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The genus Perna belongs to the Mytilidae, the family 
of ‘true mussels’, which includes green- and brown-
shelled mussels from tropical, subtropical, warm- and 
cold-temperate regions (Gosling 2003). According to Siddall 
(1980) and Shafee (1989), there are only three extant 
species in this genus, each having a specific geographical 
distribution: (i) P. viridis occurs in Asian waters, but has 
been introduced into North and South America, Australia 
(Gobin et al. 2013) and South Africa (Micklem et al. 2016 
and references therein); (ii) P. canaliculus occurs in New 
Zealand coastal waters; and (iii) P. perna occurs on the 
African coast and the east coast of South America. They 
are described by Harley (2011) as dominant species on 
rocky shores, often forming continuous beds in the intertidal 
and shallow subtidal regions and providing microhabitats 
for many species. According to Shafee (1989), warm-water 
mussels belonging to the genus have attracted consid-
erable research interest because of their economic 
importance and they are farmed extensively on a commer-
cial scale in several countries (Sreedevi et al. 2014).

Common along the West African coast, the brown mussel 
Perna perna (Linnaeus, 1758) is attached by byssus 
threads to rocks from the mid- to lower shore, especially 
on exposed coasts (Yankson and Kendell 2001). It is 
among popular bivalves in Ghana collected from the wild for 
consumption. Apart from being a cheap source of protein 
for coastal communities, P. perna is also considered one 
of the bivalves with high potential for culturing in Ghana 
(Yankson 2004). Recent intense trading in this species has 

resulted in heavy exploitation, particularly in municipalities 
such as the Cape Coast Metropolitan and Elmina in the 
Central Region of Ghana. 

Knowledge of the reproductive cycle of a species is 
important for fisheries management (da Costa et al. 2012). 
Information on gamete release in bivalves is essential, 
because the release has been reported to have an 
immediate and important effect on the market value of the 
adult stock, given that more than half the total wet mass 
of flesh can be lost in a single spawning event (van Erkom 
Schurink and Griffiths 1991). Hence the information is 
useful in predicting when mussels are in suitable condition 
for harvesting. The most reliable methods for studying the 
reproductive cycle in bivalves are those based on either 
histological or squash preparations of the gonads (Gosling 
2003), where observations are made at regular intervals 
throughout the year to identify the progressive development 
of oocytes and the subsequent changes in morphology 
of the gonad tissue over time (Seed 1976; Seed and 
Suchanek 1992). 

Generally, information on the biology of P. perna on 
the west coast of Africa is scant, but the population and 
reproductive dynamics of the species have been well 
described in South Africa (Berry 1978; Crawford and Bower 
1983; Lasiak 1986; Lasiak and Dye 1989; van Erkom 
Schurink and Griffiths 1991; Lasiak and Barnard 1995; 
Tomalin 1995; Zardi et al. 2007), northern Africa (Abada- 
Boudjema et al. 1984; Shafee 1989, 1992; Abada-Boudjema 
and Dauvin 1995), India and Sri Lanka (Appukuttan et al. 
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1989; Indrasena and Wanninayake 1994), Brazil (Lunetta 
1969), Venezuela (Carvajal 1969; Vélez and Epifanio 1981; 
Bigatti et al. 2005) and Texas (Hicks et al. 2001). In Ghana, 
P. perna has been reported regarding only its distribution 
and composition in relation to other macroinvertebrates 
(Yankson and Akpabey 2001; Intsiful 2002) and heavy 
metal content (Otchere 2003). The current study aimed 
to evaluate the sex ratio, size at onset of sexual maturity, 
reproductive cycle and the spawning pattern of P. perna at 
the Iture rocky beach.

Material and methods

Study area
The study was carried out at the Iture rocky beach near 
Cape Coast in the Central Region of Ghana. The location 
of the Iture rocky beach, as described by Yankson and 
Akpabey (2001), is approximately 6 km west of Cape Coast 
and 3 km east of Elmina (5°05′0.14′′ N, 1°10′19.9′′ W) 
(Figure 1). It is a relatively narrow beach measuring up to 
60 m from the mean low water mark to the uppermost limit. 
The general slope of the beach is gentle (approximately 9°) 
and it conforms to the description of a moderately sheltered 
beach (Lawson 1956).

Measurement of hydrographic parameters 
Several hydrographic parameters were measured monthly 
at low tide at the sampling site. Temperature, dissolved 
oxygen and pH of seawater were measured using a multi-
purpose water quality checker (Oakton PCD 650) and 
salinity was measured using a handheld refractometer. For 
each parameter three measurements were taken and the 
mean calculated. 

