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Abstract

While previous studies on Alpheus formosus Gibbes, 1850 focused on 
taxonomic and phylogenetic issues, the present study provides information 
on the biology and ecology of this snapping shrimp, a representative coral 
reef species widely distributed in the Atlantic Ocean. We studied A. formosus 
between 2015 and 2016 on two islands in São Paulo state, Brazil: Laje de 
Santos and Vitoria Island. We analyzed 47 specimens from Laje de Santos 
and 44 from Vitoria Island. Individuals ranged in size from 2.0 mm to 13.99 
mm CL. The mean number of embryos attached to the pleopods of females 
was 211.28 ± 312.8 in Laje de Santos and 125.2 ± 177.8 in Vitoria Island. 
This species should be included in monitoring programs of coral ecosystems 
they inhabit as A. formosus represents a key element in trophic dynamics of 
these ecosystems. 
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Introduction

The shrimps from the Family Alpheidae are 
morphologically and ecologically diverse (Bauer, 
2004), and are widely distributed with more than 
600 species described thus far (De Grave and Fransen, 
2011). The genus Alpheus Fabricius, 1798 represents 
almost half of the species comprising the family (Kim 
and Abele, 1988; Bracken-Grissom and Felder, 2014; 
Anker et al., 2015). These shrimps are mostly found in 
tropical and subtropical marine ecosystems (Chace, 
1988) inhabiting a wide variety of niches, from tidal 
pools in estuaries to deep-sea regions (Anker et al., 
2006). Representatives of Alpheidae can also live in 
mutualistic or commensal associations with other 
decapods, fishes, sponges, and anemones (Boltaña 
and Thiel, 2001; Bauer, 2004; Anker et al., 2006).

Although Alpheus is the most representative 
genus of its family (Anker et al., 2006; De Grave and 
Fransen, 2011), studies about its population biology 
are scarce compared to knowledge about its taxonomy 
and diversity. This could be due to the presence of 
several species complexes (Mathews and Anker, 
2009; Costa-Souza et al., 2018) and because these 
species are ecologically enigmatic (Felder, 1982), 
which according to Costa-Souza et al. (2018) makes 
monthly sampling difficult and contributes to the 
lack of knowledge about this group. Alpheus formosus 
Gibbes, 1850 can be found in most of the Western 
Atlantic: Bermuda, North Carolina, Florida, Gulf 
of Mexico, Bahamas, West Indies, Central America, 
Colombia, and Venezuela (Christoffersen, 1998; 
Cunha et al., 2015; Anker et al., 2016).

On the Brazilian coast, it is very common at Atol 
das Rocas, Fernando de Noronha and from Ceará to 
Santa Catarina (Christoffersen, 1998; Anker et al., 
2008; 2016; Soledade and Almeida, 2013; Cunha 
et al., 2015). Although A. formosus is abundant on 
the Brazilian coast, there are few studies about its 
biological and ecological features. The present study 
aims to elaborate a brief description of some aspects 
of the biology and ecology of A. formosus from two 
conservation areas in São Paulo state: Laje de Santos 
and Vitoria Island. 

Material and Methods

Sampling
The shrimps were collected quarterly between June 

2015 and June 2016 in two different island regions: 
The Marine State Park of Laje de Santos (MSPLS) and 
Vitoria Island (Fig. 1). The specimens were sampled 
in both regions using a combination of techniques, 
i.e., employing active search by two divers equipped 
with SCUBA for 1 hour each per diving session, and 
using Artificial Substrates of Refuge (ASR). The ASR 
consists of a plastic net structure in a 25 × 25 × 25 cm 
(height x length x depth) cube shape filled with plastic 
tubes and small plastic nets as previously described 
by Alves et al. (2019) and da Silva et al. (2018). Five 
ASR were installed in both islands on a rocky surface 
and removed three months later. 

