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Seven coral species of the genus Acropora and two species of the
genus Pocillopora were studied in Ras Muhammad National Park (south
Sinai) during the period from August 2011 to May 2013 to know their
suitability for transplantation and to test the effects of temperature and
size of fragments on their survival and growth rate. Coral fragments were
collected and transplanted onto trays made from PVC connected by
plastic strap to rectangular frame-tables. Mortality and growth rates were
assessed; more than 37% of the fragments survived after 14 months.
Overall growth rate was 0.864 ± 0.0392 mm/month. The regression lines
displayed for those species showing a highly significant increase in
mortality rate with decrease temperature. All Acroporids and some
Pocilloporids developed a strong holdfast at their bases. Some trays have
been suffered from predation by the corallivorous snail Drupella cornus.

In conclusion Acropora eurystoma, A. humilis and A. gemmifera
were the fastest growing transplanted species, and they offer the best
combination of life-history characteristics, especially in moderate
temperature. However, A. hemprichii and A. pharaonis showed
significantly greater mortality than other species, so they are not suitable
for transplantation in Ras Muhammad site.

1. INTRODUCTION
Coral reefs are one of the most valuable and threatened ecosystems on the planet

(Connell, 1978). They fulfil a range of ecological functions, such as shoreline protection,
maintenance of biodiversity, genetic diversity, nutrient cycling and provision of habitat for a
large number of organisms (Done, 1995;Costanza, et al. 1997 and Shutler, et al. 2006). The
Coral Reef Task Force estimates that 70 % of the world’s coral reefs are threatened and 10 %
have been destroyed. Portions of Caribbean coral reefs have lost up to 80 % of coral species
and continue to be under increasingly destructive pressures from various sources (Goreau, et
al. 2000; Westmacott, et al. 2000; Cesar, 2002 and Burke, et al. 2002). There are many
factors pushing reefs being in danger and threats to coral reefs are mainly regarded to human
activities (Sebens, 1994; Rajasuriya, et al. 1995 and Burke, et al. 2004).
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Coral reefs in the Red Sea are
exceptional in not being bordered by
deforested land with heavy run-off into the
sea or by densely populated coastlines; they
are -enclosed by deserts -rather unaffected by
perturbations such as sedimentation and
eutrophication that deteriorate most other
reefs in the world.

During high season, up to 200 dive
boats invade this area and leave their traces
in the reefs. Trampling by reef walkers and
snorkelers, poorly trained divers and ship
groundings cause mechanical damages
resulting in increasing areas of dead rubble
(Riegl & Velimirov, 1991). Additionally, big
passenger and cargo ships occasionally hit
the reefs in the Straits of Tiran.

There is a general thought that natural
reefs cannot rebuild themselves fast enough
to meet human demands (Grigg & Dollar,
1990 ; Hughes, 1994) and requires human
assistance. Thus, there is a concern to
identify management option to protect and

restore coral communities. One of those
management options proposed is the
establishment of effective methodologies for
coral propagation through human activity.

The approach we chose in this article is
to study using of coral fragments for
developing rehabilitation measures for
mechanically degraded reef areas,
particularly those of the Acropora sp.,
because these are known to grow or extend
faster than most other corals (Yap & Gomez
1981), with a minimum of environmental
harm and interference with living resources.

2. MATERIAL AND METHODS
Branching coral fragments used for

transplantation were collected from a healthy
area with about 65-68 % of coral cover
between August 2011 and May 2013 from
the north of Breakah Bay, Ras Muhammad
National Park (N 27° 46.275′, E 34° 12.989′)
(Fig. 1).

Fig. 1:  Donor area and Experimental site

The site for rehabilitation experiments
was Cony Bay, where the seabed is gently
sloping down to about 13 m depth followed
by a steeper slope down to a terrace in 40 m
dropping further to more than 100 m in the
middle of the bay. Experimental site is near
from donor area (about 3 Km) to prevent
stress-free transport of coral fragments.
Nursery construction also in a depth similar
to the depth of the donor site and water

clarity allows adequate light penetration for
good coral growth at the depth where the
corals cultured.
2.1 Experimental design:

Fixed modular tray nurseries technique
was based on Shaish, et al. 2008 (Fig.
2).Trays were made from 3.6 cm diameter
PVC (1 m × 1.2 m) connected by plastic
strap to rectangular frame-tables (2.5 m × 1
m). The frame-table area allows a few
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centimeters gap between trays for ease of
working. The frame-tables were made of 3
cm wide angle iron hammered 20 cm into the
seabed. A few small holes into the PVC

pipes were made to reduce buoyancy. Trays
holding coral fragments were located in the
experimental site in 4.8 m depth and up to
about 1 m from the bottom.

