
Research, Society and Development, v. 9, n. 10, e9229109238, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.9238 

1 

Fish larval distribution in a macro-tidal regime: an in situ study in São Marcos Bay 

(Amazon Coast, Brazil) 

Distribuição de larvas de peixes em regime de macro-marés: um estudo in situ na Baía 

de São Marcos (Costa Amazônica, Brasil) 

Distribución de larvas de peces en régimen de macromareas: un estudio in situ en la 

Bahía de São Marcos (Costa Amazónica, Brasil) 

 

Received: 10/12/2020 | Reviewed: 10/20/2020 | Accept: 10/24/2020 | Published: 10/25/2020 

 

Rômulo de Araújo Soares 

ORCID: https://orcid.org/0000-0001-6900-6011 

Universidade Estadual do Maranhão, Brasil 

E-mail: sr.romulosoares@gmail.com 

Júlio Cesar Martins Ribeiro Júnior 

ORCID: https://orcid.org/0000-0002-0503-3261 

Universidade Federal do Maranhão, Brasil 

E-mail: julior_1911@gmail.com 

Paula Cilene Alves da Silveira 

ORCID: https://orcid.org/0000-0002-0792-6936 

Universidade Federal do Maranhão, Brasil 

E-mail: pca.silveira@ufma.br 

Raimunda Fortes Carvalho Neta 

ORCID: https://orcid.org/0000-0002-3519-5237 

Universidade Estadual do Maranhão, Brasil 

E-mail: raifortes@gmail.com.br 

Audalio Rebelo Torres Junior 

ORCID: https://orcid.org/0000-0003-1864-2645 

Universidade Federal do Maranhão, Brasil 

E-mail: audalio.torres@gmail.com 

 

 

Abstract 

The occurrence of ichthyoplankton is associated to the hydrodynamics and spawning behavior 

of adults. In this study we aimed to detect regions of concentration of ichthyoplankton in São 
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Marcos Bay, which has macro tidal amplitudes in Amazon Coast, Brazil. Ichthyoplankton 

was acquired by way of drag technique, using with 300 μm mesh. The density was obtained 

considering the number of eggs and larvae in filtered water. The sources of Ichthyoplankton 

were defined continuous and organized to denote the asynchronously the distribution 

conditions. To this was done using Voronoi polygon to determine the spatial shape of the 

region of operation of all sampling points. The use of CESM, as a spawning site and breeding 

fish larvae, was verified at all times of the year, with a higher density of eggs in the wet 

period and a higher density of larvae during the dry period. The position of the higher 

ichthyoplankton densities varied, considering concentrations in the area at south-east channel 

of the CESM in the rainless period, going to the central area in the wet period. The southeast 

of CESM is, therefore, a nursery for fish, requiring environmental management actions. 

Keywords: Ichthyoplankton; Voronoi polygon; Environmental protection. 

 

Resumo 

A distribuição do ictioplâncton está diretamente relacionada à hidrodinâmica de uma região e 

ao comportamento de desova dos adultos. Neste estudo, objetivamos mapear as zonas de 

maior ocorrência de ictioplâncton observadas na Baía de São Marcos, que possui uma das 

maiores amplitudes de maré da Costa Amazônica, Brasil. O ictioplâncton foi coletado por 

meio de técnica de arrasto horizontal na camada superficial, utilizando rede de rolos cônicos 

com malha de 300 μm acoplada a medidor de vazão. A densidade foi calculada considerando 

a razão entre o número total de ovos e larvas de cada amostra e o volume de água filtrada. As 

fontes de ictioplâncton foram consideradas contínuas e foram organizadas para representar de 

forma assíncrona as condições de distribuição. Para isso foi feito utilizando o polígono de 

Voronoi para determinar a forma espacial da área de atuação de todos os pontos de 

amostragem. O uso do CESM, como local de desova e reprodução de larvas de peixes, foi 

verificado em todas as épocas do ano, com maior densidade de ovos no período chuvoso e 

maior densidade de larvas no período de seca. A localização das maiores densidades de 

ictioplâncton variou, com as maiores concentrações mais próximas do canal sudeste do 

CESM na estação seca, deslocando-se para o centro na estação chuvosa. O canal sudeste do 

CESM era, portanto, viveiro de muitas espécies de peixes, exigindo ações prioritárias de 

proteção ambiental. 

