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Abstract A reciprocal transplant experiment (RTE) of
the reef-building coral Porites lobata between shallow
(1.5 m at low tide) back reef and forereef habitats on Ofu
and Olosega Islands, American Samoa, resulted in pheno-
typic plasticity for skeletal characteristics. Transplants
from each source population (back reef and forereef) had
higher skeletal growth rates, lower bulk densities, and
higher calcification rates on the back reef than on the fore-
reef. Mean annual skeletal extension rates, mean bulk
densities, and mean annual calcification rates of RTE
groups were 2.6-9.8 mm year ', 1.41-1.44 g cm™, and
0.37-1.39 g cm™ year ' on the back reef, and 1.2—
4.2 mm year!, 1.49-1.53 g cm™, and 0.19-0.63 g cm™
year ' on the forereef, respectively. Bulk densities were
especially responsive to habitat type, with densities of
transplants increasing on the high energy forereef, and
decreasing on the low energy back reef. Skeletal growth
and calcification rates were also influenced by source
population, even though zooxanthella genotype of source
colonies did not vary between sites, and there was a
transplant site x source population interaction for upward
linear extension. Genetic differentiation may explain the
source population effects, or the experiment may have been
too brief for phenotypic plasticity of all skeletal charac-
teristics to be fully expressed. Phenotypic plasticity for
skeletal characteristics likely enables P. lobata colonies to
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assume the most suitable shape and density for a wide
range of coral reef habitats.
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Introduction

The massive reef-building scleractinian coral Porites
lobata is frequently a dominant species in back reef
margins (Veron 2000; Craig et al. 2001) and fringing
coral reefs (Dollar 1982; Jokiel et al. 2004) of the Indo-
Pacific. Colonies may live for over 500 years, attaining
diameters of >6 m (Lough and Barnes 1997; Fenner
2005). Skeletal characteristics, such as linear extension,
density, and calcification, vary along environmental gra-
dients. Skeletal extension rates of P. lobata and other
massive Porites species increase with increasing seawater
temperatures along latitudinal gradients (Grigg 1982;
Lough and Barnes 2000), with increasing solar irradiance
along depth (Grigg 20006) or turbidity (Lough and Barnes
1992) gradients, and with decreasing water motion along
hydraulic energy gradients (Scoffin et al. 1992). Gener-
ally, skeletal extension rates of P. lobata and other
massive Porites species are higher in the summer than in
the winter, higher in larger than in smaller colonies, and
the rates of upward growth are higher than lateral growth
(Lough et al. 1999; Lough and Barnes 2000). Skeletal
density refers to the specific gravity of the skeletal
material plus enclosed voids, also known as bulk density
(Bucher et al. 1998). In P. lobata and other massive
Porites species, skeletal extension rates and bulk density
are inversely related (Lough et al. 1999; Lough and
Barnes 2000).
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Calcification rate is the mass of calcium carbonate
(CaCO3) a coral colony deposits per unit area per unit time,
and is calculated as the product of skeletal extension and
bulk density. Because of the inverse relationship of mas-
sive Porites skeletal extension rate and bulk density, only
considering one or the other can lead to misleading con-
clusions regarding calcification rates. That is, increasing
extension rates or bulk densities do not necessarily indicate
increasing calcification rates (Dodge and Brass 1984;
Lough and Barnes 1992). However, in massive Porites,
rates of calcification and extension are strongly linked, thus
higher calcification rates are associated with higher sea-
water temperatures (Lough and Barnes 2000), higher solar
irradiance (Lough and Barnes 1992; Grigg 2006), and
lower water motion (Scoffin et al. 1992). Likewise, as with
extension rates, calcification rates are typically higher on
upward than lateral surfaces in these species (Lough et al.
1999; Lough and Barnes 2000).

Phenotypic variability, such as colony morphological
variability in zooxanthellate corals, may be caused by the
environment (Foster 1979), by genetic differences between
individuals or populations (Willis and Ayre 1985), or by
both (Via and Lande 1985). Phenotypic plasticity refers to
environmental control of morphological variability, and a
reaction norm represents the relationship between the
phenotype and the environment (Stearns 1989; Doughty
and Resnick 2004). Phenotypic plasticity confers broad
adaptability to the range of environmental conditions
encountered by sessile organisms (Bradshaw 1965). For
example, in zooxanthellate corals, phenotypic plasticity
across depths for colony shape in P. sillimaniani (Muko
et al. 2000) and for corallite shape in two faviids (Todd
et al. 2004) may function to maximize absorption of
available light.

