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Abstract: Crassostrea oysters present planktonic/planktotrophic larval development. Thus, it is essential 
knowing larvae distribution patterns in estuarine environments presenting oyster farms and spat collection. 
The aim of the current research is to investigate the spatio-temporal distribution of oyster larvae in Guaratuba 
Bay (Paraná State – Brazil) based on monthly samplings conducted with a plankton net (50 cm diameter and 
225 µm mesh size) from June 2003 to June 2004 in three different points (Point I – bay´s entrance; Point II 
– cultivation park; Point III – median sector of the bay). Plankton samples were preserved in 4% buffered 
formaldehyde. They were concentrated and quantified in the laboratory. The total number of larvae in the 
sample from each net was counted and corrected to a standard larvae/m3 collection tow. Data about sea 
water temperature, salinity, transparency and pluviosity were also collected. Based on results about the 
spatial distribution of larvae, mean density was 33.30 ±42.73 larvae/m³ in Point I; 17.84 ±16.88 larvae/m³ in 
Point II and 55.53 ±78.31 larvae/m³ in Point III, during the studied period. Spring and Summer were the 
seasons recording the most expressive mean number of larvae; the largest concentration of them was found 
in Point III, in the middle section of the bay. 
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HIGHLIGHTS 
 

 Crassostrea oysters larvae patterns in estuarine environments. 

 Larvae distribution patterns in Guaratuba Bay (Paraná State – Brazil). 
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INTRODUCTION 

Oysters are broadcast spawners, i.e., male and female oysters release eggs and sperm into the water 

column where fertilization takes place. Fertilized eggs develop into planktonic planktotrophic larvae [1,2]. 

Larval-period duration in natural environments is mainly determined by water temperature and food 

availability [3]. However, factors such as salinity and water turbidity can affect larval dispersion [4,5]. 

Although larvae are able to horizontally and vertically move in the water column, aspects such as currents 

and tidal speed enable wider larval dispersion, mainly in horizontal position [6,7]. Vertical larval 

displacement depends on the larval stage, as well as on environmental factors such as water temperature 

and salinity [8,9,12]. 

The retention of larvae from pelagic estuaries is also influenced by their active and passive transport 

[10,11]. Complex interactions between the larval swimming and the circulation characteristics of the 

environment have been suggested as retention mechanisms [9], while other studies suggest that the larvae 

can maintain their position in the estuary, regardless of environmental factors [12]. Oyster larvae are most 

abundant near the surface of the water during their early stages of development, but they move closer to 

the bottom when they reach the end of their pelagic stage, theoretically because they are looking for a 

substrate for fixation [5]. Some studies have also addressed the influence of luminosity on the distribution 

of oyster larvae [13]. 

Therefore, the incidence of larvae in the plankton can be influenced by a series of factors such as 

physical and chemical features of the environment, food availability, predation or diseases, currents, active 

transport and the availability of proper substrate for fixation [14]. Thus, it is essential investigating oyster 

larvae distribution in the water column in order to evaluate their possible dispersion mechanisms in 

estuaries. Allocation of seed collectors in areas with a greater amount of pediveliger larvae can enhance 

seed capture [15;27;29]. Studies have found a greater abundance of recruitment in the estuarine sector 

next to natural oyster banks [30]. 

Although in Guatatuba Bay there two species of oysters cultivated, C. rhizophorae and C. brasiliana 

(sin = C. gasar) [16] were identified, most adults specimens intertidal correspond to C. rhizoporae, where 

97% of the incidence was based on electrophoresis analyzes [16]. The aim of the present study was to 

investigate the spatiotemporal distribution of oyster larvae along a longitudinal axis of Guatatuba Bay and to 

relate the observed patterns to environmental variables (sea-water temperature, salinity, transparency and 

pluviosity). 

MATERIAL AND METHODS  

Guaratuba Bay is located on the coastal plain of Southern Brazil (Figure 1); it is divided in four cross-

estuary sections: bay mouth – T1, middle point – T2, Cubatão River mouth - T3, and São João River 

mouth – T4 [17]. The river basins contributing to the total runoff into Guaratuba bay cover a surface 

area of 1,724 km and have drainage density 1.87 rivers.km-1. In addition, they present dendritic drainage 

pattern and mean river runoff of at least 80m.s-1; approximately 24% of this area (12.13 km) is composed 

of shallow waters or sand and muddy banks [17].  
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Figure 1. Location of points in Guaratuba Bay, Paraná – Brazil.  Points: I (near Sepultura Island), II (oyster farms) and 
III (medium sector of the bay). Sections: T1 - bay mouth; T2 - middle; T3 - Cubatão river mouth; T4 - São João river 
mouth [17]. 