Palavras-chave: Ictioplâncton; Polígonos de Voronoi; Proteção ambiental. 
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Resumen 

La aparición de ictioplancton está asociada a la hidrodinámica y al comportamiento de desove 

de los adultos. En este estudio, nuestro objetivo fue detectar regiones de concentración de 

ictioplancton en la bahía de São Marcos, que tiene amplitudes de macromama en la costa 

amazónica, Brasil. El ictioplancton se adquirió mediante técnica de arrastre, utilizando malla 

de 300 μm. La densidad se obtuvo considerando el número de huevos y larvas en agua 

filtrada. Las fuentes de Ictioplancton se definieron de forma continua y organizada para 

denotar asincrónicamente las condiciones de distribución. Para esto se hizo usando el 

polígono de Voronoi para determinar la forma espacial de la región de operación de todos los 

puntos de muestreo. El uso de CESM, como lugar de desove y cría de larvas de peces, se 

verificó en todas las épocas del año, con una mayor densidad de huevos en el período húmedo 

y una mayor densidad de larvas durante el período seco. La posición de las mayores 

densidades de ictioplancton varió, considerando concentraciones en el área del canal sureste 

del CESM en el período sin lluvias, yendo al área central en el período húmedo. El sureste de 

CESM es, por tanto, un vivero de peces, que requiere acciones de gestión ambiental. 

Palabras clave: Ictioplancton; Polígono de Voronoi; Protección del medio ambiente. 

 

1. Introduction 

 

São Marcos Bay (Complexo Estuarino de São Marcos - CESM, Maranhão) has greater 

tides in Brazil (Filho & Martins, 2005) and his dynamics is in focus to converrsion of energy 

(González-Gorbeña, Rosman, & Qassim, 2015). CESM is a representative estuaries of 

northeastern Brazil (Pereira & Harari, 1995), operates onde mais um porto carrying loads 

potential impact com os Aquatic organisms (Carvalho-Net, Torres, & Abreu-Silva, 2012; R. 

N. F. Carvalho Net & Abreu-Silva, 2013). In addition, in this region there is a continuous 

mangrove environmental protection initiative in Maranhão (Carvalho Neta & Castro, 2008). 

Environments with hydrodynamics similar to CESM are found in the Amazonas estuary in 

Pará. (Geyer, 1995; Le Bars, Lyard, Jeandel, & Dardengo, 2010; Rockwell Geyer et al., 1996) 

and in Amapá, Brazil (Santos et al., 2005), and in other locations like Bristol Channel and 

Severn River, England (Allen, 1991, 1992; Allen & Rae, 1987; Kirby & Parker, 1983), Mont 

Saint-Michel Bay, France (Larsonneur, 1994) and Cook Inlet, Alaska (Bartsch-Winkler & 

Ovenshine, 1984; Bartsch-Winkler & Schmoll, 1984). 

A disposition of ichthyoplankton is associated with the hydrodynamics Chia, 

Buckland-Nicks, & Young, 1984), which impacts its accumulation (Rumrill, 1990; 



Research, Society and Development, v. 9, n. 10, e9229109238, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.9238 

4 

Sfakiotakis, Lane, & Davies, 1999) and also the dispersion of the larvae (Cowen, Lwiza , 

Sponaugle, Paris, & Olson, 2000; Green et al., 2014; Shima & Swearer, 2010). Knowledge 

about the region where larval fish accumulation and retention occurs is important for 

conservation and creation of protected areas (Warner, Swearer, & Caselle, 2000). However, 

there are no studies that show that protected areas are successful with larvae of fish species 

(Christie et al., 2010). We aim to identify areas of higher occurrence of ichthyoplankton 

observed in São Marcos Bay. The knowledge of the distribution of fish larvae is of supreme 

importance for fisheries management. It will also help environmental control agencies to 

define fisheries and environmental protection policies. 