Fig. 2: Design for a fixed modular tray nursery (based on Shaish et al., 2008).

2.2 Fragmentation of donor colonies:
Coral fragments used for

transplantation were derived from South
Breakah dive site using SCUBA diving, For
Acropora sp., branching coral broken
fragments from tourism activity used for
transplantation were collected in different
sized ranging from finger size to large heads,
2-9 cm long. For Pocillopora sp., side-
cutting pliers were used to cut fragments
from the donor healthy colonies. Clean
plastic gloves were used and cutting was
done from the side of the colony to prevent
breakage of a bigger portion than required.
Coral fragments were placed in plastic bags
of seawater before being transferred to shore
for transplantation to study area. Each
genotype was placed in a separate plastic bag
to avoid harmful interactions.

2.3 Making coral fragments for nursery
rearing:

PVC pipes were used as trays because
they are suitable primarily for branching and
sub massive species (e.g. Acropora,
Montipora, Pocillopora, Stylophora); the
coral fragments was inserted into the hole of
a PVC pipe. Further, having part of the
skeleton inserted into the substrate reduces
detachment. This speeds up the nursery
stocking process and reduces its cost.
2.4 Arrangement and spacing of corals in
the nursery:

The sessile life-styles and the growth
forms of corals can lead to tissue contacts
between adjacent colonies.
2.5 List of coral tested for transplantation:

In total nine scleractinian coral species,
mainly branching Acroporids and
Pocilloporids were tested for transplantation
(Table 1).

Table 1: List of coral species used for transplantation
Species % of all colonies

Acropora eurystoma 17.3
A. humilis 9.3
A. pharaonis 2.7
A .digitifera 10.6
A. hemprichii 2.7
A. squarrosa 8.1
A. gemmifera 6.6
Pocillopora verrucosa 29.3
P. damicornis 13.4
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Detailed growth patterns were taken by
a Vernier caliper, which involved measuring
length, width and base diameter of the
developing fragment. Percent live cover was
estimated for each coral and the type of
damage was recorded.
2.6 Sedimentation:

Three sediment traps were set up at
iron Table. After collection the sediment was
washed with fresh water to remove salt and
the water was then removed by decantation
before drying the sediment in the oven at
100° C for 24 h. The dry sediment was
weighed on an analytical balance with a
precision of 0.001 g (Clark and Edwards,
1995).

3. RESULTS
3.1 Mortality rates of transplanted colonies:

Overall approximately 62.6% of coral
colonies died in situ over the study period,
with mortality ranging from 41.8% at
Acroporidae to 90.6% at Pocilloporidae and
had significantly higher exponential
mortality rates than Acroporidae with a mean
of 6.474 (SD 7.091) as opposed to 2.99 (SD
3.583). Mortality rates were individually
estimated for nine coral species. Intra-family
variation is apparent with Acropora
hemprichii and A. pharaonis having a
significantly higher mortality rate than either
A. gemmifera or A. squarrosa (Fig. 3).

Fig. 3: Mortality rate of transplanted fragments of different coral species.

3.2 Percentage of survival rate by size class:
All coral fragments were classified to

three groups of size, small (20-50 mm),
medium (50.5-70 mm) and large (> 70.5
mm) to know the best fragment size to

transplant (Fig. 4). There was no significant
difference between percentage survival and
size for either Acroporidae (P = 0.689) or
Pocilloporidae (P = 0.827).

Fig. 4: Survival rate of the Acroporidae and Pocilloporidae in different size classes.

3.3 Monthly and Annual axial growth rates
of transplanted colonies:

Overall average growth rate was 0.864
± 0.0392 mm/month. Growth rates varied
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widely between colonies within one species
and between congeneric species (P-value
<0.05) as well as between families (Table 2).
The fastest monthly growing species were
Acropora eurystoma (1.699 ± 0.1213
mm/month), followed by Pocillopora

damicornis (1.033 ± 0.1380 mm/month). The
slowest growth rates were found in A.
Squarrosa (0.533 ± 0.0756 mm/month) and
P. Verrucosa (0.538 ± 0.0536mm/month)
(Fig. 5).