Though colony morphological variability of massive
Porites species is well known (Dollar 1982; Grigg 1982;
Scoffin et al. 1992; Veron 2000), the sources of the vari-
ability (environment, genetic, or both) have not been re-
ported for these species. The morphology of P. lobata
colonies on the reefs of Ofu and Olosega Islands, American
Samoa (Fig. 1), varies by habitat type. In the back reef
pools (<3 m depth), colonies are hemispherical or dome-
shaped until they attain 2-3 m in diameter, after which
they become micro-atolls up to 8 m diameter as the limit of
upward growth is reached but lateral growth continues. On
the shallow forereef (<3 m depth), colonies are flat or
encrusting, up to 4 m diameter but <0.5 m thick.

We hypothesized that the morphological variability of
P. lobata at this site is produced by phenotypic plasticity
for skeletal growth rate, with greater upward linear
extension in the relatively low energy back reef than on the
high energy forereef. To test this hypothesis, a reciprocal
transplant experiment of P. lobata was carried out between
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Fig. 1 Map of study area, showing back reef and forereef reciprocal
transplant sites

back reef and forereef sites (Fig. 1), along with zooxan-
thella genotyping of source colonies at the beginning and
end of the experiment. The purpose of the experiment was
to determine if skeletal growth rate variability of P. lobata
at this site is environmental, genetic, or both (environ-
mental control indicates phenotypic plasticity). Bulk den-
sities of the transplants were also measured in order to
calculate calcification rates.

Materials and methods
Study area and species selection

The study area was a pair of small volcanic islands, Ofu
and Olosega, in American Samoa (14°11’S, 169°40'W).
The islands are separated by a channel approximately
100 m wide and 3 m deep (Fig. 1). Narrow fringing reefs
surround the islands, with shallow (<3 m low tide depth)
back reef pools occurring where the reef is widest. Water
motion in the back reef is semi-diurnally intermittent,
typically alternating between >20 cm s~ at high tide to
<5 cm s~ at low tide (Smith and Birkeland 2007). During
midday low tides, limited mixing and high solar irradiance
combine to warm the back reef waters, producing daily
fluctuations in seawater temperature of up to 4-5°C (Smith
2004). In addition, the smoother water surface associated
with reduced water motion at low tide in the back reef
increases transmission of irradiance into the water column
(Kirk 1994). Frequent storms and high rainfall cause spo-
radically high turbidity and low salinity in the back reef
(Smith and Birkeland 2003). In contrast, the shallow (<3 m
low tide depth) forereef is a more stable environment.
Breaking waves create consistently very high water
motion, moderating seawater temperature and irradiance
transmission. The water motion, as well as distance from
shore, prevents rapid changes in turbidity and salinity
relative to the back reef.
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Diversity of reef-building corals is highest in the larger
back reef pools, dominated by massive Porites micro-
atolls, P. cylindrica, and Acropora species (Craig et al.
2001). Diversity and abundance of corals is lower on the
shallow forereefs, where robust branching species and
encrusting species are prevalent (Fisk and Birkeland 2002).
At least five massive Porites species occur in the study
area; P. lobata, P. lutea, P. australiensis, P. mayeri and
P. solida, and some skeletal growth characteristics may
vary by species (Lough et al. 1999). P. lobata, a gonoch-
oric spawner, was selected for this experiment because
gross colony morphology varies between habitats (back
reef and forereef), it is common elsewhere in the Indo-
Pacific, and it can be distinguished from other massive
Porites species by surface morphology and corallite
skeletal characteristics (Veron 2000; Fenner 2005).

