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Barnacles are the common fouling organisms encountered in coastal waters around the world. In the present study, breeding
biology of the intertidal barnacle Amphibalanus amphitrite (¼Balanus amphitrite) was studied for a period of two years (July
2003 to June 2005) in the Kudankulam coastal waters. Results showed that A. amphitrite breeds throughout the year in the
study area. A high percentage of individuals with free nauplii in the mantle cavity was observed during March 2004 (47.6%)
and May 2004 (41.7%). Barnacles with fertilized eggs in the ovary were high during November 2004 (56%), March 2005
(46.7%) and April 2005 (42.8%). Overall, a peak breeding activity was observed during the March–May period. The breeding
activity showed a significant positive correlation with surface water temperature and phytoplankton abundance.
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I N T R O D U C T I O N

Barnacles constitute a major group of the fouling organisms in
marine waters around the world (Desai et al., 2006). They are
considered as model organisms for ecological modelling and
monitoring programmes since they can reflect environmental
conditions (Skinner et al., 2007). Barnacles are of greater con-
sequence than other fouling groups on account of their repro-
ductive capacity, gregarious habit and settlement pattern. In
barnacles, the abundance and distribution of adults has been
mainly linked to the variations in reproduction, nearshore
hydrographic conditions and substrate types (Barnes, 1956;
Hawkins & Hartnoll, 1982; Sutherland, 1990; Power et al.,
2001; Faimali et al., 2004). In temperate regions, seasons
have a significant influence on reproductive processes of
many organisms leading to well-defined settlement seasons
(Hatcher, 1998; Taylor, 1998; Thomason et al., 2000). In tro-
pical waters, the environmental conditions are relatively stable
and favour continuous breeding of barnacles. However, repro-
ductive output may decline during monsoon seasons due to
heavy rainfall (Fernando, 1999). Temperature is considered
as an important environmental factor determining the
length of the breeding season in barnacles (Hines, 1978).
Several species of barnacles in temperate, tropical and sub-
tropical regions have been reported to produce numerous
small broods during summer (Desai et al., 2006). It is also
reported that the amount of food also plays a significant
role in the breeding cycle of barnacles (Barnes & Barnes,
1975; Desai et al., 2006). Studies on the breeding biology of

barnacles assume significance in tropical waters due to the
changes in salinity or more probably due to the nutrient
status of the water especially during monsoon seasons.

Amphibalanus amphitrite Darwin (¼Balanus amphitrite),
is a common balanomorph barnacle species predominantly
found on submerged marine structures such as piles, buoys
and hulls of ships around the world. Most of the balanomorph
barnacles are hermaphrodites (Charnov, 1987) and their life
cycle consists of four main stages such as egg, planktonic nau-
plius, lecithotrophic cypris larva and attached sessile adult.
The reproducing adults are capable of producing hundreds
to thousands of eggs. The eggs develop in the ovary and are
shed in the mantle cavity where fertilization takes place. The
embryos develop inside the mantle cavity and the nauplii
are released into the water as plankton. The free-swimming
nauplius then moults to become cypris, which eventually
attaches itself to a suitable substratum by its first pair of anten-
nae and later metamorphoses into an adult. Amphibalanus
amphitrite individuals can release 1000–10,000 eggs/brood
and produce as many as 24 broods/year (El-Komi &
Kajihara, 1991).

Breeding biology of the barnacles in tropical and sub-
tropical coastal waters was studied by Karande & Palekar
(1963), Pillay & Nair (1972), Swami & Karande (1988),
Dhandapani & Fernando (1994), Yan & Miao (2004), Desai
& Anil (2005), Koh et al. (2005) and Desai et al. (2006).
However, most of these investigations were restricted to a
period of 12 to 15 months without replicating the seasons.
Hence, in the present study an attempt has been made to
investigate the breeding biology of the common fouling barna-
cle Amphibalanus amphitrite for a period of two years. The
main objectives of the present study are: (1) to observe the sea-
sonal variability in the breeding cycle of A. amphitrite in a
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tropical coast; and (2) to investigate the factors that contribute
to the reproductive success of A. amphitrite. To do so, seasonal
factors such as temperature, rainfall, salinity and phytoplank-
ton abundance are correlated with the breeding activity. The
general hypothesis to be tested is that the barnacles breed con-
tinuously in tropical waters without seasonal variation.

