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Studying the settlement and the subsequent recruitment of intertidal organisms are the crucial steps 

to understand their population structure in a particular bioregion.  However, studying the recruitment 

of intertidal organisms such as barnacles with two-phase life cycle and to understand the 

determinants of recruitment is a complex problem.  Many processes which operate during pelagic 

pre-settlement phase and benthic post-settlement phase at different spatial and temporal scales can 

determine the fate of barnacle populations.  In this study, observations were carried out on settlement 

and recruitment of the intertidal barnacle Balanus amphitrite from a tropical environment influenced 

by monsoons at spatial and temporal scales.  Settlement and recruitment both showed significant 

temporal variations.  In general settlement and recruitment was lower during the monsoon season 

except during monsoon breaks.  Consistency in settlement and recruitment was mostly observed 

during the pre-monsoon season and it coincided with peaks in larval abundance observed during the 

same season.  In general, settlement remained more or less similar on different types of substrata 

whereas recruitment differed significantly.  Temporal variations observed in settlement and 

recruitment of barnacles could be due to the influence of monsoons in this region which leads to 

seasonal fluctuations in physical factors such as local hydrodynamics, that influences the retention 

and dispersal of larvae in the adult habitats and also could be due to the variations in the availability 

of food for the larvae and the settled populations.  
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INTRODUCTION 

In barnacles, settlement is the culmination of cyprid metamorphosis to a juvenile, whereas 

recruitment is the survival of the individual to an adult.  Successful settlement and subsequent 

recruitment in an area indicates its sustainability in that particular region.  Metamorphosis of 

cyprids to juveniles and their further growth to adults depends on various pre and post-

settlement factors.  Settlement rate which is defined as the rate, at which planktonic larvae 

establish a permanent contact with the substratum, depends on a number of factors which 

operate over a variety of spatial and temporal scales (Jenkins et al., 2000).  Settlement is 

influenced by both variations in physical factors such as temperature, salinity and current 

patterns that may disperse the planktotrophic larvae and biological factors such as 

phytoplankton abundance which is an important source of food for the larvae as well as adult 

populations (Anil et al., 1995, 2001; Desai & Anil, 2002, 2005).  Competition for space and 

predation by other intertidal organisms along with substratum cues and larval behaviour also 

play a significant role.  Larval abundance in an area, which is another important source for the 

variations in settlement, is in turn influenced by variations in reproduction and adult 

population of an area (Wellington & Victor, 1988).  Physical transport processes such as local 

wind patterns and hydrodynamics along with larval behaviour and substratum characteristics 

also determines the abundance of larvae in a particular area (Crisp, 1955; Gaines et al., 1985; 

Minchinton & Scheibling, 1991; Pineda, 1994; Bertness et al., 1996; Thompson et al., 1998; 

Shanks, 1998).   

To figure out the different factors which are responsible for the variations in a 

population from a particular bioregion, one has to monitor them on a regular basis.  An 

understanding of the scales at which variations in settlement and recruitment occur will allow 

identification of those processes most important in determining settlement and recruitment 

rates at any particular region (Levin, 1992; Jenkins et al., 2000).  Studies on settlement and 

recruitment of the barnacle Balanus amphitrite along the Indian coast are very much lacking 

in spite of its dominance in the intertidal community (Desai & Anil, 2005).  Barnacles from 

the region are mostly studied with respect to their importance in the macrofouling community 

(Daniel, 1954; Iyengar et al., 1957; Karande, 1965; Nair, 1965; Menon et al., 1977; Anil, 

1986; Fernando, 1990).  The aim of the present study was to elucidate the settlement and 

recruitment rates of the barnacle Balanus amphitrite at different spatial and temporal scales in 

this unique tropical region which is influenced by monsoons (Goa, west coast of India), and to 
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figure out the possible factors governing the variations in settlement and recruitment of 

barnacles in this region.   

MATERIALS AND METHODS 

Study area 

This study was carried out along the coast of Goa, west coast of India (Figure 1A, B).  Four 

different stations were selected for the monitoring of settlement and recruitment of barnacles 

(Dona Paula, Mormugao Port [MPT], INS-Mandovi and Arambol - Figure 1A) based on their 

distinctive positions.  Station Dona Paula is situated at the mouth of Zuari estuary.  MPT is 

one of the busiest ports along the central west coast of India.  INS-Mandovi is a Naval jetty 

located near the mouth of the Mandovi estuary and Arambol is located at the northern end of 

Goa coast which is directly exposed to Arabian Sea with a rocky shoreline.  The local tidal 

amplitude in the region ranges from 0.25 m during neap tides to 2.5 m during spring tides.  

