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I. In t ro d u c t io n

T he  production o f shrim p (Penaeus spp.) by m eans o f coasta l pond system s has been a 
trad itiona l practice  in A sia  fo r hundreds o f years. However, advances in techno logy  coup led  w ith 
an increased in ternational m arke t dem and fo r shrim p led to the  deve lopm ent o f in tensive 
aquacu lture  system s tha t departed  from  trad itiona l susta inab le  system s. In m any instances these 
in tensive system s w ere  poorly  p lanned and /o r m anaged and have s ince  proven to  be 
unsusta inab le, w ith  the  resu lt tha t large areas o f “ land," much o f it fo rm er coasta l w etlands, now 
lie idle and unproductive, and new  sites are  being developed in an e ffo rt to  m ain ta in  production 
output (Stevenson 1997).

A lthough  pond d isuse becam e com m on in d isease-h it a reas as e a rly  as 1990 (and 
a rguab ly  much earlie r in the  1980s),the m atter w as not given a ttention  until m uch later. Briggs 
and Funge-Sm ith  (1994) w ere  am ong the firs t to h ighlight the  m atte r in a report to  the  British 
O verseas D eve lopm ent A dm in is tra tion  (now  D epartm ent fo r In te rnationa l Developm ent), a lthough 
the  s ign ificance o f the problem  w as not fu lly  appreciated. O ther reports  have em erged since then. 
H am brey (1996) stated tha t ch ron ic  d isease and w ater qua lity p rob lem s have caused  “s ign ifican t” 
pond abandonm ent. For instance, d isease  problem s have caused abandonm ent in India 
(Sam m ut and Mohan 1996) the  Ph ilipp ines (Yap 1997) Ta iw an  (C. C hin Chen, Personal 
C om m unication), and T ha iland  (M acin tosh  1996). Poor w a te r qua lity  and poor s ite  se lection  have 
caused production fa ilu re  in Sri Lanka (Jayasinghe 1995) and Indonesia, and problem s w ith  acid 
su lfa te  so ils (ASS) have caused abandonm ent in V ie tnam  (Tuan 1996) and C am bod ia  (Sreng
1996). These problem s often lead to financ ia l d ifficu lty , causing fa rm ers to e ithe r se ll or abandon 
th e ir  fa rm s (Fegan 1996). Ponds m ay a lso be le ft id le  due to  a d rop  in profits o r y ie lds (F laherty  
and Karn janakesorn 1995) or politica l in te rven tion  (for exam ple, the  revoking o f lease o r license 
agreem ents). It has been suggested  tha t som e fa rm ers have had a de libe ra te  po licy o f 
constructing  farm s, as cheap ly  and quickly as possible, w ith  no in ten tion  o f achieving 
susta inab ility  and w ith the exp lic it a im  o f abandoning the site  a fte r only a few  crop cycles 
(S tevenson 1997).

C onsequently, there  are m any areas o f d isused ponds tha t were com m on property 
resources p rio r to pond deve lopm ent, w hich  are  now unproductive  and “d e re lic t.” M any pond 
ow ners and fa rm ers are  e ithe r in deb t or w ithou t a livelihood (or both) and are  faced w ith  the 
question  o f w ha t to do w ith  d isused shrim p ponds. There are th ree  basic op tions. The firs t is to 
rehab ilita te  the  pond s ites so th a t th ey  can be pu t back into sus ta inab le  shrim p production . The
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second is to  rehab ilita te  the pond sites so tha t they  can be put to  som e a lterna tive , susta inab le  
use. T he  th ird option is to  resto re  the  environm enta l cond itions w ith in  the  pond sites and the 
surround ing  area, and to  re -estab lish  a p roductive  w etland ecosystem . Each o f these options is 
in fluenced  by the causes o f p roduction  fa ilu re  and the cond itions tha t rem ain  in the pond after 
production has ceased (Stevenson 1997).

To date there  has been no coord inated  research e ffo rt in to  pond rehab ilita tion . There  is 
how ever increasing recogn ition  tha t active  m anagem ent o f d isused ponds is critica l to restoring 
susta inab le  livelihoods in m any trop ical coasta l com m unities. The rehab ilita tion  o f ponds was 
identified  as a “priority research ” area at a w orkshop held in late 1996 (N .A .C .A .-N etw ork o f 
A quacu ltu re  Centres in A s ia -P ac ific  1996). A m ong m any key researchab le  issues identified, the 
fo llow ing  three  o f note were pu t forw ard : 1) rehab ilita tion  studies fo r abandoned  shrim p ponds, 2) 
rev iew  o f w ater/so il quality m ethods em ployed in exam ining e ffects o f acid su lfa te  soils on shrim p 
pond environm ents, and 3) rehab ilita tion lre -estab lishm ent techno log ies  fo r m angrove. A  year 
ea rlie r these  would not have fea tu red  since the  existence o f d isused ponds w as largely den ied at 
the tim e. There  is now the scope  and w illingness to  undertake ta rge ted  research and active 
management of disused ponds.

It is o f crucia l im portance to  rea lize tha t on ly a proportion o f sh rim p  ponds are built in 
m angrove areas. M any ponds w ere  converted from  sa lt fla ts, sa lt m arshes, freshw ate r w etlands, 
fish  ponds, rice paddies, o r agricu ltu ra l lands. F requently  ponds w ere  bu ilt in reg ions already 
degraded  by o ther practices and in need o f active  m anagem ent. More e ffo rt should be put into 
rehab ilita ting  a reas tha t w ere  p rev ious ly  used fo r o ther purposes, such as rice, sugar cane, or 
coconut cultivation, and should examine the options for either returning ponds to their prior use or 
to crea ting  a lterna tive  susta inab le  live lihoods. For instance, a pond th a t w as  rice paddy prior to 
convers ion  m ay be too sa line to  recom m ence rice grow ing, but it m ay support sa line to le ran t crop 
spec ies such as Casoarina, Melaleuca, and Eucalyptus (S tevenson 1996). In areas w ith  acid 
su lfa te  so ils  it m ay be possib le  to  g row  acid to le ran t types o f rice o r su ga r cane o r acid to le ran t 
crops such as p ineapple, yam , and cassava. It a lso m akes little sense  to  conve rt ponds 
constructed  in sa lt fla ts into m angroves. T rue  restoration would  d ictate  resto ring  sa lt fla ts, which, 
desp ite  appearances, do have seasona l w ild life  and fisheries va lues (Lew is 1990a).

M any e ffo rts are  cu rren tly  underw ay to im prove the  sus ta inab ility  o f the shrim p industry. 
H ow ever, until susta inab ility  is achieved, countries w ill continue to  see  the  deve lopm ent o f 
d isused  and unproductive  ponds, and continue to  see degrada tion  o f th e  resource  base on w hich 
coasta l com m unities, particu la rly  the “poorest o f the poor,” depend. Even if the shrim p industry 
were to  achieve susta inab ility  today, d isused shrim p ponds would  still rem ain, as would  the 
poverty and ecological problems they create.

2. S c a le  o f  D isu se

A ccura te  estim ates o f pond d isuse, in both m angrove and non-m angrove  areas, are  d ifficu lt to 
obta in  s ince  land tenure  records are  often unre liab le  and ou t o f date , and  assessm ents  using 
rem ote  sensing  are ham pered by an inab ility  to d iscern betw een p roductive  and d isused ponds 
(F igure  1). Unoffic ial es tim a tes o f pond d isuse  have suggested tha t the  percen tage  o f ponds lefh 
id le  a fte r a period in production  can be as high as 70%  (S tevenson 1997). A ttem pts to quantify 
the  sca le  o f pond d isuse have been m arred by the  be lie f tha t an adm iss ion  o f pond abandonm ent 
is tan tam ount to  an adm ission o f m anagem ent fa ilu re , and to  date, w ith  the  exception o f one 
uncorrobora ted  report from  the  Ph ilippines, com prehensive  surveys o f d isused  shrim p ponds 
have not been undertaken. The authors have received reports of mangrove restoration projects in 
V ie tnam  th a t have apparen tly  incorpora ted  pond restoration, but the  sca le  o f pond restora tion  or 
the  techn iques used are  no t know n. In practice, ponds are  som etim es converted  to o the r uses. 
F or ins tance, in Tha iland som e ponds have been sold fo r housing and industria l deve lopm ent' 
converted  to  sa lt fa rm s or fish  o r crab cu lture  operations, and som e shrim p fa rm ers have sold 
topsoil for construction projects (Stevenson 1997).

