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’ % Transplantation of Tropical SeagrassEnhalus acoroides (L.)
L}\ % in Thai Coastal Water: Implication for Habitat Restoration

% Tritep Vichkovitten, Alongot Intarachart, Kanokw&Mmaodon, and Saroj Rermdumri

Abstract— Transplantation of tropical seagrass Enhalus acoroides (L.) was performed in Thai coastal water. The
survival of transplants was related to environmental qualities at the initial period of transplantation time. Temperature
and desiccation were accounted to be the major factors contributed to a success or failure of seagrass transplantation
in the area. In addition, low survivorship of transplants was attributed to high sulfides in sediments. The transplanted
populations exhibited survival rate of 26.15% whilst leaves growth rates were recorded as 1.29 cm d™. The critical
period of transplants was within the first three months where plants needed to acclimatize to new environments. Winter
was the most suitable period for transplanting seagrass in tropical area. The limitation of this seagrass meadows
expansion was due to slow rhizome fragmentation characteristic of plant species. Although, the transplant has low
survival rate but transplantation would potentially enhance seagrass meadows to support the coastal ecosystem
functions.

Keywords— About four key words or phrases in alphabetical ader, separated by commas.

[4]-[6] with the attempt for development and
1. INTRODUCTION enhancement of vegetative cover gained for thdtifos
highl ducti d ol the area and increase in acreage where possiblés Da
Seagrasses are highly productive and play many,nq short [4] summarized three categories of seagra
important ecological functhns in coastal _and marin transplanting methods using either plants with reedit
ecosystems [1]. They are primary producer in th@S@& a0t plants with bare root or seeds. From these
food chain and provide habitat, nursing gnd SPa@NIn cateqories,  various  techniques on  seagrass
ground as well as .food for numerous marine Orgasism yaneplantation have been applied in many partthef
Squrasses modify currents and trap fln.e-gralne orld ranging from rapid and simple [5] to comptiea
sediments from water column and retain organicemstt . hanical used [7], [8] with varying degree ofcass.
produped by themse.lves. and other phOtosynthe'['CAdvantages and disadvantages of these techniqwes ha
organisms. Seagras_s_ litter is also the _ca}rbon sofarc been reported in the literature; however, one commo
bacterial decomposition. However, declmmg_ of se8§ . ,nclusion is that most methods are labor intenaive
abunqlanc_e has b_een reported __vvorIdW|de_ ‘?'“e Qime consuming and many require either large number
deterioration of environmental qualities associangth of plants, and/or an anchoring mechanism
the increase of human population [2]. Reduction of = gga4rass transplantation has been performed minstly
seagrass coverage has been linked to many adivitie o erate region with different species iZostera
the goastal zone mpludmg .anthropogenlc nutnepui_ marina [4], [5], [9], Z noltii [10], Posidonia australis
leading to eutrophication in the areas, loss ofltid [11], [12], P. coriacea [7], [8], P. oceanica [13], [14], P
marshes, .mechanlcal damage from mining, dredgedfill sinuosa, [7], [8], Amphibolis griffithii [7], [8], Halophila
and scarring by boat propellers. Seagrass bedslsoe )\ -iiq [15] whereas the studies on seagrass
affected from many purposes of coastal developmadt transplantation in tropical areas are rare. Theelsir
land recla_ma'uon e.g. pier, hotel and resort cotins seagrass specieEnhalus acoroides (L.) is commonly
[3]- '_I'he increasing rate of seagrass loss has ¢ed 1 ng angd contributed to high ecological importaimte
considerable concern about the health of coastale agian coastal waters [16], [17]. Although seagra
ecosystems by environmental agencies and regulatoryeqq iy SE Asia have been experienced widespread
authorities [2]. Recent environmental managementyeierioration due to the change of environmental
programs have included some forms of seagrasggajities. Many studies concerning  seagrass
rehabilitation and restoration in the projects. (RERION  4ngpjantation have attempted to recolonisation or
of seagrass habitats have been in focus for macdes  oqioration of seagrass meadows in the area where
seagrasses have existed and have received distarban
from many activities in the coastal zone. Chonburi
T. Vichkovitten (corresponding author) is with tBepartment of ~ province, located on the east coast of Thailand, da
EQVifOﬂmemiﬂ ,Scie,nces. Fa}CU([fy of S}gliencel_ arrlgmgﬁor?y., long coastline of 157 km with a variety of coastal
ammasat University Rangsit Campus, Klong Lua thani  resources including seagrass beds. A fast devejapfin
12120, Thailand. Phone: +66-0-2564-4480; Fax: +@564-4480; E- . DO AN .
ma”:Vichkﬁ'vit”en@vgﬁgo_zom o industrialization and urbanization has contributex
A. Intarachart, K. Khaodon, and S. Rermdumri arhhie Sriracha  deterioration of coastal habitats along the Choinbur
Fisheries Research Station, Faculty of Fisherieselsart University,  coastal area. To cope with the problem, the praainc
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Partnerships in Environmental Management for thesSe were chosen for the transplant experiments. Battiosis
of East Asia (PEMSEA) organization, established thewere located at 200 m from the shore line. Watgtlde
Integrated Coastal Management (ICM) program sinceat the transplanting sites varied between 2.5-4.0 m
2001. Seagrass restoration has been consideratkasf o
the possible ICM implementations at Sriracha
Municipality coastal area. The major goal of our Transplanting ofE. acoroides was primarily performed
transplanting project was to find out the posdipilio in August 2005 at St. N and once again in November
create seagrass beds in Sriracha coastal areas wi2005 at St. S. Transplantation®Bfacoroides at each site
emphasis on large and long-lived tropical seagiéass was done in triplicate to create three patch si2eplot
acoroides and to elucidate the limitation of seagrass size of 10 nx 10 m was designed with spacing of 0.5 m