Determination of sex and maturation stage
Sex and maturation stage of P. perna were determined 
by microscopic examination of fresh smears of gonadal 
material as well as histological preparations of the gonad 
during each month of the year, thus including the peak dry 
(February–March) and wet seasons (June–July). Mussels 
covering the entire size range of the population were 
randomly collected using four 0.25 m2 quadrats. Small 
individuals that could not be sexed from smears of gonadal 
material were processed for histological analysis. 

Examination of gonad development and analysis of breeding 
pattern
For monthly histological examination of gonad develop-
ment, approximately 30 adult individuals were used, 
ranging in shell length from 30 to 75 mm. Parts of the 
visceral mass and mantle were fixed in Bouin’s solution 
for 24 hours, washed and preserved in 70% alcohol and 
later subjected to standard histological methods prior 
to sectioning (Ampofo-Yeboah et al. 2009). Six ‘serial’ 
sections from three different portions of the gonad were cut 
at a thickness of 7–10 µm, mounted on a microscope slide, 
stained with Ehrlich’s haematoxylin, then counterstained 
with eosin. Prepared sections were examined microscop-
ically to identify sex and gonad developmental stage 
following a five-stage scheme of gametogenic activity. The 
proportion of individuals in each developmental stage was 

computed to assess the progression of gonad development 
and hence the breeding pattern. The monthly sex ratio of 
the adult population was determined from the histological 
analysis.

Gonad indices (GI) were calculated using a modified 
version of the ‘index of gonad maturity’ scheme proposed 
by Chipperfield (1953). Stages I (developing), II (ripening), 
III (ripe), IV (spawning) and V (resorption/redevelopment) 
were scored 1, 2, 3, 2 and 1, respect ively. A mean GI for 
each month was calculated from the individual scores for 
gonad condition (Ndzipa 2002), according to the equation: 

Mean GI = Σgn ⁄ N

where g is the score of the stage, n is the number of individ-
uals assigned to the specific stage and N is the sample 
size.

The condition indices (CI) of the 30 mussels used for the 
histological preparation were determined monthly, prior to 
fixation. The displacement method adopted by Yankson 
(1986) was used, where CI was calculated as: 

where meat, whole and shell volumes were the displace-
ments (ml) caused by the meat (wiped dry with blotting 
paper), the intact mussel with the valves closed and the 
empty shell valves, respectively.

Statistical analysis
A Chi-square (χ2) analysis was used to assess any 
deviations from an expected sex ratio of 1:1 for the mussels 
in each size class and also in the monthly adult samples.

Results

Hydrographic parameters
A summary of monthly hydrographic parameters of 
seawater at the study site for the period September 2014 to 
August 2015 is presented in Table 1. Temperature ranged 
between 26.5 and 31.8 °C, with the highest temperature 
recorded in March and the lowest in August. Dissolved 
oxygen (DO) concentration was relatively stable, ranging 
from 6.4 mg l–1 in December to 7.5 mg l–1 in August. Salinity 
fluctuated between 31 in June and 38 in February and pH 
varied from 5.8 in January to 8.2 in June.

Maturation and overall sex ratio 
Figure 2 presents percentages of sexually undifferenti-
ated, male and female mussels by size group. The data 
were pooled across the dry and wet seasons, because 
initial examination indicated similar results. The minimum 
size at sexual maturity, corresponding to the smallest 
individuals with mature gonads, was in the size class 
15.0–19.9 mm. All individuals <15 mm in shell length did 
not have identifiable gonads. No hermaphrodite was found 
in any of the size groups. Sex ratio did not deviate signifi-
cantly from 1:1 (p > 0.05) in all the mature size groups 
(Table 2), suggesting that the mussels were gonochoric 

Meat volumeCI =  100
Whole volume   shell volume

 ×
 −
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(i.e. dioecious). Of the 583 mussels examined, 261 (44.77%) 
were males, 258 (44.26%) were females and 64 (10.97%) 
were undifferentiated.

Gonad development, monthly adult sex ratio and 
breeding pattern
The stages of gametogenic activity identified in the gonadal 
histology of mature individuals from the Iture rocky beach, 

following the scheme of Ampofo-Yeboah et al. (2009), are 
illustrated in Figure 3.