T he re  have been severa l reports from  Tha iland  tha t have inc luded estim ates o f the scale 
o f pond d isuse and /or abandonm en t (both in m angrove and non m angrove). Potaros (1995) 
sta ted  th a t 124,374 rai (19 ,900 ha) o f shrim p farm s in the five  p rov inces o f the Inner G ulf of 
Tha iland w ere closed in 1990-91. A  report produced by the  N etw ork o f A quacu ltu re  C entres in
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Figure 1. "Disused shnmp pond” or “pond In between production 
periods?” The paddle wheel at the side o f the pona Indicates that pro­
duction may recommence However the overgrown grass indicates 
that the paddle wheel has not been used for some time. Sathlng Phra.
Thailand. Photographed by Nathalie Stevenson. January T93Ö
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Figure 2. Disused shrimp ponds inKuiburi and Pranburi Province, 
Thailand. Many o f these ponds are In the area of Khao Sam Roi Yot 
Manne National Park with some occupying land within park bounda-rie 

rs Photographed by Nathalie Stevenson, January 1998.

Figure 3. Pond construction near Sathlng Phra, Thailand, 
Photographed by Nathalie Stevenson, January 1998

A sia -P ac ific  de ta ils  tha t in 1989 about 
62%  o f farm s w ere  opera ting  “under 
capacity" and ano the r 22%  o f fa rm s 
w ere  “abandoned” in Sam ut Sakhon 
province  (O ffice  o f Environm enta l 
Po licy and P lann ing-O E PP 1994). 
Th is is supported  by Briggs and 
Funge Sm ith (1994) w ho  reported 

th a t an area  o f 40,000-45,000 ha 
south o f Bangkok becam e dere lic t 
a fte r shrim p p roduction  co llapsed in 
1989/90 ( th is  a re a  e n c o m p a s s e s  
Sam ut Sakhon and probably Sam ut 
Songkhram ). T he  au thors  have not 
conducted  fie ld  s tud ies in th is  area 
b u t h a v e  re c e iv e d  re p o r ts  fro m  
T ha iland  tha t th is  area is severe ly 
degraded and th a t ponds in th is  area 
have been idle for many years.

South o f th is  reg ion, Enright 
(J. Enright, Personal C om m unication) 
estim ated  tha t in late 1996 70-80% o f 
ponds w ere  “abandoned ” in Kuiburi 
and Pranburi d is tric ts  in Prachuap 
Khiri Khan Province, in the  G u lf o f 
T ha iland . T he  au tho rs  conducted  a 
b rie f survey o f th is  area  in January 
1998, and at tha t tim e approxim ate ly 
95%  o f ponds rem ained disused 
(F igure  2) The ponds a t Ku iburi and 
Pranburi (som e o f which are w ithin 
the  boundaries o f Khao Sam  Roi Yot 
M arine National Park) exist in areas 
that were previously salt pan and only 
under w ater fo r 2 m onths o f the year, 
during the m onsoon m onths. A  small 
num ber o f ponds in th is  a rea were 
bu ilt in m angrove. The m angrove that 
existed a long natura l “ kh longs” and in 
a narrow  coastal strip  is a lm ost all 
gone, w he ther d irec tly  due to  pond 
construction  or due to  a lte ra tions in 
the  tida l flow. Ponds w ere  reported to 
have been opera tiona l fo r 3 -7  years 
before  d isease caused w idespread 
crop failures and all culture 
ope ra tions  ceased. T he  park is an 
im portan t bird w in te ring  a rea  and a 
critical s to p -o v e r  fo r  migratory

shoreb irds en rou te  from  S iberia  to  M alaysia and Indonesia , and fo r th is  reason a lone there  is an 
urgent need for restoration.

By com parison Enright (J.Enright, Personal C om m unication) also estim ated  tha t 70-80% 
o f ponds w ere  “abandoned ” in the  provinces o f Songkh la  and Sri Tham m arat; however, in 
January 1998 the au thors  (accom panied by J im  Enright) estim ated tha t approxim ately 70%  of 
ponds in th ese  areas w ere  e ithe r back in p roduction  o r be ing prepared fo r production. 
Construction  o f new  ponds w as a lso in evidence (F igure  3). The high m arket price fo r shrim p is
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though t to be the  m ain m otiva tion  fo r recom m encing shrim p culture. A lso  in January 1998 the 
d irecto r o f the  S ura t T han i Coasta l Aquacu ltu re  D eve lopm ent C entre  is quoted as sta ting  tha t at 
tha t tim e 60%  o f shrim p ponds in Surat Thani w ere  d isused (Anuw at Rattanachote, Personal 
C om m unication, reported by Enright. Personal C om m unication). It is im portant to realize tha t 
estim ates o f d isuse  are  on ly  pertinent to the tim e th ey  w ere  fo rm ula ted; the  situation changes 
rap id ly  from  m onth to m onth and ponds are frequen tly  converted to  o ther uses, and shrim p 
production can be recom m enced  a t any tim e w here  the  orig ina l p roduction  problem s can be 
overcome (Stevenson 1997).

Yap (1997) reports  tha t nearly  all o f the  54,912 ha o f shrim p aquacu ltu re  ponds in the 
P h ilipp ines are p resen tly  abandoned, and tha t ano the r 83,000 ha o f b rack ish -w a te r ponds are 
“ id le .” R eports from  NG O ’s in the  Philippines in late 1997 s ta ting  tha t pond d isuse is com m on in 
the Philipp ines have supported  th is, a lthough pond ope ra to rs  have freq ue n tly  returned to  m ilkfish 
(Chanos chanos) culture after shrimp production has ceased.

Pond d isuse  has been reported e lsew here, but not quantified  For instance, reported  in 
India, as a resu lt o f w h ite  spot d isease (Sam m ut and M ohan 1996); in Sri Lanka, as a resu lt o f 
im proper site se lection  and poor w ater qua lity (Jayasinghe 1996); in V ie tnam , as a result o f acid 
su lfate so ils  (Tuan 1996; V. D. Quynh, Personal C om m unica tion); in C am bodia , as a resu lt o f 
acid su lfa te  so ils and poor w a te r c ircu lation (S reng 1996); in the Ph ilipp ines, as a resu lt o f 
d isease problem s (O gburn  and Ogburn 1994); in Taiw an, as a resu lt o f d isease  (C. Chin Chen, 
Personal C om m unication), and in Indonesia as a resu lt o f d isease and w ater qua lity problem s 
(Burbridge, Personal O bserva tion ). It is also though t tha t there  are s ign ifican t areas o f d isused 
shrim p ponds in Bangladesh, China, M alaysia, C o lom bia  (S tevenson 1997) and, more recently, 
Mexico.

3. Choice of Rehabilitation Goals

R estoration or rehab ilita tion  may be recom m ended w hen a system  has been a ltered to such an 
exten t tha t it can no longer se lf-co rrect or se lf-renew . U nder such cond itions, ecosystem  
hom eostasis  has been perm anently  stopped and the  norm al processes o f secondary succession 
(C lem ents 1928) o r natura l recovery from  dam age are inh ib ited in som e way. The term  
“res to ra tion ” has been adopted  in th is  chapter to spec ifica lly  m ean any ac tiv ity  tha t aims to  return 
a system  to  a preexisting  cond ition  (whether or not th is  w as pristine) (sensu Lewis 1990b), 
w hereas the  te rm  “rehab ilita tion ” is applied m ore genera lly  and is used to  denote  any activ ity 
(inc lud ing  restoration and hab ita t creation) tha t a im s to  conve rt a degraded system  to a stable 
alternative.

W here  p roduction  canno t be susta ined, rehab ilita tion  may be a v iab le  a lternative. 
M angrove fo rests  have been rehab ilita ted to ach ieve  a va rie ty  o f goa ls, fo r instance to  m eet 
com m ercia l purposes (s ilv icu ltu re) (W atson 1928) fo r resto ring  fisheries hab ita t (Lew is 1992, 
Aksornkoea  1996). fo r susta inab le  m ultip le  com m un ity  use purposes, o r fo r shore line  pro tection 
purposes.