M A T E R I A L S A N D M E T H O D S

The investigation was carried out at the Kudankulam coast
(8890 N and 778309 E), located about 25 km north-east of
Kanyakumari on the east coast of India. Seasons at
Kudankulam may be classified into pre-monsoon (June–
September), monsoon (October–January) and post-monsoon
(February –May). The study area gets the south-west monsoon
current during June–September and the north-east monsoon
current during October–January (Maruthanayagam &
Subramanian, 2001). The wind direction is north–north-
easterly from June to December and changes to westerly
during the rest of the period. A new large nuclear power
plant is now under construction in this region.

Samples of Amphibalanus amphitrite were collected at fort-
nightly intervals from wooden test panels exposed in coastal
waters for a period of two years (July 2003 to June 2005).
Teakwood panels (10 � 10 � 3 cm) were fitted onto a
wooden raft and submerged in the coastal waters at 1 m
below the mean sea level. The raft was continuously kept in
the water column but the panels (usually three) were
removed at fortnightly intervals for barnacle samples. About
100 individuals were removed from the test panels using a
scalpel and their carino–rostral diameter (RCD) was
measured. The individuals with RCD over 4 mm were con-
sidered for the observation of gonads, since Crisp & Patel
(1961) reported that embryos were present only in barnacles
over this size. Five stages were identified on the basis of obser-
vation of ovary and the mantle cavity. A gonad index score
was assigned to each stage (Karande, 1965) and the mean
gonad index was calculated:

Condition of the ovary/mantle cavity Gonad index score
Stage I: ovary not seen 0
Stage II: ovary with developing

ova
1

Stage III: ovigerous lamella with
fertilized eggs

2

Stage IV: ovigerous lamella with
nauplii inside

3

Stage V: free nauplii in the
mantle cavity

4

The mean percentage of occurrence of each stage in a
month was calculated from the fortnight interval data. The
active breeding season was determined by the presence of a
large percentage of individuals with fertilized eggs (Patel &
Crisp, 1960).

Seasonal environmental factors such as rainfall, water
temperature, salinity, dissolved oxygen content and the abun-
dance of phytoplankton were monitored throughout the study
period. The surface water temperature was measured in situ
using a Celcius thermometer during early hours (6:00–6:30
a.m.). For the estimation of dissolved oxygen, water samples
were collected in 125 ml BOD bottles and fixed immediately

(Winkler’s method). Salinity was estimated using a salinity
refractometer (ATAGO). A nylon net (mesh size 25 mm)
with 30 cm mouth diameter and 1 m length was used for
the purpose of phytoplankton collection. One hundred litres
of surface water was filtered randomly and the filtrate was
washed into clean plastic containers. Plankton counts were
performed using a Sedgwick –Rafter counting chamber.
Rainfall data were obtained from the Environmental Survey
Laboratory, Kudankulam.

Correlation between environmental parameters and
breeding activity was analysed. Temporal variability of the
breeding activity was analysed using three-way ANOVA
(analysis of variance) with season (orthogonal), year (ortho-
gonal) and month (nested within season and year) as
factors. Alternatively, two-way ANOVA was also carried out
by considering season and month (nested within season) as
factors. For this, data related to the two separate years, i.e.
first year (July 2003 to June 2004) and second year (July
2004 to June 2005), were taken into consideration.

R E S U L T S

The monthly observations of the environmental parameters
are given in Table 1. Salinity of the coastal waters varied
between 30 and 34.5 during the period of study. Surface
water temperature ranged between 26.28C and 30.58C and
the dissolved oxygen content range was from 3.64 to
5.8 ml l21. The pH of the coastal waters remained between
7.92 and 8.33. Phytoplankton density varied from 3.6 to 45
No. l21 during the study period. Monthly rainfall levels of
the study area varied between 2.5 and 220.09 mm. Rainfall
levels were high during the second year (July 2004 to June
2005) of this study period.