The specimens collected were bagged individually 
in situ and frozen to preserve color and morphological 
integrity. Subsequently, they were transferred to the 
laboratory and identified according to specialized 
taxonomic keys (Anker et al., 2008; Soledade and 
Almeida, 2013).

Population Structure and Reproduction
The carapace length (CL) of shrimps was 

measured under an imaging system of the stereoscopic 
microscope (Zeiss STEMI V6) from the orbital 
hood to the posterior margin of the carapace, and 
individuals were grouped in 2 mm size-class intervals 
to evaluate and visualize the population structure. The 
animals were sexed according to the presence (males) 
or absence (females) of the appendix masculina on the 
endopodite of the second pair of pleopods, and also 
gonopore positions (Bauer, 2004). The reproductive 
season was assessed by observing the presence of 
ovigerous females (females with eggs/embryos 
adhered to their pleopods) during the sampling period. 
For further comparisons, the seasons were classified as 
winter (June), spring (September), summer (January) 
and autumn (March) according to Sant’Anna Neto 
(2005). A chi-square test was performed to evaluate 
the differences in the distribution of the demographic 
groups (males, non-ovigerous females, and ovigerous 
females) between the seasons on both islands.
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In order to evaluate the number of embryos 
attached to the female pleopods, only females with 
non-damaged embryos were selected, and embryos 
were counted with a manual counter. Embryos were 
categorized into two embryonic developmental stages: 
Stage I, with no eyes formed, and Stage II, with evident 
eyes formed (see Corey and Reid, 1991). Considering 
the low number of females carrying embryos in Stage 
I and II, we provide the mean embryo number of A. 
formosus ovigerous females, and no statistical analyses 
were performed to compare mean values between 
stages. 

Results

We collected 47 specimens in Laje de Santos and 
44 in Vitoria Island. All specimens identified in the 
present study presented a variable “dark brown-red 
background”, sometimes with a more yellowish 
tone; the distinctive dorsal white longitudinal band, 
however, was a consistent characteristic that did not 
vary among specimens from both islands (Fig. 2). 

At Laje de Santos (Fig. 3), shrimp abundance 
peaked in spring with total of 23 individuals: males 
were predominant with 13 specimens sampled; non-
ovigerous females were abundant in summer and 

Figure 1. Location of the two continental islands, São Paulo State, Brazil, where the sampling was conducted for the present study 
(2015–2016).

http://www.editoraletra1.com.br
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absent in autumn; ovigerous females were absent in 
the summer and highest abundance was observed in 
spring. The Chi Square test showed the following 

abundance differences: Summer non-ovigerous 
Females × Ovigerous Females (p=0.0015), and 
Summer Ovigerous Females × Males (p=0.014). 

Figure 2. Alpheus formosus: color pattern from individuals collected at Laje de Santos and Vitoria Island, São Paulo State, Brazil 
(2015-2016). (A) Lateral view; (B) dorsal view. 

http://www.editoraletra1.com.br
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On Vitoria Island (Fig. 4), the snapping shrimps 
were more abundant during spring and autumn. Males 
were found during all sampling periods, and were most 
abundant in autumn. Non-ovigerous females were 
most abundant in spring with nine specimens and 
were absent in summer and winter. Ovigerous females 
were most present in winter and autumn with three 
specimens sampled in each season, and absent in the 
summer. The results of the Chi Square test revealed 
differences in abundance in spring for Non-ovigerous 
Females × Ovigerous Females (p=0.011). 

In Laje de Santos, specimens ranged in size classes 
from 2 mm CL to 13.99 mm CL, with the 4.0–5.99 mm 
CL size class predominating. Non-ovigerous females 
were mainly found in the size classes of 4.0–5.99 mm 
CL and 6.0–7.99 mm CL, males in the size class 4.0–
5.99 mm CL, and ovigerous females in 6.0–7.99 mm 
CL and 8.0–9.99 mm CL (Fig. 5). In Vitoria Island, 

common size classes ranged from 2 mm CL to 11.99 
mm CL, and the 4.0–5.99 mm CL size class contained 
most of the analyzed individuals, including males and 
non-ovigerous females. Most ovigerous females were 
present in the size class 10.0–11.99 mm CL (Fig. 6).