Fig. 5: Monthly mean axial growth rate of transplanted fragments

Table 2: Estimated mean colony radial extension rates in mm/month

Species
Mean

(mm/month)

Number of
estimates
obtained

Minimum Maximum

Acropora eurystoma 1.699 ± 0.1213 118 0.00 5.5
A. humilis 0.700 ± 0.0750 70 0.00 2.5

A. pharaonis* 0.923 ± 0.2585 13 0.00 3.0
A. digitifera 0.585 ± 0.0765 82 0.00 2.5

A. hemprichii* 1.033 ± 0.1980 15 0.00 2.5
A. squarrosa 0.533 ± 0.0756 61 0.00 3.0
A. gemmifera 0.588 ± 0.0687 57 0.00 2.0

Pocillopora verrucosa 0.538 ± 0.0536 120 0.00 3.0
P. damicornis* 1.033 ± 0.1380 45 0.00 3.5

(*mean for 7 months)

Among the acroporids, A. eurystoma
was the fastest annual axial grower with an
average increase of 22.87 ± 4.089 mm than
most of other acroporids within 14 months,
followed by A. humilis (8.87 ± 2.01 mm) and

A. gemmifera (7.75 ± 1.36 mm) (Fig. 6).
Among the pocilloporids P. verrucosa
showed 8.17 ± 1.74 mm average axial
growth rate (Plates 1 & 2).

Fig. 6: Annual mean axial growth rate (14 months after transplantation).
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3.4 Effect of temperature on mortality rate
of transplanted colonies:

The regression lines displayed for
transplanted species showed a highly
significant increase in mortality rate with
decrease temperature (P< 0.01). The highest
mortality rate was recorded in January 2012

with more than 11% and 25% of total
fragments of acroporidae and pocilloporidae
respectively, was died and there was no
mortality in the last 3 months of
transplantation period for acroporidae
species and last 2 months for pocilloporidae
species (Fig. 7).

Fig. 7: Mortality rate of coral fragments every months along with sea surface temperature.

3.5 Holdfast development:
All acroporidae showed a very high

regeneration potential manifested by the
development of a firm proliferating foothold

onto the PVC pipe (Fig. 8). In opposition to
it, some Pocillopora sp. did not develop such
a holdfast at their bases; they have been only
fixed in the PVC pipe by the plastic strap.

Fig. 8: Acropora eurystoma in the construction after transplantation. (a) New buds at the top of the branches
clearly grew. (b) A strong holdfast development. (c) Algae settling on the substrate.

3.6 Natural recruitment of corals to
experimental design:

Coral recruits on experimental design
first observed 6 months after the
experimental design had been emplaced. Soft
coral species Nephthealaevis and Litophyton

arboretum were dominant on experimental
design (42% of recruits) followed by
Pocillopora species (26% of recruits) and
Millepora species (25% of recruits). Detailed
data on the growth rate of these recruits were
collected and measurements for about 22
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months. However, preliminary observations
indicated that survival rate was high and
growth rates were fast, with some
Pocillopora verrucosa and P. damicornis

colonies that attained a colony diameter
approaching to 60 mm within 12 months of
first being recorded (Fig. 9).

Fig. 9: Examples of coral recruits on the experimental design.
(a) Pocillopora verrucosa. (b) Stylophora pastillata. (c) Litophyton arboretum.

(d) Nephthea laevis. (e) Millepora dichotoma.

3.7 Environmental conditions and
disturbance:

Figure (10) shows an Acropora
eurystoma and Pocillopora verrucosa
infested with the snail Drupella cornus.

Another disturbance to the transplanted coral
fragment was the herbivores like parrotfish
that feed in algae from the surface of the
coral leading to scratch and broken in some
fragments.

Fig. 10: Acropora eurystoma and Pocillopora verrucosa on a husbandry tray infested with Drupella cornus.
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3.8 Sedimentation:
The average sedimentation rate was

calculated for the sediment traps, (about 50
cm2), was 42.8 g/14months. Therefore, the
sedimentation rate equal to 0.856 g/cm2/14
months. Daily, the sedimentation rate in the
study site was 2 mg/cm2/d.

4. DISCUSSION
Growth of coral fragments is an

important natural process, at least, in corals
with branchy forms of colonies. Colony
fragments rest anchor somehow occasionally
on the PVC pipe, then adhere to the substrate
through regeneration and outgrowth of soft
tissues and skeleton. Our results do not
contradict the conclusion of Okubo, et al.
(2005) who concluded that attachment to the
substrate is a precondition of a successful
long-term process of transplantation. In the
other hand, these results are similar to that of
James et al. (2009) who found that Acropora
muricata had the fastest self-attachment than
the encrusting-foliaceous species Echinopora
lamellose and at the end of the study (about 8
months) 74% had achieved self-attachment.