 

2. Metetial and Methods 

 

Study Area 

 

The CESM is in the center of the coastal region of Maranhão (Figure 1), on the 

Brazilian equatorial margin. This estuarine complex extends from the division of the Mearim 

River through Ilha do Caranguejos to the border with the adjacent maritime area (Ribeiro et 

al, 2012). The average depth of the CESM is around ten meters and has an area of 

approximately 3.000m² (Filho & Martins, 2005). The region has the highest tidal ranges in 

Brazil (González-Gorbeña et al., 2015). The sea level variation in the region range from 3.3 

meters to 7 meters height in spring tide (Silva et al., 2009).  
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Figure 1 - São Marcos Bay. 

 

Source: Authors. 

 

At CESM there is a hydrodynamics, with speeds above 4m.s-1 (Teixeira Bonecker, de 

Castro, & Teixeira Bonecker, 2009). The climate is defined as tropical with two seasons: the 

wet season (January to June) when about 94% of the rains occur; and dry season (July to 

December) with 6% of precipitation (INMET, 2015). 

 

Data acquisition 

 

The ichthyoplankton sampling took place in November 2014, and in March, June and 

September 2015. The collection points were distributed in four cross sections (Figure 2). 

Section 01 was located on the west bank of CESM with the influence of the Pindaré River. 

Section 02 was on the east bank of CESM, influenced by the Mearim River. Section 03 was 

located in the center of CESM. Section 04 was located in the northernmost portion of CESM. 

90 samples were taken at 3-month intervals. For each period of the year (dry and rainy) an 

identical series of data acquisition was carried out. 
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Figure 2 - Identification of sampling. 

 

Source: Authors. 

 

Ichthioplankton was collected using horizontal drag on the surface layer in layer 0 at 

0.5 m (Smith & Richardson, 1977). Tapered roller nets with a mesh of 300 micrometers (net 

mouth diameter = 60 cm) were used, coupled to flow meters manufactured by Hydro Bios® 

model 438-115 to estimate the water volume. 

The nets were dragged for three minutes at a speed of 2 knots. The sample was fixed 

in 4% formalin and screened with a Zeiss Stemi DV4 magnifier with a focal resolution of 8-

32x. 

The density (individuals 100m-3) was estimated considering the count of eggs and 

larvae and the volume of filtered water (Barkley, 1964). The sources of ichthyoplankton were 

considered continuous in space and represent the distribution asynchronously. The 

interpolation, dog in space was made using the Voronoi polygon method (Aurenhammer, 

1991; Fortune, 1992) to determine the spatial shape of the area of operation of all sampling 

points. Once the location of the 19 generating points was geographically defined, the 

polygons were constructed. Options for its construction can be found in several "packages", 

such as, for example, the GIS SpanMap that was used. 
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3. Results 

 

We peformed 90 sampling on the two periods of the year (rainy season and dry 

season) were collected 4,934 eggs and fish larvae, we identified samples correspond to the (03 

Order), (07 Family) and (12 Group), 60% was recorded in the dry season. In the table below, 

we can see the species founded. 

 

Table 1 - 

  Family Group taxonomic   

Clupeiformes 
Engraulinae 

Anchoviela lepidentostole (Fowler, 1911) 

Anchovia clupeoides (Swainson, 1839) 

Lycengraulis grossidens (Spix & Agassiz, 1829) 

Centegraulis edentulus (Cuvier, 1829) 

Clupeidae Sardinella brasiliensis (Steindachner, 1879) 

Perciformes 

Gobiidae 
Bathygobius sp n.i 

Coryphopterus sp n.i 

Ephippidae Chaetodipterus faber (Broussonet, 1782) 

Sciaenidae 
Cynoscion acoupa (Lacepède, 1801) 

Stellifer stellifer (Bloch, 1790) 

Lutjanidae Lutjanus sp n.i 

Tetraodontiformes 
Tetraodonti

dae 
Colomesus psittacus 

(Bloch & Schneider, 

1801) 

Source: Authors. 

 

In the wet period, the highest ichthyoplankton densities were found near Section 03, 

where concentrations of 1100-100m-3 occurred in November 2014. In March 2015, the 

concentration of ichthyoplankton reached values of 661-100m3 individuals, 30% lower than 

the previous sample (Figure 3). 
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Figure 3 - Spatial distribution of Ichthyoplankton in the wet period. A) November 2014; B) 

March 2015. 

