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ABSTRACT 
The reproductive cycle of Patella rustica (L., 1758) was investigated for the first time in the east coast of Algeria in 2012, using histological 

techniques. Each month, manual sampling limpets was conducted on 15 m linear on the hard substrate of the mediolittoral stage. Our 

contribution was supplemented by monthly monitoring of the condition index to learn more about the reproductive status of the species, it 
represents significant fluctuations during the cycle with a minimum in February. The sex ratio showed a clear dominance of males compared 

to females. Our results of gonado-somatic index show that P. rustica has only one reproductive cycle per year with a spawning peak 

coinciding with the cold period of the year. According to the histological analysis, maturation of gonads began in November, and a 
spawning peak was found in December. The sexual rest period runs from January to April, followed by oogenesis starting from May. 
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INTRODUCTION 

 

There are many references in the literature which studies the reproduction of intertidal gastropods, 

especially of temperate limpets, e.g., Patella vulgate [1,2,3,4,5,6,7,8],Patella ulyssiponensis[9,7,8], Patella 

depressa[10,7,8,11], Patella caerulea [12,13] and Patella ferruginea [14,15]. 

Patella rustica ranges from the Mediterranean to the Atlantic coasts of the Iberianpeninsula and northern 

Africa, including the Macaronesian Islands [16,17], but recent distributional shifts related to climate change 

have been recorded in Portugal [17,18]. 

Limpet spawning, resulting in the shedding of eggs and sperm directly into the sea, is apparently related to 

the occurrence of winds and rough weather [4]. After a period in the plankton, the short-lived free-swimming 

larvae (planktotrophic veliger larvae) settle at low levels on the shore or in damp crevices. As they grow, they 

slowly move upshore and inhabit different levels on the shore [19,20,21,8,22]. 

The reproductive cycle of P. rustica was described earlier in the Basque country [23] and the Portuguese 

coast of the northeast Atlantic [24]. Furthermore, very few studies have been devoted to the reproduction of P. 

rustica of the Mediterranean, with the exception of a first contribution in the Algerian coast [12] and a second in 

the Adriatic Sea [25]. In Algeria, the lack of work on the reproduction of P. rustica based on histological 

analysis, justifies our investigations on oogenesis of the latter. The condition index, the sex ratio, the gonad 
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index, and the size of the oocytes were analyzed to provide new information about the reproductive biology of 

this species colonizing the hard substrate of Annaba Gulf. 

 

MATERIALSANDMETHODS 
 

Study site and sampling: 

The Gulf of Annaba situated in eastern Algeria is limited by capes: Rosa in the East (8°15’LE - 36°38’LN) 

and Garde in the West (7°16’LE - 36°68’LN). The station of Toche is located in the center coastal zone 

(36°56'58''N - 7°46'31''E). It receives urban wastes from Annaba center and West districts without prior 

treatment and rainwater. Furthermore, this beach is veryfrequent in summer (Fig. 1). 

 

Measurements of temperature and salinity: 

The temperature and salinity were measured by a thermo-salinometer type "WTW Cond.197i" thermal 

accuracy and respective haline 0.01°C and 0.01 psu. Measurements were performed monthly and parallel to the 

sampling of the gastropod Patella rustica in the study site. 

 

Sampling of the limpet: 

Monthly, manual sampling limpets was conducted during the year 2012 on 15 m linear on the hard substrate 

of the mediolittoral stage. 

 

 
 

Fig. 1: Geographical position of Annaba Gulf and location of the sampling site (Toche). 

 

Condition Index: 

Condition index (C.I) assesses the general condition of the animal, its bioenergetic status and reproductive 

status [26]. It is also a general indicator of stress and health of organisms[27]. The condition index used is the 

one proposed by [26] according to the following formula: 

 

C.I = (fresh weight of the flesh/total weight)*100 

 

Sex ratio: 

The sexes were identified macroscopically during the period of sexual activity. Indeed, they are easily 

recognizable by the color of the gonads: female gonads are green or brown in color, the males are pinkish 

cream. During the rest period or redevelopmentof gonads and at the end of spawning, the majority of gonads of 

both sexes take on a reddish brown tint [4, 12]. Therefore, it is impossible to differentiate the sexes during the 

sexual rest period. 

 

Gonadsamples: 

After collection, they were transferred to the laboratory and were carefully dissected to obtain their gonad 

weight and body weight (soft body tissue). The GSI was calculated according to the equation: 
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GSI= (GW/BW)*100 

GW is gonad weight and BW is body weight or soft body tissue.  

Monthly gonads mature female (> 28 mm) were used for histological examination to determine different 

stages of oocyte development. After dissecting, their gonads were immediately fixed in 10% formalin. 