Reciprocal transplant experimental design

Porites lobata was reciprocally transplanted between a
back reef site on southeastern Ofu and a forereef site on
northwestern Olosega (Fig. 1) for a 6 month period be-
tween August 2004 and February 2005. The RTE design
utilized four replicate groups that were transplanted within
and between the two sites: From the back reef to the back
reef (Native 1, N;), from the back reef to the forereef
(Translocated 1, 7)), from the forereef to the forereef
(Native 2, N,), and from the forereef to the back reef
(Translocated 2, T,). Comparison of the Native and
Translocated groups quantifies variability by transplant site
(N vs. Ty, N, vs. T,) and by source population (N; vs. 7>,
N, vs. Ty). Variability by transplant site indicates envi-
ronmental control (phenotypic plasticity), and variability
by source population indicates genetic control, assuming
the absence of confounding factors. A reaction norm links a
Native group to its corresponding Translocated group (N,
and Ty, N, and T), and the two reaction norms together
illustrate the interplay of environmental and genetic control
on each skeletal characteristic (Schluter 2000; DeWitt and
Scheiner 2004).

Coral transplantation

Porites lobata source colonies were identified based on
surface morphology and corallite skeletal characteristics
(Veron 2000; Fenner 2005). Only three colonies could be
positively identified as P. lobata on the shallow forereef
site, thus six source colonies (three per site) were utilized
for the RTE. A pneumatic drill was used to remove eight
35 mm diameter, 50 mm-long cores from each source
colony; four cores for the native site, and four cores for the
translocation site, thus providing 12 cores in each of the

Back Reef Forereef

Source Colonies  Transplants (N, T,) Transplants (N,, T;)  Source Colonies

Fig. 2 Reciprocal transplant experimental (RTE) design, showing
transplant sites, source populations, and source colonies the four RTE
groups

four RTE groups (Fig. 2). Holes were filled with marine
epoxy, and tissue grew over the epoxy within 6 months.

To minimize confounding factors associated with vari-
ability in source colony characteristics, transplant size,
transplant shape, handling stress, micro-environmental
conditions, competition, predation, and disease, the fol-
lowing procedure was used for coral transplantation: (1)
Source colonies were >10 m from one another to reduce
the likelihood of selecting clones, except for two source
colonies on the forereef that were 5 m apart; (2) The tops
of all source colonies were at 1-2 m low tide depth, and
transplant cores were removed from the center portion of
the tops of the source colonies; (3) Transplants were
approximately the same length, weight, and shape, and
were handled and transported in the same manner; (4)
Transplant cores were removed from source colonies in the
morning and transplanted in the late afternoon; (5) Within
each transplant site (forereef or back reef), individual
transplant attachment sites were prepared by drilling shal-
low 35 mm holes in dead coral substrate at 1.5 m low tide
depth; (6) The two groups to be transplanted within each
site (the N and T groups) were mixed, then each transplant
was randomly assigned an individual attachment site; (7)
Transplants were attached with Sea Goin’ Poxy Putty®
marine epoxy no less than 25 cm apart, mapped, and
photographed, and; (8) All transplants were surveyed for
survival in September 2004 and February 2005. Those with
bleaching, overgrowth, or other tissue death were consid-
ered mortalities and removed from the experiment because
of potential effects on skeletal results. During each survey,
all surviving transplants were checked for signs of com-
petition, predation or disease.

Skeletal measurements

Skeletal growth rates of the transplants were determined
with the buoyant weight method to measure percentage
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increase in skeletal mass (Jokiel et al. 1978), and the
alizarin dye method to measure linear extension (Barnes
1970). Transplants were removed from source colonies
early in the morning, placed in plastic bags of dissolved
alizarin (100 mg 1I"") anchored to the back reef substrate,
left for 6 h, transferred to a nearby weighing station,
buoyant weighed (Ohaus Dial-O-Gram mechanical bal-
ance, accurate to 0.01 g), and finally transplanted near
the end of the day. All transplants were removed from
source colonies, stained, weighed and transplanted on
20th and 21st August 2004. On 20th and 21st February
2005, surviving transplants were removed without frac-
turing the skeleton, cleaned by removing epoxy and
encrusting organisms by hand and by removing tissue
with bleach, buoyant weighed, sliced with a band saw,
sanded to reveal the alizarin mark, and linear extension
measured.

