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ABSTRACT
Tridacna gigas, the most threatened species of giant clam, is the source of a lot of attention in the Indo-Pacific region
from researchers, to poachers, to tourists. Their numbers are declining because of the value of the fascinating shell
and adductor muscle. This has sparked a rise in popularity for the mariculture of these giant clams, in an attempt to
return abundance levels to their prior state. Researchers have conducted many studies on these large cohorts of
clams, generally descendent from the same small group of parents. This study analyzes the morphological features
and correlations among the cohort, as well as the influence of zooxanthellae on each feature. No statistically
significant correlation was found between morphological traits and zooxanthellae density observed through mantle
color. Frequency distributions for each morphological trait varied from normal, to sporadic with many gaps and
jumps/dips in frequency. More studies focusing on the lifetime mantle color of each individual can help determine
significance between the relationship of morphological size and zooxanthellae density.
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1.0 INTRODUCTION
1.1 Tridacna gigas
The giant clam (Tridacna gigas) is a staple organism of the Great Barrier Reef and of the Indo-Pacific region in general,
drawing heavy attention from tourists across the world. Its enormity in size, coupled with its fascinatingly colorful
mantle tissue, make it one of the must-see organisms on any trip to the area. Unfortunately, the distribution and
abundance of the species is dramatically declining due to overexploitation by humans for its beautiful shell and tasty
adductor muscle. In order to save these unique organisms from extinction, it is important to develop a thorough
understanding of their specific requirements and processes associated with the species, in order to identify biologically
and financially effective strategies to return to their natural patterns of distribution and abundance.
1.2 Taxonomy
T. gigas is the largest living bivalve species belonging to the family Cardiacea, and subfamily Tridacnidae, which
contains all species of giant clams (Munro 1992). Within this subfamily, there are 9 recognized species of giant clams,
seven belonging to the genus Tridacna and two belonging to the genus Hippopus. Giant clams within this subfamily are
unique among their bivalve counterparts in their utilization of a symbiosis between the algal dinoflagellate
zooxanthellae, enabling them to reach their distinctively large sizes (Munro 1992). The largest T. gigas individual ever
recorded was 137 cm in length and 300 kg in weight (Rosewater 1965).
1.3 Distribution
The distribution of T. gigas is limited to the Indo-Pacific subtropical oceans, stretching from as far north as the South
China Sea, down through Malaysia, Indonesia, and northern Australia, and up through Papa New Guinea and the
Philippines. The clam used to be present in the waters of Taiwan, Japan, and Micronesia, but overexploitation in
addition to influences from climate change due to human population increase has made them geographically extinct in
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these areas (Copland 1988). The distribution of the species is based off of its requirements for habitat selection,
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summarized by the clear, high-salinity waters of coralline
tropical
seas.
They
generally live in association with coral
reefs, but the presence of coral is not an obligate requirement. T. gigas and other members of this subfamily are
generally limited water depths less than 20 meters because of their dependence on the symbiotic photosynthetic algae
(Munro 1992).
1.4 Reproduction/Growth
Because giant clams are sessile organisms, they reproduce through a method called broadcast spawning, in which
sperm and eggs are released into the water and fertilization occurs in this water column (Alcazar 1988). All giant clams
are hermaphrodites, making them capable of producing both eggs and sperm, allowing them to reproduce with any
other individual of its species. During a spawning event, sperm is produced first, followed shortly by egg
production. The release of sperm is dependent on a spawning inducer substance associated with the presence of ripe
eggs (Wada 1952). Adult clams are capable of releasing up to 500 million eggs at a time (Knop 1996). It is
estimated that T. gigas reaches sexual maturity at 25-35 cm (Nash, et al. 1988). A study on the variability of growth
rates in both wild and cultured stocks of clams indicated a very high individual variability in growth, as well as a trend of
a more rapid growth rate in wild stocks (Pearson 1991). This has been hypothesized to be a result of the strong
influence of natural selection pressure on slow-growing clams in wild groups (Munro 1992).
1.5 The Symbiosis and Mantle Color
As stated previously, giant clams are unique among the bivalves in their presence of a symbiosis with the dinoflagellate
algae zooxanthellae. T. gigas contain populations of these single-celled algae, the same algae present in the coral
symbiosis, within its tissues. This photosynthetic alga uses the clam as a host, while the clam gains the excess
products of photosynthesis, mainly glucose, making up a substantial portion of their daily energy
requirements. Tubules stem from the gut of the clam, and the zooxanthellae concentrate near the mantle surface at
the end of these tubules (Norton 1992). The algae are located in the mantle for maximum sun exposure when the
clam is open.
The mantle coloration of these giant clams is greatly influenced by the amount of the zooxanthellae present within their
tissues. The zooxanthellae are responsible for creating pigments as a result of photosynthesis, such as chlorophyll,
while the clam creates pigments to protect its tissues from high levels of ultraviolet light (Yonge 1975). Zooxanthellae
absorb visible light, needed for photosynthesis, in unequal amounts across the light spectrum. Because they don’t
absorb very much light in from the wavelengths corresponding with the colors red and green, they tend to have a
brownish color in nature. Generally, the “browner” the mantle of a giant clam, the more zooxanthellae present, and the
greater the benefits that host is receiving from the symbiosis. The iridescence of T. gigas mantles comes from these
sunscreening pigments, known as iridiophores, that contain reflective platelets within them (Fatherree 2007). The