In determ in ing  the  v iab ility  o f d iffe ren t rehab ilita tion  op tions it is im portan t to consider the 
preferences of stakeholders and to reach a consensus on appropriate goals so that the proposed
course o f action w ill en joy  a w ide body o f support. Specific  issues tha t should be explored in
coord ination  w ith local s takeholders include considera tion  o f a need fo r m onospecific  stands of 
R hizopora  fo r the  p roduction  o f poles or charcoa l and considera tion  o f the  possib ility  o f low 
in tensity aquacu lture  o r s ilvo fisheries (F itzgera ld 1997). The im portance o f th is coordination w ith 
local s takeholders  is o ften  overlooked; w ithout local support, rehab ilita tion  program s have little 
chance for long-term success (Primavera and Agbayani 1996).

It m ay well be poss ib le  to  restore som e o f the  functions o f a m angrove, sa lt flat, o r other 
system s even though  param eters  such as so il type  and cond ition , flo ra , and  fauna m ay have
changed. If the goal is to  return  an area to  a pris tine  p re -deve lopm en t cond ition, then the
likelihood o f fa ilu re  is v irtua lly  guaranteed. H ow ever, the restora tion  of certa in  ecosystem  tra its 
and the  rep lica tion  o f natura l functions stand m ore chance o f success (Lew is  et al. 1995). The 
goal m ust also acknow ledge  tha t “pre-existing cond itions" m ay no t have been pristine. Potaros 
(1995) reports  tha t in T ha iland  “the m angrove area th a t has been used fo r  shrim p farm s is often 
previously degraded fo re s t so it is very difficult to assess the  econom ic dam age  related d irectly  to



281

shrim p fa rm ing .” In such cases, the  rehab ilita tion  goal is obv ious ly  not go ing to  be one o f 
re tu rn ing  the  area to a degraded cond ition , but m ay be to  conve rt the  area to  ano the r use o r to 
return the area to a clearly defined state somewhere between “pristine” and “degraded.”

R estoration to  the o rig inal hab ita t type  m ay a lso not be the  best option  fo r the  regional 
ecosystem . If the pre-dam aged ecosystem  is a sm all patch o f a re la tive ly com m on ecosystem  
type, then  the  decis ion m ay w ell be to  restore  not to  the original cond ition, bu t to  rehab ilita te  to  a 
ve ry  scarce type  o f hab ita t w ith in  the  ecosystem  (Cairns 1988, Lewis E nvironm enta l Services, 
Inc. and Coasta l Environm enta l, Inc. 1996). Th is is a lso  known as “ou t-o f-k ind ” restoration.

In som e cases, it appears th a t shrim p fa rm ing  has been regarded as a rehabilita tion  
activity in itself in areas that are considered unsuitable for conventional restoration. In other words 
the  deve lopm ent o f shrim p fa rm ing  m ay have been regarded as the  best p ractica l option fo r the 
land at the  tim e. S im ilarly, the  ch ie f goal o f coasta l m anagers m ay be to recom m ence shrim p 
fa rm ing  in d isused ponds.

For instance, in an area sub ject to  storm  activ ity, there m ay be an u rgen t need to  restore 
coastal protection capacity. In such cases the prim ary goal w ou ld  be to  resto re  th is capacity. 
However, if there  w ere  no such needs, and if there  w ere suffic ient m angrove  a lready in existence 
in the v ic in ity  to  provide ecosystem  functiona l support, then the  m ost su itab le  goal m ay be to 
recom m ence shrim p farm ing. A lte rna tive ly , the  goal may be to  restore som e ponds, but return 
others to shrim p production. However, when considering th is option it is v ita lly  im portant that 
orig inal causes of fa ilu re  and d isuse are ca re fu lly  evaluated. If it w as though t tha t the  chances of 
production  success w ere  reasonab ly  assured, and tha t the orig ina l causes o f p roduction  fa ilu re  
were unlike ly to  occur again, then th is  m ay be a ve ry  valid option.

The inform ation availab le  on w ays in w hich  to  rehabilita te unproductive  ponds lim its the 
varie ty o f potentia l a lterna tive  uses tha t they  could be put to. This is especia lly  true  in ponds w ith 
acid su lfate soils. If new and innovative trea tm ents  develop, then a va rie ty  o f new a lternatives 
m ay be open to  the coasta l m anger fo r consideration. There are fundam enta l gaps in the 
inform ation availab le  on the  environm enta l persistence o f chem ica ls tha t a re  used during shrim p 
culture. Before one can identify m ethods tha t am eliora te  levels o f chem icals, one m ust ascertain 
w he ther there  is actua lly  a problem . Do chem ica ls persist fo r any length o f tim e? If so, do they 
have any detrim enta l e ffects on the  environm ent?  Do they lim it options fo r rehab ilita tion  and/or 
im pose hazards if rehabilita tion is a ttem pted?

4 . M a n g r o v e  re s t o r a t io n

4.1 General Principles

R estoration o f existing  areas o f dam aged, rou tine ly  harvested, o r destroyed m angrove  forests 
has been previously d iscussed by W atson (1928) Noakes (1951), C hapm an (1976) Lewis 
(1982) Ham ilton and Snedaker (1984) Lewis (1990a). Lewis (1990b), C rewz and Lewis (1991) 
Cintron-Molero(1992) Saenger and S iddiq i (1993) S iddiq i et al. (1993) and F ield (1996).

It has been reported th a t m angrove fo rests  around the  w orld  can se lf-repa ir or 
successfu lly  undergo secondary succession  over periods o f 15-30 years if: 1) the  norm al tidal 
hydrology is not disrupted and 2) the availability of waterborne seeds or seedlings (propagules) of 
m angroves from  ad jacent stands is not d isrupted o r blocked (W atson 1928, Lew is 1982, Cintron- 
Molero 1992). M angroves can a lso be estab lished through a ffo resta tion  on unvege ta ted  intertida l 
fla ts and o ther areas w here  they  would  not norm ally  grow. These areas, how ever, are lim ited in 
extent and often serve  o ther eco log ica l purposes such as feed ing  areas fo r  w ading birds. 
P lanting m ay also reduce  the va luab le  support these  norm ally unvegeta ted  areas provide to 
subm erged aquatic  vege ta tion  such as seagrass m eadows (Phillips and M cRoy 1980).

Because m angrove fo rests m ay recover w ithout active  restoration e ffo rts , it has been 
recom m ended tha t resto ra tion  p lann ing should firs t look at the potentia l ex is tence  o f stresses 
such as b locked tida l inundation tha t m ight p reven t secondary succession  from  occurring and 
plan on rem oving tha t stress before  a ttem pting  restoration (Ham ilton and S nedaker 1985). The 
second step is to determ ine by observa tion  if natura l seedling recru itm ent is occurring  once the 
stress has been rem oved. O n ly if natura l recovery is not occurring  should the  th ird  step o f 
considering assisting natural recovery through planting be considered.
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Unfortunately, m any m angrove  restora tion  pro jects m ove im m ed ia te ly  into p lanting of 
m angroves w ithout de term in ing  w hy natura l recovery has no t occurred . There  m ay even be a 
la rge  capita l investm ent in grow ing  m angrove seed lings in a nursery  before  stress facto rs  are 
assessed. This often results in m a jor fa ilu res o f p lanting e fforts. For exam ple , Sanyal (1998) has 
recen tly  reported tha t betw een 1989 and 1995 9 ,050 ha o f m angroves w ere  p lanted in W est 
Bengal, India w ith only a 1.52% success rate.

On the  o ther hand, ca re fu l data  co llec tion  by Duke (1996) a t an oil spill s ite  in Panama 
show ed tha t ". . densities o f natura l recru its  fa r exceeded both expected  and observed densities 
o f p lanted seed lings in both she lte red  and exposed s ites." S oem odiha rd jo  e t al. (1996) report 
th a t on ly  10% o f a logged area  in T em b ilahan, Indonesia  (715 ha) needed  rep lanting because 
“T he  rest o f the  logged over a rea  . . had more than 2,500 natural seedlings per ha."

