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Abstract: Ichthyofauna from 29 tidepools in Jericoacoara National Park (Ceará State, Brazil) was

sampled. A total of 733 fishes, comprising 16 species belonging to 12 families, was collected. The three

most abundant species were the frillfin goby Bathygobius soporator, the sergeant-major Abudefduf

saxatilis and the molly miller Scartella cristata. An invasive species from the Indo-Pacific, the Muzzled

blenny Omobranchus punctatus, was also recorded. The known geographic distribution of the blenny

Hypleurochilus fissicornis was extended approximately 2,500 km northward. These findings highlight the

lack of knowledge of the rocky intertidal ecosystems along the Brazilian coast, an area that needs more

sampling effort and ecological data.
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Resumo: Um total de 733 espécimes de peixes, pertencentes a 16 espécies (12 famı́lias), foi capturado em

29 poças de maré no Parque Nacional de Jericoacoara (Ceará, Brasil). As espécies mais numericamente

abundantes foram o amboré Bathygobius soporator, o sargentinho Abudefduf saxatilis e o macaco-verde

Scartella cristata. Uma espécie invasora originária do Indo-Pacı́fico, Omobranchus punctatus, foi

registrada para a área. A ocorrência de Hypleurochilus fissicornis permitiu expandir sua distribuição

geográfica em cerca de 2.500 km ao norte. Esses resultados demostram que diversos aspectos

relacionados a ictiofauna do ecossistema entremarés em substrato consolidado ainda permanecem pouco

estudados no Brasil, e portanto, mais levantamentos da biodiversidade e dados ecológicos são

necessários.

Keywords: recife, zona de entremaré, costão rochoso, espécie invasora.

Introduction

Historically, intertidal ecosystems have been explored by

humans (Horn et al. 1999, Mobley & McCallum 2001,

Mannino & Thomas 2002, Thompson et al. 2002, Steele &

Klein 2008), and remain an important provider of resources.

Seafood, honey, traditional medicine, tannins, timber and

firewood are some of the intertidal ecosystem goods used by

humans (Addessi 1994, Moberg & Rönnbäck 2003, Fletcher

et al. 2012). However, the biodiversity and ecological processes

of some intertidal ecosystems, such as tidepools, remain

understudied in many countries (Norton & Cook 1999,

Prochazka et al. 1999), despite the long history of exploitation

of these systems. For example, approximately six references

(i.e., Rosa et al. 1997, Barreiros et al. 2004, Macieira & Joyeux

2009, 2011, Nunes et al. 2011, Macieira et al. 2014; excluding

thesis, gray literature and works using visual census sampling

methods) investigated the ecological aspects of Brazilian

tidepool fishes. Although, fishes are an important component

of many aquatic ecosystem (Holmlund & Hammer 1999) and

one of the most exploited live marine resources (King 2007).

The historical increase of the coastal human population, and its

economic activities (e.g., ports, industry, fishery, exploitation of

oil and gas), pose a threat the intertidal ecosystem. The increase

and diversification of anthropogenic impacts (e.g., eutrophica-

tion, habitat loss, introduced species, oil spills, pollution), have
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resulted in a loss of biodiversity and its functions and,

consequently, a reduction or interruption of the ecosystems’

services (Thompson et al. 2002, Moberg & Rönnbäck 2003,

Halpern et al. 2008, Cardinale et al. 2012). Thus, assessing the

biodiversity and understanding the ecological processes of

coastal ecosystems through the monitoring of marine commu-

nities, where basic information (e.g., the list of species) are

lacking is essential to ensure the systems’ health. This study

presents the first checklist for the tidepool fishes from

Jericoacoara National Park. In addition, estimations of body

size, density and biomass are provided, and the patterns of

species geographic distribution and one range extension are

discussed.