2.4 Transplanting procedure

transplantation in the area. intervals between planting units within a row. Teip
shoots per one planting unit were planted in tweaotys,
2. MATERIALS AND METHODS yielding 1200 shoots in a plot. This design resllie

3600 shoots being planted at each of two transplant
locations. Seagrasses were transplanted at bdibnsta
Khung Krabaen Bay is a shallow semi-enclosed bayduring low tide no matter daytime or nighttime
located in Chanthaburi province on the east coést oregardless of planting convenience. Sediment was
Thailand. The bay is an oval-shaped with 4.6 krrglon removed to the depth of 20 cm by using spade, tihee

and 2.6 km wide. The mouth of the bay is 500 m widt mature E. acoroides shoots were placed into the
and maximum water depth is approximately 4.0-6.0 m.sediment by hand. Since sediment remains
The bay is surrounded by mangrove forests whiclasct unconsolidated for some time when the finger was
the barrier against intensive shrimp culture on theremoved, the rhizome was pushed under a more campac
landward areas. The bay supplies water for shrimparea of the sediment which assisted in anchorirg th
culture activities inland via nine inlet canals.eDio the  plants. The final position of the plants is simitarwhat
small opening of the bay, the influence of the heajer occurs naturally with the buried rhizome paraltelthe

is minimal. Bottom sediment in the bay is charazest sediment surface and the shoots erect into therwate
as muddy to sandy mud sediment. There are 6 spefies column.

2.1 Donor plants sampling locations

seagrasses with. acoroides andHalodule uninervis are Growth and survival rates of transplanted seagsasse
dominant species and form dense meadows in the innewere assessed monthly. Growth was measured usihg le
part of the bay. marking technique where twenty four plants at each

transplanting plot were marked on leaf sheath. rA&e
period of 2-3 d, leaves were remarked again. Grovah
SeagrassH, acoroides) was randomly retrieved from then measured as the difference between the fiask m
well developed seagrass beds. The collector folibthe and the initial baseline after the second mark teen
blades of the shoot to the substrate, uprooteddone. The total number of remaining plants at gaoh
approximately 15-20 cm of the rhizome by digginglem  was counted to examine the survival rate.