The percentage of Amphibalanus amphitrite having differ-
ent stages of breeding activity is illustrated in Figure 1. The
peak breeding activity was noticed during the March–May
period. A high percentage of individuals with Stage V
(nauplii in the mantle cavity) was observed in March 2004
(47.6%) and May 2004 (41.7%). Barnacles categorized under
Stage V were low (3.75%) in November 2004. Individuals
with free nauplii in the mantle cavity were not observed
during November and December 2003, December 2004 and
January 2005 (monsoon months). During the first year, barna-
cles with free nauplii in the mantle cavity were found in abun-
dance from March to May (post-monsoon). But the same
trend was not observed during the second year of this study
period. The abundance of individuals grouped under Stage
V did not vary in relation to month, season or year (three-way
ANOVA; Table 2). However, significant intra-seasonal
(month) variation was observed during the second year
(two-way ANOVA; Table 4). The percentage of individuals
with free nauplii in the mantle cavity did not show any signifi-
cant correlation with the environmental factors (Figure 3).

The percentage of A. amphitrite grouped under Stage IV
(embryo inside the egg) was high in June 2005 (60%) and
low in September 2004 (4.15%). During the months of
August, September and October 2003, the abundance of
Stage IV individuals was comparatively high (40.37%,
48.25% and 40.65% respectively). Amphibalanus amphitrite
bearing nauplii inside the egg was not observed in
November 2003, January and August 2004. Three-way
ANOVA indicated that the temporal variations in the
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abundance of Stage IV individuals were not significant for all
the factors considered (Table 2). But the breeding activity was
significantly influenced by the factors like season and month
during the first year (two-way ANOVA; Table 3).
Abundance of Stage IV individuals did not show any signifi-
cant correlation with environmental factors (Figure 3).

Amphibalanus amphitrite with fertilized eggs (Stage III) were
found throughout the study period. The percentage of individuals
that had grouped under Stage III was high in November 2004
(56%), March 2005 (46.7%) and April 2005 (42.8%). However,
in July 2003 only 6.5% individuals had fertilized eggs. The percen-
tage of individuals under the Stage III did not vary significantly
between seasons, months or years (three-way ANOVA;

Table 2). The two-way ANOVA also did not show significant
variation in relation to season and month (Tables 3 & 4). The
abundance of A. amphitrite categorized under Stage III showed
a significant correlation with phytoplankton abundance
(Figure 3).

The highest proportion of individuals with well-developed
ovary (Stage II) was recorded in December 2005 (60%),
January 2004 (58.3%) and July 2003 (56%). Generally, the
incidence of Stage II was high from December to February.
Percentage of individuals having Stage II ovary failed to
show any significant temporal variability in relation to
factors such as season, month or year (three –way ANOVA;
Table 2). But the two-way ANOVA indicated significant sea-
sonal and monthly variations in the first year (Table 3).
Barnacles grouped under Stage I (without ovary) were also
observed in most of the months during the study period.
Maximum number of individuals without visible ovary was
observed in April 2004 (33.3%) and February 2005 (31.3%).
Abundance of Stage I ovary did not show any significant tem-
poral variability (Tables 2, 3 & 4). The abundance of individ-
uals grouped under Stage I showed a significant negative
correlation with water temperature (Figure 3).

The mean gonad index observed during the study period is
shown in Figure 2. The gonad index was lowest (0.83) in
August 2004 and highest (3.06) in March and April 2004.
Generally, the gonad index was high (above 2.5) during
March–May (post-monsoon). However, three-way or two-way
ANOVA did not show significant temporal variability in gonad
maturity index (Tables 2, 3 & 4). The gonad index showed signifi-
cant positive correlation with water temperature (Figure 3).

D I S C U S S I O N

The occurrence of individuals having fertilized eggs (Stage III)
in all seasons without major variation indicated that

Table 1. Environmental parameters of the Kudankulam region during the study period.

Year Month pH Salinity Temperature
(88888C)

Dissolved oxygen
content (ml l21)

Rainfall
(mm)

Phytoplankton
(No. l21)

2003 J 8.1 33.5 27.5 3.92 2.5 6.2
A 8 34.5 27.7 3.81 13.2 5.4
S 7.95 32.5 26.2 3.78 3.3 15
O 8.07 34.5 29 3.64 37.8 10.8
N 8.02 30 29 5.8 78 7.2
D 8 30.5 27.5 5.12 4.8 5.1