Overall survivorship of transplanted
coral colonies of 37.4 % at 14 months
compares favorably with Auberson (1982)
and Alcala et al. (1982). The high
survivorship of some species of Acroporidae
on the study site, where sedimentation rates
were approximately 2 mg cm-2 d-1,
emphasizes that such rates were tolerable for
the recruits. This conclusion is further
supported by Rogers (1990) who found that
only sedimentation rates above 10 mg cm-2 d-

1 are destructive for most coral species.
The lowest percent of survival rate of

Acropor apharaonis, Pocillopora damicornis
and P. verrucosa in nursery construction,
after 6 months, indicates that, these species
are highly sensitive to mechanical stress
during transplantation. Contrary to that
result, fragments of two other species of the
same genus (A. squarrosa and A. humilis)
were not significantly affected by handling
during transplantation.

In this study most mortality of
transplanted colonies occurred during the
middle five months following transplantation
(winter and spring) when about 45% of
colonies were died or torn loose by wave
action. Brikeland, et al. (1979) had greater
loss problems in their studies in Guam where
505 out of 643 transplanted colonies (79%)
belonging to nine genera were lost from an
open coast site at Tanguisson. Natural
accretion of almost Acropora colonies (i.e.
A. humilis, A. eurystoma, A. digitifera and A.
gemmifera) within two months of
transplantation, and by four months all
Acropora colonies had naturally accreted at
their bases and firmly attached themselves to
the PVC trays. These results are in contrast
to those of Birkeland, et al. (1979) who
found no natural accretion of transplanted
corals onto the substrate.

We found that Acropora eurystoma, A.
humilis and A. gemmifera are the fastest
growing species, among those transplanted.
However, A. hemprichii and A. pharaonis
showed significantly greater mortality than
A. gemmifera and A. eurystoma. Suggesting
that among the Acroporid species examined,
A. gemmifera and A. eurystoma offers the
best combination of life-history
characteristics. Among the pocilloporid,
Pocillopora damicornis and P. verrucosa
have intermediate growth rate and suffered
significantly very higher mortality rate, so
they are not suitable for transplantation in
our study site. These results are in contrast to
results of Nsajigwa, et al. (2010) who
monitored high survivor rates of Pocillopora
verrucosa and Acropora hemprichi in
Tanzania.

Growth rates of corals of the present
study are considered high compared with the
previous records in other areas of the same
species after unifying the units of growth
rates. Glynn (1977) studied the growth rate
of P. damicornis within 7m depth in the Gulf
of Panama and the Gulf of Chiriqui (Pacific
coast of Panama). He found that the mean
growth of 0.256 and 0.321 mm/month
respectively and related that higher growth to
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the higher temperature in the Gulf of
Chiriqui. His growth data were much lower
than the present work values for the same
species (1.033 ± 0.1380 mm/month).

But in the same area, we found
similarity in growth rate for some species.
The annual mean growth rates of A. humilis
was 8.87 ± 2.01mm/year. It is similar to that
of Aamer (2004) who concluded that sites or
location influenced significantly the linear
growth rates of A. humilis at Sharm El-
Shiekh which ranged between 6.17mm/year
and 9.80mm/year.

Shaish, et al. (2008) studied the size
augmentation of length and width for
Pocillopora damicornis after 9 months and
found it was 2.83 ± 0.73 and 3.73±0.32times
from initial size, respectively. It was higher
than our result for the same species after 7
months with 1.19 ± 0.06 and 1.18 ±
0.06times from initial size, respectively.

During the  monitoring process, the
coral-eating snail Drupella cornus was found
on the experimental area preying on
Acropora eurystoma and Pocillopora
verrucosa.

In conclusion Acropora eurystoma, A.
humilis and A. gemmifera were the fastest
growing transplanted species, and they offer
the best combination of life-history
characteristics, especially in moderate
temperature. However, A. hemprichii and A.
pharaonis showed significantly greater
mortality than other species, so they are not
suitable for transplantation in Ras
Muhammad site.
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Plate 1: Growth of Acropora eurystoma during one year of transplantation.

Plate 2: Growth of Pocillopora verrucosa during one year of transplantation.