Stage I: developing
Mussels in this stage had small follicles within the gonadal 
connective tissue. Cells within follicles were mostly primary 
oocytes in females (Figure 3: 1a) and spermatocytes in 
males (Figure 3: 1b).
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Figure 1: Map of Ghana, showing the Central Region and the Iture rocky beach

Date
Hydrographic parameter

Temperature (°C) Dissolved oxygen (mg l–1) Salinity pH
14 September 27.3 (0.40) 7.4 (0.20) 35.3 (0.25) 7.5 (0.15)
14 October 27.6 (0.05) 7.3 (0.05) 35.8 (0.25) 7.3 (0.10)
14 November 30.3 (0.85) 6.7 (0.65) 34.1 (1.00) 6.6 (0.25)
14 December 29.8 (0.10) 6.4 (0.50) 37.0 (1.00) 6.9 (0.19)
15 January 29.5 (0.45) 7.3 (0.23) 37.7 (0.21) 5.8 (0.07)
15 February 30.6 (0.65) 6.7 (0.65) 38.0 (0.50) 6.2 (0.19)
15 March 31.8 (0.20) 6.6 (0.28) 33.0 (1.18) 7.8 (0.48)
15 April 30.2 (0.65) 6.7 (0.12) 30.0 (1.15) 6.5 (0.21)
15 May 29.9 (0.70) 7.0 (0.28) 32.5 (1.50) 6.6 (0.08)
15 June 27.6 (0.10) 6.9 (0.41) 31.0 (1.00) 8.2 (0.04)
15 July 27.0 (0.15) 7.1 (0.21) 34.1 (1.86) 7.9 (0.14)
15 August 26.5 (0.21) 7.5 (0.05) 37.5 (0.71) 6.7 (0.32)

Table 1: Summary of mean values (SD) of hydrographic parameters at the Iture rocky beach, September 2014–August 2015 
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Stage II: ripening
In this stage, follicles were expanding, displacing most 
gonadal connective tissues. Follicles contained predomi-
nantly oocytes in females (Figure 3: 2a) and spermatocytes 
and some spermatozoa in males (Figure 3: 2b).

Stage III: ripe
Mussels in this stage had gonads entirely filled with 
expanded follicles. Follicles contained matured ova (Figure 
3: 3a) in females and spermatozoa (Figure 3: 3b) in males.

Stage IV: spawning
Mussels in this stage had recently released or were in the 
process of releasing gametes, as indicated by expanded 
follicles containing spaces formerly occupied by matured 

gametes (Figure 3: 4a, 4b). In males, the spermatozoa were 
less compact compared to the ripe stage. Follicle walls 
were thin and broken.

Stage V: resorption/redevelopment
This stage was characterised by shrunken follicles with a 
few residual gametes undergoing resorption and redevel-
opment (production of primary oocytes and spermatocytes 
was visible) (Figure 3: 5a, 5b). 

Of the total of 325 adults sampled for histological 
analysis, 161 (49.54%) were males, 149 (45.83%) were 
females and the sexes of 15 (4.62%) were indetermin ate. 
The predominance of males was not significant (χ2 = 
0.465, p > 0.05) at a sex ratio of 1:0.93 (male:female). 
Monthly sex ratio also did not show seasonal variation 
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Figure 2: Sexual differentiation in Perna perna from the Iture rocky beach. Labels represent sample size

Size group (mm) Undifferentiated Male Female Total Sex ratio (M:F) χ2 p
5.0–9.9
10.0–14.9
15.0–19.9
20.0–24.9
25.0–29.9
30.0–34.9
35.0–39.9
40.0–44.9
45.0–49.9
50.0–54.9
55.0–59.9
60.0–64.9

30
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5
2
9
5
0
0
0
0
0
0

0
0
6
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42
65
48
35
22
6
7

0
0
4

10
23
40
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65
33
17
4
5

30
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–
–

1:0.7
1:1.1
1:1.1
1:0.9
1:0.9
1:1.4
1:0.9
1:0.8
1:0.7
1:0.7

–
–

0.400
0.053
0.091
0.049
0.525
2.558
0.059
0.641
0.400
0.333

–
–
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns

Total 64 261 258 583 1:1.0 0.017 ns
ns = not significant (α = 0.05)

