose setae in addition to the 4 terminal 
ones. Moreover, the basis of the first maxilliped bears 
one simple seta in M. olfersii, but 4 (1  +  2  +  1) in M. 
crenulatum. Finally, it is important to mention that the 
larval description published by Dugger and Dobkin 
(1975) reports a difference in the number of articles on 
the exopod of maxillipeds: 2 in M. olfersii versus only one 
in M. crenulatum. However, aside from being absent in 
the description from Melo and Brossi-Garcia (2005), this 
apparent difference may result from a misinterpretation 
of the number of articles in maxilliped exopods of M. 
olfersii, since the presence of only 1 article appears 
to be a consistent pattern among American species of 
Macrobrachium, regardless of whether they exhibit type 
I development (e.g., M. carcinus, M. heterochirus and M. 
surinamicum) or type II (e.g., Macrobrachium iheringi 
[Ortmann, 1897] and Macrobrachium jelskii [Miers, 
1877]) (Bueno & Rodrigues, 1995; Choudhury, 1970, 
1971; Magalhães, 2000; Pantaleão et  al., 2025; Vega-
Perez, 1984; Vieira et al., 2017). 

Several morphological features can be used to 
distinguish the first zoeae of M. crenulatum and M. 
carcinus, 2 species whose geographic distributions 
partially overlap. Notably, these 2 species differ in the 
pattern of setae present on the endopod of the third 
maxilliped: M. crenulatum has setae on all 4 articles of 
the third maxilliped endopod (1, 1, 2, 1 + 2), while Zoea 
I of M. carcinus presents setae only on the last article (0, 
0, 0, 1 + 2 or 3) (Choudhury, 1971). Analysis of the larval 
description of M. carcinus reveals possible inconsistencies 
in terminology. In several instances, the term “spine” is 
used to refer to a “seta” and vice-versa. Additionally, 
although illustrated, the second maxilliped of the first 
zoea of M. carcinus was not formally described, being 
mentioned only briefly within the description of the third 
maxilliped. These inconsistencies hinder a comprehensive 
morphological comparison and complicate phylogenetic 
inferences based on larval characters. Therefore, given the 
aforementioned issues related to technological advances 
and terminology standardization, we strongly recommend 
a redescription of the first zoeal stage of M. carcinus.

Macrobrachium heterochirus is a species closely 
related to M. crenulatum both geographically and 
phylogenetically (Pantaleão et  al., 2025; Pileggi et  al., 
2014), and the adults are morphologically distinct enough 
to be readily distinguished. Zoea I of both species, in 
turn, differ on the setal pattern of maxilla, both in the 
number and type of setae on coxal and basial endites: 
Macrobrachium crenulatum has 4 setae, one simple and 
3 plumose, on the coxal endite and 5 simple setae on the 
basial endite, whereas the first zoea of M. heterochirus 
bears 5 setae, 4 plumose and one simple, on the coxal 
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endite, and the basial endite carries only 4 plumose setae. 
According to the descriptions, these species also differ 
in the number of aesthetascs on the antennule exopod: 
4 in M. crenulatum, and 3 in M. heterochirus (Vega-
Perez, 1984). However, this difference may reflect a 
misinterpretation. Possibly, the simple seta described by 
the author as part of antennule exopod of M. heterochirus 
could in fact be an aesthetasc, bringing the total to 4, as 
observed in other species such as M. crenulatum and M. 
olfersii. Similar misunderstandings regarding the number 
of aesthetascs of the antennule may also applied to the 
descriptions of M. acanthurus, M. carcinus, M. faustinum, 
and M. surinamicum.

Several morphological characteristics allow the 
distinction between Zoea I of M. crenulatum and M. 
acanthurus, both species occurring in Costa Rica (Fig. 
1). One of the most conspicuous features for identification 
is the number of aesthetascs on the antennule (4 on the 
first and only 3 on the latter), although this difference may 
reflect a misinterpretation in the earliest description, which 
dates back 56 years (Choudhury, 1970). Additionally, M. 
crenulatum has a spine on the protopod of the antenna, 
which is absent in M. acanthurus. Another notable 
difference lies in the number of endopod articles of the 
second maxilliped: Macrobrachium crenulatum has 3, 
whereas M. acanthurus presents 4, and the setal pattern 
on this structure also differs (Table 1). Finally, the telson 
of M. crenulatum bears small spines between the 3 
innermost plumose setae, while in M. acanthurus, spines 
are present between all the setae of the telson.

As with M. acanthurus, several traits can be used to 
distinguish Zoea I of M. crenulatum and M. faustinum 
(Table 1), species that are relatively close phylogenetically 
(Pantaleão et al., 2025). Notably, the number of aesthetascs 
present in the antennule differs, with M. crenulatum 
having 4 and M. faustinum only 3. As previously noted, 
this feature should be interpreted cautiously, as the older 
description may not be fully accurate in this regard. 
Additionally, the scaphocerite of M. faustinum lacks a 
spine present in the first larval stage of M. crenulatum, 
and the molar process of the right mandible in M. 
crenulatum is unarmed, whereas in M. faustinum it bears 
2 protuberances (Hunte, 1980).

Finally, several larval characteristics can also be 
used to identify the first zoeae of M. crenulatum and M. 
surinamicum, species relatively closely related according 
to Pantaleão et  al. (2025). The differences between the 
newly hatched larvae refer to the number of articles 
on the scaphocerite (5 in M. crenulatum and 6 in M. 
surinamicum), the number of spines on basial endite of 
maxillule (5 in M. crenulatum and 2 in M. surinamicum), 
and the position of setulae on the outer pair of setae 
of telson margin. In M. crenulatum, setulae occur only 
on inner margin of the outer pair of setae of the distal 
margin of the telson, whereas in M. surinamicum, they 
are present on both the inner and outer margins (Table 
1). Interestingly, none of the other species with described 
Zoea I included in Table 1 have setulae on the outer 
margin of this pair of setae. Therefore, the phylogenetic 
significance of this trait warrants to be analyzed in future 
studies.

The present study represents a first step toward 
improving our knowledge of larval morphology of M. 
crenulatum. Although it focuses only on the first larval 
stage of a single brood of Macrobrachium species, the 
results contribute to a broader effort of providing larval 
descriptions for Neotropical species of the genus. This 
information offers valuable insights for both theoretical 
studies about the evolution of the morphology of 
Macrobrachium and practical applications in larval ecology 
and aquaculture research focused on larval development. 
Additionally, the investigation of the larval morphology of 
M. crenulatum helps to fill a gap in the larval descriptions 
of a lineage of species of Macrobrachium for which no 
larval data were previously available (Pantaleão et  al., 
2025). This line of research should be continued by 
describing the larvae of other species phylogenetically 
close to M. crenulatum, such as M. digueti and M. 
hancocki, to broaden our understanding of phylogenetic 
relationships among these freshwater shrimps. Finally, 
our results highlight the need for redescriptions of the 
first zoea of several species of Macrobrachium, aimed at 
updating the larval terminology and clarifying ambiguous 
characters, which would in turn facilitate morphological 
comparisons and phylogenetic analysis.

Identification key for the compared species of Macrobrachium with ELD from Neotropics based on morphological 
traits of Zoea I
1. First article of third maxilliped endopod with setae....................................................................................................... 2
1’. First article of third maxilliped endopod without setae................................................................................................. 3
2. Scaphocerite with 5 articles; basial endite of maxillule with 5 spines; most lateral pair of setae of telson margin with 
setulae only on inner margin......................................................................................................................... M. crenulatum
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