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ABSTRACT KEYWORDS
IN2003-2005 and 2010-2011, experimental commercial cultivation of 14 spe- Coral fragments;
ciesof hermatypic coralswas carried out using the method of donor colony Cultivation;
fragmentation. Thetransplants successfully survived on experimental frame Reefs;
installations. The coral colonies that were recovered from the fragments Vietnam.

became attached to the frame installations in a similar way to their attach-
ment on natural substrata. The research has established species-
specificfactors and others affecting regeneration of fragments and growth
of new colonies in these coral species. The accretion of donor fragments
and new branches averaged from 40 to 160 mm per year, depending on the
coralspecies, colony size, and season of transplantation. An average monthly
accretion of medium and larger transplantsand growth of new branches
were 1.2-1.3 times higher at spring cultivation than at autumn
transplanting.When transplanted, coral fragments of medium and larger
sizes survived well and showed higher growth ratesin all species
studied.After 1-1.5 year, the size of the transplants was found to have
increased by 220-275%. The newly formed artificial coral community was
colonized by the damselfish Dascyllus reticulates (Pomacentridag); the
speciesis acommon coral fish speciesthat lives on natural reefs.
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INTRODUCTION

Theeconomy of Vietnamisdeve opingrapidly. The
coadtlineof Vietnam hasbecomeasiteof intense house-
and road-building; dozensof new hotdsand diving cen-
tershaverecently appeared here, and seafarmingis
developing extensively. Thisintensification hasbecome
acauseof increased terrigenous effluent into waters of
local bayd'3. Local cord reefsare subjected to depo-
sition of 70-100 g/m? aday, and this estimate grows

oneorder higher during typhoong®4- Erosion processes
aongthecoastd lineat thecity and port of NhaTrang,
aswell asdeveloping seafarmingin coastal waters of
neighboring islands, aggravatethe sedimentation and
eutrophicationimpact in NhaTrang Bay*>%. Anin-
creased amount of micro particlesof different origins
increaseswater turbidity caused by deposition, leads
toimpairment of photosynthetic abilitiesof reef building
corasand other benthic organisms, and reducesphysi-
cal and biological processesinthesed’#9. Asareault,
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cora cover of the substrate reducesto 20-40%, while
the portion of substrate cover by macrophytes
Chnoospora and Halimeda growsto 60-80%. Gen-
eral reduction of the areaof coral reefs has recently
been documented (L atypov, 2006). Wewel comethe
careof scienceand the government of Viethamto make
every effortinthesearchfor possibilitiesof preserva-
tion and reconstruction of reef ecosystems.
According to the Global Coral Reef Monitoring
Network (GCRMN), 20% of al coral reefshave been
destroyed by human activities. Themain causesof cord
reef devastation aregeneral globa problems: climate
warming and increasing acidity of oceanic waters
through carbon dioxide emissionsto the atmosphere,
increased eutrophication and sedimentation of
coastalwaters, which reduce fish stocks, and the bar-
baric attitude of theresidentsof coastal areastowards
seainhabitants. A very harmful impact onthecord reefs
iscaused by collecting coras, shellsand other tropical
fauna. Theincomeof all countriesthroughjust thesde
of corasisestimated at 30 million U.S. dollarsannu-
aly. Theworld scientific community and civil society
are concerned with these sad, and even threatening,
circumstances. Specia workshopsarehdd; theresults
of research on the problems of conservation and resto-
ration of coral reefg>1°1112 gnd the results of experi-
mentson artificial breeding of reef building coralsare
regularly published®®4, |t isshown that thetransplan-
tation of cora fragmentsisthemost successful method
for restoring reefg5161718 Under favorable conditions,
coral fragmentsattach to the substrate and, when re-

covered to the size of acolony, they reproduce sexu-
a| |y[19,20, 21,22 .

Earlier, adetailed anaysiswas performed on the
theoretical worksand the experimental dataon artifi-
cial cultivation of coralsand the*“framework’ method
wasrecognized asmost appropriatefor Vietnam; it has
given good results*, Itisknown that coral fragments
aremorelikely thanthelarvaeto surviveinloose (mo-
bile) soils, owingtother larger Szesand elevated loca:
tion above the substrate?*242, The reproduction of
coral communitiesthrough the fragmentation of colo-
nies seemsto be areasonabl e and effective method,
but beforeintervention into the reef ecosystem (in or-
der to assessall thecritical Situations connected with
the use of the method) we shall experimentally deter-
minethe proceduresthat would allow usto obtainthe
grestest number of surviving transplanted fragmentswith
theleast damageto live colonies.For this, wemust elu-
cidate thefollowing important questions. what coral
speciescan givealarger number of viablefragments; in
what parts of the donor colony shal wesdect thefrag-
mentsfor transplantation; what should thesize of the
fragment beinorder to be planted; what should the ori-
entation of the coral fragmentsby during transplanta-
tion; what should the depth of planting be; and should
the bottom shall be cleaned fromalgal growths.