Materials and Methods

1. Study Area

The Jericoacoara National Park is located in Ceará State in

northeastern Brazil (2647’S, 40630’W), with an area of 8,416 ha

composed of a mosaic of landscapes (i.e., cliffs, mangroves,

sandy beaches, sandy dunes and rocky intertidal shore; Figure 1).

In the northern part, the intertidal zone is dominated by a

beachrock formation, and diversified sessile fauna and flora (i.e.,

ascidians, corals, macroalgae and sponges) partially cover the rocky

shore and the tidepools (Figure 2). The regional climate is tropical

semi-arid (mean: 276C temperature, 989 mm rainfall); during the

dry season the trade winds are more intense (reaching 15 m/s). The

coastal circulation is driven by the North Brazil current and by

semidiurnal mesotides (Meireles 2011, MMA 2011).

2. Data collection

Samples were collected with the permission of the Instituto

Chico Mendes de Conservação da Biodiversidade (ICMBio)

and Sistema de Autorização e Informação em Biodiversidade

(SISBIO), license number 35625. Sampling was conducted

during daytime, at low tide of the spring tide, in September

2012. Twenty-nine tidepools (without connectivity to the sea or

other pools during the ebb tide) were randomly sampled in a

surveyed area of 3.32 km2 (Figure 1). The physicochemical

parameters of water and morphological characteristics were

measured in each pool. Temperature, pH and salinity were

measured with a mercury thermometer (± 0.16C precision), a

ClolorpHast tape (± 1) and an optical refractometer (Model:

Q767; ± 0.1), respectively. Rugosity was measured by the chain-

and-tape technique (Wilding et al. 2010) and was replicated

three times per pool to obtain a mean value. The topography

and bathymetry of the rockpool were surveyed using a 20 cm 6
20 cm grid for the measurement of its depth within each square.

With this information, the area and volume of each pool were

calculated by kriging the data points in ArcGIS software. The

substrate composition of each tidepool was estimated following

Cox (2007), and categorized as sand (grain size , 1 mm), gravel

(# 50 mm) and rock (. 50mm). The sum of all categories

corresponded to 100% of the substrate composition. The

ichthyofauna was sampled using hand nets, and application

of an alcohol clove-oil solution to the pool’s water (Griffiths

2000, Ackerman & Bellwood 2002, Cunha & Rosa 2006). The

specimens were fixed in 10% formalin, preserved in 70%

alcohol, and subsequently, measured total length (TL) and total

weight (WT) with a precision of 0.1 mm and 0.01 g,

respectively. Density and biomass were expressed as the

number of individuals and weight (g) per volume of pool

(m3), respectively. Voucher specimens were deposited in the fish

collection at the ichthyological collection of the Grupo de

Ecologia Aquática (GEA.ICT), and the numbers are given in

the appendix. The species were categorized by their degree of

residency in pool habitats as permanent residents, opportunists,

and transients following Macieira & Joyeux (2011).

Zoogeographical affinities of the tidepool fishes in Jericoacoara

National Park were analyzed, and the species were categorized by

their geographic distribution (modified from Luiz Jr. et al. 2008)

into the following categories: CA = Central Atlantic (St. Paul’s

Rocks, Ascension and St. Helena); SW = Southwestern Atlantic

(Argentinian and Brazilian province-sensu Briggs & Bowen

2012); TA = Trans-Atlantic (both sides of the Atlantic Ocean);

and WA = Western Atlantic (in the western north and south

Figure 1. Geographic position of Jericoacoara National Park (blue circle) in the southwestern Atlantic. Delineation of the protected area on the
Brazilian coast (dotted green line), and the area sampled (orange area).
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Atlantic). A single species Omobranchus punctatus (Valenciennes

1836) was not evaluated for geographic distribution because it is

classified as an exotic species.

Results

The rockpools were similar in physicochemical parameters

of water but quite different in their morphological character-

istics (Table 1). Temperature was the most variable physico-

chemical parameter, and the pH differences were minor.