Ovigerous females from Laje de Santos (N = 7) 
ranged in size from 5.98 mm to 12.22 mm CL; four 
individuals carried embryos in Stage I, the other 
three females had Stage II-embryos attached. The 
number of embryos ranged from six (final stage) to 
847 (initial stage); mean embryo number for Laje de 
Santos was 211.2 ± 312.8. In Vitoria Island, seven 
ovigerous females were collected, but we counted the 
embryos of only four of them due to the degradation 
of embryos in the other three specimens. Female sizes 
ranged between 6.06 mm to 11.51 mm CL with all 
embryos in Stage II; embryo number ranged from 2 
to 383 (mean 125.2 ± 177.8).

Figure 4. Abundance of Alpheus formosus individuals during 
all seasons (2015–2016) collected at Vitoria Island, São Paulo 
State, Brazil.

Figure 3. Abundance of Alpheus formosus individuals during 
all seasons (2015–2016) collected at Laje de Santos, São Paulo 
State, Brazil.

Figure 5. Size-class distribution of Alpheus formosus collected at 
Laje de Santos, São Paulo State, Brazil.

Figure 6. Size-class distribution of Alpheus formosus individuals 
collected at Vitoria Island, São Paulo State, Brazil.
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Discussion

The color pattern of the snapping-shrimp A. 
formosus resembles the other conspecific shrimp: 
Alpheus panamensis Kingsley, 1878 (previously 
considered junior synonym of A. formosus). The color 
of A. formosus is very particular with a characteristic 
“dark brown-red” background, a broad yellow band 
running mediodorsally from the tip of the rostrum to 
the telson, a narrow and irregular white longitudinal 
band on each side of the abdomen, and bluish to 
purplish walking legs (Anker et al., 2008). Even 
though the specimens sampled in this study showed 
variations in their dark brown-red background color 
patterns, the other characteristics described above 
were similar. 

Among the caridean shrimps, A. formosus is one 
of the most common snapping shrimps in American 
tropical waters (Kim and Abele, 1988). In Laje de 
Santos and Vitoria Island, our results suggest well-
established populations because all demographic 
groups were sampled across the seasons with an 
abundance peak in the spring, despite the low number 
of specimens. On the southeastern Brazilian coast, 
abundance peaks of decapods (Negreiros-Fransozo 
and Fransozo, 1992; Lima et al., 2014; da Silva et al., 
2018) are associated with the warmer seasons (spring 
and summer) characterized by nutrient-rich water 
masses and high primary production (Schettini et 
al., 1998; Sant’Anna Neto, 2005). These favorable 
environmental conditions may explain the elevated 
number of A. formosus, especially during spring  
(Figs. 3, 4).

Ovigerous females of almost all size classes were 
found in both localities, presenting larger sizes than 
males and non-ovigerous females. This pattern of 
larger ovigerous female is expected since embryos 
adhere to the pleopods in a lateral cavity formed 
between the first and third pleura, which enlarge as 
the female grows. Therefore, larger females would 
have more space to carry embryos, and consequently, 
higher fecundity rates (Corey and Reid, 1991; Clarke, 
1993; Bauer, 2004). 

In both sampling locations, ovigerous females 
were mostly found from the 6 mm CL onwards, 
which agrees with the pattern found for many alpheid 
shrimps especially with other conspecific Alpheus spp. 
(Corey and Reid, 1991; Pavanelli et al., 2008; 2010; 
Harikrishnan et al., 2010; Costa-Souza et al., 2014; 
Pescinelli et al., 2016). 