Larval abundance along with different environmental variables was also monitored at 7 

different stations in and around the coast on a bimonthly basis (Figure 1B).  The study sites 

are influenced by south-west monsoon.  Based on the influence of monsoon, a year can 

broadly be classified into pre-monsoon (February to May), monsoon (June to September) and 

post-monsoon (October to January) seasons (Anil, 1986).   

Settlement and recruitment 

Settlement and recruitment of the barnacle Balanus amphitrite was monitored at 4 different 

stations on a monthly basis.  At stations Dona Paula and MPT the observations were made 

from June 2005 to May 2007, whereas at station INS Mandovi and Arambol, the observations 

were made from June 2006 to May 2007.  In addition, at station Dona Paula, weekly 

observations of settlement and recruitment were also made from June 2005 to May 2007.  

Two different types of panels (aluminium and acrylic materials) of size 15x10 cm were used 

as substratum at stations Dona Paula, MPT and INS-Mandovi.  Aluminium and acrylic panels 

have been used in the past to study the settlement and recruitment of barnacles in the study 

area and they provide a good picture of settlement and recruitment (Anil, 1986; Desai, 2002).  

The panels were attached to an aluminium strip with the help of a nut and bolts and were 

deployed at a height of about 15 ft. from a jetty piling.  Every month, a new set of panels were 

immersed (n=3) and six marked quadrats of size 25 cm2 each were observed.  At station 

Arambol, the observations of settlement and recruitment were made from a naturally available 

rocky substratum.  Quadrats of 25 cm2 were marked (n=3) at the beginning of each month.  
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The surfaces of the marked quadrats were manually cleaned for the existing fauna using a 

scraper and then by a nylon brush so that no cyprids remained on the cleaned surfaces.  

Settled and recruited barnacles on the panels as well as on the rocky substratum were counted 

at the end of a respective month with the help of a hand-held lens.  Seasonal observations of 

settlement and recruitment were also made by retaining the respective month panels and the 

marked quadrats of the rocky substratum till the end of a particular season, which provided 

cumulative counts for three months period.  Sizes (rostro carinal basal diameter) of the 

recruits were also monitored on a monthly as well as seasonal basis.  Below 2 mm size class 

was considered as settlers and above 2 mm size class for recruits.  Settlement and recruitment 

of the barnacles are expressed in terms of numbers per decimetre square (No./dm2). 

Larval abundance 

Larval abundance was monitored at 7 different stations (Figure 1B) for the period 2005-2007 

(Samples were collected during Mar-05, May-05, Sept-05, Nov-05, Jan-06, Mar-06, May-06, 

Sept-06, Nov-06, Jan-07, Mar-07 and May-07).  Horizontal plankton tows were made using a 

Haron-Trantor net of mesh size 100 µm fitted with a flow meter.  The volume of water 

filtered was calculated using the number of revolutions obtained from a flow meter.  The 

samples were preserved in 5% formaldehyde on-board and later sorted out and counted in the 

laboratory using stereo-zoom microscope to determine larval abundance over time.  Larval 

abundance is expressed in terms of numbers per 100 metre cube (No./100m3). 

Environmental variables 

Samples to measure environmental variables such as temperature, salinity, pH, dissolved 

oxygen (DO), nutrients (nitrate, nitrite, phosphate and silicate), chlorophyll a and suspended 

particulate matter (SPM) for the period 2005-2007 were also taken from 7 different stations 

(Figure 1B).  Standard procedures were used for the analyses of these variables (Parsons et 

al., 1984).  The rainfall data for the study period were obtained from the Indian 

meteorological department to evaluate the influence of monsoons over the region. 

Data analysis 

Settlement and recruitment of barnacles along with larval abundance data which were 

collected during different months were log x+1 transformed to ensure normality of means and 

homogeneity of variances.  The log x+1 transformed data were then subjected to one-way 

analysis of variance (ANOVA) (Sokal & Rohlf, 1981) to evaluate the variance between 
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different sampling months (temporal variation) and also between different stations (spatial 

variation).  For the analysis of spatial variations in settlement and recruitment of barnacles, 

station Arambol was excluded to nullify the effect of substratum (since at this station 

observations were taken from a naturally available rocky substratum).  Size ranges of barnacle 

recruits at different stations along with settlement and recruitment of barnacles on different 

types of substrata were also subjected to one-way analysis of variance.  Correlation analysis 

was performed between settlement and recruitment of barnacles versus environmental 

variables; settlement and recruitment of barnacles versus larval abundance and settlement 

versus subsequent recruitment of barnacles.  Larval abundance during different sampling 

periods is presented as SURFER plots using SURFER 7 software.   