A total of 733 individuals, comprising 16 species belonging

to 12 families, was captured at Jericoacoara National Park

(Table 2 and Figure 3). The mean (± SD) density and biomass

were 143.96 ± 203.86 ind. m–3 and 24.61 ± 31.16 g m–3,

respectively, and the mean size (TL) was 53.2 ± 2.82 mm (range

8.0 –– 451.0 mm). Except for the green moray Gymnothorax

funebris Ranzani 1839, the community was composed of small

species or juveniles of medium-sized species. The family

Blenniidae was the most specious (three species) in this site,

with the others composed of only one or two species. The

frillfin goby Bathygobius soporator (Valenciennes 1837) (n =

183), molly miller Scartella cristata (Linnaeus 1758) (173),

sergeant-major Abudefduf saxatilis (Linnaeus 1758) (122), twin-

spotted frillfin Bathygobius geminatus Tornabene, Baldwin &

Pezold 2010 (73) and blenny Malacoctenus delalandei

(Valenciennes 1836) (72) were the most representative species

(85% of the total caught). These same five species showed

highest density, but biomass (g m–3) was more expressive for S.

cristata (mean ± standard deviation 143.1 ± 422.7), B.

soporator (120.9 ± 187.7), A. saxatilis (51.52 ± 116.3), dog

snapper Lutjanus jocu (Bloch & Schneider 1801) (47.81 ±

236.95) and G. funebris (20.75 ± 82.19). Among these, only A.

Figure 2. Landscapes of the rocky intertidal zone at ebb tide at Jericoacoara National Park, Brazil. (A-B) Beachrock formation at intertidal zone;
(C-D) Details of the rockpools. Photos: Tommaso Giarrizzo.

Table 1. Mean ± standard deviation (N = 29), minimum and maximum values of the environmental parameters of tidepools at Jericoacoara
National Park, Ceará State, Brazil.

Environmental parameters Mean ± standard deviation Minimum Maximum

Physicochemical parameters

pH 8.6 ± 0.1 8.5 9.0

Salinity 35.6 ± 0.6 35.0 37.0

Temperature (6C) 27.8 ± 1.7 24.5 30.5

Morphological characteristics

Area (m2) 4.8 ± 4.3 0.50 20.1

Sand Coverage (%) 34.6 ± 27.7 0.0 100.0

Rock Coverage (%) 40.6 ± 24.8 0.0 83.0

Gravel Coverage (%) 24.8 ± 24.9 0.0 100.0

Rugosity 1.6 ± 0.5 1.1 3.3

Volume (m3) 0.3 ± 0.2 0.01 1.30
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saxatilis and L. jocu were not considered permanent resident of

rockpools. The occurrence of the muzzled blenny Omobranchus

punctatus is reported for the first time in the state of Ceará

(Jericoacoara National Park), where 11 specimens were

collected in this survey, with a mean density of 3.49 (± 11.72)

ind. m–3 and a biomass 3.75 g m–3 (± 12.74). The occurrence of

the blenny Hypleurochilus fissicornis (Quoy & Gaimard 1824) at

Jericoacoara National Park extends the known distribution of

this species by approximately 2,500 km northward. The

previously known geographic distribution of this species was

206S (Brazil) to 406S (Argentina) and covered approximately

3,000 km (Menezes & Figueiredo 1985, Irigoyen & Galván

2009, Rangel & Guimarães 2010). A total of 66 H. fissicornis

were captured with a mean density and biomass of

6.23 (± 17.28) ind. m–3 and 2.01 (± 5.74) g m–3, respectively.

The geographic distribution of the tidepool fishes from

Jericoacoara National Park demonstrates that half of all species

(8) were distributed exclusively in the western Atlantic, five

occurred on both sides of the Atlantic Ocean, and the other

four species had distinct distribution ranges. However, only the

molly miller S. cristata had a wide distribution in the Atlantic

Ocean and the Mediterranean Sea.