Both upward and lateral extension rates of the trans-
plants were measured. Upward linear extension of each
transplant was determined from the mean of four mea-
surements taken in the central one-third of the upward
facing surface of each sliced transplant. The alizarin
stain mark was up to a few millimeters thick, thus the
measurements were made from the upper boundary of
the mark. Lateral linear extension was also determined
from the mean of four measurements: Slicing each
transplant dorso-ventrally revealed the well-stained,
undamaged upper surface of the original core, as well as
the lightly-stained straight vertical surfaces created by
drilling through the skeleton. A pair of horizontal mea-
surements was made on each corner starting from the
upper and lower boundaries of the upper stain mark, and
the mean of these four measurements used to calculate
lateral growth for each transplant. The results were used
to estimate annual upward and lateral extension rates
(mm yearﬁl).

Bulk density (g cm™) was measured by first air-drying
the 35 surviving transplants for 6 months, then grinding
each transplant to a 5-6 cm® block. All alizarin-stained
skeleton and post-RTE skeletal material was removed,
thus the blocks were obtained from the central portion of
the pre-RTE cores. The blocks were dried at 60°C for
24 h before weighing. To determine bulk density at the
end of the RTE, dry weight was taken of each block
(DW _jean)- The blocks were dipped in molten paraffin wax
kept at 110-115°C to form a water-tight barrier, then dry
weight was again taken of each block (DW,,). Buoyant
weight of each waxed block was measured in distilled
water at 20°C with specific gravity 1.00 g em™> (BWyay).
Total enclosed volume (Vipcioseq) and bulk density were
then calculated for each block using the equations
(Bucher et al. 1998):
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Venclosed = (DWWaX - BWWBX) X (IOOng73)
Bulk Density = DWjean/ Venclosed

Annual calcification rate, or the mean mass of CaCO;
deposited per unit area per year (g cm > year '), was
estimated for each surviving transplant as the product of
annual linear extension and bulk density. Annual linear
extension was estimated by doubling the 6-month exten-
sion results. Extension rate results were assumed to be
representative of mean annual values because the 6-month
RTE period was evenly split between the cool and warm
seasons. Bulk density results were assumed to be repre-
sentative of mean annual values because the blocks were
large enough to encompass at least 2 years of density
bands. Calcification was calculated for upward and lateral
skeletal growth.

Source colony zooxanthella typing

To infer spatial and temporal patterns in symbiont geno-
types of the transplants, zooxanthella types were deter-
mined of all source colonies at the beginning and end of the
RTE. A zooxanthella sample was taken using a 13 mm
punch from the top of each source colony at the beginning
and end of the experiment in August 2004 and February
2005. Samples were preserved in 95% EtOh, and total
DNA extracted using established methods (Baker et al.
1997). Symbiont DNA was amplified using partial large
subunit ribosomal DNA (LSU rDNA) primers 24D15F4
and 24D23R1, and the resultant products identified and
assigned to clades with restriction fragment length poly-
morphism (RFLP) analysis using enzymes Tagl and Hhal
(Baker et al. 1997; Baker 2001). In addition, denaturing-
gradient gel electrophoresis (DGGE) was used for a finer-
scale genotype analysis to search for spatial and temporal
differences not detected by RFLP.

Statistical analysis

Statistical analyses were performed with Minitab 14. All
data were assessed for normality and homogeneity of
variances (Levene’s test) prior to testing. A three-way
analysis of variance (ANOVA) was used to test effects
of transplant site, source population, and source colony on
six skeletal characteristics (mass increase, upward linear
extension, lateral linear extension, bulk density, upward
calcification, and lateral calcification) of the surviving
transplants. Because the six tests are dependent, p-values of
<0.05 were adjusted by a factor of six to obtain final
p-values (Bonferroni correction). Interaction of factors was
tested when relative magnitudes of variable means were
not uniform (Sokal and Rohlf 1981).
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Results

Transplant survival was 67-100% for the RTE groups on
the back reef (12/12 for Ny and 8/12 for T5), and 50-75%
for those on the forereef (6/12 for N, and 9/12 for T;). No
signs of competition, predation or disease were observed
on any of the surviving transplants in 2004 or 2005, sug-
gesting that skeletal characteristics were not affected by
these environmental factors. Skeletal growth rate results
were consistent for skeletal mass, upward extension, and
lateral extension (Fig. 3). Transplant site affected all three
measures of skeletal growth rate, indicating environmental
control or phenotypic plasticity. Source population also
affected skeletal growth rate, suggesting genetic control
(Table 1). In addition, the contrasting environmental re-
sponses in upward extension of translocated corals (T
decreased much more than 7 increased) led to a transplant
site x source population interaction (Table 1), as illustrated
by the converging reaction norms on the forereef (Fig. 3b).