RESULTS 

Temporal variations in settlement and recruitment 

Both settlement and recruitment varied significantly among the sampling months at all the 4 

stations monitored during the period 2005-2006 and 2006-2007 (ANOVA: P < 0.05).  In 

general, both settlement and recruitment was lower during the monsoon season when 

compared to post and pre-monsoon seasons (Figures 2A, B; 3A, B; 4A, B & 5).   

Spatial variations in settlement and recruitment 

Settlement did not vary significantly among the stations sampled during the period 2005-2006 

on both aluminium and acrylic panels (ANOVA: P > 0.05), whereas it varied significantly 

among the stations sampled during the period 2006-2007 on aluminium panels (ANOVA: P < 

0.05) and did not vary significantly on acrylic panels (ANOVA: P > 0.05).   

Recruitment did not vary significantly among the stations sampled during the period 

2005-2006 and 2006-2007 on both aluminium and acrylic panels (ANOVA: P > 0.05). 

Seasonal observations of settlement and recruitment 

Seasonal patterns of settlement and recruitment at stations Dona Paula, MPT and INS-

Mandovi on aluminium and acrylic panels and at station Arambol during the period 2005-

2006 and 2006-2007 are presented in Figures 6A, B, C, D; 7A, B, C, D; 8A, B & 9.  Peak in 

recruitment was observed during 2005-2006 at station Dona Paula during post-monsoon 

season (Figure 6C).  Not all the settled barnacles recruited themselves during 2005-2006 at 

station MPT during monsoon season (Figure 7C).  Settlement and recruitment was found to 

be consistent during 2006-2007 period at all the stations monitored.  In general, settlement to 
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recruitment correlation was found to be weak during 2005-2006 compared to 2006-2007 

period (P > 0.05).   

Size ranges (rostro carinal basal diameter) of barnacle recruits 

MONTHLY OBSERVATIONS 

Sizes of barnacles after one month period at station Dona Paula ranged between 3.4-10.0 mm 

on acrylic panels and between 3.4-9.4 mm on aluminium panels (Figure 10A, B).  At station 

MPT, it ranged between 2.6-5.6 mm on acrylic panels and 3.0-7.0 mm on aluminium panels 

(Figure 10A, B).  At station INS-Mandovi, the size range was between 3.0-5.6 mm on acrylic 

panels and 4.0-5.6 mm on aluminium panels (Figure 10A, B).  At station Arambol, the size 

range was between 3.5-4.6 mm on natural rocks (Figure 11).  Overall, the sizes of barnacle 

recruits varied significantly between different months at stations Dona Paula, MPT and INS-

Mandovi on both acrylic and aluminium panels (ANOVA: P < 0.05), whereas it did not vary 

significantly at station Arambol on natural rocks (ANOVA: P > 0.05). 

SEASONAL OBSERVATIONS  

Size ranges of recruits (maximum age of 3 months) on a seasonal basis at stations Dona Paula, 

MPT and INS-Mandovi on aluminium and acrylic panels, and at station Arambol on natural 

rocks, during the period 2005-2006 and 2006-2007 are presented in Figures 12A, B, C, D & 

13.  Size ranges attained by the recruits were larger during 2005-2006 (3.4-14.0 mm) than 

2006-2007 (2.8-7.6 mm) on both acrylic and aluminium panels at station Dona Paula.  Sizes 

attained by the recruits were mostly found to be larger on acrylic (14 mm) than on aluminium 

(11.3 mm) panels at stations Dona Paula and MPT, whereas at station Arambol, the sizes 

attained by the recruits were between 3.5-5.6 mm.  