Discussion

The homogeneity in physicochemical parameters of water

between tidepools, indicates a similar physiological stress

condition for the tidepool communities. A strong variability

was detected in the morphological characteristics that could

indicate an ecosystem with many types of microhabitats, and

may denote a diversified spectrum of niches (Mouillot et al.

2007, Macieira & Joyeux 2011). These features seem to be

associated to flat reefs (e.g., Macieira & Joyeux 2011) or rocky

shores, with discrete difference in height between pools, in areas

where the intertidal zone daily inundated by the sea.

The composition of the tidepool fish community in

Jericoacoara National Park is similar to other areas in Brazil,

but the richness is lower than expected compared with sites in

northeastern Brazil (e.g., Cabo Branco, Paraiba state with 40

species, Rosa et al. 1997). Given that our sampling effort was

concentrated in a unique sampling event, the present species list

provides relevant information exclusively for permanent

resident fish (e.g., 10 resident fish species in our study vs. 13

resident fish species in Cabo Branco, Rosa et al. 1997, in two

pools sampled 24 times). Only with high temporal resolution

sampling designs (e.g., monthly samples), could be achieved the

record of opportunistic and transient fishes. Furthermore,

difference in the number of species could be explained by

several environmental factors such as structural complexity

(Davis 2000, Griffiths et al. 2006, Rojas & Ojeda 2010),

morphology of pools (Mahon & Mahon 1994, Macieira &

Joyeux 2011), substrate cover (Bennett & Griffith 1984, Davis

2000, Arakaki & Tokeshi 2011), vertical position (Gibson 1972,

Barton 1982, Davis 2000, Castellanos-Galindo et al. 2005, Cox

et al. 2010) and exposure to waves (Gibson 1972, Grossman

1982). For example, the tidepools in Cabo Branco (see Rosa et

al. 1997) are about 80-266 times voluminous than the sampled

pools in Jericoacoara. According to Mahon & Mahon (1994),

there is a positive correlation between the abundance / richness

of species and volume of pool. Furthermore, the non-resident

fish commonly use these large pools (Mahon & Mahon 1994,

Macieira & Joyeux 2011), which are absent in the intertidal

zone of Jericoacoara National Park. The synergetic interaction

of these factors modulates the intertidal fish community since

they act as a species filter (Macieira & Joyeux 2011), and the

many combinations of factors result in different types of

communities. Thus, only with standardized sampling design

with high spatio-temporal resolution and similar quantitative

methodologies could be possible to understand how the local

and regional ecological drivers influence the fish assemblages in

tidepool ecosystems.

The classic permanent resident fish families in tidepools,

Blenniidae and Gobiidae (Prochazka et al. 1999), were

expressive in terms of the number of species (31.25% of all

species) and dominant in abundance (69.03% of all caught),

density (73.25% of the total mean density) and biomass (65.48%

of the total mean biomass). The success of these families in

occupying the intertidal ecosystem is related to morphological,

physiological and behavioral specialized adaptations to inter-

tidal life (Gibson 1986, Evans et al. 1999, Gibson 1999, Horn

et al. 1999, Martin & Bridges 1999). These adaptations allow

occupancy an ample spectrum of niches and improve the

capacity to compete for resources (e.g., food, shelter and nest

site). Alternatively, the opportunists and transient species (i.e.,

generally without adaptation to intertidal life) are segregated to

Figure 3. Some fish species of the rockpools at Jericoacoara National
Park, Brazil. (A) Bathygobius soporator, (B) school of Haemulon parra,
(C) Lutjanus jocu. Photos: Tommaso Giarrizzo.
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a specific type of pool (usually with large volume) with less

stressful physiological conditions, but with an increase in the

risk of predation and in the number of competitors (Mahon &

Mahon 1994, Macieira & Joyeux 2011). The presence of

juveniles of non-resident species could indicate the use of the

tidepools as a nursery site and highlights the importance of this

ecosystem to marine fishes (Gibson & Yoshiyama 1999,

Hernández et al. 2002, Krück et al. 2009). Future studies are

needed to evaluate the dependence on pools by non-resident

species, mainly those that are fishery-targeted species [e.g., L.

jocu, Mugil curema Valenciennes 1836 and Sparisoma frondo-

sum (Agassiz 1831)].