the rhizome by hand, and snapped the rhizome tovem
the plant. This technique allowed us to minimize
disruption of root-rhizome layer. At the donor sidants Sediment samples were collected from either doites s
were temporarily stored in large coolers with a kma or transplanted sites using two plexiglass handrsor
amount of seawater to prevent exposure and defincat One was used to determined grain size distribugion

and were later transferred back to Sriracha Fiskeri another was used for physical and chemical analyses
Research Station. Collected seagrass remaineceviabl  determine grain size distribution, sediment fronthea
transplanting up to 3 d when stored in this manner. sites was oven-dried at 105 °C for 24 h and gr&ie s
analysis performed by the dry sieving method usirsgt

of British Standard Test sieves of mesh size inrémge
Sriracha Bay is opened and generally exposed teewavof 0.063-9.5 mm, all nested together on an autamati
action. There is a small island with the area di(G5T, mechanical sieve shaker (Model Endecotts EFL2 MK3).
namely Koh Loi, located 800 m form shore line. Kadi Grain size classification was obtained from the gluei

is a popular recreational location among local peeand data of the respective size fractions based on the
tourists because it has delightful scenery on i@ as Wentworth scale. Sediment samples in another case w
well as a recreational park in the surrounding swr€ar  sliced with cutting plate into 1 cm depth intervéiem
tourism and water transportation development pwpos surface down to 5 cm and subsequently sediment at
the Sriracha Municipality has been constructedaal o depth 9-10 cm was selected to represent sediment at
connect between Koh Loi and the mainland. Although, depth. Sediment at each depth was kept in a zipbag

the road has water gate underneath to allow wateand was mixed well prior to the physical and chenic
circulation continue through the bay; however, the analyses. Water content was measured after drying o
constructed road has created small embayment in theveighed sediment at 105 °C for 24 h. Total organic
north and south of the bay where current and watiera  matter content (TOM) in sediment was measured as
are reduced. Therefore, two sites; one in the n@th  ignition loss (IL) after drying at 550 °C for 3 hihe acid

N), another in the south (St. S) of Sriracha cdastsas  volatile sulfide (AVS) concentrations in sedimenere

2.2 Plant Collection

2.3 Sediment and water qualities measurement

2.3 Transplant locations
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determined by acidifying sediment samples withwidf ~ those found in vegetated donor sites. Sedimentbdtr
acid and collecting the dischargeg3Hin a dosimeter vegetated and bare at donor sites were composed of
tube with an HS-absorbent column (Gastec, Japan), slightly higher sand (87.2-90.9%) than two selectitels
which measures the amount of,3 released [18]. (76.7-81.4%) regardless of grain size distributidhe
Briefly, 1-2 g wet sediment was weighed into sudfid overall picture of sediment characteristics of $héected
reactor column. One end of the detector tube wassites were similar to donor sites with only exceptfor
connected to sulfide reactor column via silicongetand  significantly higher AVS were pronounced in
another end was connected to the suction pump.,Thertransplanted sites. Seasonal variations of sediment
add 2 ml of 18N HSQ, into the reactor column where characteristics at transplanted sites (St. S) dioty
the solid phase sulfide in the sediments would eono water content (A), organic matter content (B) andSA
H,S. The HS gas was pulled in through the detector tube(C) were monitored sinceE. acoroides had been
by the vacuum pump with the sampling time of 2 min. transplanted in October 2005 (Fig. 2). Water canien
The read value from the detector tube was thenerded  sediment was uniformity reductions with depth with
into sediment dry weight basis. slightly lower values were found in the rainy seaso
Field measurement of water qualities at the Organic matter content was almost constant at 2% i
transplanting sites, including temperature, salingiH surface sediment through out the study period. It
and dissolved oxygen (1 m depth from water surface)increased to reach the maximum at 3 cm depth before
were examined using Multi-Parameter System (YSI 650decreased with depth in the summer and rainy season
MDS) and transparency was measured using Secdhi dis Sediment organic matter content was rather constiimt
depth with values between 1.43-2.02% in winter.
3. RESULTS Vertical depth profiles of AVS were similar among
seasons where low AVS values (0.73-8.34 pg gpw
were obtained in surface sediment then increased to
reach the maxima at 3 cm depth before decreased
downward. However, seasonal variation had signitiga
affected depth profiles of AVS inE. acoroides
transplanted sediment (Fig. 2C). High AVS valuesewe
observed in summer whilst intermediate and low AVS