4.2 Restoration o f D isused  Ponds to Mangrove Forests

There  have been su rp ris ing ly  fe w  reports  on a ttem pts to restore  aquacu ltu re  ponds back to 
m angroves. There are anecdo ta l reports  o f up to 13,000 ha o f ponds resto red  in T ha iland  and 
severa l thousand ha in V ie tnam  have been seen by the authors, but no w ell docum ented data  or 
repo rts  have been found by the  authors. It is s ign ifican t to note tha t F ield (1996) in compiling 
and editing reports on mangrove restoration from thirteen countries, including Thailand, Malaysia, 
V ie tnam , Indonesia, India, Pakistan, and Bangladesh, does not report a sing le  occasion where 
pond restoration w as a ttem pted. In fact, the only m ention o f aquacu lture  ponds in th is  w ork is by 
A kso rnkoae  (1996) in w hich m angroves were restored between existing  shrim p aquaculture 
ponds in Pattani P rovince, Tha iland. In severa l a reas in Tha iland, m angroves have been planted 
in bund w alls and in areas ad jacen t to  ponds in o rder to  stabilize sed im ents and to  im prove w ater 
qua lity . The success o f such endeavors is unknown.

General reference to the restoration of abandoned shrimp ponds in the literature includes 
S idall e t al. (1985) w ho sta tes w ith  re fe rence to  Ecuador, Panam a, and the Philipp ines that 
“rec lam a tion  o f abandoned ponds shou ld  be encouraged  . . and poo rly  sited o r eng ineered 
ponds should be breached to  p rom ote even tua l reco lon iza tion ." W ith  re fe rence to  general 
aquacu ltu re  re lated degrada tion  in m angroves, Ishwaran (1996) states that, g iven the  im portance 
o f m angroves, there  is a need to  rehab ilita te  degraded areas th ro ug h  p lanting  and the 
introduction of environmentally friendly aquaculture technology.

Lahm ann e t al. (1987) d iscuss the im pact o f shrim p aquacu lture  s iting  in basin m angrove 
fo res ts  and “sa litra les” (sa lt fla ts) in southern  Ecuador, w here  at the  tim e a 16% reduction  in 
m angrove  fo rest cover in the  southern G u lf o f G uayaquil due to  shrim p pond construction  had 
been reported through 1982. Q uantita tive  data  w ere  co llected w ith in  m angroves ad jacen t to 
shrim p ponds. They m ake the  im portant po in t tha t while  the  activ ities are  concentra ted in the 
basin  fo rests dom inated by Laguncularia and Avicennia, the  access p rovided by the  ponds 
sub jec ts  the ad jacent fo res ts  to se lective  harvesting o f la rger trees , includ ing spec ies of 
Rhizophora, thus producing fo res ts  w ith  a low  stand ing  crop o f trees. T he se  basin fo rests  are 
o ften characterized  as “unp roductive ” in m a jo r shrim p aquacu lture  coun tries  like Tha iland, but 
Lahm ann et al. (1967) po in t ou t tha t the local declin ing  abundance  o f shrim p postlarva in 
Ecuadorean estuaries . . ' m ay at least in part be due to  the  d isp roportiona te  e lim ina tion  o f 
sources  o f d isso lved  o rgan ic m atter" and “m ay be the  dom inant cause  o f the  reduction  in wild 
sh rim p postla rva stocks.“

One of the authors (Lewis) has been examining the issue of pond restoration at field sites 
in C entra l Am erica and the Ph ilipp ines. Data on only the s ite  in C entral Am erica  has been fu lly 
deve loped  and w as recently  presented a t a m eeting in Cuba (Lew is and M arsha ll 1997). F igures 
4 th rough  7 show  the  study a rea on the  P ac ific  coast o f C entra l Am erica . The site  is a 20-year- 
o ld shrim p aquaculture  fac ility  tha t has had severa l ow ners and lay idle fo r approx im ate ly  5 years 
p rio r to its present owners purchasing it in 1987. It is s ign ifican t tha t the  owners have fu lly 
coopera ted  w ith  the research e ffort, but on ly  on the  cond ition  tha t the  exact location not be 
revealed. They are concerned tha t the  fa c t th a t som e o f the  ponds have reverted  back  to 
mangroves might be interpreted by some as grounds to restore active ponds in the same manner. 
This fear may be part of the reason why reports of successful restoration are so rare.
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The  fo rests ad jacen t to  the  fa c ility  conta in  s ix  species o f m angroves: Rhizophora mangle, 
R. racemosa, Avicennia bicolor, A. germinans, P e l I  ¡cera rhizophora, and Laguncularia racemosa. 
Two sites w ere  chosen fo r quantita tive  sam pling  w ith  tw o 5-m  by 5-m  plots estab lished a t each 
(four p lots to ta l). The firs t s ite  (shown in F igure  4) w as a 4 -ha  d isused  pond w here  the  outboard 
d ike had breached soon a fte r the  fac ility  w as purchased by the  presen t ow ners in 1987. That 
breach is v is ib le  as loca tion  “A ” in F igure  5. The ow ners dec ided  no t to  repa ir the  breach and to 
a llow  the pond to  revege ta te  on its own in o rder to provide add itiona l e ros ion  p ro tection  from  
storm  w aves fo r the rem ainder o f the ponds. The tw o  plots w ere estab lished a t locations “B” and 
“C” in F igure  5. Loca tion  “c” is show n a t ground level in F igure  7.

The tw o  contro l p lo ts w ere estab lished at location “D" in F igure  5, w ith  care  taken not to 
p lace them  in areas w here  m angrove pole cu tting  was visib le. Th is is a rem nant natura l tidal 
stream  w ith  m angroves on both sides. A ll p lots were sam pled by m easuring  the d iam ete r at 
breast he igh t (DBH) o f all m angroves over 2 m in he igh t and record ing  the species. 
Measurements were then converted to basal area per tree, summed for each plot and reported as 
basal area in square  m eters per ha. A ll data  are  sum m arized in Tab le  1. As can be seen from  
the data, both the  experim enta l and contro l a reas conta in  the  sam e species com plem ent, w ith  the 
sam e fo u r m angrove  spec ies represented  in each. These data  ind icate  that, at th is  location, 
m angrove can na tu ra lly  reco lon ize  d isused shrim p ponds and ach ieve  a basal area  equ iva len t to 
64.2%  o f th e  natural und isturbed fo res t in 10 years. The stem  density , as expected , is g rea te r in 
the experim enta l p lots, s ince  the  trees are  younger and the re fo re  m ore dense  bu t sm a lle r in 
average size.

Table 1. Summary date from plots in pond number 1 (under experimental rehabilitation) and mangrove 
forest control area.

Site Type Species Density
(m*/ha)

Relative 
d e n s ity  (%l

Basal area 
(m‘/ha)

Canopy
helght(m)

Plot 1 Experimental Laguncularia racemosa 22,000 94.8 23.1 4

Rhizophore mangle 1,200 5.2 1.22 4

Plot 2 Experimental Rhizophora  racemosa 2,600 38.8 7.04 10

Laguncularia racemosa 2.400 33.3 1.92 10

Avicennia  bocoior 1,200 16.7 1.83 5

Rhizophora mangle 800 11.2 0.93 10

MEANS 15,200 18.33

Plot 3 Control Rhizophora racemosa 2,000 41.7 3.2 13

Laguncularia racemosa 1,600 33.3 9.5 8

Rhizophore mangle 800 16.7 0.6 IO

Avicenn ia  bocoior 400 8.3 13.72 12

Plot 4 Control Rhizophora racemosa 4,000 43.5 4.27 10

Laguncularia racemosa 4,000 43.5 19.51 8

Rhizophora mangle 800 8.7 4.27 12

Avicennia bocoior 400 4.3 10.64 IO

MEANS 7,000 28.53
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Figure 4. Aerial photograph o f the study area, a com­
mercial shrimp aquaculture facility constructed in mangro­
ves on the Pacific coast Photographed by Robin Lewis 
September 1996

Figure 6. Aerial photograph showing pond number 2 
Natural revegetation a fter breachmg has not been as 
successful ‘A ” is an area o f undisturbed mangroves, ‘B” 
is the open w a te r unvegetated area o f the pond C” is 
the naturally vegetated area o f mangroves in the pond 
and “D” Is the general location of the breach in the outer 
dike o f this pond Photographed by Robin Lewis 
September 1996

Figure 5. Aerial photograph sheaving pond number 1. a 
constructed shrimp aquaculture pond allowed to revege- 
tate naturally w ith mangroves after the outer dike bre­
ached in 1987. “A" is the-location o f the natural breach, 
“B" is the location of the first sampling plot, “C” is the 
location o f the second sampling plot, and “D” is the loca­
tion o f the third and fourth sampling plots. Photograph by 
Robin Lewis, September 1996.