The analysis of the geographic distribution demonstrated

an absence of endemic species, and the fishes were widely

distributed. There are approximately 7 endemic species along

the Brazilian coast (excluding oceanic islands; R.M. Macieira

personal communication), but the absence of these endemic

species in the Jericoacoara pools could be due to the sampling

effort, because some species are rare and thus require a greater

effort to capture (e.g., Letharchus aliculatus McCosker 1974;

R.M. Macieira personal communication). Most of these species

have high microhabitat specificity and the morphological

structure of tidepools in Jericoacoara National Park may not

be adequate.

Biological invasions are an actual and growing threat to

ecosystems health (Pimentel 2011), and understanding the

process, implications and consequences of invasions is key to

minimizing their effects. The exotic species O. punctatus is native

to the Indo-Pacific (Springer & Gomon 1975) but is widely

dispersed along the Brazilian coast in stabilized populations

(e.g., Bahia, Maranhão, Pará, Piauı́, Rio de Janeiro and Santa

Catarina) (Gerhardinger et al. 2006, Lasso-Alcalá et al. 2011).

However, biological (e.g., fecundity, growth) and ecological

(e.g., niche, food habits) data about this invasion are still lacking.

At Jericoacoara National Park, the presence of this exotic species

during its entire life (i.e., juveniles to adults were caught sensu

Froese & Pauly 2014 - Life-history tool) and some characteristics

such as small size, negative buoyancy, compressed body form,

thigmotaxy, saltated swimming and cryptic behavior (Gibson

1986), permits it to be classified as a permanent resident. In

addition, the density and biomass were comparable to others

species (e.g., H. fissicornis and M. delalandei). Thus, O. punctatus

has good potential to compete for resources with native species,

especially the permanent resident species that use specific and

limited resources as nest sites and shelter / rest areas. The effects

of introduction cannot be completely evaluated because preterit

data are absent, but simulations and ecological models could

provide an interesting perspective of the invasion process.

In conclusion, the present work provides the first list of

tidepool fishes from Jericoacoara National Park. Despite the

lack of occurrence of endemic species and limited representa-

tively of opportunistic and transient fishes, this work illustrates

how a small concentrated effort can help fill the lack of

knowledge and provide useful information to implement the

management plan for this protected area. To promote the

native biodiversity and maintain the presence of current species,

we recommend (1) additional study in the area to determine the

effects of the exotic species O. punctatus on native species, (2)

long-term ecological research to monitor the ecosystem health

(considering the low coast of sampling tidepool fishes and the

importance of this component to system), and (3) modeling the

effects of anthropogenic impacts on the food web by the

modification of functional diversity.

Acknowledgments

This research was financially supported by the postgraduate

program in Aquatic Ecology and Fishery (UFPA). We thank

Wagner Cardoso and ICMBio Team for their cooperation and

assistance during the field. FMS, MAZG, AFC, EMCM were

funded by CAPES, and TG receives a productivity grant from

CNPq (process: 308278/2012-7). RM and TG were funded by

PNPD grant from CAPES. The authors belong to the CNPq

Research Group: Grupo de Estudo de Peixes do Entremarés -

GEPE. The authors wish to thank the editor and anonymous

reviewers for comments on an earlier version of this paper.

References

ACKERMAN, J.L. & BELLWOOD, D.R. 2002. Comparative

efficiency of clove oil and rotenone for sampling tropical reef fish

assemblages. J. Fish. Biol. 60(4):893-901.