The mean number of embryos attached to pleopods 
of A. formosus is relatively low when compared to 
similar-sized congeners. The maximum number of 
embryos attached to pleopods of  A. formosus observed 
is close to those of species with more than 11 mm 
CL (Bauer, 1991; Corey and Reid, 1991; Pavanelli 
et al., 2008; 2010; Harikrishnan et al., 2010; Costa-
Souza et al., 2014; Pescinelli et al., 2017). Such inter- 
and intraspecific variation is related to genetic and 
environmental (temperature, salinity, photoperiod) 
factors (Sastry, 1983). 

Being a common species in coral reefs and rocky 
bottoms, A. formosus is a key element in trophic 
dynamics of these ecosystems (Chace, 1972; 
Wenner and Boesch, 1979; Anker et al., 2008). 
Therefore, knowledge about its ecology is important 
to understand the trophic interactions in these 
valuable ecosystems. A monitoring program of this 
species and the ecosystem should be implemented to 
properly assess local conditions, which may help to 
develop adequate management tools for conservation 
purposes.

Acknowledgements

The authors would like to thank the funding 
provided by FAPESP Process 2015/01959-5 to conduct 
this work. Additionally, this study was partially 
financed by the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior – Brazil (CAPES; financial 
code CAPES/CIMAR II 23038.004310/2014-85, 
0687/2018 PROEX 23038.000802/2018-25 and 
CAPES PRINT 88881.310767/2018-01). We also 
thank all members of NEBECC and LABCAM who 
participated during the sampling periods and helped 
to finish this paper.

http://www.editoraletra1.com.br


Moraes et al.

7

Ecological notes of Alpheus formosus 

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com

Nauplius, 28: e2020031

References

Alves, D.F.R.; Greco, L.L.; Barros-Alves, S.P. and Hirose, G.L. 
2019. Sexual system, reproductive cycle and embryonic 
development of the red-striped shrimp Lysmata vittata, an 
invader in the western Atlantic Ocean. Plos One, 14: e0210723.

Anker, A.; Ahyong, S.T.; Noel, P.Y. and Palmer, A.R. 2006. 
Morphological phylogeny of alpheid shrimps: parallel 
preadaptation and the origin of a key morphological 
innovation, the snapping claw. Evolution, 60: 2507–2528.

Anker, A.; Hurt, C. and Knowlton, N. 2008. Revision of the 
Alpheus formosus Gibbes, 1850 complex, with redescription 
of A. formosus and description of a new species from the 
tropical western Atlantic (Crustacea: Decapoda: Alpheidae). 
Zootaxa, 1707: 1–22.

Anker, A.; Komai, T. and Marin, I.N. 2015. A new echiuran-
associated snapping shrimp (Crustacea: Decapoda: Alpheidae) 
from the Indo-West Pacific. Zootaxa, 3914: 441–455.

Anker, A.; Tavares, M. and Mendonça, J.B. 2016. Alpheid 
shrimps (Decapoda: Caridea) of the Trindade & Martin 
Vaz Archipelago, off Brazil, with new records, description of 
a new species of Synalpheus and remarks on zoogeographical 
patterns in the oceanic islands of the tropical southern Atlantic. 
Zootaxa, 4138: 1–58.

Bauer, R.T. 1991. Analysis of embryo production in a caridean 
shrimp guild from a tropical seagrass meadow. p. 181–191. 
In: A. Wenner and A. Kuris (eds), Crustacean egg production. 
Rotterdam, A.A. Balkema Press.

Bauer, R.T. 2004. Remarkable shrimps: adaptations and natural 
history of the carideans. Norman, University of Oklahoma 
Press, 316p.

Boltaña, S. and Thiel, M. 2001. Associations between two species 
of snapping shrimp, Alpheus inca and Alpheopsis chilensis 
(Decapoda: Caridea: Alpheidae). Journal of the Marine 
Biological Association of the United Kingdom, 81: 633–638.