Weekly observations of settlement and recruitment 

Weekly observations of settlement and recruitment of the barnacles was carried out at station 

Dona Paula for a period of two years (2005-2007) on acrylic and aluminium panels and the 

results are presented in Figure 14A, B.  Settlement and recruitment varied significantly on a 

temporal basis (ANOVA: P < 0.05).  In general settlement and recruitment was found to be 

lower during the monsoon season except during monsoon breaks.  Consistency in settlement 

and recruitment was mostly observed during the pre-monsoon season.  
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Substratum wise variations in settlement and recruitment 

Settlement did not vary significantly when compared between natural rocks at station 

Arambol to that of aluminium and acrylic panels at station INS-Mandovi (Table 1A), whereas 

recruitment varied significantly (Table 1B).  However, settlement and recruitment varied 

significantly when compared between natural rocks at station Arambol to that of aluminium 

and acrylic panels at stations Dona Paula (Table 2A, B) and MPT (Table 3A, B).  

  

When compared between aluminium and acrylic panels, settlement did not vary at 

station INS-Mandovi (Table 4A), whereas it varied at stations Dona Paula (Table 4B) and 

MPT (Table 4C) and recruitment varied significantly between aluminium and acrylic panels 

at stations INS-Mandovi (Table 5A), Dona Paula (Table 5B) and MPT (Table 5C).   

Larval abundance 

Abundance of Cirripede nauplii during different sampling months from different stations are 

presented in Figure 15.  Naupliar abundance varied significantly on a spatial and temporal 

scale (ANOVA: P < 0.05).  In general, cirripede nauplii were consistently observed during the 

pre-monsoon season (Mar-05, May-05, Mar-06, May-06, Mar-07, May-07) at most of the 

stations, whereas their abundance was lower during the monsoon and early post-monsoon 

seasons (Sept-05, Nov-05, Sept-06, Nov-06).  Average larval abundance was found to be 

highest at station Dona Paula followed by stations Panjim jetty, Old Goa, Zuari bridge, 

Miramar, MPT and Offshore.  Abundance of larvae during different months was significantly 

correlated with settlement and recruitment of barnacles (P < 0.05).  

Environmental variables 

Environmental variables observed during the period 2005-2007 from 7 different stations are 

presented in Table 6.  Temperature ranged between 27 to 36.2°C.  Salinity ranged between 

0.2 to 36.7.  pH ranged between 7.2 to 9.18.  Dissolved Oxygen ranged between 2.45 to 7.57 

ml.l-1.  Nutrients such as nitrate ranged between 0.04 to 13.21 µM, nitrite ranged between 

0.03 to 12.60 µM, phosphate ranged between 0.10 to 4.28 µM and silicate ranged between 

1.18 to 76.41 µM.  Suspended particulate matter ranged between 6.05 to 120.5 mg.l-1 and 

Chlorophyll a concentration ranged between 0.4 to 11.50 mg.m-3.  Settlement and recruitment 

of barnacles did not show any significant correlations with environmental variables except for 

salinity and chlorophyll a concentrations at station Dona Paula (P < 0.05). 
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Daily rainfall patterns over the study region during the period 2005-2007 are shown in 

Figure 16.  Rainfall per hour ranged between 0.025 to 6.40 mm during 2005 and 0.02 to 8 mm 

during 2006 period.  During 2005, the peak in rainfall was observed during June and 

September months whereas during 2006, the peak in rainfall was observed during end of May.  

In general there was a variation in rainfall patterns between the years.  

DISCUSSION 

Settlement and recruitment of barnacles varied significantly on a temporal scale monitored.  

In general, settlement and recruitment was lower during the monsoon season.  Consistency in 

settlement and recruitment was mostly observed during the pre-monsoon season and it 

coincided with maximum larval abundance observed during the same season.  Successful 

settlement and subsequent recruitment of barnacles in a particular region is governed by 

various pre and post-settlement factors which operate over different spatial and temporal 

scales.  Physical transport processes can generate variations in settlement and recruitment of 

barnacles over different scales.  Wind-induced larval transport can also cause variations in 

settlement and recruitment of barnacles.  Differences in the retention or dispersal of larvae at 

different locations by area-specific hydrodynamic processes or by behavioural preferences of 

the larvae at settlement can also influence the recruitment of barnacles.  In several studies, 

such variability in settlement and recruitment has been reported (e.g., Connell, 1961a, b; 

Gaines et al., 1985; Pineda, 1994; Jenkins et al., 2000).  A recent study carried out in the 

region on larval distribution and the resultant likely settlement using a coupled two-

dimensional hydrodynamic and particle tracking model, by incorporating wind and tide data 

showed that the larval dispersion differed significantly between different seasons.  The pattern 

of larval dispersal in the region varied with wind and resultant current patterns (Gaonkar et 

al., 2012).   

