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Culture of pearl oysters is rapidly increasing worldwide,
including the western Indian Ocean. The oyster
Pinctada margaritifera L., which produces the most
highly valued black pearls, occurs in East Africa, and
has been exploited there for the shell for many decades.
The growth patterns of P. margaritifera from a natural
population in the sheltered back-reef, and from oysters
translocated to a tidal current-swept site, both sites
within Gazi Bay, Kenya, are described. The growth rate
in the natural population ranged from 31.3mm year'
(60-65mm size-class) to 7.6mm year-' (105-110mm size-
class). The von Bertalanffy growth coefficient (K),
calculated with a fixed L, of 127.2mm, was 0.30 for the
natural population and 0.38 for the translocated oysters.

The mean growth rate during the north-east monsoon
season was approximately double that for during the
south-east monsoon season. The daily rate of nacre
deposition ranged from 1.3pm to 5.9uym (mean 3.45pum);
it declined with the size of oysters and was marginally
higher at the high-energy current site. At that rate, it
would take approximately two years to produce a
marketable cultured half pearl with a 2.5mm layer of
nacre. The results of the study are relevant to the
understanding of the influence of the environment on
growth, and are applicable to the optimisation of growth
rate of pearl oysters in the inshore region along the east
coast of Africa.
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Introduction

Pinctada margaritifera L. is the second largest pearl oyster
and has the widest Indo-Pacific distribution. The western
Indian Ocean, from the coast of Tanzania in the south to
the Red Sea in the north, is the western limit of the global
distribution of the species (Sims 1993). It is harvested for
its shell, known as ‘Mother of Pearl’ (MOP), and it produces
the highly valued cultured black pearl. The history of the
shell trade in the western Indian Ocean before the 19th
century is poorly known, although there is evidence of shell
trade from Zanzibar (Middleton 1992). It is likely that East
Africa was a source of MOP since the 17th century, when
shell buttons became fashionable in Japan (Marshall et al.
2001). The main Kenyan markets for commercial shells
(principally MOP) are Japan, South Korea, Singapore,
Taiwan and Hong Kong, but the value is difficult to quantify
because the available data mostly provide an amalgama-
tion of products (Wood and Wells 1995). Cultured pearls
from P. margaritifera have been commercially produced in
the Seychelles since the mid-1990s, the first batch being
harvested in 1995. A community-based pearl oyster culture
trial project, under the Eastern Africa Marine Ecoregion
initiative in the Mafia Island Marine Park, Tanzania,
harvested the first batch of hemispherical pearls (known as

‘mabe’) in 2004. The United Nations Development
Program initiated a project on pearl production in the
Maldives, which introduced techniques of collecting seed
and rearing pearl oysters to the local community in Vaavu
atoll in 2003.

The growth of the pearl culture industry has motivated
extensive studies on the biology and ecology of the pearl
oysters, particularly in the South Pacific and Australia
where culturing pearls is of substantial economic
importance. Studies include those on larval growth and
nutrition (Hayashi and Seko 1986, Numaguchi 1999), seed
collection and juvenile growth (Rose and Baker 1994,
Southgate and Beer 2000), hatchery and nursery culture
(Southgate and Beer 1997), population genetics (Durand
et al. 1993, Benzie and Ballment 1994, Wada and Komaru
1994) and ecological modelling (Hawkins et al. 1998,
Pouvreau et al. 2000). Growth patterns in pearl oysters
have been reported mainly from important pearl-producing
areas (Nasr 1984, Elnaeim 1984, Sims 1994, Rodgers et
al. 2000), and it was demonstrated that their growth
performance shows high specific and intra-specific
variation (Pouvreau et al. 2000). Therefore, the relevance
of growth performance is important in determining the
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suitability of the environment for culture, shell growth and
deposition of nacre.