Figure 7. Ground leve! photograph o f the mangroves 
In second sampling plot (naturally revegetated) inside 
pond number 1 The reference rod is 8 m long. The 
dominant species of mangrove are Rhizophora mangle 
and Rhizophora racemosa. Photographed by Robin 
Lewis, September 1996.
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Figure 8. Disused shrimp pond in Bohol, Philippines, that has no tidal 
reconnection (pond walls remain intact). A fter 15,yeais _ the rea t. 
no recolonization. Photograph by Robin Lewis, D ecem tes tis?  7,

It is im portant to note tha t at ano the r loca tion  on the fac ility , a s im ila r but la rger (25 ha) 
d isused pond (Pond N um ber 2) o f the  sam e age has apparen tly  not shown the  sam e degree o f 
recovery  (F igure  6). The area was not quantita tive ly  sam pled due to access problem s and tim e

constra in ts, but it is apparen t from  
the  aeria l pho tog raph  th a t natura l 
reco lon iza tion  has been lim ited to 
o n ly  the cen tra l a rea o f the  pond 
(Location “C"). G round  observa­
tions  ind icate  th a t regeneration  is 
com posed a lm o s t  e n t ir e ly  o f 
species o f Avicennia o f low  arowth 
form . This w ould  indicate some 
additional stress is present 
beyond tha t p resen t in Pond 
Num ber 1.

In all s ites inspected to 
date, however, the  m ost im portant 
fa c to r in success fu l resto ra tion  of 
p o n d s  b a c k  to  m a n g ro v e s  is 
resto ring  the tida l hydro logy  to  the 
m axim um  exten t possible. The 
reduced species com p lem ent and 
restriction of natural recolonization 
to  on ly  the centra l co re  o f Pond 
N u m b e r 2 w e re  a t t r ib u te d  to  
reduced tida l range and limited 
f lo o d in g  l ik e ly  c a u s e d  b y  a 
restriction in the size of the natural 
b reach (Location  “D") connecting 
th e  pond to  the  ad jacen t open 
w aters. R estora tion  o f m angroves 
through resto ring  the  natural 
hydro logy has been em phasized 
before  by H am ilton and Snedaker 
(1984) C in t r o n -M o le ro  (1992) 
and O lsen and A rriaga  (1989) 
w ho state tha t “w here  possible, 
m angroves shou ld  be restored 
th rough  re -es tab lishm ent o f the 
natura l hyd ro logy ." T u rner and 
Lewis (1997) a lso  oive exam oles 
o f s u c c e s s f u l  restoration o f 
mangroves through restored 
hydrology alone.

O ur anecdo ta l obse rva ­
tions o f s im ila r d isused pond 
reco lon iza tion  on the island o f 
Bohol in the  Ph ilipp ines suggests 
tha t Avicennia marina is the  initial 
co lon iz ing spec ies during years V  
5 a f te r  d ik e s  a re  b re a c h e d , 
fo llow ed by several species of 
R hizophora  a n d  S o nn e ra tia  in 
years 5-15 (Figures 8, 9, and 10).

Figure 9. Breached disused shrimp pond in Bohol. Phllrppines. stowing 
good recolonlzatlon o f Avicennia manna after 5 years k’nofD graphed by 
Robin Lewis December 1997

Figure 10. Breached disused shnmp pond In Bohol. Philippines, stowmg 
good recolonizatton o f Avicennia manna after 15 years Photographed by 
Robin Lewis December 1997
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4.3 Challenges to Successful Pond Restoration

Lew is and M arshall (1997) have suggested  tha t five  critica l s teps are necessary to  achieve 
successful mangrove restoration in general and pond restoration in particular:

1. U nderstand the  au teco logy (ind iv idua l spec ies eco logy) o f the  m angrove species at the 
site, in particu la r the  patterns o f rep roduction , propagu le  d is tribu tion, and successfu l 
seedling establishment;

2. U nderstand the norm al hydro logie  patte rns tha t contro l the  d istribu tion  and successfu l
establishment and growth of targeted mangrove species;

3. A ssess the m od ifica tions o f the p rev ious m angrove env ironm ent tha t occurred tha t
currently prevent natural secondary succession;

4. Design the  restora tion  program  to  in itia lly  resto re  the appropria te  hydro logy and u tilize 
natural volunteer mangrove propagule recruitment for plant establishment; and

5. O n ly u tilize actual p lanting o f propagules, co llected seed lings, o r cu ltiva ted seed lings
a fte r de te rm in ing  th rough S teps 1-4 tha t natu ra l recru itm en t w ill not provide the quantity  
o f successfu lly  estab lished seedlings, ra te  o f stab iliza tion, o r rate o f growth o f saplings 
established as goals for the restoration project.
These critica l steps are o ften ignored and fa ilu re  in m ost resto ra tion  pro jects can be 

traced  to  proceeding in the  early  stages d irectly  to  S tep 5, w ithout considering  S teps 1-4. Lew is 
and M arsha ll (1997) re fe r to th is approach as “ga rden ing ,” w here  s im p ly  p lanting m angroves is 
seen as all that is needed.

Th is can be dem onstra ted  by the  m ore com m on techn ique  o f co llecting p ropagu les of 
Rhizophora species and e ithe r p lanting them  d irec tly  in the bare areas o f Pond N um ber 2 
(location  “B” in F igure 5) or cu ltiva ting them  in a nursery  and p lanting them  in the sam e location. 
W hat w ou ld  be the  expected outcom e o f these  e ffo rts?  W hat would be a better approach? How 
often are  the  existing s tresses determ ined before  try ing  to  ju s t p lant?  The answ er to  th is latter 
question is “all too rarely."

5. The Case for Pond Rehabilitation

The case  fo r rehab ilita tion  o f degraded hab ita ts la rge ly  depends on the  com parative  benefits 
derived  from  re-estab lish ing  the  functions and flow s o f econom ic and environm enta l goods and 
se rv ices from  the natural system  com pared to  the  benefits tha t the pond ow ner m ay realize by 
bring ing s ites back into som e fo rm  o f production . T he  m ore va luab le  the  benefits to  the  various 
s takeholders, the  s tronger the case fo r rehab ilita tion . H ow ever m any o f the  s takeholders who 
m ight benefit from  restoring  d isused ponds to m angroves, such as artisana l fishers, m ay not be 
active ly  invo lved in the  decis ion-m aking  process th a t evalua tes a lte rna tives fo r rehab ilita tion . The 
cum u la tive  benefits to  such d iffuse  and o ften poorly  represented s takeholders  m ay in fa c t be very 
large, bu t th ey  are  se ldom  ca lcu lated. The a rgum en t is also no t s im p ly  based on the  perceived 
va lues  o f  a system  and the  equ itab le  use o f its natura l resources by d iffe ren t groups, but a lso  on 
o ther fac to rs  such as th e  desire  o f a nationa l gove rnm ent to  earn high revenues from  the  export 
of cultivated shrimp.

O ne o f the m ost obvious financia l issues is the  d irect financ ia l loss to  the ,pond ope ra to r 
o f revenue  from shrim p sa les (in the region o f US$15,000 to  U S$25,000 ha-‘yi ) w here pond 
p roduction  proves non-susta inab le . There m ay also be the recogn ition  tha t if som e rehabilita tion  
activ ity  is not undertaken, the  system  m ay degrade  further, and m ay actua lly  represent a risk to 
ne ighboring  hab itats o r land use types. Th is w ou ld  be an econom ic cost. Dam aged resources are 
often unstable and actively deteriorating, and in general if deterioration is not arrested, repair may 
becom e progressive ly m ore expensive and d ifficu lt (rehabilita tion  costs w ould  be balanced 
against “costs avoided").