  

Source: Authors. 

 

In the dry season (June 2015) a density of 906 individuals was obtained 100m-3, 17% 

less than the sampling of the wet period. We highlight that the area with the highest density of 

ichthyoplankton occurred in the center of Section 03. 

The highest density of ichthyoplankton was observed in the dry season (September 

2015). The point of highest density of larvae (1727 individuals 100m-3) also differed from 

that previously observed, in section 02 (Figure 04). 

 

Figure 4 - Spatial distribution of Ichthyoplankton in the dry season. A) sampling conducted 

in June 2015; B) sampling conducted in September 2015. 

  

Source: Authors. 
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The location of the largest Ichthyoplankton densities vary with seasonality, where the 

highest concentrations were closer to the east bank of the CESM (facing the mouth of the 

Mearim River) in the dry season, moving to the center in the rainy season. 

 

4. Discussion 

 

Higher ichthyoplankton densities east of section 02 suggest a spawning region. Ilha 

dos Caranguejos has been an area of environmental protection since 1991 (R. Carvalho Neta 

& Castro, 2008; Soares et al, 2018). This island seems to export fish larvae to the central 

region, the center of CESM. A survey of the island's fish assembly showed that the number of 

species, the Margalef richness index and the Sanders rarefaction curves have higher values on 

the side of the island with greater influence from the Mearim River, and a large proportion in 

the samples of juveniles of all taxa suggest that in this area it is characterized as feeding and 

reproduction. Previous studies suggest that protected estuaries are important because they 

provide the ideal conditions for feeding and breeding many species of fish (Pauly et al., 

2002). In addition, these areas are important because they function as egg and larvae exporters 

to other areas (2010; Pauly et al., 2002). Larval connectivity shows that marine protected 

areas successfully seed unprotected areas with fish larvae (Christie et al., 2010). 

The BIGGEST larval retention occurred in the area of influence of the Mearim River 

(2180-100m³ individuals) close to Ilha dos Caranguejos. These results indicate that the fish 

spawn on the island (September) before the beginning of the rains (November) and the tides 

contribute to disperse the larvae to the center of CESM. Some authors show that several 

species of fish have restricted spawning periods (Lowe-McConnell, 1987a), usually at the end 

of the dry season so that the larvae are active during the rainy season (Araujo-lima, 1994). 

This strategy guarantees feeding conditions (Nikolskii, 1963), reduction of predators (Lowe-

McConnell, 1987b, 1987a) and dispersal of larvae in outward periods (Helfman, Collette, 

Facey, & Bowen, 2009; Wootton, 1990). This happens in fluvial environments, as the rain 

makes it possible for flooded areas to provide shelter (Puebla, 2009), which reduces the effect 

of density-dependent processes such as competition and predation (Araujo-lima, 1994; Lowe-

McConnell, 1987b). This expansion of the flooded area increases the amount of organic 

matter available in the system for the larvae (Godinho, Lamas, & Godinho, 2010), by 

submersion and decomposition of marginal vegetation (Junk et al. 1983). 

Considering marine protected areas as methodologies for increasing fisheries has not 

been successful as there is a lack of evidence that they successfully seed unprotected sites 
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with larvae of target species (Christie et al., 2010). Some studies with marine, estuarine and 

freshwater species on Ilha dos Caranguejos have shown that this area is an important breeding 

ground for species economically exploited in the region. In this study, the large concentration 

of larvae in this region suggests that the protected area is essential for the conservation and 

management of fishery resources. 

  

5. Conclusion 

 

The tide, the physiographic characteristics and the leak of the Rio Mearim (Parrish et 

al. 1981; Chiappa-carrara et al., 2003) influence the distribution of the ichthyoplankton. In the 

eastern portion of CESM there is a breeding ground for many species of fish. 

The high concentration of ichthyoplankton at CESM is influenced by precipitation 

patterns (rains), with the highest percentage (60%) of ichthyoplankton at the end of the dry 

season. 
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