mantle also contains up to thousands of eyespots, responsible for sensing the direction of the sunlight for maximum
photosynthesis output, as well as detection of shadows as prevention from possible predation (Fatherree 2007).
1.6 Bleaching
Just as in corals, giant clams have the possibility of becoming bleached as a result of heightened environmental stress,
characterized by a bare white mantle as opposed to the reflective green/brown color normally associated with the
photosynthetic pigments in healthy clams. The clams achieve this pitch white color when they cut off the symbiosis
between itself and the photosynthetic algae that they are so dependent on for their daily nutrition (Fatherree
2007). Bleaching usually occurs in patches across the mantle, but total bleaching can occur in extreme cases. When
the clam expels this symbiont that they are so heavily dependent on, their metabolic intake drastically decreases,
decreasing the fitness of the individual and slowing its growth rate (Leggat 2003). A number of environmental stresses
have been identified as causes of bleaching, but the most prominent causes seem to be associated with increased
water temperature and excessive ultraviolet exposure (Griffiths 1992). When the photosynthetic algae is exposed to
such elevated levels of UV light, the byproducts of photosynthesis can actually cause damage to the host, leading to
possible death if nothing is done to mitigate the stress. Because bleaching events are based mainly upon temperature
and light, there are plenty of environmental conditions that play a part in the likelihood of an event. These include the
length of day, cloud cover, rainfall, tide levels, water salinity and clarity, and air temperature. (Leggat 2003)
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T. gigas is one of the most threatened giant clam species, commonly overexploited for its beautiful and valuable shell,
as well as adductor muscle (Dawson & Philipson 1989). The adductor muscle is a common source of food throughout
islands in the Indo-Pacific and has been connected to food sources of ancient groups inhabiting these islands many
years ago. The International Union for Conservation of Nature identifies the giant clam as vulnerable, and that without
proper active management strategies focusing on the recovery of the species, T. gigas will certainly become officially
endangered in the near future (Munro 1992). As a result of their vulnerability, the mariculture of giant clams has
become increasingly popular both in terms of studying the vulnerable species to gain a better understanding of its
requirements as well as increasing their depleted numbers across the Indo-Pacific. Culturing cohorts, such as the one
maintained by Richard Braley, is growing in popularity and may eventually prevent the species from becoming extinct.
1.8 Aims of the Study
The aims of this study are to:
1) Analyze the diversity in genetic expression within a cohort from the same 4 parent organisms through morphological
observation
2) Identify morphometric correlations within a cohort
3) Identify morphological differences, if any, based on the amount of observed zooxanthellae from the mantle color
4) Identify morphological differences, if any, between bleached individuals and healthy individuals
2.0 METHODS
2.1 Study Site:
The study was conducted on Magnetic Island, located just 15 kilometers off of the coast of Townsville, in North
Queensland, Australia. More specifically, the study was conducted at White Lady Bay (19° 6' 9.63" S, 146° 51' 45.52
E), a small fringing reef off of the north end of the island, right beside the much larger Horseshoe Bay. The site was
located just a 20-minute hike around the coast of Horseshoe Bay, done at the start of low tide to ensure a safe
commute to the site. All of the clams were located between the shoreline and a rock wall built by Keith Bryson, placed
about 50 meters from the shore. This made it easy to locate each of the clams for data collection. White Lady Bay has
been used as the site for many aquaculture projects on both oysters and giant clams. Three clams from the same
cohort were located in Rick Braley’s own laboratory aquarium on Magnetic Island and were also analyzed in the study.
2.2 Study Organisms:
The cohort of clams analyzed in this study was cultured and maintained by Dr. Braley himself and were some of the
first clams to be cultured in Australia. This cohort of 54 clams are all products of the same spawning event between 4
parent clams, with 1 individual providing the eggs and 3 individuals providing the sperm. Because of this, all of the
clams are exactly the same age (turning 27 years old in January 2013) and share the same genes. Because of their
genetic similarity and identical ages, morphological observation will provide an analysis of the variance in genetic
expression among the cohort.
2.3 Data Collection:
Data was collected between November 11th and November 18th, 2012, in association with the lowest tides during the
study period to enable relatively simple collection. The time of collection shifted 50 minutes later each day in company
with the time of the daily low tide. The tides ranged from .8 m to 1.2 m throughout the period of study.
Morphological features of each of the 54 giant clam shells were measured in centimeters, using a large pair of calipers
created by Rick Braley. Before any measurements were taken, it was important to ensure that the clam was as close
to completely closed as possible to ensure a consistent means of attaining measurement values. This was done by
gently rubbing the outer part of the mantle, in order to get the clam to close up, without providing an unnecessary
amount of stress on the organism. If the clams differed in their degree of closure, the data collected would be
inconsistent, as measurements such as width would be very skewed based on the degree of closure. Once this was
done, measurements were taken of the shell length, width, depth, and scallop height to the nearest tenth of a
centimeter:
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Length: measurement of the two outermost parts of the shell, parallel to the opening
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61+shell,
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4778 5096 to the opening
Width: measurement of the two outermost parts
of the
Depth: measurement from the base of the clam along the substrate to the highest point along the mantle
Scallop Height: measurement of the curved projection of the shell, from the tip of the centermost ridge to the
base of the opening