Once the larvae settle in a particular area by selecting a suitable substratum then the 

rate of recruitment depends not only on the factors which influence prior to settlement but 

also on post-settlement factors (e.g., Connell, 1985; Minchinton & Scheibling, 1991; Jenkins 

et al., 2000).  Many studies have demonstrated a significant relationship between settlement 

inputs and their subsequent recruitment.  Observations in this study also showed some degree 

of correlation between settlement and their subsequent recruitment, indicating that variations 

in recruitment may at least be related to factors which operate prior to settlement and post-

settlement.  Although recruitment is dependent on settlement inputs, not all of the variations 
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in recruitment could be explained by variations in settlement.  Such differences may be 

caused by differences in physical factors such as temperature, salinity and biological factors 

such as predation pressure and competition for space by other intertidal organisms and a 

number of other such factors (Gosselin & Qian, 1997 and references therein). 

Settlement and recruitment of the barnacles were lower during the monsoon season 

except during monsoon breaks.  Larval abundance in the region was also lower during the 

monsoon season.  However, adults with matured broods have been observed throughout the 

year in the vicinity (Desai et al., 2006).  During monsoon breaks, phytoplankton blooms are 

known to be triggered in the area.  These blooms can serve as a food source for the newly 

released larvae and can also regulate the size of the larval pool in the region and determine the 

availability of cyprids at the shore (Desai & Anil, 2005).  However, the settled barnacles did 

not recruit themselves successfully due to the onset of rains again after the short break 

periods.  This indicates that the barnacles that settled during the monsoon break period were 

stressed due to the recurrence of low saline and turbid conditions indicating that synchronized 

release of larvae by the adults during bloom periods may not be a completely reliable 

mechanism in this region as discussed in detail by Desai & Anil (2005).   

An inter-annual variation in settlement and recruitment of barnacles was also observed 

during the study period.  In general consistency in settlement and recruitment was mostly 

observed during 2006-2007 period when compared to 2005-2006 period.  Correlation between 

settlement and subsequent recruitment was found to be weak during 2005-2006 when 

compared to 2006-2007 period.  Such inter-annual differences observed in settlement and 

recruitment could probably be due to the pattern of rainfall observed between the years.  

There was a fluctuation in the amount of rainfall between the years.  Such fluctuations in 

rainfall patterns could be due to the variations in the south-west monsoon winds.  The 

resultant current patterns can lead to differential supply of larvae or the retention of released 

larvae in a particular locality, thereby leading to variations in settlement and recruitment of 

barnacles.  Such variations in rainfall can also lead to differential water quality parameters 

such as temperature, salinity, turbidity and nutrient concentrations and this, in turn, can alter 

the phytoplankton abundances in the region which is an important source of food for the 

larvae as well as juveniles and adult populations (Gaonkar et al., 2010a, b; Gaonkar, 2012).  

Feeding studies of barnacle larvae carried out in the region by monitoring the faecal 

pellets egested by freshly captured larvae indicated that the percentage of defecating larvae 
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(an indicator of food consumed) was comparatively higher during the pre-monsoon season 

(Gaonkar & Anil, 2010).  Generally this season is characterized by lower chlorophyll a 

concentrations.  However, the average number of faecal pellets defecated by a larva remained 

constant irrespective of the season (Gaonkar & Anil, 2010).  The consistency observed in 

settlement and recruitment of barnacles during the pre-monsoon season coincided with higher 

percentage of defecating larvae and the absence of diatom frustules in the faecal pellets.  This 

showed the capability of larvae to survive on food sources other than diatoms.  Moreover, the 

gut fluorescence observations of larvae collected from the region indicated that the 

chlorophyll a content of the larval gut was higher during the post-monsoon season when 

compared to pre-monsoon season (Gaonkar & Anil, 2012).  This indicates that during the pre-

monsoon season, larvae survived on food sources other than autotrophic forms.  These studies 

showed the survival capabilities of larvae on wide range of food sources and this can 

influence the settlement and subsequent recruitment of barnacles.  