Monthly plankton samples were collected at three different locations in Guaratuba Bay: Point I - bay´s 

entrance (25°51’20’’S; 48°34’39’’W – T1), Point II - oyster farms (25º49’56”S; 70 48º34’48”W – T1) and Point 

III - median sector of the bay (25°52’12’’S; 48°38’21’’W – T2), from June 2003 to June 2004 (Figure 1). 

Samples were taken in two consecutive oblique drag (one-minute duration each) by using a conical plankton 

net (50 cm diameter and 225  mesh size). Plankton samples were preserved in 4% buffered   

formaldehyde. Samples were concentrated in the laboratory and examined in a counting chamber, in 

stereomicroscope. The total number of pediveliger (height > 225 µm) in each net sample was counted and 

corrected to a standard larvae/m3 collection tow. "D" larvae (beginning of larval development) were not 

characterized due to their size and difficult identification. 

Data about seawater temperature, salinity, water transparency (Secchi Disk), and pluviosity were also 

collected monthly, parallel to plankton tows. Sea water temperature was measured with a mercury 

thermometer (0.1°C precision), salinity was measured with a portable refractometer (scale 1/100). Rainfall 

data were provided by the Technological Institute - SIMEPAR (Guaratuba Weather Station). 

Larval density data were transformed into log (x+1). After data normality and homogeneity were 

evaluated, two Factoral ANOVAs were used to test significant differences (a=0.05) in larval density 

(dependent variable) between independent variable (points and seasons; points and months) and Tukey 

test (post hoc). Principal Component Analysis (PCA) was conducted on a correlation matrix after the log 10 

transformation of larval abundance data, which were associated with a set of environmental variables 

(seawater temperature, salinity, transparency and tidal phase) likely to influence larval abundance at the 

sampling stations in STATISCA 10 program. 

RESULTS 

Environmental parameters 

Sea water temperature recorded annual variation 7°C, since values oscillated between 20°C and 27°C, 

as well as annual mean 24.0 ±2.2°C in Points I, II and III (Supplementary material FS1 and FS2). The highest 

temperatures were registered from October 2003 to March 2004 (Supplementary material FS1 and FS2). 

Mean annual salinity was 26.0 ±4.0 in Point I (annual range 10); 23.5 ±2.0 in Point II (annual range 6); and 

18.5 ±3.4 in Point III (annual range 13) (Supplementary material FS3 and FS4). The annual mean of Secchi 

depth (sea water transparency) was 1.5 ±0.4m in Point I; 1.1 ±0.2 m in Point II; and 1.3 ±0.5 m in Point III. 

The highest sea water transparency value was found in June 2003 (2.4 m) and the lowest value (0.50 m) in 

February 2004, in Point III. Pluviosity data indicated higher rainfall rate in April (283.2 mm), which was 

followed by values recorded in January (266.8 mm), February (257.8 mm) and March 2004 (255.2 mm). 

Winter months recorded the lowest rainfall rate. 
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Spation-temporal distribution 

Analyses showed mean density 85.07 ±42.73 larvae/m³ in Point I; 36.83 ±40.27 larvae/m³ in Point II and 

125.21 ±78.31 larvae/m³ in Point III, during the studied period. Analysis of variance showed significant 

differences (p<0.01) in larval density between sampling points (Figure 2; Supplementary material TS1 and 

TS4). 
 

 

Figure 2. Space distribution of larvae.m-³ in the Ponts I, II and III during the studied period in Guaratuba Bay, Paraná 

–  mean (n=24); I: stander deviation; letters indicate differences (p <0.05). 

The three herein studied points recorded significant larval mean (<0.01) during spring, summer and 

autumn; however, this value decreased as winter approached (Figure 3; Supplementary material FS5; TS1 

to TS3 and TS5).   
 

 

Figure 3. Seasonal averages of larvae.m-³ in Guaratuba Bay, Paraná –  (n=18); I: stander deviation; 

letters indicate differences (p <0.05). 