Histological sections were about 5-7 μm each and were stained with hematoxylin and eosin [28]. The 

classification of maturity stages of gonad development of P. rustica were characterized as described according 

to other reports for limpets species [29, 13].   

 

Statistical analysis: 

Data were expressed as mean ± standard error (SD).Comparison of mean values between months was 

estimated by One-way ANOVA analysis; it was used to compare the difference in mean C.I and GSI of 

animals.A significant difference was assumed when p < 0.05. All statistical analyses were performed using 

GraphPad Prism (Version 6.01). 

 

Results: 

Temperature and salinity: 

Seawater temperature recorded a minimum in February (15.4°C) and a maximum in August (29.2°C), with 

amplitude of 13.8°C (Fig. 2). Salinity increases regularly during the warm season from June to November, 

illustrated by a peak of 36.90 psu in July and August. The low salinities are found during the period which lasts 

from December to May with a minimum of 35.80 psu recorded in February (Fig.2). 

 

 
Fig. 2: Monthly variations of temperature and salinity in the surveyed station during 2012. 

 

Condition Index: 

The condition index increased during autumn and winter, with a maximum peak in January (48.82 ± 7.46), 

and decreased from February (28.68 ± 5.14)(Fig. 3). One-way ANOVA analysis revealed that there was a 

significant difference (P<0.001) between months. 

 

 
 

Fig. 3: Monthly changes of condition index (C.I) in Patella rusticacollected in surveyed station during 2012 

(mean ± SD; n= 10). 
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Sex ratio: 

InPatella rustica, macroscopic identification of sexes is possible only during the period of sexual activity 

that lasts from May to December, and during which sex is easily recognizable by the color of the gonad. During 

this period we collected 490 mature specimens of size ≥12mm, which are composed of 325 males, 126 females 

and 39 undifferentiated. 

A clear predominance of males compared to females was observed monthly, with the highest rate in 

December(76.31%)(Fig. 4).Out of all undifferentiated specimens, there are limpets difficult or impossible to 

determine sex. 

 

 

 
 

Fig. 4: Relative Frequency of sexes in surveyed station during the period of sexual activity (May to December 

2012).  

 

Gonado-somatic report: 

Figure 5 is a graphical representation of GSI values on monthly basis during 2012. The average GSI ranged 

from (1.43 ± 0.47)% in February to (30.57 ± 7.10)% in November and one-way ANOVA analysis revealed that 

there was a significant difference (P<0.001) between months in GSI of animals during the period of study. 

 

 
Fig. 5: Monthly changes of gonado-somatic report in Patella rustica collected in surveyed station during2012 

(mean ± SD; n= 4). 

 

Histological analysis: 

The microscopic observation of histological sections of the female gonad of Patella rustica, allowed us to 

identify five stages of oogenesis (Fig. 6): (1) sexual rest, (2) early oogenesis, (3) late oogenesis, (4) maturation, 

(5) spawning and post spawning. 

Stage I: sexual rest, the gonad is loose; connective tissue is very abundant, with the appearance of fewer 

oogonianot exceeding 6 mm in diameter. At this stage the sex identification in P. rustica is impossible, since the 

tissue of the gonad is homogeneous and transparent. 

Stage II: early development or oogenesis, we distinguish the presence of oogoniaand fewer oocytes average 

diameter of 0.05 mm. 
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Stage III: late development or oogenesis, this phase is characterized by a narrowing of the connective tissue 

in favour of vitellogenic oocytes. We also observed a significant presence of previtellogenic oocytes that can 

reach a size of 0.08 mm. 

Stage IV: maturation, gonad reached its maximum volume, it is filled predominantly of mature oocytes with 

an average diameter of about 0.15 mm. 

Stage V: spawning, evacuations of mature oocytes, ovaries take a much looser aspect.  

 

 

 

 
 

Fig. 6: Photomicrographies of Patella rustica ovaries. (A) Stage I "sexual rest" (B) Stage II "early development" 

(C) Stage III "late development", (D) Stage IV "maturation of gonads," (E) Stage V "spawning". IC: 

undifferentiated cell; TC: connective tissue; OG: oogonia; PO: previtellogenic oocyte; VO: vitellogenic 

oocyte; MO: mature oocyte; CT: connective tissue; DO: degenerative oocyte. Scale bar: 0.05 mm. 

 

Discussion: 

This work provided the first description of the reproductive cycle of Patella rustica on the east coast of 

Algeria. We were interested in studying the condition index, the sex ratio, gonad index and histology of the 

gonads, associated with monthly monitoring of the sea water temperature and salinity. 
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Temperature is an environmental factor that determines the distribution of aquatic organisms. Indeed, it has 

a crucial importance directly in the metabolic activity of organisms, or indirectly by modifying the ecological 

environmental factors and therefore their biogeographical distribution [30]. 