A lte rna tive ly , it m ay be recognized tha t by rehabilita ting an area that has becom e 
degraded (either through shrimp culture and pond disuse or synergistic effects with these factors) 
and is perce ived to  be o f low  value, hum an p ressure  w ill be reduced on neighboring areas tha t 
are  perce ived  to be o f h igh va lue and are  a t risk o f degradation  them se lves. The resulting 
production  o f usefu l goods and services in a rehab ilita ted  o r restored area m ay serve  to  reduce 
the pressure on unaltered areas, which may otherwise be at risk of exploitation.
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W here ponds w ere  converted from  p rio r land use types (such as fish ponds, paddy fie lds, 
or other agricu ltu ra l lands) soc io -econom ic reasons may exist fo r restoring ponds to the ir prior 
uses, particu la rly  w here  local people rely on subsistence agricu ltu re  or aquacu ltu re . W here 
restoration to  a “ na tu ra l” hab ita t (such as m angrove) is considered inappropria te , te chn ica lly  very 
d ifficu lt, or too expensive, then rehab ilita tion  to p rio r or o ther land use types m ay be considered. 
This may represent the best option in term s o f econom ic feas ib ility , environm enta l acceptab ility , 
and maximal susta inab le  productiv ity. However, there is little  in the lite ra ture  tha t describes 
restoration to prior land use types (as opposed to habitat types).

In add ition  to these  environm enta l and soc io -econom ic argum ents, the re  are sound 
econom ic reasons fo r re tu rn ing  an unproductive  area to p roductive  use. F irst there  is the d irect 
loss of revenue from  shrim p production , and second, the loss of hab ita t that occurs  as a resu lt of 
pond construction resu lts  in the loss (or partia l loss) o f benefits  from the  econom ic and 
environm enta l goods and serv ices tha t hab ita ts norm ally p rovide. M angroves are regarded as 
particu la rly  rich in te rm s o f the goods and services they provide and the func tions  they  serve 
(Ham ilton and S nedaker 1984, Burbridge 1990) and som e researchers  have m ade estim ates of 
the econom ic benefits  o f m angroves, both in term s o f fisheries and o ther benefits . There is less 
inform ation ava ilab le  on the  econom ic va lue o f o ther land use types, or other hab ita ts  in trop ical 
regions (for exam ple, sa lt pan, marsh w etland, Melaleuca w etland, or mud fla t).

In add ition to the  econom ic losses associated w ith  degradation  of the  natura l resource 
base, and the losses associa ted  w ith  the fo reclosure  o f “op tions” fo r a lte rna tive  form s o f resource 
developm ent, there  is the loss o f “non-m arke t” va lues to consider. These inc lude  the functions 
and services provided by a habitat, such as flood and storm  p ro tection , sed im en t and toxicant 
removal, erosion m itiga tion , and nu trien t export. O f particu la r im portance are the  benefits 
provided by m angrove in coasta l p ro tection  from  typhoons or hurricanes. In a reas subject to 
strong storm ac tiv ity  (fo r exam ple W est Bengal, Bangladesh, and som e states in India, such as 
Andrha P radesh), the  bu ffe ring  capac ity  and the erosion m itiga tion  provided by m angrove is 
particu la rly  im portant s ince the  costs associated w ith the construction  of a rtific ia l structures to 
com bat e rosion and to  p ro tec t from  storm  dam age can reach m ore than US$12,000 m*‘. In such 
areas, the case fo r res to ra tion  may be very strong, and the costs invo lved in res to ra tion  may be 
small when com pared w ith the costs o f constructing  sea defenses and flood contro l structures. 
The benefits in such cases would be both financia l in term s o f costs avoided and also socia l in 
term s of the avoidance or m in im ization o f the loss o f human life and property.

M any ponds becom e d isused or abandoned s im p ly because they  have been constructed 
in inappropriate locations. These can include locations where the farm density is already too high, 
w here there is insu ffic ien t freshw ater supply (shrim p optim ally  requ ire  brackish no t fu lly  saline 
w ater), w here there  is too much ra in fa ll, or where there are unsu itab le  so ils (fo r instance, very 
peaty or very sandy so ils ). Ponds have been constructed in loca tions regu la rly  h it by typhoons or 
hurricanes (for exam ple, India and Bangladesh) and in areas tha t are no t norm ally  hit by 
hurricanes but experience  hurricanes during El Nino years (for exam ple , along the  Pacific Coast 
of Latin Am erica and the United S tates). In Septem ber 1997, H urricane Nora h it the  Mexican 
shrim p farm ing industry  and caused extensive dam age to the industry. In such cases, pond 
rehabilitation would seem highly appropriate.

6. Pond Restoration

Although there  have been m any attem pts at restoration o f m angrove in degraded hab ita ts , there 
are few docum ented cases o f pond resto ra tion . The data tha t do ex is t are o ften  o f poor quality, 
or else poorly d issem inated  and very d ifficu lt to obtain or to verify ; consequently  it is not possible 
to draw any substan tive  conclus ions from  them . B rie f outlines o f pond restora tion  e ffo rts  known to 
the authors are provided in th is  section. From the lim ited in form ation  availab le, it appears that in 
m ost cases eva lua tion  p rocedures or assessm ent o f pond cond ition  do not take  p lace  p rio r to the 
in itia tion  o f pond resto ra tion  p ro jects. C onsequently the reasons behind e ithe r the  success or 
fa ilu re  o f pond resto ra tion  pro jects are not known. G iven the  scope and techn ica l com p lex ity  of 
the challenge o f resto ring  the po ten tia lly  large scale o f d isused and unproductive  ponds, more 
rigorous approaches to the assessment of past and current restoration efforts must be developed.



6.1 H aad  Sai Khao, Ranong Province, Thailand

M angrove rep lanting has been success fu lly  com ple ted in a 2 -ha d isused sh rim p pond in Haad Sai 
Khao in Ranong, Tha iland. P oor p roductiv ity  leve ls due to  high acid ity  and poor shrim p surviva l 
caused pond opera tions to  cease. In June 1992 the  pond w as rep lan ted  w ith  fo u r d ifferent 
spec ies o f m angrove to com pare  grow th  and biom ass. The m angrove is reported to  have grown 
very well, especia lly the R hizophora apiculata and R. mucronata (“bai ya i” and “bai lek") tha t have 
reached over 3 m ta il a fte r 4 years, accord ing to a NACA new sle tter (Ju ly-S ep t 1997). The 
authors v is ited th is site in January 1998 and the planted m angrove species w ere  doing very well. 
T ida l inundation flow s are  good, and cana ls w ith in  the  pond appear to have been dug to fac ilita te  
w ater flow . (More inform ation about th is p ro ject is availab le  from  Hakon Ja lk  a t the Ranong office 
a t 50/19 M oo 1, Tum bón Bangrin, M uang R anong 85000, Tha iland email: tcep@ lox in fo .co .th ) or 
D onald M acintosh at C enTER  Aarhus, D epartm ent o f Ecology and G enetics, Institu te  o f Biology, 
Build ing 540, Ny M unkegade, U nive rs ity  o f Aarhus, 8000 A arhus C. D enm ark.)

6.2 Nakorn Sri Tham m arat and Pltang-nga Provinces, Thailand

W ork w as initiated in 1994 betw een overseas researchers and the  R oyal Tha i Forestry 
D epartm ent. Five species w ere  p lanted. The species planted included R hizophora  apiculata, R  
mucronata, Brugoiera spp., Avicennia marina, and Ceriops spp. (Buntoon S re thasiro te , Personal 
C om m unica tion). An area o f 10 rai (1.8 ha) w as planted at a dens ity  o f 1 me2 and the surv iva l rate 
w as said to  be “good" (Buntoon Srethasiro te , Personal C om m unication). However, the  time
interva l a t which the surviva l rate w as estim ated is unknown; the  surv iva l rate m ay therefore
a ppear to be good as a resu lt o f m on itoring  su rv ivorsh ip  soon a fte r p lanting, ra ther than  a t an 
interval of a year or more. The current status of this project is not known.

6.3 K u ibu ri and P ranburi Districts, Prachuap K h iri Khan Province, Thailand

Poor w a te r m anagem ent and high farm  concentra tions are  though t to have led to  ch ron ic  d isease 
problem s tha t firs t occurred  on a w ide  sca le  in early  1993. D isease d ifficu lties  continued 
in te rm itten tly  for the fo llow ing  3 years until a lm ost all production ceased in late 1996 (Enright, 
Personal C om m unication). Pond disuse w as com prehensive  (approx im ate ly  500-600 ha in this 
a rea a lone) and m any fa rm ers com m enced production  in new areas a long the  Andam an coast. 
M any o f the disused ponds w ere  w ith in  the  boundaries o f Khao Sam  Roi Y o t M arine National 
Park and the im m ediate surround ing  areas. The park is an im portan t bird w in te ring  area and a 
critica l s top-over fo r m ig ra to ry  shoreb irds en rou te  from  S iberia  to M alaysia  and Indonesia. A 
sm all area o f extensive d isused  ponds in the park w as rep lanted by hired labor. Th is rep lanting is 
reported to  have been reasonab ly  successfu l (J. Enright, Personal C om m un ica tion ). T he  curren t 
status of this project is not known.