B
were found in the winter and rainy seasons.
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Fig. 1. Sediment properties including water content(A), content (B) and AVS (C) from seagrassHnhalus acoroides)
organic matter content (B), AVS (C) and grain size transplanted sediments at St. S in Sriracha Bay.
distributions (D) from donor sites compared to seleted
sites for seagrassEnhalus acoroides) transplantation. The Transplantation oE. acoroides at St. N occurred in
Ehbreviations are denoted a3 DV Vegeiated donarte, DB; | 0uSt 2005 where low tide was presented during the

: : . : ) . ' daytime. Plants at all three transplanted plots mid
(BsatreS;jonor site, N; Station North (St N), S; Statn South survive after one week revisited. In addition tghhAVS

in sediment, desiccation of transplanted plants ttue

Sediment water contents were similar among sites (2 €XPOsure to sunlight and high surface water tenpea
28%) with only exception for St. N where higher erat (2_40 °C) could be the main reason for transp_lantatlon
content (34%) was recorded. Organic matter coritent failure. Although, natural plants at the donor sﬂ_ere
sediments were in the range between 3.11-6.11% wittfISO treated at the same manner; however, revemgetat
highest value was found in bare donor sites whereadv@s pronounced after tidal datum had changed fatigw
organic matter content in sediments at the selesited ~ S€asonal cycle.
were closed to vegetated donor sites. When the
comparison of acid volatile sulfide (AVS) in sedinte
was done, the difference between donor sites and )
transplanted sites was obviously shown. Two sedecte Fi9- 3. Survival rate of transplanted seagrassHphalus
areas for transplants have 3-7 times higher AVS tha acoroides) at St. S in Sriracha Bay.
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100] & 29% 2006 4. DISCUSSIONS

In addition to reverse habitat degradation, to ctele
transplantation habitats carefully, and to optimibe
transplantation techniques, van Katwijk et al. [6]
suggested that prior to launch the seagrass réstora
program, it was necessary to consider on selectian
appropriate donor population, spreading of risksgd a
ecosystem engineering effects. Keeping this guideiln
mind, we chose the similar physical properties leetw
donor sites and transplanted sites. Exhibited sewlim
characteristic which could support seagrass growing
during the initial transplanting period is regaglito be
one of the key factors contributed to seagrass
transplantation success. However, it is appareat th

. sediment physical properties cannot always preitiiet
In contrast, transplantation success was recordhw suitability of the areas for seagrass transplamafb].