In general, settlement remained more or less similar on different types of substrata 

whereas recruitment differed significantly.  Substratum variability is generally considered as 

one of the important factors that can influence the settlement and recruitment of biofouling 

organisms.  In this study we used aluminium and acrylic panels as substratum at three of the 

locations and naturally available substratum (rock) at one of the location to evaluate the 

settlement and recruitment of barnacles, owing to different exposure settings available at 

these localities.  In spite of this, the overall settlement and recruitment patterns remained the 

same irrespective of the type of substrata (significant temporal variations in settlement and 

recruitment of barnacles were observed on all types of substrata).  However, little variations 

observed between different types of substrata at different stations could be due to the 

differential larval retention patterns observed between these stations (Gaonkar et al., 2012). 

Density wise, settlement and recruitment was lower on acrylic compared to aluminium 

panels.  However, the barnacles which settled on acrylic panels grew well at station Dona 

Paula.  This could probably be due to less crowding on acrylic compared to aluminium 

panels.  Size ranges of the barnacles during August-September period were also found to be 

bigger (9-14 mm) compared to other months on both acrylic and aluminium panels (during 

2005-2006 period) at station Dona Paula.  In general barnacle recruits took 3-4 months to 

attain a maximum size range of 6-10 mm, except at station INS-Mandovi, where they took 2 

months to attain a maximum size of 14mm during post-monsoon season.  Settlement to 
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recruitment proportions also changed during different seasons at most of the stations 

monitored.  Not all of the settled barnacles metamorphosed to recruits.  Such differences in 

settlement to recruitment proportions could be due to various post-settlement factors.  At 

station MPT, the barnacles which settled during monsoon season did not recruit at all.  It is 

possible that turbidity and low saline conditions during the monsoon can play a significant 

role in the mortality of settled barnacles.   

Wave action can be another cause for the variations observed in settlement and 

recruitment of barnacles.  Sessile organisms like barnacles often become more vulnerable to 

dislodgement by waves as they age (Shanks & Wright, 1987).  As a result, sites with different 

degrees of wave action will have differences in the settlement and recruitment of barnacles.  

On the other hand, there is also a possibility that on more exposed shores, water circulation is 

more intense and the amount of food available can be higher (Sanford et al., 1994), resulting 

in higher rates of settlement and recruitment of barnacles.  Temporal patterns observed among 

the stations could also be due to differences among the stations with different degrees of wave 

flushing during different seasons.  The study sites in this investigation are also exposed to 

different degrees of wave actions.  Station Dona Paula is located at the mouth of Zuari estuary 

which experiences tremendous fluctuations in the intensity of incoming waves during 

different seasons due to its perennial connection with the Arabian Sea, whereas station MPT 

is a port area which is exposed to less fluctuations in wave action due to wave barriers in the 

surroundings.  Station INS-Mandovi is a Naval jetty which is located near the mouth of 

Mandovi estuary with considerably less degree of wave actions whereas station Arambol is a 

open rocky shore with direct exposure to incoming waves.    

Field observations have shown higher larval abundance mostly at inshore stations 

during the pre-monsoon season.  Simulation results have also shown maximum retention of 

larvae at these stations during the pre-monsoon season (Gaonkar et al., 2012).  Higher larval 

abundance observed during the pre-monsoon season, both in field and simulation studies 

coincided with consistency in settlement and recruitment of barnacles during the same season.  

Little is known regarding the variations in hydrodynamic processes in the near shore 

environment and the resultant effect on intertidal organisms in this study region, except for 

the recent study carried out in case of barnacles (Gaonkar et al., 2012).  Such processes will 

influence the settlement rates in addition to nutrients and food supply and thus may influence 

the population dynamics of intertidal organisms.  The present study did not evaluate the 



12 

 

effects of all the factors influencing settlement and recruitment of barnacles, suggesting that 

their effects may not be negligible.  Complete understanding of the underlying processes 

operating in a particular bioregion is essential to scrupulously demonstrate the variations in 

settlement and recruitment of barnacles in a particular locality.  This study points out some of 

the elemental factors which are responsible for the variations in settlement and recruitment of 

barnacles in this unique tropical region which is influenced by monsoons.     
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LEGENDS TO FIGURES 

Fig. 1.  Study locations for (A) Barnacle settlement and recruitment (1. Dona Paula, 2. 

Mormugao Port [MPT], 3. INS-Mandovi, 4. Arambol) (B) Larval abundance and 

Environmental variables (1. Old Goa, 2. Panjim bridge, 3. Miramar, 4. Offshore, 5. MPT, 6. 

Dona Paula, 7. Zuari bridge) monitoring. 