From the length, width, and depth measurements, total volume of the clam was calculated, assuming a threedimensional rectangular shape. Cubic centimeters were converted to milliliters, and then to liters, to determine the size
of the assumed “box” that the clam would fit inside of. While the volume measurement is not the true measure of
volume for the clam because the clam is obviously not a rectangle, the values can still be compared in terms of relative
volume across the cohort.
In addition to the morphological features measured with the giant calipers, observations on the color of the mantle were
recorded, using a scale from 1 to 4, described by the table below (Table 1). This provided an observational account for
the density of the symbiotic zooxanthellae present within the mantle of the clam.
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2.4 Data Analysis:
All of the data was then compiled and analyzed in Excel. Descriptive statistics were derived from the data for
comparison across the four mantle color groups. With these descriptive statistics, T-Tests and analyses of variance
(ANOVA) were completed to determine significance within the variance across the mantle scale. Linear regressions
were completed to determine whether any other morphological feature had a correlative relationship to the scallop
height. Histograms were completed for each morphological feature to determine the distribution of each physical trait
among the cohort, enabling the analysis of individual groups within the cohort in terms of the parent clams they were
derived from.
3.0 RESULTS
3.1 Descriptive Statistics
A total of 54 clams were measured and analyzed. Means for the length, width, depth, scallop height, and volume of
the cohort were 64.44 cm (+/- 4.48 cm), 36.44 cm (+/- 3.33 cm), 38.31 cm (+/- 4.17 cm), 11.60 cm (+/- 2.58 cm), and
90.66 L (+/- 18.90 L), respectively. Mantle color pattern #1 (light) was by far the most abundant type (25 individuals),
while pattern #2 (dark) was the least abundant type (6 individuals). Figure 2 shows the distribution of the mantle
patterns across the individuals studied. One clam within the cohort was noticeably bleached, with about 70% of the
mantle surface visibly free of algae and was 2.04 cm smaller in length, 1.36 cm greater in width, and 0.59 cm greater in
depth when compared to the cohort averages. The mean values for the three clams analyzed in Rick Braley’s
aquarium, followed by a comparison to the mean of the cohort are as follows: Length: 59.86 cm (-4.48), Width: 35.06 (1.37), Depth: 38.2 (-0.11), Scallop Height: 10.66 (-0.94), Volume: 81.00 (-9.66).
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Table 2 shows the means for each of the morphological features among the mantle pattern groups, including the
bleached individual.