Growth performance in bivalves is determined by their
genetic makeup (Wada and Komaru 1994), and is influ-
enced by the environment — mainly food availability
(Griffiths 1980, Newell and Shumway 1993). Genetic mixing
is high between distant pearl oyster populations in the Indo-
Pacific region (Durand et al. 1993, Benzie and Ballment
1994). Hydrodynamics also influence growth in bivalves
through the response of the filter-feeding process to current
flow (Wildish and Kristmanson 1988). Water flow supplies
food particles, re-suspends poor quality sediments leading
to the dilution of organic matter in the water column, and
also physically influences the retention of food particles in
the gills of bivalves.

Dominant features of the inshore regions of East Africa
are the seasonal monsoons and tidal currents. They
determine seasonal fluctuations in water temperature,
salinity, suspended matter and primary productivity. The
large tidal amplitude, of up to 3.5m during maximum spring
tides, generates strong tidal currents through reef channels
into and out of the shallow bays and lagoons during flood
and ebb tides respectively. Therefore, the shallow lagoons
that are available and easily accessible for oyster culture
experience a wide range of tidal current velocities (Kitheka
et al. 1996). However, information on the influence of water
flow on the growth rate of pearl oysters is scarce. Further-
more, except for a few studies in the Red Sea (Nasr 1984,
Elnaeim 1984), little is known about growth patterns of pearl
oysters from the western Indian Ocean, despite the growing
interest in that resource.

The aims of this study are to determine the growth
performance of P. margaritifera, and to investigate the
influence of the monsoon seasons and tidal currents on
their growth rates in the inshore regions off Kenya. Growth
patterns and nacre deposition of P. margaritifera from a
sheltered back-reef and from a high current-flow area in
Gazi Bay, Kenya, are compared.

Material and Methods
Study area

The study was conducted in Gazi Bay (4°25'S, 39°30°E), a
shallow tropical system with a mean depth of 5m and an area
of about 5km?2. The bay is protected by the Chale Peninsula,
Chale Island and a fringing reef to the north, and it opens to
the Indian Ocean through a relatively wide (3.5km) channel
to the south (Figure 1). The hydrodynamics within the bay
are dominated by semi-diurnal tides, of up to 3.5m amplitude,
which generate strong tidal currents. The ebb tide lasts 7—8h,
whereas the flood tide lasts 4-5h (Hemminga et al. 1994).
Two tidal creeks, Kidongoweni and Kinondo, measuring
about 5km and 2.5km respectively, drain water from the
intertidal flats into the bay (Figure 1). The Kidongoweni River
feeds the Kindongoweni Creek at a water discharge rate of
around 700m? day~' during the dry season and 1.19 x 105m?
day~'" during wet season (Kitheka 1996). One sampling site
(Site 1) was located in front of the two channels that drain the
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Figure 1: Map of Gazi Bay showing the positions of Site 1 and Site
2 and locations mentioned in the text

intertidal areas. The other site (Site 2) was located west of
Chale Island, which is sheltered by a fringing reef. The two
sites were 2—-2.5km apart and both relatively shallow, with
depths of about 0.5m at spring low tide. The sites were
selected for this study because they are relatively close to
each other, so minimising differences in environmental
factors, the natural abundance of pearl oysters and the
potential of the bay for oyster culture.

Physical environment

The abiotic environment at the two sites was monitored
monthly between April 2002 and March 2003. Sea surface
temperature (SST) and salinity were recorded around mid-
day using a hand-held mercury thermometer (£+0.1°C) and a
refractometer respectively. Three 1-I replicate water
samples were taken to determine total suspended matter
(TSM) and the organic matter content (OC). The water
samples were filtered using 4.5cm diameter pre-ashed
GF/C filters of 1.2um, dried at 70°C for 48h, then ashed at
450°C to obtain the organic matter of the water. The ‘clod
card’ technique (Jokiel and Morrissey 1993) was used to
estimate the relative intensity of water motion in the study
sites using ‘plaster of Paris’ blocks. The blocks, weighing
between 31g and 37g, were dried at 70°C and weighed
using an electronic balance (+0.1g). Ten blocks were
suspended 15cm above the bottom, on bamboo sticks that
were randomly placed onto the substrate at the two sites,
for 24h. Five control blocks were placed in 25-1 seawater
containers during the same period. The relative intensity of
water motion, i.e. the diffusion factor (DF), for each block
was calculated as follows:

DF = 100 x ((FIDW — FFDW / FIDW) — (CIDW — CFDW / CIDW))

where FIDW (field initial dry weight) = dry weight of the
blocks before deployment in the sea;
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FFDW (field final dry weight) = dry weight of blocks after
recovery from the sea and drying at 70°C for 48h;

CIDW (control initial dry weight) = dry weight of control
blocks before placing in 25-1 seawater containers for 24h;

and CFDW (control final dry weight) = weight of the control
blocks after drying at 70°C for 48h.

The experiments were done during the maximum spring
tide (18—19 December 2002; Om low tide) and neap tide
(10-11 March 2003; 1.4m low tide). DF values were
expressed as percentage weight loss per 24h. The seasons
and site environment data were compared using the
Student’s t-test and the Kruskal-Wallis test, where the
conditions for parametric analysis were not met. Test for
normality of the data was done using Shapiro-Wilks’ W-test,
and the homogeneity of variances was tested using
Levene’s test.

Growth rates

The growth rate of P. margaritifera was determined at the
two study areas, using the measure and re-measure
method, between February 2002 and February 2003.
Because too few P. margaritifera were found at Site 1,
additional pearl oysters were relocated to that site so that
effective comparisons of growth rate could be made
between sites. Pearl oysters were collected by means of
snorkeling at low tide at various times between February
and October 2002. Six pearl oysters were collected and
marked at Site 1 on 1 February, 18 more were collected
from Site 2 and translocated to Site 1 on 14 February,
and 10 were collected in a random search all over the
bay and translocated to Site 1 on 17 July 2002. At Site 2,
29 pearl oysters were marked on 1 February, four on 14
February, 15 on 17 July and eight were marked on 24
October 2002.

The oysters were tagged using a piece of numbered
plastic dymo-tape tied on a fishing line and passed
through a hole drilled posteriorly to the umbo side of the
shell using a hand-drill fitted with a 0.3mm diameter bit.
The shell diameter of the oysters was measured, and
termed the dorsoventral measurement (DVM; Figure 2),
to £0.1mm using calipers, as described by Sims (1994).
The oysters were then tied onto small bamboo stakes,
which were stuck in the substrate, as close as possible to
the bottom to simulate natural situations. The sites were
visited monthly and the oysters were re-measured. From
the oysters marked at Site 1, three were recovered dead
and four were not recovered at the end of the experiment.
At Site 2, five oysters were recovered dead and nine
were lost. A total of 108 and 124 measurements were
obtained from Site 1 and Site 2 respectively. The growth
rates within the study sites and during the north-east and
south-east monsoon seasons were compared using
analysis of covariance (ANCOVA). Growth rate was
measured using the von Bertalanffy growth parameters:

L, =L (1 el () )
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Figure 2: Dimension (dorsoventral measurement) used for mea-
surement of growth rate, and positions of drill holes and hemis-
pherical plastic beads

where L is the asymptotic length, K the growth constant, t
the age and t, is the age at zero length. The growth para-
meters were estimated according to Fabens (1965), by
fitting the measured and re-measured data into the follow-
ing von Bertalanffy function:

Ly =Ly +(L. Ly )(—e(‘K(tft1 )))

where L, is the length at the beginning and L, the length at
the end of the time at large, and t, - t, is the time interval,
using FISAT software (Gayanilo et al. 1995).

Growth performance (@) was calculated as: @ = log,, (K)
+ 2 log,, (L..), according to Munro and Pauly (1983).