M angrove rep lanting w o rk  w as a lso in itia ted in a 30 rai area  (5 ha) o f sa lt pan (not 
m angrove) in Khao Sam  Roi Y o t M arine National Park by the Petchaburi R egional Forestry O ffice 
(unde r the  d irection o f the  park) u tiliz ing local vo lun tee r g roups o f schoo l ch ild ren. Preparation 
work for this project began in 1994, with the first planting occurring in the dry season of 1995, with 
a second series o f p lanting in 1996. Rhizophora apiculata, R. mucronata, and Ceriops ta ga l were 
p lanted in the sa lt pan in the  park area, but all seed lings died, and the  p ro ject w as repeated  a fte r 
the area w as scraped w ith  a trac to r in o rder to  low er the  e levation  to  increase  tida l inundation. 
From  site  inspections in th is  area by the au thors  in January 1998, it appears tha t the  tidal 
inundation was insufficient and that hypersalinity was a problem.

As pointed out by Jim  Enright (Personal C om m unication), there  w ere  areas in the  park 
tha t w ere  much m ore su itab le  fo r rep lanting w ith m angrove (fo r instance, a long the  natural 
kh longs). The areas o f sa lt pan tha t w ere  p lanted experience  near arid cond itions  during  the  dry 
season  and the plots requ ired  w a te r pum ping in o rder to  m ain ta in  the  seed lings. Th is procedure 
is expensive, tim e consum ing, and labor in tensive. S im ilarly a nursery area  at the  s ite  has been 
estab lished at the high tide m ark; however, it appears tha t there  is insu ffic ien t tidal flow  at the 
nursery and the long-term future of the project does not appear promising.

mailto:tcep@loxinfo.co.th
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6.4 Samut Songkhram Province, Thailand

An experim enta l study o f the growth and surv iva l rate o f three species o f m angrove seedlings 
p lanted in a d isused shrim p pond was conducted at Sam ut Songkhram  Province  and the results 
are presented in Table 2 (Buntoon S re thas iro te , Personal C om m unica tion). The dens ity  of 
m angrove rep lanting fo r th is experim ent was 1 p lant m ” in a tes t area 9 m by 9 m. No other 
information on this site has been obtained.

Table 2. Survival rate o f mangrove species planted in an abandoned shrimp farm in Samut Songkhram 
Province, Thailand. Source: Buntoon Srethasirote, Personal Communcation.

Species Survival Rate Growth Rate
(after 1 yearr) (afler 1 year)

Rhizophora apiculata 66.67 45.73
Brugoiera gymnorhiza 41.33 44.87
Ceriops  tagal 0% ( by 8 months)

6.5 Benoa Gulf, Bali, Indonesia

The authors have identified  inform ation on the world  w ide  web (Ministry o f Fore ign A ffa irs  Japan
1997) th a t outlines a jo in t p ro ject between J IC A  (the Japanese In te rnationa l C o-operation 
Agency) and Indones ia ’s D epartm ent o f Forestry. The p ro ject began in 6992 (cu rren t status 
unknown) and took  place along the Senoa Gulf. The th ree  paragraphs of in form ation  describ ing 
the “D eve lopm ent o f Susta inable M angrove M anagem ent P ro ject” state tha t “excess ive ly  high 
concentra tions" o f shrim p were grown in ponds, and tha t over-usage of an tib io tics  led to the 
development of disease-resistant bacteria that rendered the ponds “unusable.”

The a rtic le  goes on to state tha t “fa rm ers abandon these ponds and sh ift th e ir operations 
to ano ther a re a ” and notes tha t Landsat satellite im agery c lea rly  dem onstrated the w idespread 
dam age to  the m angrove fo rests in the  region. U nfortuna te ly  the a rtic le  does not provide any 
deta ils  o f the  m ethodologies used or the p ro jec t find ings and m erely outlines tha t “experts from 
JICA have continued to  make thorough tests  o f w hich species are su ited  to w hich  loca tions, from  
sprouts th rough  fo rests: now, young mangrove trees are grow ing  in abandoned shrimp raising 
ponds.’’ For 2 consecutive  years the au thors  have tr ied , but fa iled , to obta in fu rthe r inform ation 
about th is  p ro ject. Th is is unfo rtunate  s ince much usefu l and more w ide ly app licable  inform ation 
might have been generated by this project.

A  persona l account by J.R. C lark (Personal C om m unication) reveals a d iffe ren t story 
behind a pond-rep lan ting  schem e in an unspecified  reg ion (perhaps Benoa Gulf) in South Bali. 
Shrim p cu ltu re  was concentra ted in a governm ent owned m angrove area. In 1991, there  were 
about 160 ha leased by the government to private entrepreneurs. The Governor of Bali decided to 
phase ou t all shrim p fa rm ing  leases over 4 years-from  160 ha to 0 ha by 1995. Approxim ate ly  
350 ha o f shrim p ponds w ere  replanted w ith  the support o f JICA and the Forestry  D epartm ent 
who engaged in va rious pub lic ity  deals, such as recru iting  Japanese students on vacation  to p lant 
some ponds (J.R . C lark, Personal C om m unication).

The rep lan ting  approach was reported as being “ low  tech ," but the ponds them selves 
w ere  “ low  tech," tha t is, crude and la rge ly  scraped out from  natura l sinks in the m angrove fringe.
It appears tha t rep lanting s im ply consisted o f p lanting seed lings in the ponds w ith little  or no other 
preparation or maintenance work. It is thought that replanting started with the crudest (shallowest) 
ponds w ith the intention o f progressing to more “advanced” ponds (J.R. Clark, Personal 
C om m unication). No fu rthe r in form ation  on th is  schem e has been obta ined, and the success of 
this p ro ject is not known.
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7. Biophysical U ncerta in ties

W hilst there appears to  be a d is tinc t lack o f s tud ies qua lify ing  the  environm enta l characteris tics 
that remain in a pond after disuse, there has been some debate on the re -u s e  potential of disused 
ponds. Som e authors have com m ented on the cond ition  o f ponds and su rround ing  lands a fte r 
disuse. For instance, Marsden (1994) reports w ith  re fe rence to Tha iland th a t the  land abandoned 
a fte r shrim p culture is “sa lin ized  and polluted and has few  econom ic uses.” S im ila rly  Landesman 
(1994) reports  th a t “the  bottom  soil o f an abandoned sh rim p  pond th a t has been used for 
intensive culture is usua lly  too sa line for agricu ltu re  or o ther uses, so th a t conversion o f land to 
shrim p farm ing may, fo r practica l purposes, be irreve rs ib le .” However, quan tita tive  assessm ent of 
these problems is lacking, and the debate continues.

D isused sh rim p  ponds in many cases represent h igh ly degraded system s; although 
d ifficu lt to  substantia te , in tens ive ly  farm ed sites and those located in acid su lfa te  soils may be the 
most severe ly  degraded. However, it m ust be rem em bered tha t ex tens ive ly  farm ed ponds 
generally cover a greater area than intensively farmed ponds, and may represent a problem more 
in terms of quantity rather than quality.

In the absence o f studies quantify ing the environm enta l e ffects o f d isused ponds, it is 
only poss ib le  to put fo rw ard  hypotheses o f a lte ra tions to physica l processes tha t may resu lt from  
the existence of s ign ifican t areas o f disused shrim p ponds. It is a lso only possib le  to hypothesize 
the e ffects these a lte ra tions  w ill have on the surround ing  loca le. Possib le a lte ra tions to physical 
processes m ay inc lude  a lte ra tions to sedim entation rates, the hydrodynam ics o f the area, the 
tidal regim e, and nu trien t flow s (Stevenson 1996). D iscontinu ities in hab ita t aris ing from large 
areas o f ponds in a loca le  may a lter faunal m ovem ents (fo r exam ple, fish and crustaceans), and 
therefore  may a ffect faunal d is tribu tions. Loss o f hab ita t may lead to a decrease  in nursery and 
breeding grounds and may serve to decrease shoreline protection capabilities.