2004 J 7.92 32 27 5.41 26.6 5.25
F 7.97 32.5 27.7 5.52 3.4 5.6
M 7.95 33.5 28.7 5.58 0 15.4
A 8.07 34 30.5 5.58 29.52 11.1
M 8.33 34.2 29.2 4.89 114.58 9.8
J 8.25 33.5 27.2 5.52 83.69 21.6
J 8.17 34.5 26.2 4.2 8.77 45
A 7.95 33 27 5.12 14.97 25.2
S 8.3 35.2 27 5.12 90.3 12
O 8.25 34 28.5 4.78 105.21 20.4
N 8.1 30 29 5.21 220.09 25.5
D 8.15 33.5 27.5 5.73 23.2 4.8

2005 J 8.25 32 26.7 5.69 0 3.6
F 8.32 32 28.5 5.8 0 6.8
M 8.27 32.5 28.5 5.52 46.2 11.3
A 8.2 33 30 4.55 196.4 12
M 8.1 34 29 4.84 0 17.4
J 8.15 32 27 5.46 31.6 7.8

Fig. 1. Percentage composition of different stages of Amphibalanus amphitrite
during the study period (I, pre-monsoon; II, monsoon; III, post-monsoon).
Stage I, ovary not seen; Stage II, ovary with developing ova; Stage III,
ovigerous lamella with fertilized eggs; Stage IV, ovigerous lamella with
nauplii inside; Stage V: free nauplii in the mantle cavity.
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breeding activity was continuous in the study region.
Amphibalanus (Balanus) amphitrite has been shown to have
the ability to reproduce throughout the year in Indian
waters (Karande, 1965). The three-way ANOVA model
indicted that the breeding activity was not influenced by
factors such as sampling month, season or year. This
reinforces the findings of the previous investigations that A.
amphitrite breeds continuously in tropical waters. Seasonal
variability did however remain apparent in some stages
from the two-way ANOVA especially during the first year
of the study period. The lack of significant seasonal peaks in
breeding activity may be due to the relatively constant
environmental conditions prevailing in the study area. In a
tropical environment, the identification of the proximate
factors controlling breeding activity is difficult as the avail-
ability of food and other ecological factors are equable
throughout the year (Subramoniam, 1977).

Species that breed continuously are relatively unspecialized
in their food requirements and are either suspension feeders
or browsers (Goodbody, 1965). In the present study, abun-
dance of individuals grouped under Stage III showed signifi-
cant positive correlation with phytoplankton density of the
coastal waters. This indicates that the increase in phytoplank-
ton abundance may increase breeding activity. An increased
breeding frequency in A. amphitrite with an increase in food
concentration was also reported by Desai et al. (2006).

Daniel (1958) from Madras and Fernando & Ramamoorthi
(1975) from the Vellar estuary reported that A. amphitrite
bred throughout the year with a low intensity during
monsoon months possibly due to the lowering of salinity.
Similar results were also observed by Rege et al. (1980) at
Bombay and Pillay & Nair (1972) at Cochin. In the present
study, though a decline in gonad index was observed in the
monsoon months, the salinity of the coastal waters did not
show much variation and remained between 30 and 34.5.
Hence, the lowering of gonad index during monsoon
months may be due to some other factors. Barnes (1989)
suggested that the effect of salinity on the breeding season is
particularly important in estuarine habitats where fresh
water run-off due to the river discharge is high during the
monsoon period. Rainfall levels did not appear to affect the
breeding cycle of A. amphitrite at the study area. This was evi-
denced from the correlation analysis of breeding activity with
rainfall. Further, a higher percentage of individuals with well-
developed ovary (Stage II) was observed during July,
November and January. This stage commonly occurred in
barnacles during the breeding phase of the cycle (Fernando
& Ramamoorthi, 1975).

Barnes (1959) observed that gametogenesis, fertilization,
incubation and liberation of the fully developed nauplii
from the mantle cavity are well-defined phases and any or
all of them may be dependent on temperature. In the

Table 2. Analysis of variance (three-way ANOVA) of the temporal variation of different stages and gonad index of Amphibalanus amphitrite. Season
(orthogonal), year (orthogonal) and month (nested within season and year) as factors.