Nacre deposition

Two methods were used to determine the rate of nacre
deposition between July and October 2003. The first
method involved drilling holes in the shell 20mm, 40mm
and 60mm away from — and perpendicular to — the
hinge line, between the umbo and the adductor muscle
(Figure 2). In the second method, hemispherical plastic
beads of between 2.3mm and 2.7mm in height were glued
on the right shell, similar to the method used in the cultur-
ing of hemispherical pearls. The oysters were then labelled
with dymo-tape as done in the growth study. After recovery,
the oysters were dissected to remove the flesh, and the
shell was cut along the line of the holes and along the
diameter of the blisters on the plastic beads using a fine
saw blade. The width of the nacre over the drill holes and
the plastic beads was measured using a caliper, and was
recorded relative to the distance from the hinge line.
Regression analyses of the width of nacre layer dep-
osited, position of drill hole or bead, and shell growth,
were used to determine the relationships between the
deposition rate of nacre and other growth parameters.
ANOVA was used to compare nacre deposition between
the study sites.
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Results
Environmental parameters

Variation in SST and salinity at the two sites is shown in
Figure 3, and Table 1 shows the means and statistical
comparisons of the environmental variables during the
north-east monsoon (NEM) and south-east monsoon (SEM)
seasons. The variances at the two sites were homogenous
(F=0.257, p = 0.614; F = 0.088, p = 0.766; F = 0.0005, p =
0.980; F = 0.007, p = 0.932 for SST, salinity, total suspended
matter [TSM] and percentage organic matter [%OC] respec-
tively), and the distributions were normal (W = 0.941, p =
0.042; W = 0.972, p = 0.434; W = 0.971, p = 0.404 for
salinity, TSM and %OC data respectively). The parametric
Student’s t-test was used for all comparisons, except for
SST, which was not normally distributed (W = 0.882, p <<
0.01). SST was therefore compared using the equivalent
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Figure 3: Monthly sea surface temperatures and salinities at Sites
1 and 2 between April 2001 and March 2002

non-parametric test, the Kruskal-Wallis ANOVA by median
test. SST was similar between April-July, October, January
and February at the two sites, but higher at Site 1 during the
other months (Figure 2). SST did not differ significantly (p <
0.05) between the monsoon seasons at Site 1, but was
significantly higher during the NEM season at Site 2. The
pooled data for both sites showed significantly higher SST
during the NEM season than the SEM season (x?= 6.269, p
= 0.012). Mean SST at the two sites was not significantly
different during SEM season (y? = 2.201, p = 0.130), the
NEM season (x? = 2.014, p = 0.155), as well as the pooled
annual data (y2 = 2.157, p = 0.141). Annual salinity ranged
from 31.5 to 37.0, and was lower at Site 1 from April to
September and higher at Site 1 between October and March
(except in January). Salinity did not differ significantly
between sites and monsoon seasons (p < 0.05).

The range in TSM was higher during the SEM season
(7.7-36.0ug I-') than the NEM season (8.8-29.4ug I-'), and
was also higher at Site 1 (10.4-36.0ug I-') than at Site 2
(7.7-28.9ug I'). The mean TSM was highest at Site 1
during both monsoon seasons, and the overall mean TSM
was higher at Site 1 by approximately 8.3%. The overall
mean %OC was similar between sites (14.7 + 3.8% and
14.6 + 4.2% at Site 1 and Site 2 respectively), but higher at
Site 2 during the NEM season than the SEM season. The
mean percentage DF of the plaster of Paris blocks was
significantly higher at Site 1 than at Site 2 during both the
neap and the spring tides. The mean DF at Site 1 was 59%
and 38% higher than at Site 2 during the spring tide and
neap tide respectively.