Mean bulk densities were higher on the forereef than the
back reef for all RTE groups (Fig. 4a). Transplant site
affected bulk density, but source population did not
(Table 2), thus indicating environmental but not genetic
control. The sloping, nearly overlapping reaction norms
(Fig. 4a) illustrate that the bulk density differences
between the sites were likely attributable to phenotypic
plasticity alone. Extension results strongly influenced cal-
cification estimates, with upward and lateral calcification
both affected by transplant site and source population
(Table 2). As with linear extension, these results indicate a
combination of environmental and genetic control, though
in this case the converging reaction norms on the forereef
for upward calcification (Fig. 4b) do not represent a sig-
nificant interaction (Table 2). Because multiple transplants
were obtained from each source colony, effects of source
colony were included in the analyses, but none of the
skeletal characteristics were affected by source colony
(Tables 1, 2).

The spatial (LaJeunesse et al. 2004) and temporal
(Baker et al. 2004) variability of zooxanthella type, and
dependence of coral skeletal growth rates on zooxanthella
type (Little et al. 2004), pose potential confounding factors
for coral RTEs. However, the zooxanthella analyses
showed no differences in zooxanthella type of the source
colonies by transplant site, source population, or season:
The six P. lobata source colonies each contained RFLP
genotypes C1 and C3, and DGGE genotype C15, both at
the beginning and end of the experiment. Thus, assuming
source colony zooxanthella type was representative of the
transplants, the patterns in skeletal growth resulting from
the RTE cannot be explained by zooxanthella type.

Discussion

This study demonstrates that variability in skeletal char-
acteristics of P. lobata between shallow (1.5 m at low tide)
habitats on Ofu and Olosega Islands is at least partially a
function of phenotypic plasticity. That is, regardless of
source population, skeletal growth rates, bulk densities and
calcification rates of each transplant group responded to the
transplant site environment (Tables 1, 2), indicating envi-
ronmental control. Competition, predation and disease did
not appear to affect the transplants, thus variability in
skeletal characteristics was likely a response to physical
differences between the back reef and forereef habitats.
Mean annual upward linear extension (Fig. 3) and cal-
cification rates (Fig. 4) for all RTE groups were lower than
reported from a density band study of 35 massive Porites
colonies from the same latitude (14°S) collected from 3—5 m
depth in back reefs on the Great Barrier Reef (upward
extension = 13.9 mm year ', calcification = 1.64 g cm™>
year ') (Lough et al. 1999). In a study of P. lobata skeletal
growth along a depth gradient in Hawai’i, linear extension
was less at 3 m than 6 m, possibly due to high levels of
solar ultraviolet radiation, increased turbidity, or episodic

Fig. 3 Skeletal growth rate A Mass Increase (%)

b Upward Extension (mm) ¢ Lateral Extension (mm)

results (upper) and reaction N, T, N, T, N, T, N, T, N, T, N, T,
norms (lower) for Porites X 3L4 195 42 81 49 21 06 13 34 1.8 10 16
lobata, a mass increase, SE 27 18 10 30 04 03 02 03 02 01 02 o0l
b upward linear extension, and Annual Extension (mm) 98 42 12 26 68 36 20 32
¢ lateral linear extension.
Transplant groups: N; = native, 40 o o4
back reef; T; = translocated, g a 4 b f N i ¢
back to forereef; N, = native, " N 1§ E 5 Nl§ g 1
30 A g 34
forereef; T, = translocated, X = 4 )
A =
fore to back reef 9 ) 5
S 20 1 2 3 521
g_;‘ §Tl § = T2§ %T
E % o2 §T = 1
— [8a) 1 [5 §
2] Tz%\ ERR T2§‘\ =n 2
s oN, z eN, 3
<
Back Reef Forereef =) 0 Back Reef Forereef — Back Reef Forereef
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Table 1 Three-way ANOVA (transplant site, source population, source colony) for skeletal growth rates, measured by percentage of mass
increase (MI), upward linear extension in mm (UpEXx), and lateral linear extension in mm (LtEx)