site and transplanting period had changed to Sh S Although, sediment physical properties at the two
November 2005. In this period, low tide was recdrde gselected sites were similar to the donor sites but
during the nighttime; therefore, the degree of plan transplantation success was gained only at St.Ie. T
exposure to sunlight and high water temperatureewer gifference between donor sites as well as among the
reduced. Individual shoots were successfully etstaéli  transplanting sites was the initial acid volatilelfisle
with growth over the eight-month period. The sua¥iv.  (avS) in sediments. High AVS values were observed i
rate of transplants reduced dramatically to 57283% transplanting sediments where St. N had ~7 timgkeri
within one month after transplantation. Two months whilst St. S obtained ~3 times higher than dontessi
survivorship was 30.9 = 2.61% and it decrease®t8 2 AVS are shown to be the major fraction of reduced
3.21% over the span of four months. The survivég ra sylfur compounds in sediments [19] and are potentia
remained constant at about 27% aftel‘ f0ur monti@ (F phytotoxins [20] A|though Seagrasses appear twﬂé
3). Leaf growth rate reduced from 1.44 chtd 1.28 cm  adapted for survival in anaerobic sediment envirents
d! within three months after the initial transplaitat by developing a lacunae system [21], [22]; however,
periOd before ﬂuctuated C|Ose to thIS Value and th periods Of Sediment hypoxia have been associatdﬁd W|
overall average leaf growth rate of the transplams the decline of seagrass beds [20], [23]. The ireereaf
recorded as 1.29 + 0.08 crit (tata not shown). sediment sulfide levels have been related to depdes
Water qualities from the transplanted sites ataBha  photosynthetic potential and resulted in loss @fgsass
Bay (St. S) were presented in Table 1. Water teaipe¥  yegetation in stressed environments. It has been
varied between 26.88-31.67 °C, pH fell within thege  criticized that supplementary of oxygen from either
of 7.15-8_.34, salinity fluctuated from 30.43 to E‘.'».ppt,_ above-ground plant parts or water column to below-
DO was in the range of 4.31 and 6.63 Mghd secchi  ground tissues can reduce sulfides effects by zaittin
depth differed between 0.8-1.5 m, respectively. Theof suylfides to elemental sulfur and accumulation in
examined water quality parameters in this studyewer below-ground plant tissues [24], [25].
within the range of those gennerally found in the Availability of oxygen to support oxidation process
Sriracha coastal water. needs of below-ground tissues could enhance the
survival of transplants. The unsuccessful trangptam
at St. N could possibly be explained by high AVS
content in sediments in accordance with plantsilityab
- — - to keep the balance between production and regpirat
Time 'I('oeg;p PH S(aplggty (ng()I—l) SDG;;EI in the _below-ground tissues which made them vullera
(m) to sulfljdes effecl;c_s.dTh$ transplantatrllon procelsy hmlj
caused some kind of stress to the transplants due t
Aéueg %55 33%1170 873;; 101%% i%ol %% uprooting and handling which made them more semsiti
00?05 29 .67 7‘73 32 ‘99 4'55 1.8 to the effects_pf adverse.factors than noq—tramﬁpdh
Nov 05 29'71 7'15 33'70 5'14 1'5 plants. In additionE. acoroides has Iarge rhlzome_ and_
Dec 05 28. 45 7‘ 70 34' 65 6. 35 1'5 subsequ.ently larger wound on rh|zom(_a fraction in
Jan 06 26' 88 7' 54 35' 15 6. 63 1'0 comparrison to other seagrass species; therefore,
Feb 06 30'70 7'75 31'10 5'53 1'5 transplant_s may SL_lffer from loss of important carbo
Mar 06 30 .64 7'73 31 '27 6.21 1'5 reserve via exudation pefore the compl_etmn of vebun
Apr 06 31.67 7'79 30.60 6.70 0'3 heahng [26]. Other environmental con(_jmons_ hawebe
May 06 30.80 7.88 28.80 5‘43 0‘1 taken in to account for transplants survivorshipva$ as
Ju}rlw 06 31' 50 7‘ 89 28. 85 4‘41 0‘ 5 influencing sulfides effects on seagrasses [20]].[Zhe
. . . . "~ rainy season in the area starts from May to Octelpelr
tidal regime in this period following high tide ding the
nighttime and low tide during the daytime. Therefor

80+

60+

40

Survival rate (%)

20+

O N D J F M
Time

AM JJ AS
(Month)

Table 1. Water qualities from the transplantation sies of
seagrassEnhalus acoroides) at Sriracha Bay (St. S).
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transplants at St. N in August will expose to sgimliand
desiccation during the daytime period. Elevatedewat
temperature can stimulate stress and exhibit ativega
effect on health and survival of seagrass [10],] [27
especially when this phenomenon is incorporatedh wit
high light irradiance and high organic nutrients
concentrations [28], [29]. Increased turbidity iainy
season also affects underwater light quality arahtjty
and is related to photosynthetic processes whidiurim
influence survival of transplanted seagrass [9].

The success of transplants occurred at St. S itewin

(November) although higher AVS was observed at theorganic matter

station than donor sites but it was only half @& #mount
found at St. N in August. The winter period stands
between November and January where low tide odours
nighttime while high tide pronounced in daytime.ske
impact from desiccation and sunlight as well as the
possibility of oxygen supply to overcome the sudfid
effects in accordance with low temperature weres thu
influenced successful
growth ofE. acoroides in winter. Many studies indicated
that seasonal variation involved on survival andcess