Growth of oysters
The size range of the marked oyster population was

51.9-127.2mm DVM (mean 85.8 + 13.04mm). The relation-
ship between shell size (DVM, mm) and weight (shell + dry

Table 1: Mean (+SD) temperature, salinity, total suspended matter, organic content and diffusion factor of plaster of Paris blocks at Sites 1 and 2

in Gazi Bay
Site SEM NEM Test statistic p Annual mean
Temperature (°C)
Site 1 28.7+1.7 30.1+£1.1 y?=1.227 0.267 29.2+1.6
Site 2 27.9+1.7 295+04 %2 =4.150 0.041 285+1.6
Salinity
Site 1 33.3+1.1 344+26 t=1.38 0.17 339+15
Site 2 340+1.2 344+26 t=0.46 0.64 342+14
Total suspended matter (mg I-')

Site 1 194 +0.8 18.3+0.6 t=0.362 0.719 19.2+78

Site 2 17.8+0.6 17.1+0.7 t=0.247 0.806 17.6+0.6
Organic content (%)

Site 1 13.5+3.9 16.9+28 t=1.177 0.249 14.7 +3.8

Site 2 145+ 4.1 149+48 t=0.077 0.939 146+4.2
Diffusion factor (%)

Site 1 Site 2
Spring tide 42.6 +3.41 17.28+2.4 t=12.015 0.00002
Neap tide 182+1.3 11.4+14 t=3.128 0.020
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flesh weight, g) for P. margaritifera was weight =
—2.57DVM3%48 (r2= 0.812). The period between measure and
re-measure ranged between 41 to 134 days. The highest
mean growth rate of 0.086 + 0.001mm day~' (31.3mm year")
and lowest growth rate of 0.021 + 0.021 day~" (7.7mm
year-') were obtained in the 60-65mm and 95-100mm size-
classes respectively (Table 2). Mean growth rates were
higher at Site 1 than at Site 2 for most size-classes,
exceptions being the 55-60mm size-class (only one individ-
ual) and the 70-75mm and 80—-85mm size-classes.

Size-classes >110mm were poorly represented in the
population, so they were excluded from the dataset during
subsequent analysis. The correlation between growth rate
and mean size were weak, but significant, for both sites
(r =0.252 and p = 0.008, r = 0.480 and p = 0.001 for Sites
1 and 2 respectively, Figure 4). The overall growth rate at
Site 1 (0.040mm day~") was significantly higher than at Site 2
(0.035mm day-'; ANCOVA, F =5.999, p = 0.015). The size-
adjusted growth rate for Site 1 (0.042mm day~') was 21.4%
higher than the size-adjusted growth rate (0.033mm day-")
for Site 2.

Growth parameters obtained using Feben’s (1965) method
were K = 0.32 and L, = 131.7mm for Site 1, and K = 0.58
and L, = 106.6mm for Site 2. L predicted by Feben’s
method for Site 2 was lower than the largest individual obser-
ved in the oyster population under study (i.e. 127.2mm),
whereas the L, predicted from growth data at Site 1 was
higher than the observed maximum size in the population.
Therefore, K was underestimated at Site 1 and overesti-
mated at Site 2. K was estimated using L fixed at 127.2mm,
using Gulland and Holt routine in FISAT, which gave values
of 0.38 for Site 1 and 0.30 for Site 2. Using these values in
the growth equations, the age of the majority of the oysters in
Gazi Bay (60—110mm) would range between 2 and 6 years
old (Figure 5). The growth performance (®) of the oysters at
Site 1 (3.788) was slightly higher than at Site 2 (3.686).

Growth during the monsoon seasons

The NEM season was assumed to be between October and
March, and the SEM season between April and September.