3.2 ANOVA
An analysis of variance (ANOVA) between each of the four mantle pattern groups for each of the morphological
measurements was conducted, yielding the following results: Length (p-value: 0.283), Width (p-value: 0.697), Depth (pvalue: 0.624), Scallop Height (p-value: 0.894), Volume (p-value: 0.911). The means of the two lighter colored mantle
patterns (1&3) were combined and compared with the combination of the means of the two darker colored mantle
patterns (2&4) using a standard t-test, yielding the following results: Length (p-value: .335), Width (p-value: .964),
Depth (p-value: .657), Scallop Height (p-value: .492), Volume (p-value: .557).
3.3 Regression
Width had the closest correlative relationship with scallop height in comparison with the rest of the morphological
features but was not statistically significant in its relationship (R2 = .33691). The least correlative morphological
feature related to scallop height was length (R2 = .006447). Figure 3 shows the correlations:
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3.4 Morphological Frequency
3.4.1 Length: For the frequency graph regarding length, the peak frequency occurs at 64 cm (the average value for the
cohort). The graph indicates a slight negative skew, with higher frequencies occurring to the right of the peak in
comparison to the left of the peak. There is an interesting drop in frequency just below the mean at 62 cm, followed by
an increase in frequency as the size decreases from the mean.

Figure 4: The frequency distribution of the length of the clams across the cohort
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3.4.2 Width: For the histogram on width, there is much more variability in the frequencies corresponding to the
associated widths. There are two peaks at 35 cm and 37 cm, with many gaps and varying degrees of frequency
spread between each subsequent width bound. The graph, while having a peak near the average, is far from a normal
distribution curve.
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3.4.3 Depth: The histogram regarding depth shows an overwhelming peak between 39 cm and 40.5 cm, with over half
of individuals registered within this small bound. The graph then thins out in either direction of the mean, but in
opposite trends, with a frequency trend increasing as you deviate from the mean in the negative direction, and
decreasing as you deviate from the mean in the positive direction.

3.4.4 Scallop Height: This graph for the frequency of scallop height represents a near perfect normal distribution
among the cohort, with a peak at 12 cm, and an equally gradual decline in frequency in either direction of the mean.

Figure 7: The frequency distribution of the scallop height of the clams across the cohort
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3.4.5 Volume: The histogram focusing on volume peaks at 85 liters, with a frequency of 9 individuals. Left of the peak,
frequencies decline rather rapidly, while frequencies to the right of the peak remain quite high. This indicates a
positively skewed graph, with more frequencies in the right tail of the curve than would be expected in a normal
distribution. There is an obvious outlier at 165 L.
4.0 DISCUSSION
4.1 Zooxanthellae and Mantle Color
After conducting the experiment and analyzing the data, the p-values derived from the data (ranging from 0.283 to
0.911) indicate that there is no statistically significant difference between the means of each morphological feature
across the four mantle patterns in the cohort. Even when the two light and dark mantle patterns were combined and
compared with one another, the differences between the means lacked statistical significance. Basing a conclusion on
this experiment alone, it would appear that the number of zooxanthellae within the mantle of T. gigas, through
observational analysis, has no significant influence on the morphological features of giant clams. This disproves the
originally postulated idea that the higher the apparent levels of zooxanthellae in the mantle, the larger and faster the
clam will grow due to the resulting increase in metabolic efficiency.