MATERIALSAND METHODS

In October 2003 altogether, 35 coral fragments
colonies (6 species of the genera Acropora and

TABLE 1: Thenumber of branching’s on the transplanted fragment in terms of the species and the size of coral fragments at

thebeginning and at theend of theexperiment

Species Period of observations

(month)
Acropora valida 12
A. valenciennesi 12
A. microphthalma 18
A. formosa 18
A. robusta 12
A. elseyi 12
A. cerealis 12
I soporapalifera 18
Pocillopra verrucosa 12
P. eydouxi 12
P. woodjones 12
Porites cylindrica 12
P. nigrescens 12

P. attenuata 12

Beginning of the experiment

Number of brancheson the fragment
End of the experiment

12 57
7 47
4 37
17 42
4 16
12 83
12 79
4 7

20 40
12 26
5 15
5 65
7 18
32 75
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Porites)were selected from10 donor that were 1-1.5
mhighand 2.5-4 min diameter. All but one donor colony
grew at adepth of2-3 m, and a colony of A. palifera
dwelled at 11 mdeep. Peripheral partsof coral colo-
nieswith 2 to 17branches were used for the experi-
ment. Theframeswith fixed transplantswere placed at
adistanceof 20 to 50 m off the donor colonies at a
depth ofsix—seven meters in two periods: on October
8, 2003(steel frames, 2% 1 m), and on May 21, 2004
(plasticframes, 2x 2 m).

Based on an agreement with the Institute of Tech-
nology and Applied Research of the
VietnameseA cademy of Science and Technology and
the““Sanest” Company, in April 2010 we set three in-
stallationsof plastic framesnear the protected Hon Nai
Idand, whichwere 1l x 2 m in size and were elevated
50-70 cm above the bottom. Coral fragments (115
pieces) of 14 speciesof the generaAcropora, | sopora,
Pocillopora, and Poriteswere attached to theframes
(TABLE1). Theframeswereinstalled at adistance of
70-80 m from the water’s edge at a depth of 34 min
sand cordlogenic hollowsamong dense growthsof reef
building cord colonies. Trangplantation of fragmentswas
performed without removing the coralsfrom water.
Fragmentswith 2to 17 branchesweretaken out of the
periphery of the donor colony, placed into individual
plastic bags and transported from the nearest assem-
blagesof donor corasto aningdlation at adistance of
30-50 m at a depth of 2—3 m. The fragment length in all
frameswasmeasured with acdiper andthreesizegroups
were identified: 4-7, 11-12, and 20-21 c¢cm. Coral
pieceswere attached to the frameswith acopper wire
in aplastic sheath; their contact with the framework
wasavoided to theextent possible. (Figure1). Thesur-
viva and growth ratesof cord fragmentswereinvesti-
gated intermsof the coral species, thefragment size
and itsorientation at attachment, aswell asof the sea-
son oftransplantation. Theinstallation with coral frag-
mentswas raised abovethe bottom to prevent it being
covered by sedimentation and possi ble attacks by the
predatory gastropod Drupella rugosa. The state of
the facilities and the attached coral fragments were
checked in aweek (Figure 2). Thefirst resultswere
recorded 6 months upon the start of the experiment.

RESULTSAND DISCUSSION

All  fragments that survived after
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Figurel: Methodsof attaching fragmentsof corals

Figure2: General view of framewith fragmentsof coral
transplantationrecovered and formed new branches, and
the branchesthat wereintentiondly injured a so recov-
ered. About60% of dl fragmentsfused over 6-8 months
with theirbases onto horizontal rodsof theframes, us-
ingthem asasubstrate. Threefragmentssized 100-110
mm diedunrecovered: of them, one fragment of
Acropora microphthalma, transplanted in October
2003, leanedwith morethan 75% of itslength against
the metalframe of thefacility. Nodependencewas de-
tected among the number of surviving fragments, their
orientation at planting, and the season of transplanta-
tion. About 60% of the fragments overgrew thewire
connecting themto the frame and within 4-6 months
formed basal attachmentsto horizontal barsof thein-
gtallation and used them asasubstrate. A year after the
trangplantation, dl successfully survivingfragmentswere
found attached to theframe of theingtallationsand had
thesizeof asmdl colony. Thesurviva of thefragments
was 100-86.2% and depended on the coral species,
fragment size and duration of the experiment (Figure
3). Inthefirst sizegroup, 20-30% of transplanted frag-
mentsdied within 8-10 months from the beginning of
thetrangplantation. Small and medium sized fragments
of Acropora valida and A. microphthalma had the
lowest survival. Mediumsi zed and large fragments of
the species Acropora valida, A. valenciennesi, A.
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Figure3: Survival of transplanted fragmentsof variouscoral
Species.
florida, A. gemmifera, and Pocillopora verrucosa,
Poritesattenuate, and P. cylindrical regenerated most
successfully. Fragmentsof 1soporapaliferahad a100%
surviva rateirrespectiveof their orientation during trans-
plantation.