Measured and re-measured data that overlapped seasons
were not included in the comparison. The growth rate and
mean oyster size regressions for the sites and seasons are
shown in Figure 6. Growth rate was significantly higher
during the NEM season than during the SEM season at
both sites (ANCOVA; F = 47.9, p << 0.05 and F = 14.8,
p = 0.0003 for Sites 1 and 2 respectively). The mean daily
growth rate at Site 1 was 0.056 + 0.031mm and 0.020 *
0.018mm during the NEM and SEM seasons respectively.
The mean size-adjusted growth rate of 0.056mm day-'
during the NEM season was more than double the rate
during the SEM season (0.022mm day-'). The mean growth
rate at Site 2 was 0.038 + 0.030mm day~' and 0.024 +
0.021mm day~' during the NEM and SEM seasons respec-
tively. The mean size-adjusted growth rate at Site 2 during
the NEM season (0.040mm day-') was less than that at
Site 1, whereas the mean growth rate of 0.022mm day™"
during the SEM season was similar to that at Site 1. The
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Figure 4: Gulland and Holt-type plot of growth rate of P. margari-
tifera at Sites 1 and 2. Regression equations for each site are
given

Table 2: Mean and pooled growth rates (+SD) of P. margaritifera in 5-mm size-classes at Sites 1 and 2, and pooled growth rate in Gazi Bay.

Numbers of samples are given in parenthesis

Growth rate (mm day-")

Size-class (mm) Site 1 Site 2 Pooled
55-60 0.054(1) 0.060 + 0.029 (2) 0.058 + 0.021 (3)
60-65 - 0.086 + 0.001 (2) 0.086 + 0.001 (2)
65-70 0.072 £ 0.043 (4) 0.057 £ 0.013 (4) 0.065 + 0.030 (8)
70-75 0.049 + 0.043 (7) 0.063 + 0.024 (11) 0.058 + 0.024 (18)
75-80 0.059 + 0.042 (8) 0.041 +0.029 (17) 0.046 + 0.034 (25)
80-85 0.042 + 0.020 (12) 0.044 + 0.032 (16) 0.043 + 0.027 (28)
85-90 0.032 + 0.024 (25) 0.026 + 0.025 (27) 0.029 + 0.024 (52)
90-95 0.042 + 0.035 (24) 0.028 + 0.024 (21) 0.036 + 0.031 (45)
95-100 0.030 + 0.029 (13) 0.016 + 0.015 (24) 0.021 £ 0.021 (37)

100-105 0.037 £ 0.029 (11) - 0.037 + 0.029 (11)

105-110 0.034 + 0.044 (3) 0.005 (1) 0.027 + 0.038 (4)

115-120 - 0.024 (1) 0.024 (1)

125-130 - 0.032 (1) 0.032 (1)
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Figure 5: Growth curves of the von Bertallanffy growth function of
P. margaritifera at Site 1 and Site 2.
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Figure 6: Relationship between size and growth rate of P. margari-
tifera at Sites 1 and 2 between April and September (south-east
monsoon) and October and March (north-east monsoon). Regre-
ssion equations are given

growth rate during the NEM season was higher at Site 1
than at Site 2 (F = 16.4, p < 0.001). However, growth was
similar at both sites during the SEM season (F = 0.092, p =
0.761). The observed difference in growth rate between the
two sites reflects the significantly higher growth rate at Site 1
during the NEM season.

Nacre deposition rate

Nacre deposition rate ranged between 1.3um day-' and
5.3um day~' on the plastic beads, and between 2.3um day-'
to 5.9um day~"' over the drill holes. The mean rate of nacre
deposition over the drill holes was 3.4 + 0.9um day-', 3.0 +
1.0pm day-' and 3.7 £ 1.2um day-' for holes 20mm, 40mm

Figure 7: Nacre deposition rate of P. margaritifera in Gazi Bay,
over drilled holes 20mm, 40mm and 60mm from the hinge edge of
the shell, and over 10 hemispherical plastic beads glued between
40mm and 80mm from the hinge edge
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Figure 8: Relationship between shell growth and nacre deposition
rates of P. margaritifera in Gazi Bay

and 60mm from the heel edge respectively, and 3.5
1.4um day~' on the plastic beads. Mean nacre deposition
rates over the drill holes and on the plastic beads were
similar (ANOVA, F = 0.365, p > 0.05). Also, the rate of
deposition was independent of the position from the heel of
the shell (Figure 7). There was no significant difference (F =
0.057, p = 0.812) in the mean of the pooled nacre deposi-
tion rates over the drill holes and on the plastic beads
between Site 1 (0.0035 £ 0.0011mm day-') and Site 2
(0.0034 £+ 0.0013mm day'). The deposition of nacre was
significantly correlated with shell size growth rate (r = 0.700,
F =28.9, p < 0.05; Figure 8).