A study completed in 2002 tried to determine a genetic link within mantle color but found nothing (Laurent et. Al). A
study done in 2000 on the same cohort of clams used in this study concluded that the color of the mantle does in fact
describe the number of zooxanthellae, with darker mantles having higher concentrations of the algae. However, the
study also concluded that the mantle patterns can change over the course of a couple of years (Sullivan 2000). It may
be that the mantle patterns change often enough to make any influence on growth rate indistinguishable from the rest
of the cohort. This also seems to indicate that the giant clams have control over the number of zooxanthellae in their
mantle, an important trait to have when combating certain environmental stresses. A long-term study on a cohort like
this one, where the sizes and mantle colors of the clams are recorded repetitively and throughout the lifetime of the
clams, could perhaps identify whether there is indeed a correlation between mantle color and morphological growth.

4.2 Morphological Correlation – Scallop Height
With R2 values ranging from 0.06 to 0.33, it can be concluded that the length, width, and depth of the giant clam have
no linear correlation to the scallop height. In other words, whether the clam is very long or very wide has no influence
on whether the scallop height will be longer or shorter. In the context of this study, the influence of zooxanthellae on
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the size (length, depth, and width) of the clam was disproven, so it can also be concluded that the algae has no
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5096 and scallop width to provide a scallop
influence on the scallop height. A future study that measures
both
scallop
area may yield a more significant correlation. If scallop height is a distinct genetic feature that it not as proportionally
determined by environmental conditions, as other morphological features may be, it can be an accurate way of
analyzing the diversity of genetic expression in a cohort of clams like this one.
4.3 Bleached Individual
Although there was only one individual identified with significant bleaching, it is worth comparing the means of its
morphological features to the rest. Interestingly, while the clam was 2.04 cm smaller in length compared to the rest of
the cohort, it was 1.36 cm greater in width and 0.59 cm greater in depth than the means. It is possible that bleaching
has the largest influence on length, as opposed to the other morphological features, or it’s possible that this clam
hasn’t been too affected by the bleaching, and the shorter length can be described by something other than the
presence of zooxanthellae. A study done in 1998 on this same cohort also found that there was no significant
difference in length between bleached and unbleached clams (Seilo 1998). This 1998 study was done following a
large bleaching event, when more of the individuals of the cohort had apparent bleaching.