Within 2-2.5 months of the transplantation, new
branchesformed on the branch surfacesof dl the sur-
viving cord species, including the bottom surfacesthat
were damaged during the separation from donor colo-
nies. Thelinear growth increment of thecord fragments
of various specieswas 30-160 mm. This parameter
depended on the species and size of the fragment.
Morphologically different fragments of Acropora
valida, A. valenciennesi, A. formosa, P. attenuate
and P. verrucosawere characterized by different growth
rates. A highlinear growth increment wastypica of the
most extens vely branched fragmentsof A. validaand
P. attenuate (TABLESs 1 and 2, Figure4).

Largefragmentswered so characterized by ahigher
growth rate. The more ramified werethe donor colo-
nies, the more new branches appeared on the trans-
planted fragments. During thefirst 6 months of 2010,
thes zeof thefragmentsand the number of new branches
onthemincreased generaly by 150-165%; in a year, it
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Figure4: Thelinear growth increment of coral fragmentsof
various coral speciesin the experiment of 2010-2011. (1)
Acroporaelseyi; (2) A. valenciennesi; (3) A. formosa;
(4)Porites cylindrica; (5)P.attenuata.

increased by 210-275% (Figure 5). Upon extension
of the cultivation period from 1 year to 18 months, the
coral fragmentsincreased by 1.2—1.5 times. The suc-
cessful growth of transplanted fragmentsand thefor-
mation of |arge col onies contributed to theinvasion of
the damselfish Dascyllusreticulates (Pomacentridae)
into the new coral assemblages (Figure6). Thiscora
reef fish demonstratesapronounced homing behavior
intheformed coral reefs, smilar to that in the natural
reef, whereadult fish usudly livein groupsin thicketsof
branched cora sand seldom depart by morethanadis-
tanceof 1 m.

These experiments showed that cultivation of
cordfragmentson artificid facilitiescan beeffectivein
different reef parts. Large fragments of the studied
coralspecies survived better and had higher growth
rates. Theyformed thegreastest number of new branches
and builtlarge colonies, whichisconsistent with there-
sultsthatwere obtained previoud yi*>%-2¢l |t isknown
thatlarge coral colonies that are grown from larger
fragmentsa so havethegreatest reproductive success?.
Growth of cora sfrom colony fragmentsisanimportant
natural process, at least in coral swithbranched colo-

TABLE 2: Thelinear growth incrementsin terms of coral species and sizes of the fragmentsin the 12 and 18 month

experiments
Species Periodofaobservation (month) Beginning of the experiment, mm End of the experiment, mm
I soporapalifera 18 40 120
|. palifera 18 70 140
A. valenciennes 12 40 120
A. valenciennes 18 70 200
Porites cylindrica 12 40 110
P. attenuata 12 18 39
A. formosa 12 120 240
A. formosa 18 220 320
A. esayi 12 140 242
A. esayi 18 210 370
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Figure5: Growthincrement of coral fragmentsand anincreasein thenumber of branchesin thecolony of Poritesattenuata.(a)

transplanted fragment; (4) upon 6 months; (3) upon 12 months.
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Figure6 : Settling of fish
cial settlement of corals
nies. Under naturd conditions, thebroken fragments of
coloniesfirst “anchor’ on the bottom and then attach to
the substratethrough theregeneration and growth of the
soft tissuesand skel eton* 22, Theresultsweobtained
inour experiments agreewell with the datathat were
reported byOcubo et a ., who believe that attach-
ment of fragmentsto the substrateisaprerequisitefor
the successful compl etion of thelong processof trans-
plantation. Inan experiment in 2010-2011, all the sur-
viving fragments became rooted to the frame and at-
tached withtheir base partsto the horizonta barsof the
ingtalation. A direct proof of theformation of the coral
Setlementisitsinvason by reef fishand anindirect proof
isthe settlement and growth of seasquirtson thisartifi-
cid substrate.

CONCLUSIONS
Thus, the experiments we carried out in 2010

20110onthecoral reefsof Vietnam confirmed that suc-
cessful survivd of cora fragmentsunder natural condi-

tions of coral reef is possible and depends on two
mainfactors: the coral species and the size of coral
fragmentto be planted. Therelatively high growth rates
of thefragments of all coral species can probably
beexplained by their transplantationinto awelllit envi-
ronment that is less populated by other
macrobenthicorganisms. Ingtal lation of the experimen-
tal facilitiesover the bottom kegpsthem from becoming
buried bysandy sediments.

The data that were obtained in our experiments
canbeused for restoring natural coral settlementsor for
the cultivation of coralsfor aguariumsand oceanari-
ums. A chainof facilitiesingtdled onthe bottom of sandy
areasaong or around areef contributesto anincrease
in the area of the reef within 2 to 4 years andto the
protection of the shorefrom wave action.
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