Discussion
The environment
The seasonality exhibited in SST and salinity during the

study period was typical of inshore lagoons in Kenya
(McClanahan and Young 1996). SST was higher during the
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NEM season (October—March) than the SEM season
(April-September) and salinity was lower during the SEM
season than the NEM season. The SST at Site 1 was
slightly higher on account of the influx of water from the
shallow mud flats and channels within the mangrove forest
during ebb tide. Increased flow of freshwater into Gazi Bay
during the SEM season (Kitheka 1996) lowered the salinity
at Site 1. Freshwater flow from the river is less during the
NEM season, and evaporation in the intertidal zone
overrides the freshwater influx causing higher salinity at
Site 1. However, the overall annual mean salinity at the two
sites was similar. Mean TSM and %OC at Site 1 were
higher during the SEM season, which may be attributable to
the higher river discharge during that period. The percent-
age DF (intensity of water motion) was higher at Site 1. The
difference between the sites was less during the neap tide,
on account of the higher tidal amplitude during spring tide,
which results in higher tidal currents.

Growth rate

There were large variations in growth rates between the
oysters under study, indicated by the low correlation
between the sizes of oysters and growth rates (Figure 4).
This is a common feature in pearl oysters (Sims 1994,
Pouvreau et al. 2000, Urban 2000). For instance, Urban
(2000) reported a regression coefficient of 0.376 between
the growth and size of P. imbricata, and Rajagopal et al.
(1998) suggested uncoupling between shell and weight
growth as an explanation for the high variability. Oysters
commonly show no change or decrease in shell size over
time because of the breakage of the shell margin, known as
sloughing (Sims 1994). Growth rates in pearl oysters have
a genetic basis (Wada and Komaru 1994), and large inter-
specific variation in growth rates are useful in selective
breeding to enhance the growth performance of cultured
stock (Pearson and Munro 1991).

Growth rate is an important indicator of the overall
suitability of a habitat for a particular species. Growth rate in
oysters depends on a wide range of factors including their
age, availability of food, depth of water and water currents.
Few studies on pearl oysters have investigated environ-
mental variables with growth rates, and most of the
reported growth rates are for midwater cultured pearl
oysters (e.g. Nasr 1984, Pouvereau et al. 2000). Therefore,
direct comparisons of growth rates between cultured and
natural populations are inappropriate. For natural oyster
populations, Sims (1994) found growth rates ranging from
5mm year-' to 23mm year-' for oysters 80—139mm in size,
in depths between 5m and 35m in the Mahihiki atoll
lagoon in the Cook Islands. The von Bertalanffy growth
parameters reported by Sims (1994) ranged from K = 0.16
and L, = 170.7mm to K = 0.45 and L, = 151.1mm. Off
Hawaii, the mean growth rate of P. margaritifera of the
size range 116—-154mm was 8.7mm year-' (Rodgers et al.
2000), a rate similar to that of oysters of between 110mm
and 135mm in the present study. Growth rates of oysters
are generally higher in midwater structures compared with
natural growth rates on the seabed. Annual growth rates
of 1-3-year-old cultured oysters that were suspended in