4.4 Morphological Frequencies
Although the histograms on morphological features do not provide us with 3 distinctly apparent groups, corresponding
to the coupling of parents associated with this cohort, these graphs do help us analyze the distribution of morphological
features across the cohort. While all of the graphs have peaks at the means, what the graphs do from there tends to
vary with each feature. In the scenario of length, the graph represents a close to normal distribution. When comparing
the frequency graph of width to length, it is easy to realize the increased variance present in the width frequency
graph. With many gaps and sporadic increases in frequency far from the mean, it appears that the width is far more
variable within a genetically similar cohort. The depth frequency graph shows much less variance, with more than half
of the individuals ranking within a rather small bound. The graph of volume essentially combines these three features
together, yielding a rather normal distribution pattern, yet still containing sporadic jumps and dips in frequency. Since
scallop height has been proven to have no linear correlation with the other morphological features in the study, the
observed normal distribution makes sense. If the scallop height is predetermined genetically and is not influenced by
surrounding environmental conditions (like eye color, for example), then this graph can be used to analyze the gene
expression variability within the cohort. It is possible that, had the number of individuals within the cohort been
significantly higher, that certain groups could become much more apparent within the graph, corresponding to the
parents of each group.
4.5 Management
As abundance numbers for T. gigas continue to decrease as a result of overexploitation, it is becoming increasingly
more important to develop effective management plans to prevent the species from the possibility of
extinction. Because they are sessile organisms that live in relatively shallow waters, they are extremely vulnerable to
poachers, hunting them for the valuable adductor muscle and shell. The institution of an annual quota, in union with
size restrictions, appears to be a valuable tool in terms of managing the long-term health of the species. It has also
been postulated that establishing refugia for the species with greatly increase recruitment levels, helping the species
bounce back to prior levels (Munro 1991).
The possibility of using mariculture as a means of returning population levels to where they once were across the IndoPacific is becoming a large topic on the management of the species. With continued success and rising efficiency in
the culture of the giant clam, it is a potentially useful strategy for restocking these depleted reefs.
4.6 Conclusion
As an endangered species, it is important to understand everything there is to know about giant clams so that proper
management techniques can be implemented to help T. gigas from extinction. Understanding the complexities
between the clam and its symbiotic partner, zooxanthellae, may play an important role in the future success of the
species, as we learn the conditions in which the species thrives. The continued study of cultured clams is vitally
important in determining their potential to replenish depleted numbers across the Indo-Pacific. As a staple organism of
the Great Barrier Reef and the Indo-Pacific region, the maintenance of species abundance and the prevention from
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extinction are important for maintaining the health of the associated ecosystems in general. If fascinating organisms
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such as the giant clam continue to exist, the argument
for the
preservation
and protection of the ecosystems will
increase, helping the continued success of all species in the area.
REFERENCES
Alcazar, S. N. (1988). Spawning and larval rearing of tridacnid clams in the Philippines. p.125- 128. In Giant Clams in
Asia and the Pacific, (J. W. Copland and J. S. Lucas, eds.), pp. 125-128. ACIAR Monograph 9, Canberra, 274 pp.
Belda, C. A., C. Cuff, and D. Yellowlees. "Modification of Shell Formation in the Giant Clam Tridacna Gigas at Elevated
Nutrient Levels in Sea Water." Marine Biology 117.2 (1993): 251-57. Print.
Copland, J.W. Giant Clams in Asia and the Pacific. Australian Centre for International Agricultural Research, Canberra,
1988.
Fatherree, James W. Why do Tridacnids Look the Way They Look? The Reefer. Issue: April 2007.
Fathrerree, James W. Tridacnid and Coral Bleaching, Part 1: What It Is and What Causes It. The Reefer: January
2007.
Griffiths, Cl, and Dw Klumpp. "Relationships between Size, Mantle Area and Zooxanthellae Numbers in Five Species
of Giant Clam (Tridacnidae)." Marine Ecology Progress Series 137 (1996): 139-47.
Griffiths, D. J., H. Winsor, and T. Luongvan. 1992. “Iridophores in the mantle of giant clams.” Australian Journal of
Zoology 40(3):319-326.
Knop, Daniel. Giant clams a comprehensive guide to the identification and care of Tridacnid clams. Ettlingen: Dähne
Verlag, 1996.
Laurent, V., S. Planes, and B. Salvat. 2002. “High variability of generic pattern in giant clam (Tridacna maxima)
populations within French Polynesia.” Biological Journal of the Linnean Society 77:221-231.
Leggat, W. The Impact of Bleaching on the Metablic Contribution of Dinflagellate Symbionts To Their Giant Clam Host.
Biochemistry and Molecular Biology, James Cook University. Plant, Cell, And Environment (2003) 26, 1951-1961.
Mansour, K. (1946). Communication between the dorsal edge of the mantle and the stomach of Tridacna. Nature 157,
844.
Munro, John L. (1992). Giant Clams. Pacific Islands Forum Fisheries Agency, Solomon Islands.
Nash, W. J., Pearson, R. G. and Westmore, S. P. (1988). A histological study of reproduction in the giant clam,
Tridacna gigas, in the north central Great Barrier Reef. In Giant Clams in Asia and the Pacific, (J. W. Copland and J. S.
Lucas, eds.), pp. 89-94. ACIAR Monograph 9, Canberra, 274 pp.
Norton, J.H., and Jones, G.W., 1992. The giant clam: an anatomical and histological atlas. ACIAR Monograph, 142 p.
Rosewater, Joseph. Indo-Pacific Mollusca. Philadelphia: Dept. of Mollusks, Academy of Natural Sciences of
Philadelphia, 1966. Print.
Seilo, Paul. A Bleaching Event Amongst a Cohort of Giant Clams (Tridacna gigas) in White Lady Bay, Magnetic Island.
Richard Braley. School for International Training. Spring 1998.
Sullian, Jill. An Investigation of Zooxanthellae Densities and Mantle Color of Tridacna gigas. Rick Braley. School for
International Training, December 2000.

14

6-10 Elena St., Nelly Bay, Magnetic Island, Queensland 4819 AUSTRALIA

Wada, S. K. (1952). Protandric functional hermaphroditism in the tridacnid clams. Oceanogr. Mag. (Tokyo) 4, 23-30.
Ph/Fax 61+ (07) 4778 5096
Yonge, C. M. "Giant Clams." Scientific American 232.4 (1975): 96-105.
APPENDIX

15