Fig. 2.  Settlement and recruitment of the barnacle Balanus amphitrite at station Dona Paula 

on (A) acrylic and (B) aluminium panels.  Error bar indicates standard deviation from the 

mean. 

Fig. 3.  Settlement and recruitment of the barnacle Balanus amphitrite at station MPT on (A) 

acrylic and (B) aluminium panels.  Error bar indicates standard deviation from the mean. 

Fig. 4.  Settlement and recruitment of the barnacle Balanus amphitrite at station INS-

Mandovi on (A) acrylic and (B) aluminium panels.  Error bar indicates standard deviation 

from the mean. 

Fig. 5.  Settlement and recruitment of the barnacle Balanus amphitrite on natural rocks at 

station Arambol.  Error bar indicates standard deviation from the mean. 

Fig. 6.  Seasonal observations of settlement and recruitment of the barnacle Balanus 

amphitrite at station Dona Paula on acrylic panels during (A) 2005-2006 (B) 2006-2007 and 

aluminium panels during (C) 2005-2006 (D) 2006-2007 period  (Cumulative observations for 

panels deployed for the whole season).  Error bar indicates standard deviation from the mean. 

Fig. 7.  Seasonal observations of settlement and recruitment of the barnacle Balanus 

amphitrite at station MPT on acrylic panels during (A) 2005-2006 (B) 2006-2007 and 

aluminium panels during (C) 2005-2006 (D) 2006-2007 period (Cumulative observations for 

panels deployed for the whole season).  Error bar indicates standard deviation from the mean. 

Fig. 8.  Seasonal observations of settlement and recruitment of the barnacle Balanus 

amphitrite at station INS-Mandovi during 2006-2007 period on (A) acrylic and (B) 

aluminium panels (Cumulative observations for panels deployed for the whole season).  Error 

bar indicates standard deviation from the mean. 
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Fig. 9.  Seasonal observations of settlement and recruitment of the barnacle Balanus 

amphitrite on natural rocks at station Arambol during 2006-2007 period (Cumulative 

observations for panels deployed for the whole season).  Error bar indicates standard 

deviation from the mean. 

Fig. 10.  Size of the barnacle recruits at a maximum age of one month period at stations Dona 

Paula, MPT and INS-Mandovi on (A) acrylic and (B) aluminium panels. 

Fig. 11.  Size of the barnacle recruits on one month period at station Arambol. 

Fig. 12.  Seasonal observations of sizes of barnacle recruits on acrylic panels during (A) 

2005-2006 (B) 2006-2007 and aluminium panels during (C) 2005-2006 (D) 2006-2007. 

Fig. 13.  Seasonal observations of sizes of barnacle recruits at station Arambol during 2006-

2007. 

Fig. 14.  Weekly observations of settlement and recruitment of barnacles on (A) acrylic and 

(B) aluminium panels at station Dona Paula. 

Fig. 15.  Larval abundance (cirripede nauplii) (No./100m3) in the field during different 

months at different stations for the period 2005-2007. 

Fig. 16.  Daily rainfall patterns over the study area during different sampling period. 
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LEGENDS TO TABLES 

 

Table 1.  One-way ANOVA for the (A) settlement and (B) recruitment of barnacles on 

different substrata (natural rocks, acrylic and aluminium panels) between stations Arambol 

and INS-Mandovi.  

 

Table 2.  One-way ANOVA for the (A) settlement and (B) recruitment of barnacles on 

different substrata (natural rocks, acrylic and aluminium panels) between stations Arambol 

and Dona Paula.   

 

Table 3.  One-way ANOVA for the (A) settlement and (B) recruitment of barnacles on 

different substrata (natural rocks, acrylic and aluminium panels) between stations Arambol 

and MPT. 

 

Table 4.  One-way ANOVA for the settlement of barnacles on different panels (acrylic and 

aluminium) at stations (A) INS-Mandovi (B) Dona Paula and (C) MPT. 

 

Table 5.  One-way ANOVA for the recruitment of barnacles on different panels (acrylic and 

aluminium) at stations (A) INS-Mandovi (B) Dona Paula and (C) MPT. 

 

Table 6.  Environmental variables from the study region during different sampling period. 

(Stations: 1. Old Goa, 2. Panjim bridge, 3. Miramar, 4. Offshore, 5. MPT, 6. Dona Paula, 7. 

Zuari bridge). 
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