Plankton samples showed the incidence of oyster larvae throughout the sampling period; the greatest 

abundance was recorded between spring (November 2003) and autumn (March 2004) in the three studied 

points (Figure 4; Supplementary material FS5). Points I and II showed the highest density of larvae/m³ in 

February, whereas Point III recorded it in March 2004 (Figure 4). There was significant difference (p<0.01) 
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between larval density and monthly sampling in points (Figure 4; Supplementary material FS5; TS1, TS3 and 

TS5). 

 
Figure 4. Monthly averages of larvae.m-³ density in the Ponts I (red), II (orange) and III (blue) in Guaratuba Bay, 
Paraná – Brazil.  ♦,  and :  mean (n=2); I: stander deviation; asterisk indicates differences (p <0.05; grey: ≠ 2 
points; black: ≠ 3 points); winter (purple); spring (green); summer (yelow) and autumn (beige). 

Points I and II recorded higher densities in summer (mean values 67.38 larvae/m³ and 33.74 larvae/m³, 

respectively), when seasonal densities were analyzed by using seasons as independent variables. Point III 

showed higher densities in spring (2003), when it recorded mean value 111.67 larvae/m³ (Supplementary 

material FS5A). 

Environmental and biological interactions 

The largest larval density in Points I, II and III was associated with high temperature and rainfall rates in 

spring (2003) and summer (2003/2004), in less saline and less transparent waters. Larval density in Point III 

was strongly associed by temperature and pluviosity in summer (2003/2004), in low-salinity waters; whereas 

larvae incidence in Points I and II was less influenced by salinity (Figure 4 and 5; Supplementary material 

FS1 to FS5).  
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Figure 5. Principal Components Analysis in Points I, II and III, with the projection of the vector-variables, being: 

L = larvae.m-³; T = temperature (°C); S = salinity; Tb = transparency of water (m); Plu = pluviosity (mm); circles = 

Seasons (Sum = summer; Aut = autumn; Win = winter; Spri = spring), with the seasonal observations in the factorial 
plan I - II. Seasonal mean values in the period sampled from June/03 to May/04. 

DISCUSSION 

Several stages compose oysters’ reproductive cycle; they start at gametogenesis, pass through larval 

development until larvae reach settlement competence, settle and, finally, undergo metamorphosis. All 

these stages are influenced by endogenous and exogenous factors, such as temperature, food availability 

and salinity, which are the ones mostly influencing gonadal maturation and larval cycle duration [18,9]. Based 

on results in the present study, there are larvae in plankton throughout the year; however, this pattern is 

strongly influenced by temperature, since the highest larval density was observed under high temperatures 

and gonadal maturation [19,5]. The species C. rhizophorae and C. brasiliana (sin= C. gasar) recorded and 

24-day pelagic larval duration under controlled laboratory conditions, respectively, instead of larval periods 

(at 27°C) [20]. This outcome is similar to that found by [21] for oyster larvae collected at Paranagua 

Estuarine Complex, which is known by its higher water temperatures. 

 Studies conducted with C. rhizophorae and C. brasiliana in several coastal areas in Northeastern, 

Southeastern and Southern Brazil have suggested oyster reproduction all year long; spawning takes 

place in the hottest times of the year [22,23,24,5]. Food availability and salinity can also affect 

gametogenesis, as well as larval duration and distribution in the plankton [25]. Guaratuba Bay presents 

phytoplankton any time of the year, mainly in summer, when nutrient availability and high temperatures 

contribute to its development [27].  

In addition to the parameters mentioned above, the dispersion mechanism and larval retention in 

estuarine environments have suggested interaction among local conditions, water circulation and larval 

behavior [14]. Studies conducted with C. virginica have found unequal larval distribution in estuaries due 

to currents and tides [27]. Estuaries are influenced by tides, current speed and freshwater contribution; 

these factors, as well as planktonic larvae transport and survival, determine the distribution and density of 

adult oyster populations [27]. However, adult oyster population renewal can be compromised if larvae are 

transported to inappropriate areas for settling and metamorphosis [28]. The high larval concentrations in 

the bay’s inner sector makes a large number of larvae return for settling in natural oyster banks 

purposes. Similar behavior was observed by [26,5] in oyster larvae found in the Paranaguá Estuarine 

Complex. In addition, the conspicuous bedding attributed to the bay’s geomorphology – which presents a 

narrow and deep channel at its entrance and a shallow inner region - and to its water - residence time can 

contribute to larvae retention in the bay’s internal sections. These data are in compliance with those 

observed for the recruitment [29,15] and distribution of oyster banks in Guaratuba Bay [30,31]. 
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Larval distribution in the estuary 