Bracken-Grissom, H.D. and Felder, D.L. 2014. Provisional revision 
of American snapping shrimp allied to Alpheus floridanus 
Kingsley, 1878 (Crustacea: Decapoda: Alpheidae) with notes 
on A. floridanus africanus. Zootaxa, 3895: 451 –491.

Chace, F.A.Jr. 1972. The shrimps of the Smithsonian-Bredin 
Caribbean expeditions with a summary of the West Indian 
shallow-water species (Crustacea: Decapoda: Natantia). 
Smithsonian Contributions to Zoology, 98: 1–179.

Chace, F.A. Jr. 1988. The caridean shrimps (Crustacea: Decapoda) 
of the Albatross Philippine Expedition, 1907-1910, Part 
5: Family Alpheidae. Smithsonian Contributions to Zoology, 
466: 1–99.

Christoffersen, M.L. 1998. Malacostraca. Eucarida. Caridea, 
Crangonoidea and Alpheoidea (except Glyphocrangonidae 
and Crangonidae). p. 351–372. In: P.S. Young (ed), Catalogue 
of Crustacea of Brazil. Rio de Janeiro, Museu Nacional. (Série 
Livros 6).

Clarke, A. 1993, Reproductive trade-offs in caridean shrimps. 
Functional Ecology, 7: 411–419.

Corey, S. and Reid, D.M. 1991. Comparative fecundity of 
decapods crustaceans. The fecundity of thirty-three species 
of nine families of caridean shrimps. Crustaceana, 60: 271–294.

Costa-Souza, A.C.; Rocha, S.S.; Bezerra, L.E.A. and Almeida, 
A.O. 2014. Breeding and heterosexual pairing in the snapping 
shrimp Alpheus estuariensis (Caridea: Alpheidae) in a tropical 
bay in northeastern Brazil. Journal of Crustacean Biology, 34: 
593–603. 

Costa-Souza, A.C.; Souza, J.R.B. and Almeida, A.O. 2018. 
Population structure of the shrimp Alpheus estuariensis 
(Caridea: Alpheidae) in a tropical estuarine tidal mudflat. 
Thalassas: An International Journal of Marine Sciences, 34: 1–11.

Cunha, M.A.; Soledade, G.O.; Boos, H. and Almeida, A.O. 
2015. Snapping shrimps of the genus Alpheus Fabricius 1979 
(Caridea: Alpheidae) from Brazil: range extensions and filling 
distribution gaps. Nauplius, 23: 47–52.

da Silva, A.R.; Galli, G.M.; Stanski, G.; De Biasi, J.B.; Davanso, 
T.M.; Cobo, V.J. and Castilho, A.L. 2018. Shell occupation as 
a limiting factor for Pagurus brevidactylus (Stimpson, 1859) 
in the Marine State Park of Laje de Santos, Brazil. Invertebrate 
Reproduction & Development, 63: 1–10.

De Grave, S. and Fransen, C.H.J.M. 2011. Carideorum Catalogus: 
The recent species of the dendrobranchiate, stenopodidean, 
procarididean and caridean shrimps (Crustacea: Decapoda). 
Zoologische Mededelingen, 85: 195–589.

Felder, D. 1982. Reproduction of the snapping shrimps Synalpheus 
fritzmuelleri and S. apioceros (Crustacea: Decapoda: Alpheidae) 
on a sublittoral reef off Texas. Journal Crustacean Biology, 2: 
535–543. 

Harikrishnan, M.; Unnikrishnan, U.; Maju, M.S., Greeshma, 
A.R.R. and Kurup, B.M. 2010. Size at sexual maturity, egg 
number and reproductive output of the snapping shrimp 
Alpheus euphrosyne euphrosyne De Man, 1987. Invertebrate 
Reproductive & Development, 54: 195–202.

Kim, W. and Abele, L.G. 1988. The snapping shrimp genus Alpheus 
from the eastern Pacific (Decapoda, Caridea, Alpheidae). 
Smithsonian Contributions to Zoology, 454: 1–119.