ADDESSI, L. 1994. Human disturbance and long-term changes on a

rocky intertidal community. Ecol. Appl. 4(4):786-797.

ARAKAKI, S. & TOKESHI, M. 2011. Analysis of spatial niche

structure in coexisting tidepool fishes: null models based on multi-

scale experiments. J. Anim. Ecol. 80(1):137-147.

BARREIROS, J.P., BERTONCINI, Á., MACHADO, L., HOSTIM-
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LASSO-ALCALÁ, O., NUNES, J.L.S., LASSO, C., POSADA, J.,

ROBERTSON, R., PIORSKI, N.M., VAN TASSELL, J.L.,

GIARRIZZO, T. & GONDOLO, G. 2011. Invasion of the Indo-

Pacific blenny Omobranchus punctatus (Perciformes: Blenniidae) on the

Atlantic Coast of Central and South America. Neotrop. Ichthyol.

9(3):571-578.

LUIZ J.R., O.J., CARVALHO-FILHO, A., FERREIRA, C.E.L.,

FLOETER, S.R., GASPARINI, J.L. & SAZIMA, I. 2008. The reef

fish assemblage of the Laje de Santos Marine State Park,

Southwestern Atlantic: annotated checklist with comments on

abundance, distribution, trophic structure, symbiotic associations,

and conservation. Zootaxa. 1807:1-25.

MACIEIRA, R.M. & JOYEUX, J.-C. 2009. Length-weight relation-

ships for rockpool fishes in Brazil. J. Appl. Ichthyol. 25(3):358-359.

MACIEIRA, R.M. & JOYEUX, J.-C. 2011. Distribution patterns of

tidepool fishes on a tropical flat reef. Fish. B-NOAA. 109(3):305––

315.

MACIEIRA, R.M., SIMON, T., PIMENTEL, C.R. & JOYEUX, J.-C.

2015. Isolation and speciation of tidepool fishes as a consequence of

Quaternary sea-level fluctuations. Environmental Biology of Fishes

98, 385-393.

MAHON, R. & MAHON, S.D. 1994. Structure and resilience of a tidepool

fish assemblage at Barbados. Env. Biol. Fish. 41(1-4):171-190.

MANNINO, M.A. & THOMAS, K.D. 2002. Depletion of a resource?

The impact of prehistoric human foraging on intertidal mollusc

communities and its significance for human settlement, mobility

and dispersal. World Archaeol. 33(3):452-474.

MARTIN, K.L.M. & BRIDGES, C.R. 1999. Respiration in water and air.

In Intertidal fishes: life in two worlds (Horn, M.H., Martin, K.L.M. &

Chotkowski, M.A., ed.). Academic Press, San Diego, CA, p.54-78.

MEIRELES, A.J.A.D. 2011. Geodinâmica dos campos de dunas
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Appendix

Museum vouchers of specimens from the Jericoacoara National Park, deposited in the ichthyological collection of the Grupo de

Ecologia Aquática (GEA.ICT). Species arranged in alphabetical order. Abudefduf saxatilis GEA.ICT#01694; Acanthurus chirurgus

GEA.ICT#00071; Ahlia egmontis GEA.ICT#00019; Bathygobius geminatus GEA.ICT#00325; Bathygobius soporator

GEA.ICT#00382; Gobiesox barbatulus GEA.ICT#00166; Gymnothorax funebris GEA.ICT#00293; Haemulon parra

GEA.ICT#00293; Hypleurochilus fissicornis GEA.ICT#01693; Labrisomus nuchipinnis GEA.ICT#00410; Lutjanus jocu:

GEA.ICT#00186; Malacoctenus delalandei GEA.ICT#00158; Mugil curema GEA.ICT#01692; Omobranchus punctatus

GEA.ICT#01691; Scartella cristata GEA.ICT#00253; Sparisoma frondosum GEA.ICT#01690.
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