midwater were 23-52mm (Elnaeim 1984), 40-50mm
(Nasr 1984) in the Red Sea, 10-40mm (Coeroli et al.
1984) and 8-33mm (Pouvreau et al. 2000) in French
Polynesia. Values of K=0.25 and L = 309.7 and K = 0.52
and L = 155.5 were obtained for oysters in various
experimental culture structures in the Cook Islands (Sims
1994). Leduc (1997), cited by Pouvreau et al. (2000),
obtained values of K between 0.37 and 0.42 and values of
L, ranging from 175.1mm to 177.6mm for oysters in
culture in the Cook Islands. Values of K = 0.66 and L_=
160.5mm were obtained in longline suspended culture in
French Polynesia (Pouvreau et al. 2000). In the same
region, Coeroli et al. (1984) reported a higher K-value of
0.76 (L, = 148.9mm) than those obtained in the above
studies, and Nasr (1984) reported an even higher K-value
of 1.24 (L, = 125.5mm) in the Red Sea. The growth
performance of 3.7 estimated in this study is within the
range 3.6—4.3 reported by Sims (1994) for P. margaritifera
in the Cook Islands.

Growth rate within study sites and seasons

The growth rate of oysters was higher in the tidal current-
swept site (Site 1) than in the sheltered back-reef site
(Site 2). Various studies have reported a significant effect
of hydrodynamics on the growth of bivalves, which appear
to be species specific. For example, high current velocities
have been shown to stimulate growth in the scallop
Placopecten magellanicus (Wildish and Kristmanson
1988), the mussel Mytilus edulis (Walne 1972) and the
hard clam Mercenaria mercenaria (Grizzle et al. 1992).
Low current-flow speeds (1cm s-') reduce growth in the
oyster Crassostrea virginica (Grizzle et al. 1992). Currents
influence growth rate of bivalves by replenishing
suspended food particles. The decline in growth rate in
low current-flow habitats can be attributable to the deple-
tion of suspended particles in such environments, where-
as higher current velocities reduce growth by physically
interfering with the filtration process in bivalves (Wildish
and Kristmanson 1988).

Apart from differences in the current regime, factors
such as salinity, water temperature, suspended matter
and the organic content of the suspended matter were
quite similar between the two study sites, most likely
because of the close proximity of the sites. An explanation
for higher growth rates at Site 1 is the increased food
fluxes driven by the tidal currents there. Suspended
particles would be lower at Site 2, because of settlement
at the bottom and uptake by filter-feeders, particularly
during spring low tide periods when water depth is shallow
(<0.5m). The suspended organic matter content was
higher during the NEM season than during the SEM
season at both sites. Phytoplankton productivity in the
inshore habitats is low (Bryceson 1982, Kasyi 1994), and
wave turbulence is higher as a result of high velocity
winds during the SEM season (McClanahan and Young in
press). Strong waves would re-suspend the organic
matter-poor bottom sediments, as demonstrated by the
higher levels of suspended matter recorded during the
SEM season. High levels of suspended matter, with low
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organic content, would reduce the quality of suspended
food particles in the water column during the SEM season.
The combination of low primary productivity and re-
suspension of sediments likely resulted in lower growth
rates of P. margaritifera during the SEM season. Growth
of oysters was therefore highest during the NEM season
as well as in the tidal current-swept habitat.

Nacre deposition

Deposition of nacre by the mantle tissue continues through-
out the life of pearl oysters. The present results show that the
rate of nacre deposition on drilled holes on the shell was
similar to that on plastic beads. Therefore, the drilled-hole
method can be used with some degree of confidence to
determine the potential rate of nacre deposition in the
production of hemispherical pearls. The rate of nacre deposi-
tion was inversely related to shell growth rate in the oysters
under study, which concurs with the findings of Coeroli and
Mizuno (1985). However, the quality of the pearls increases
with declining nacre deposition rate (P Southgate, James
Cook University, Australia, pers. comm.). The mean rate of
nacre deposition on the shell of 3.0-3.4mm day~" is similar to
the mean rate of 3.1mm day~' observed by Pouvreau et al.
(2000) for 4-year-old P. margaritifera in suspension culture.
At a nacre deposition rate estimated in this study, it would
take approximately two years to produce hemispherical
pearls with 2.5mm layer of nacre, the optimum thickness
required for the commercial market.
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