Stage I Stage II Stage III Stage IV Stage V Gonad index

df SS F SS F SS F SS F SS F SS F

Season 2 102.115 0.4 311.694 0.54 689.415 3.1 431.337 0.77 6.662 0.02 0. .64401 0.8
Year 1 16.682 0.1 11.804 0.04 190.569 1.7 0.046 0.0001 233.315 1.5 1.03429 2.6
Month (season�year) 3 473.048 1.2 2125.720 2.4 677.714 2.04 534.908 0.63 586.032 1.3 2.20996 1.9
Error 17 2140.395 4876.592 1875.134 4797.930 2538.768 6.54642
Total 23 3003.341 8920.899 3010.022 5898.258 5725.495 12.50160

�P , 0.05.

Table 3. Analysis of variance (two-way ANOVA) of breeding activity during the first year of the study period (July 2003–June 2004). Season and month
(nested within season) were considered as factors.

Stage I Stage II Stage III Stage IV Stage V Gonad index

df SS F SS F SS F SS F SS F SS F

Season 2 118.483 1 2048.179 5.4� 584.116 1.6 1035.456 5.2� 66.646 0.1 0.969811 1.7
Month (season) 3 249.188 1.4 2879.983 5� 386.339 0.7 1934.612 6.5� 829.535 1.6 2.260710 2.6
Error 6 353.191 1131.946 1072.261 589.316 1005.737 1.683540
Total 11 1071.297 4484.438 1729.992 2957.789 3681.105 6.384467

�P , 0.05.

Table 4. Analysis of variance (two-way ANOVA) of breeding activity during the second year of the study period (July 2004–June 2005). Season and
month (nested within season) were considered as factors.

Stage I Stage II Stage III Stage IV Stage V Gonad index

df SS F SS F SS F SS F SS F SS F

Season 2 639.874 3.7 608.401 1.4 146.982 0.6 1128.681 2.9 319.221 4.9 1.040344 1.5
Month (season) 3 984.386 3.7 1377.080 2.2 225.678 0.6 1580.327 2.7 897.017 9.2� 2.624295 2.6
Error 6 518.704 1243.147 664.035 1138.494 194.656 1.982330
Total 11 1809.597 4435.524 1066.243 2856.431 1649.757 5.592025

�P � 0.05.
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present study, temperature reached the maximum in April
and the minimum from June to September, December and
January of the study period. The observed significant positive
correlation between surface water temperature and gonad
index and the abundance of Stage V individuals during
March, April, May and June indicated that the surface water
temperature might be an important factor for breeding
activity. A similar result of high percentage of fertilized indi-
viduals with increase in temperature was also observed by
Alam et al. (1988). Moreover, the percentage of individuals
grouped under Stage I showed a significant negative corre-
lation with temperature. This stage was generally encountered
in barnacles during the inactive or spent phase of the breeding
cycle. Though temperature showed significant positive corre-
lation with the gonad maturity index, it does not necessarily
imply that only this factor alone determines the breeding
activity.

The observed relationship between breeding activity and
water temperature is of interest in this region from the view-
point of thermal ecology due to the emerging nuclear power
plant. Though, A. amphitrite is considered as eurythermal in
its tolerance, the Q10 (temperature coefficient) values were
found to decrease with increasing temperature in the tropical
barnacles (Rao et al., 1988). The low Q10 values could result in
the conversion of more energy for respiration. Whenever an
organism is subjected to changing body temperatures, its res-
piratory Q10 has physiological meaning and could be of adap-
tive importance (Scholander et al., 1953). Generally, low Q10

values were reported at the habitat temperature (20–308C)

for tropical barnacles like B. amphitrite and B. tintinnabulum
(Rao et al., 1988). Hence, further increase in habitat tempera-
ture may have a significant impact on the physiological
activity of the barnacles in this region. According to
Hartnoll (2001), the increasing temperature caused a decrease
in intermoult duration and also affected the metabolic process
leading to reserve accumulation in crustaceans.

In conclusion, A. amphitrite grouped under different stages
were observed throughout the year. This shows that the popu-
lation is viable for reproduction without significant temporal
variability, although there appears to be an increase in breed-
ing activity during the post-monsoon months. Although,
two-way ANOVA indicated significant variability in relation
to season or month, there was no distinct pattern between
years. This implies the necessity of future investigations
having a multi-factorial approach by including multiple
years in the model. Moreover, the stable salinity and ample
availability of food in the study area provided a favourable
condition for the continuous breeding of A. amphitrite.
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