Point III presented lower salinity values than Points I and II likely due to freshwater contribution 

(Supplementary material FS4). Point III recorded higher larval concentration than the other points. Such a 

concentration is likely related to lower salinity and to higher primary productivity [32]. A previous study has 

shown high oyster-seed recruitment rates at this same point, in the median region of the estuary [15]. There 

are natural banks of bottom oysters and stones close to Point III, they are exploited by riverine communities 

in the region [30,31]. Although this point was never monitored, it has shown more potential to recruit oyster 

seeds than the other points monitored in the region [29]. Sharp larval density decrease was recorded in 

February 2004 in this same point; this finding met the time-period presenting the lowest water transparency 

value (0.50 m). This outcome may be explained by the date scheduled for sample collection (February 09, 

2005), which took place right after an important Brazilian holiday. Point III (Garças Island) is very popular 

among tourists who sail small- and medium-sized boats, mainly at this time of the year. Disturbances, such 

as sediment suspension and water displacement caused by the circulation of high-speed boats, may 

have affected larval distribution throughout February. In addition, population increase in Guaratuba City 

during the holiday [32] may have contributed to increase urban-waste discharge in the watershed, at 

the bay’s middle sector. This process may have affected larval density during sampling, since this 

condition was not observed in the other points (I and II).  

Points I and II were located in the mouth of the bay; they showed lower larval density throughout the 

year (Supplementary material FS5A). Temperature, salinity, swell, current speed and tides were the 

environmental factors capable of determining horizontal larval displacement. Studies [26] conducted with 

oyster larvae in Paranaguá Estuarine Complex have suggested that individuals close to the settling stage 

adopt an active displacement mechanism to remain inside the estuary, where they find areas potentially 

favorable to recruitment [14,15]. The loss of larvae close to the mouth due to their exportation to the 

ocean is an important factor among these mechanisms [14]; it could be observed at Point I, where density 

was lower than in Point III, at the median sector of the estuary. A previous study has shown two 

simultaneous current nuclei in the mouth of the estuary, which are ruled by flux and reflux in this area 

[16]. In addition, lack of natural oyster banks explored after Point I (oceanic region) and the presence of 

natural oyster banks explored in the bay’s inner part, close to Point III [30,31], point towards larvae loss. 

Point II recorded the lowest larval density, similar to the finding observed in Guaratuba Bay [30]. Some 

authors also noticed the same condition for oyster recruits at this point [15]. This outcome could have 

been caused by competition between larvae and adult oysters. According to Mizerkowski and coauthors [32], 

crops can reduce phytoplankton availability in this point at Guaratuba Bay. 

Larval Season in the estuary 

Temporal larvae variation in the three Guaratuba Bay points revealed a difference between winter and 

other seasons, similarly to what was observed in other points monitored at the mouth of the bay, which have 

presented higher larval density in winter and summer [29]. The analysis of larval density conducted at 

the three sampled points on a monthly basis evidenced higher larval density in late spring (November 

2003), summer and in early fall (March 2004). A previous study has described larval density peak in the 

opening mouth in November [28]. Another study [17] has confirmed the same pattern, but with winter 

recruitment different from that of other seasons. Larval density differences were observed in 9 of the 12 

assessed months; Point III recorded the highest larval densities. Accordingly, there are differences between 

the two sectors in the bay (median and mouth) and at different times of the year. Thus, identifying the most 

promising time and place for allocating seed collectors is of paramount importance for ostreiculture 

advancement in this estuary, in the short-term, if ones take into consideration seed extraction without 

affecting natural oyster banks. 

CONCLUSION 

Based on the results recorded for larvae spatial distribution, spring and summer are the seasons 

evidencing the most expressive mean number of larvae. The largest larval concentration was observed at 

Point III, in the intermediate section of Guaratuba Bay. This sector would be promising for seed collection. 

Further studies focused on identifying the larval stages of oyster species in zooplankton are necessary in 

order to help developing low-cost methodologies for seeds’ environmental monitoring and recruitment. 

Therefore, it's necessary to expand studies in this sector of the estuarine system to corroborate the 
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potential availability of larvae for seed capture. These studies can help better understanding oyster larvae 

retention and dispersion processes in estuarine environments. 
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