df MS F p
MI UpEx LtEx MI UpEx LtEx MI UpEx LtEx
Transplant site 1 499.88 24.37 13.60 8.52 22.95 29.68 0.042° 0.001* 0.001*
Source population 1 3095.28 55.58 18.43 52.74 52.34 40.22 0.001* 0.001* 0.001*
Source colony 2 18.82 1.91 0.78 0.32 1.80 1.71 0.728 0.184 0.199
Site x population 1 123.77 8.59 0.66 2.11 8.09 1.44 0.157 0.048* 0.240
Error 29 58.69 1.06 0.46

# Bonferroni-corrected

Table 2 Three-way ANOVA (transplant site, source population, source colony) for skeletal bulk density (BkDn) in g cm™, and upward (UpCa)

and lateral calcification (LtCa) in g cm™ year™

df MS F p
BkDn UpCa LaCa BkDn UpCa LaCa BkDn UpCa LaCa
Transplant site 1 0.0811 1.765 0.689 12.68 20.56 17.33 0.006* 0.001* 0.001*
Source population 1 0.0041 4.482 1.124 0.63 52.23 28.28 0.432 0.001* 0.001*
Source colony 2 0.0094 0.141 0.049 1.47 1.65 1.24 0.247 0.210 0.304
Site x population 1 0.0003 0.604 0.121 0.05 7.04 3.06 0.827 0.078* 0.091
Error 29 0.0064 0.086 0.040

# Bonferroni-corrected

Fig. 4 Skeletal density and 2 Bulk Density (2 om)

b Up Calc (g cm™ yr'l) C Lat Calc (g cm” yr")

calcification results (upper) and N, T, N, T, N, T, N, T, N, T, N, T,
reaction norms (lower) for X 1405 1494 1527 1436 139 063 0.19 037 096 053 030 046
P. lobata, a bulk density, SE 0018 0.040 0.032 0.030 0.12 008 004 0.09 0.06 0.05 005 0.10
b upward calcification (Up
Calc), and c lateral calcification —~ 1.60 ~ 16 ~
o (S 53]
(Lat Calc). Transplant groups: 7! a 2 4N % b v 1.0 4y § c
N, = native, back reef; Hoss - 12 ] ! T !
Ty = translocated, back to E N2 =10 5 0%
forereef; N, = native, forereef; o 150 T, e “2 06
T, = translocated, fore to back = bl 0.8 ! T o1,
R ELE 06 L3 o044 2
reef g 2 N N o
2 1.40 - N& 5 0.4 1 T2§\ 5 02 1 2
= 0.2 1 o,
l-‘:Qs 1.35 :Qf 0 E 0.0
: Back Reef Forereef Back Reef Forereef = Back Reef Forereef

sedimentation (Grigg 2006). Thus, skeletal growth and
calcification rates of all RTE groups were likely inhibited
by physical factors associated with shallow depths. In
addition, skeletal growth and calcification of RTE groups
on the forereef (N,, T}) may have been reduced by very
high water motion from sporadic large ocean swells and
storms. In a density band study of P. lobata from Hawai’i,
colonies from depths less than 10 m in areas exposed to
waves showed frequent interruptions in skeletal growth
(Grigg 1982).