of transplanted seagrass with emphasis on temperatu
changes [4], [10], [27]; however, suitable season f
seagrass transplantation varied among the regions.
high latitude temperate region, severe winter meyse
scouring and rafting of sea ice on transplantswhilst
winter seems to be the best season for transplamtoat
seagrasses in low latitude temperate region [124]. [
Our
transplantation in tropical areas varies seasonafigl
winter is the most suitable period to establishgszss
meadows via transplantation in the region. Physiceal
biological disturbances may play a significant role
transplantation success. For instance, Davis and $
suggested that biological disturbance from crabd an
worms could influence the survival of transplanted
seagrass but these were not always important faator
other areas [5]. We did not see a significant inhfan
such biological disturbance although we observea th
carbonaceous tube of polychaete Einacoroides blade
but this phenomenon was also present at the daest s
A number of literatures reported success o0
transplantation of fast growing temperate seagsasseh
as Zostera marina with meadows formation in many
instances but it is difficult to draw conclusion dan
comparison to tropical seagrasses like acoroides
which we were monitored the transplants up to eight
months without any new erected shoot was observed
This is consistent with previous study &n acoroides
exhibited meadows which was characterized by long
shoot, root and rhizome with slow rhizome branching
frequency therefore exhibits a patchy distributioh
clonal fragments [16], [30].

Monitoring of the transplants at St. S was perfatrime
moderate periods with an attempt to clarify surkiad
growth of transplants and the properties of traasgd
sediments. Both survival and growth of transplants
reduced dramatically in the first three months befo
transplants exhibited the survival rate of 27% and
average growth rate of 1.29 + 0.08 cth Growth ofE.
acoroides varied with season and location where leaf

n

growth rate can be varied from less than 1 ¢hud to
more than 2 cmd[16], [31]; however, transplants grow
with slower rate compared to plants at the dontessi
[14] suggesting th&E. acoroides transplants needed time
to acclimatize to new environment. Exposure dutimg
day and the resulting of desiccation of the seagras
leaves can cause catastrophic reductions in abaweid
biomass and growth, whereas seagrasses continue to
grow; although, the water is shallow and even they
exposed to the air during the night, when desiooait
unlikely [32]. Seasonal variations were presenbath
content and AVS in transplanted
sediments. Low organic matter content (~2%) as al|
low AVS (~13 pg gDW) was pronounced at the initial
transplantation period in winter (November to Japua
suggesting that less accumulation of organic matter
accordance with low temperature could reduce
decomposition rate resulted in low AVS. High organi
matter content in association with high AVS was

establishment and subsequermronounced in summer (February to April) suggesting

that anaerobic decomposition under sulfate reducing
conditions was dominated in sediments and was
stimulated by higher temperature and organic matter
[33]. The highest AVS concentrations of ~26 pg gbw
observed at 2-3 cm depth was closed to the value
presented at St. N however, no sign of sulfidectéfen
transplants suggesting that transplants have dedihel
acclimatized to sulfide in sediments. It was obedrv
during the rainy season (May to October) with alzl#

results suggest that the success of seagrasdata till June 2006 when this study was condudiest,

the desiccation of surface sediments in combinatiith
high temperature during the daytime were potestiall
influenced to low amount of AVS in sediments. An
increased resuspension in  consistent with a
simultaneously observed large increase turbidity of
surface water may be an additional factor from Itida
flushing leading towards the lower AVS concentnasio

in the sediments.

5. CONCLUSION

Transplantation is a potential tool to restore aglace
the ecological values lost due to both direct amtiréct
impacts from coastal disturbance on seagrass beds.
addition, transplantation of seagrass in suitabdasican
also enhance the habitats and productivities irctizestal
zones. However, the success of seagrass trangfanta
depends on a number of factors. Transplanting gerio
combination with site selection is the major factoat
can contribute to the success or failure of seagras
transplantation. SeagrasE. (acoroides) transplantation
success in tropical region such as in Thai coastaér
depends on physical, biological and chemical factor
including low temperature, low sulfide in sedimeirs
accordance with less degree of desiccation andewint
seems to be the best time to create transplantatitve
region. Monitoring of transplanting. acoroides over the
span of eight months suggests that the most dritica
period to determine success of transplantationitlinv
three months. After this period, exhibit plants can
survive through the summer month although higher
sulfide is pronounced in the sediments.
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