Lima, D.J.M.; Cobo, V.J.; Aquino, M.A.B. and Fransozo, A. 2014. 
The population structure of two sympatric hermit-crab species 
on a subtidal rocky shore of an island in southeastern Brazil. 
Anais da Academia Brasileira de Ciências, 86: 1769–1782.

Mathews, L.M. and Anker, A. 2009. Molecular phylogeny reveals 
extensive ancient and ongoing radiations in a snapping shrimp 
species complex (Crustacea, Alpheidae, Alpheus armillatus). 
Molecular Phylogenetics and Evolution, 50: 268–281.

Negreiros-Fransozo, M.L. and Fransozo, A. 1992. Estrutura 
populacional e relação com a concha em Paguristes tortugae 
Schmitt, 1933 (Decapoda, Diogenidae) no litoral norte do 
estado de São Paulo, Brasil. Naturalia, 17: 31–42.

Pavanelli, C.A.M.; Mossolin, E.C. and Mantelatto, F.L. 2008. 
Reproductive strategy of the snapping shrimp Alpheus 
armillatus H. Milne-Edwards, 1837 in the South Atlantic: 
Fecundity, egg features, and reproductive output. Invertebrate 
Reproduction & Development, 52: 123–130. 

Pavanelli, C.A.M.; Mossolin, E.C. and Mantelatto, F.L. 2010. 
Maternal investment in egg production: environmental and 
population-specific effects on offspring performance in the 
snapping shrimp Alpheus nuttingi (Schmitt, 1924) (Decapoda, 
Alpheidae). Animal Biology, 60: 237–247. 

http://www.editoraletra1.com.br


Moraes et al.

8

Ecological notes of Alpheus formosus 

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com

Nauplius, 28: e2020031

Pescinelli, R.A.; Carosia, M.F.; Pantaleão, J.A.F.; Simões, S.M. 
and Costa, R.C. 2016. Population biology and size at the 
onset of sexual maturity of the amphidromous prawn 
Macrobrachium olfersii (Decapoda, Palaemonidae) in an 
urban river in southeastern Brazil. Invertebrate Reproduction 
& Development, 60: 254–262.

Pescinelli, R.A.; Davanso, T.M. and Costa, R.C. 2017. Social 
monogamy and egg production in the snapping shrimp 
Alpheus brasileiro (Caridea: Alpheidae) from the south-eastern 
coast of Brazil. Journal of the Marine Biological Association of 
the United Kingdom, 97: 1519–1526. 

Sant’Anna Neto, J.L. 2005. Decálogo da climatologia do Sudeste 
Brasileiro. Revista Brasileira de Climatologia, 1: 43–60.

Sastry, A.N. 1983. Ecological aspects of reproduction. p. 179–270. 
In: F.J. Vernberg and W.B. Vernberg (eds), The biology of 

Crustacea: environmental adaptations, Volume 8, New York, 
NY, Academic Press.

Schettini, C.A.; Kuroshima, K.N.; Pereira Fo, J.; Rorig, L.R. and 
Resgalla, C. 1998. Oceanographic and ecological aspects of the 
Itajaí-açu river plume during a high discharge period. Anais 
da Academia Brasileira de Ciências, 70: 335–352.

Soledade, G.O. and Almeida, A.O. 2013. Snapping shrimps of 
the genus Alpheus Fabricius, 1798 from Brazil (Caridea: 
Alpheidae): updated checklist and key for identification. 
Nauplius, 21: 89–122.

Wenner, E.L. and Boesch, D.F. 1979. Distribution patterns 
of epibenthic decapod Crustacea along the shelf-slope 
coenocline, Middle Atlantic Bight, U.S.A. Bulletin of the 
Biological Society of Washington, 3: 106–133.

http://www.editoraletra1.com.br