In our study, we can see a correlation between water temperature and spawning frequencies. It coincides 

with the decrease in temperature values in December.In molluscs,the temperature can affect the hatching of 

eggs, their body growth rate as well as their sexual speed maturity and abundance[31]. According to [32] in their 

study of Spisulasolida, gametogenesis began when the seawater temperature started to decrease, and spawning 

occurred with low temperature values that increased progressively. Indeed, the temperature has often been 

associated with reproductive cycles of Patella species [4,20,25]. 

Salinity is an important ecological factor, which itself can be affected by seasonal variation in temperature. 

In this study, the lowest salinity was recorded during the cold time of year. In contrast, the highest salinity 

coincides with the increase in water temperature in July and August. Similar findings observed in the Gulf of 

Annaba with extremes between 35 and 38 psu, were reported by [33,34,35,36,37,38]. 

Condition index are generally considered to reflect reproductive activity [39,40]. In our study, monthly 

variation showed a gradual increase in the autumn, which could be related to the reproductive cycle and 

maturation of gonads. In other hand, the peak observed in January (period of sexual rest), and the increase in 

spring did not match with the gametogenic cycle. 

According to [32], monthly variation of the index condition of Spisulasolida in southwest coast of Spain, 

did not match with the gametogenic cycle characterized. Condition index is highly influenced by the pattern of 

energy storage [40].  

The sex ratio is a characteristic of the species whose variations are sometimes related to the environment. 

According to [41], sex ratio is one of the parameters that contribute to maintain in a certain limit, the 

reproductive capacity of the species. In this study, macroscopic observation has put in evidence the dominance 

of males compared to females during the annual cycle. Our results agree with those of [42] Patella cearulea of 

Bizerte Canal in Tunisia, where males dominate compared to females. The dominance of males is also known in 

both species P. vulgata and P. ulyssiponensis living on the Irish coast [29], and P. depressa collected in the 

Portuguese coast by [43]. Unlike our results, [25] reported that females dominate compared to males in P. 

rustica of Adriatic Sea.  

The gonad index fluctuated widely during the study period with a peak recorded in November. The 

significant changes in the values of this index recorded from September to November provides information on 

the existence of gonadal development during the autumn period, and that the fall recorded in December revealed 

the existence of a gamete emission from this month. Our results confirm the work of [25] on the same species of 

the Adriatic Sea, which showed that P. rustica has one sexual cycle per year characterized by a spawning 

between November and December for both sexes. 

Histology of gonads plays a very important role in studying the reproduction of the species. Gametogenesis 

characterized in this study was similar to that described by [25]. It allowed us to locate one sexual cycle per year 

in Patella rustica, also confirming the results of [12,23].The ovarian activity begins with the increase in sea 

water temperature in late spring and the emission of gametes coincided with the fall of the temperature observed 

between the months of November and December. These results are similar to those of [25] in the Adriatic Sea in 

the same species. In P. cearulea, the main gamete emission occurred from April and partial emission observed 

between October and December has been linked to the sudden drop in seawater temperature [42]. Several 

studies relating to the species P. vulgata suggested that gamete emission is not only related to the agitation of 

the sea, but also to fall of the sea water temperature below 12°C [44,7,45]. 

On the British Isles [10,7] and in northern Portugal [8], gametes of Patella ulyssiponensis reach the stage of 

maturation in May and gametes emission can last until September. 

However, many differences were found between Patella rustica and other species limpets, all these 

differences between the spawning periods are probably related, firstly, to the size of individuals, to housing, to 

the distribution and latitudinal differences of each species [11] and also to the seawater temperature considered 

as one of the most influential factors controlling spawning in marine invertebrates [5,24]. This confirms the 

importance of abiotic factors in the reproduction of marine invertebrates in general [46]. 

 

Conclusion: 

The present study is the first histological description of gonad developmental stages of Patella rustica. Data 

gathered give a more detailed insight into the reproductive biology of P. rustica and contribute to our 

understanding of the biology of Patella species. Fluctuations observed in the values of the condition index may 

be related to the energy state of limpets, and the increase recorded in January (sexual rest period) could be due 

to re-absorption of the gonad and reserves storage. The sex ratio in P. rustica of Annaba Gulf, showed a clear 

dominance of males compared to females in 2012.Histological analysis of the females’ gonads and the follow up 

of the gonad index showed that the reproductive cycle is characterized by oogenesis which begins in May and 

ends in December for the majority of individuals. A gamete emission is recorded in November/December, 
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coinciding with the fall in water temperature, followed by a long period of sexual rest, which runs from January 

to April. This phenomenon may be related to environmental conditions and living environment. 
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