Mean bulk densities of all RTE groups were 1.405-
1.527 g cm™ (Fig. 4). These values fall within the upper

@ Springer

range of bulk densities of massive Porites from 3-5 m
deep back reef margins on the Great Barrier Reef (Lough
and Barnes 2000), and are similar to those of P. lobata
from 10 m depth in the Northwest Hawaiian Islands (Grigg
1982). Phenotypic plasticity for bulk density occurred
oppositely of skeletal growth rate, with higher density
associated with lower growth (Figs. 3, 4). Within individ-
ual massive Porites colonies, bulk density varies season-
ally, producing density bands (Knutson et al. 1972).
However, density bands are laid down within the tissue
layer on the outermost layer of the skeleton (Barnes and
Lough 1993), whereas the skeletal blocks used for density
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measurements in this study were at least 1 cm below the
tissue layer. This is the first report of bulk density changes
in the skeleton underneath the tissue of Porifes species.
Such secondary infilling occurs in the bases of many
branching coral species as a skeletal-strengthening adap-
tation (Hughes 1987), thus the increase in bulk density of
transplants placed on the forereef may function to reduce
the likelihood of breakage in the face of very high water
velocities.

The greater effect of source population than transplant
site on skeletal growth rates, and the transplant site X
source population interaction for upward linear extension
(Table 1), suggest genetic differentiation of the two pop-
ulations. In optimal growth environments, massive Porites
colonies grow more quickly along the upward (vertical)
than the lateral (horizontal) axis (Lough et al. 1999), a
pattern displayed by transplants from the back reef source
population at both transplant sites. However, transplants
from the forereef source population had greater lateral
than upward extension at both transplant sites (Fig. 3b, c).
Although all source colonies and transplants were at the
same depth (1.5 m low tide), underwater irradiance may
differ between the back reef and forereef because of
contrasting water motion patterns. The smoother water
surface associated with reduced water motion at low tide
on the back reef likely allows greater irradiance trans-
mission into the water column than on the forereef, where
breaking waves and high velocities maintain a roughened
water surface that reduces irradiance transmission (Kirk
1994). Upward extension at 1.5 m depth requires mecha-
nisms to absorb, reflect or fluoresce ultraviolet radiation
(Hoegh-Guldberg and Jones 1999; Corredor et al. 2000),
thus selection may be occurring in the back reef for such
mechanisms.

Many population structure studies of broadcast
spawning corals have found panmixia at within-reef
(<10 km) spatial scales (Benzie et al. 1995; Ayre and
Hughes 2000, 2004; Ridgway et al. 2001). Others have
found small-scale population structure, though evidence
suggests it resulted from disturbance events, rather than
selection (Whitaker 2004; Magalon et al. 2005). On
Olosega Island, the north-facing forereef site is frequently
hit by tropical cyclones approaching from the northwest
(JTWC 2006), whereas the south-facing backreef site is
relatively protected from cyclones by Ofu Island (Fig. 1).
Thus, genetic differentiation of the two populations could
occur if a large storm reduced the forereef population to a
small number of individuals but did not affect the back
reef population, causing a population bottleneck on the
forereef (Hedrick 2005).

Alternatively, the brevity of the experiment (6 months)
may be a confounding factor, falsely implying genetic
differentiation between the transplanted populations when

in fact they are both part of a single panmictic population.
The utilization of skeletal mass increase and linear exten-
sion to quantify phenotypic responses to different envi-
ronments may require longer than 6 months to obtain
accurate results. That is, skeletal response to changing
conditions is not immediate (Buddemeier and Kinzie 1976;
Potts 1984). Thus running the RTE for at least 1 year may
have allowed skeletal growth rates of the translocated
groups to fully adjust to the new environments, potentially
resulting in greater environmental control, as occurred with
bulk density (Fig. 4a).

This study demonstrated phenotypic plasticity of
P. lobata for skeletal characteristics (growth rate, bulk
density, calcification rate) between back reef and forereef
habitats. Plasticity may contribute to colony morphologi-
cal variability observed in this species, especially on
small spatial scales where genetic differentiation is un-
likely, such as from rounder to flatter colonies with depth
(Grigg 2006) and higher hydraulic energy (this study).
Such colony morphological plasticity is thought to be
adaptive, as the flatter shape maximizes absorption of
dwindling light at depth (Muko et al. 2000) and may
increase colony stability in high water velocities. For
broadcast spawning corals such as P. lobata, larvae settle
in a wide range of environments, and plasticity provides
the capacity for the colony to grow into the most suitable
shape and density for that particular environment (Warner
1996; Marfenin 1997). Subsequently, P. lobata can grow
and compete in many habitat types, likely contributing to
this species’ broad range and often high abundance on
Pacific coral reefs.
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