Table 2: Sex ratio of Perna perna by size group from the Iture rocky beach, September 2014–August 2015
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Figure 3: Photomicrographs of gametogenic stages of Perna perna: developing – (1a) female, (1b) male; ripening – (2a) female, (2b ) male; 
ripe – (3a) female, (3b) male; spawning – (4a) female, (4b) male; resorption/redevelopment – (5a) female, (5b) male (magnification = ×300)
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from the theoretical 1:1 (p > 0.05) (Table 3). An analysis 
of the gametogenic cycle is represented in Figure 4 as 
the percentage distribution of the different reproduc-
tive stages. Gonad development in P. perna followed an 
annual cycle, with two major spawning events between 
April and June and between August and December. When 
sampling began in September 2014 mussels had already 
spawned or were in the process of spawning, as indicated 
by a high proportion (46.4%) of individuals in the resorp-
tion stage and 32.1% in the spawning stage. Spawning 
continued through to December. Gonad redevelopment 
began in October, with the developing stage becoming 
increasingly dominant until approximately February. 
Mussels with ripening (late development) gonads 
dominated (55.2%) in March, before spawning occurred 
again from April to June. The rapid development of follicles 
occurred in July before the second major spawning event 
began in August. 

Gonad indices, calculated from the staging of the gonads 
of individual mussels, indicated that gametogenic activity 
occurred to a varying extent throughout the year (Figure 5). 
The lowest value of 1.1 was recorded in January 2015, 
whereas the highest value of 2.0 was recorded in March 
2015. Increasing values between consecutive sampling 
periods were indicative of gonadal growth and develop-
ment, whereas decreasing values suggested spawning or 
resorption of gametes.

The condition index of sexually mature P. perna fluctu-
ated monthly (Figure 5). The index values increased with 
gonad development and the highest value coincided with 
a high proportion of ripening individuals in the population. 
However, the values declined with spawning.

The various hydrographic parameters measured did not 
have any direct relationship with gonad development (as 
measured by GI) or with CI, as depicted by the correlation 
coefficients in Table 4.
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Figure 4: Proportions of Perna perna, from the Iture rocky beach, in the various gametogenic stages, September 2014–August 2015

Month n Male Female Sex ratio χ2 p
September 28 17 11 1:0.65 1.286 ns
October 25 12 13 1:1.08 0.040 ns
November 20 12 8 1:0.67 0.160 ns
December 28 16 12 1:0.75 0.571 ns
January 21 13 9 1:0.69 0.809 ns
February 22 12 10 1:0.83 0.182 ns
March 26 13 13 1:1.00 0.000 ns
April 30 17 13 1:0.76 0.533 ns
May 29 14 15 1:1.07 0.034 ns
June 23 10 13 1:0.77 0.391 ns
July 28 12 16 1:1.3 0.571 ns
August 29 13 16 1:1.23 0.310 ns
Total 310 161 149 1:0.93 0.465 ns
ns = not significant (α = 0.05)

Table 3: Monthly sex ratio of mature Perna perna from the Iture rocky beach, September 2014–August 2015
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Discussion

The current study has shown that P. perna at the Iture 
rocky beach becomes sexually mature at between 15.0 and 
19.9 mm shell length. According to Gosling (2003), the age 
(length) at which bivalves become sexually mature differs 
among species. For example, sexual maturation in P. viridis 
from Asia begins at a length of 15–30 mm (Sidall 1980; 
Vakily 1989) and Bigatti et al. (2005) observed that sexual 
differentiation in P. viridis in Venezuela began at a length of 
20 mm and that no gonadal development was observed in 
individuals <18 mm in length.

Whereas functional ambisexuality has been reported as 
a common feature among molluscs, such as the Pisiididae, 
Tridacnidae, Pectinidae and Anomalodesmata (Lee 1988), 
most studies on the Mytilidae suggest stable gonochorism, 
with only occasional hermaphroditism, e.g. Mytilus edulis 
(Seed 1976; Lee 1988), Choromytilus meridionalis and 
Aulacomya ater (Griffiths 1977; Lee 1988). The current study 
indicated that males and females were equally distributed 
in all size groups, which was corroborated by a monthly 
sex ratio of 1:1 within adults. No hermaphrodites were 
encountered, indicating that P. perna at the Iture rocky 
shore is gonochoric (dioecious). This concurs with earlier 
reports that the sexes in Perna spp. are generally separate 
(Yap et al. 1979; Walter 1982; Vakily 1989) and that the 

occasionally reported occurrence of hermaphrodites might 
have resulted from misidentification (Lee 1988).

In marine bivalves the reproductive cycle can occur 
annually, semi-annually or continuously, depending on 
the species and environmental conditions (Sastry 1979; 
Newell et al. 1982). In the current study, gonad develop-
ment in P. perna was continuous through the year, with 
peak activity in March and again in July. The first major 
spawning event occurred in the wet season (April–June) 
and the second major spawning event took place over an 
extended period (August–December), which coincided with 
relatively low water temperature and high salinity conditions 
resulting from upwelling of colder, nutrient-rich water 
masses (Ofori-Adu 1975, 1978; Mensah and Koranteng 
1988). An extended/continuous annual cycle of gametogen-
esis, with two or more spawning events, has been reported 
before for the genus Perna in the more stable environ-
mental conditions that prevail in the tropics (Parulekar 
et al. 1982; Walter 1982; Tuaycharoen et al. 1988; Vakily 
1989). For example, Sokołowski et al. (2010) reported 
two major spawning events for P. perna from the coastal 
waters of Yemen, as did Zardi et al. (2007) for P. perna 
(and Mytilus galloprovincialis) on the south coast of South 
Africa, although that is a temperate region. However, off the 
Venezuelan coast, larval surveys indicated three spawning 
periods for P. perna (Carvajal 1969).
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Figure 5: Monthly variations in gonad and condition indices of Perna perna from the Iture rocky beach, September 2014–August 2015

Temperature Dissolved oxygen Salinity pH
Condition index
p-value

0.344
0.274

–0.183
0.568

0.298
0.348

–0.195
0.543

Gonad index
p-value

0.025
0.938

0.003
0.992

–0.542
0.068

0.345
0.302

Table 4: Pearson’s correlation coefficient between measured hydrographic parameters and condition and gonad indices of Perna perna at 
the Iture rocky beach
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In addition to the use of histology, gonad indices have 
been used widely to determine spawning periodicity 
in bivalves, with the combined techniques resulting in 
increased confidence in the determination of spawning 
periodicity. In the current study, GI values at or just below 
2.0, which indicate periods of maximal gonad development 
(Barber et al. 2005), occurred in March and August. These 
two peaks suggest two major spawning events in P. perna, 
which is consistent both with observations of monthly 
variations in CI and in the gonad histological analysis.

The CI of bivalves is used to describe the degree of 
fatness or the extent to which the meat fills the shell 
(Quayle 1980), which is useful information for bivalve 
farmers as it indicates the commercial quality of the 
animals (Davenport and Chen 1987). Monitoring the 
index in mussels is therefore necessary to determine the 
most suitable time(s) of the year for harvesting (Yankson 
2004). Seasonal changes in CI result from complex 
interactions of a variety of factors, including food, tempera-
ture and salinity and the metabolic activities of mussels, 
particularly the growth and reproductive processes 
(Hickman and Illingworth 1980; Thippeswamy and Joseph 
1988). Seasonal variations in CI of Perna have been 
reported for P. viridis (Vakily et al. 1988; Hemachandra 
and Thippeswamy 2008), P. canaliculus (Marsden and 
Weatherhead 1999) and P. perna (Galvao et al. 2015). 
Hemachandra and Thippeswamy (2008) found that in 
most bivalves gonadal growth before spawning results in 
an increase in the total bulk as the gonad forms the major 
part of the visceral mass. In the current study, mean 
CI, reflecting the average meat condition of the mature 
mussels, fluctuated in a pattern similar to that of gonadal 
development activity, which peaked in March and July. 
The mean CI of P. perna was relatively high in March 
and August, which corresponded with maximum gonad 
developmental activity. The relatively low values recorded 
in January and in June corresponded with resorption/
redevelopment and the spawning period, respectively, in 
the mussels under study, which concurs with Hemachandra 
and Thippeswamy (2008). 

In the current study, no direct relationship was identifi-
able between the individual hydrographic parameters 
measured and either gonad development or condition 
index. It is possible, however, that these environmental 
parameters might have an interactive effect, although our 
analysis did not consider potential interactions.

In summary, sex of the P. perna population at Iture 
was identifiable at a shell length of 15.0–19.9 mm. The 
overall sex ratio was 1:1. This sex ratio was found among 
all the size groups, indicating a gonochoristic sexuality. 
Gametogenic activity occurred continuously throughout 
the year, with two spawning peaks, the first occurring from 
April to June and coinciding with the major rainy season 
and the second from August to December, coinciding with 
the upwelling period and the minor rainy season. Monthly 
GI analysis revealed a high proportion of sexually ripe 
individuals in March and August. Consequently, individuals 
with ripe gametes can be collected during these months 
for maximum hatchery production of seed for commercial 
aquaculture. In addition, mature individuals are in better 
condition for harvesting at approximately the same period.
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