It is im portant to  rea lize  tha t some processes tha t may have occurred  as a resu lt of 
clearance, shrimp culture, and disuse are irreversible and that no amount of restoration effort can 
return certa in  param eters to the ir prior cond ition . For instance, the recrea tion  o f prior soil 
condition m ay be next to  im possib le  due to the com plex in te ractions that take  place in so ils and 
the nature o f coasta l so il p ro files. In many m angrove areas acid su lfate so ils  ex is t in a reduced 
form, known as “potentia l acid su lfate so ils ,” and as a resu lt o f the excavation  and construction of 
the shrim p ponds potentia l acid su lfate soils become oxid ized, fo rm ing  actual acid sulfate soils. It 
is not possib le  to conve rt actual acid sulfate so ils  back to potentia l acid su lfa te  so ils but it may be 
possib le  to transform  actua l acid su lfa te  soils to a pH neutra l so il tha t has less acid producing 
capacity (J. Sammut, Personal Com m unication). In cases w here irrevers ib le  changes have 
occurred, the best th a t could  be hoped fo r would be a return to  s im ila r cond itions  or to cond itions 
regarded as stable.

The oxidation  o f potentia l acid sulfate so ils  can be a serious problem . The acid ic  w ater 
resulting from  actual acid su lfa te  so ils destroys food resources, d isp laces b iota, releases toxic 
levels o f alum inum , and a lters the physical and chem ical p roperties  o f the w ater (Sam m ut et al.
1996). Pers is ten t a lte ra tions  to pH can lead to  changes in the flo ra  and fauna  by favoring acid 
to leran t species. It is s ign ifican t to note that during shrim p cu lture  the e ffects o f acid su lfate soils 
can be am elio ra ted  by add itions o f lime, but tha t a fte r abandonm ent such e ffo rts  cease. The 
m anagem ent o f acid su lfa te  so ils  has now becom e a m atter o f urgency because they are more 
d ifficu lt to trea t as they age (J. Sammut, Personal Com m unication). However, it is not known if or 
to what degree m oderate ly acid su lfate so ils a ffect m angrove reco lon iza tion ; m angrove seedlings 
may be sensitive  to  m odera te ly  acid su lfa te  so ils, w hereas m ature trees m ay not.

As early as 1982 Ong (1982) stated tha t it is not known if m angroves w ill recolonize 
ponds d isused as a resu lt o f acid su lfa te  cond itions. Acid  su lfa te  so ils  are a particu la rly  d ifficu lt 
problem since they can persist for long periods and are expensive and time consuming to treat (J. 
Sammut, Personal C om m unica tion). Depending on the local cond itions, and the hydrological 
changes made to enable shrimp culture, acidification may firstly increase, before declining, unless 
there are  som e a ttem p ts at restoration. This is supported  by Sam m ut and Mohan (1996) who 
draw a tten tion  to the  po ten tia l fo r environm enta l degradation and econom ic losses if changes in 
land use do not address the  acid ification  problem . They po in t out that recu rren t acid ification
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in te rfe res w ith  ecosystem  recovery, and tha t hab ita t m ay be degraded fu rthe r as a resu lt o f acid 
sulfate soils.

U nfortunately, one o f the  issues w ith  acid su lfate so ils  is tha t a ttem pts to  res to re  them  
m ay cause o ther problem s. For exam ple , reflood ing ponds w ith  acid su lfa te ’so ils  m ay increase 
sm all acid events, floe out iron tha t m ay clog aqu ifers and sm other stream  beds, and extend 
sa line  w a te r into areas it p rev ious ly  did not enter. C onsequently , resto ra tion  activ ities  involving 
acid su lfate so ils m anagem ent m ust be ca re fu lly  p lanned, m onitored, and appra ised  (J. Sam m ut, 
Personal Com m unication).

D isused ponds tha t are  severe ly  degraded but s tab le  m ay not w arran t expens ive  and 
active  resto ra tion  e ffo rts (such as p lanting), and m ere ly re -insta ting  cond itions conduc ive  to 
natura l regeneration  may prove su ffic ien t. However, if a pond is d isused in an unstab le  state, th is 
m ay lead to  fu rthe r degrada tion  o f the  pond and m ay pose a risk  to nearby areas; how ever, to 
w ha t exten t th is  occurs is not know n. Such cases m ay w arran t the  costs o f active  restoration, 
s ince  there  is a risk  o f fu rthe r degrada tion  if res to ra tion  is not undertaken, R estora tion  m ay 
the re fo re  serve to act not on ly  as a co rrection  m easure, but as a prevention  m easure  (S tevenson
1996).

D isused shrim p fa rm s m ay lead to fu rthe r hab ita t degrada tion  as a resu lt o f increased soil 
erosion, due to structural and compositional changes to the soil and the lack of protective cover of 
vege ta tion . Th is has occurred  in Sri Lankan farm s tha t have been abandoned  due  to  im proper 
s ite  se lection  and has resu lted in the  crea tion  o f a reas o f unpro tected , bare land th a t have been 
subject to soil erosion (Jayasinghe 1995).

There m ay be changes in b io ta resu lting  from  shrim p cu lture  opera tions, particu la rly  
w here  exotic species have been cu ltured  o r w here  antim icrobia ls and chem ica ls have been used 
th roughou t cu lture. There is m uch evidence  to suggest tha t an tim icrob ia ls  and d is in fectan ts  used 
in sa lm on cu lture  a lte r the  m icrobia l flo ra  o f sed im ents underneath  sa lm on cages. An tibacte ria l 
agents have been shown to accum ula te  in cu lture  o rgan ism s and the benthos in in tensive 
aquacu lture  system s, and it would seem  to be likely tha t the use o f such chem ica ls  in shrim p 
ponds would  have sim ilar long-term  results to those found  in sa lm on cu lture. How th is alters 
restoration prospects or alternative uses for ponds is uncertain.

A  fu rthe r considera tion  is the  a ltera tion  to so ils tha t are like ly  to occur as a resu lt o f the 
c lea rance  o f m angrove and la ter pond d isuse in e ithe r a d ra ined  o r flooded state. C hanges from  
shrim p cu lture  are likely to  vary w ith  fa rm ing  method and cu lture  intensity. H ow ever, the  effects 
o f c learance and d isuse m ay inc lude acce lera ted  soil e ros ion  due to  increased su rface  run-o ff 
and subso il surface flow ; decrease in soil w ater sto rage capacity; reduction in b iod ive rs ity  o f soil 
fauna; transpo rt o f sed im ents, d isso lved  inorgan ic and o rgan ic  constituen ts  and principal 
nutrients; and depletion o f so il o rgan ic  m atter through leaching and m inera liza tion  (S tevenson
1997).

A s  neatly sum m arized by F laherty  and Karn janakesorn  (1995) “the  abandon ing  o f 
aquacu ltu re  deve lopm ents rep resen ts  a s ign ifican t cha llenge  to  the  productive  use o f coasta l 
a reas in the  fu tu re  because o f the lim ited land use prospects fo r vas t a reas o f fo rm e r rice fie lds 
and m angrove forest. The rehab ilita tion  o f these areas is com p lica ted  by the fac t tha t m any o f the 
environm enta l cond itions tha t once  foste red  the  grow th o f m angrove fo rests have been rem oved 
o r severe ly  a ltered." W hen considering  options fo r redeve lop ing  d isused ponds, it is im portant 
th a t the environm enta l param eters rem ain ing  in a pond are identified . To date  little  w o rk  has been 
conducted  to e lucida te  the  cond itions found in d isused ponds, o r to  identify w ha t im plica tions 
these biophysical uncertainties may have for future uses.

8. Other Considerations

There must be careful consideration of how sensible it is to suggest that an area be restored if the 
risk o f s im ila r degradation  occurring  again is high. Th is m ay seem  se lf ev iden t, bu t there  are 
m any exam ples o f restoration fa ilu re  because the soc io -econom ic needs o f local inhabitants have 
no t been considered. R ehab ilita tion  to a susta inab le  and m anaged use, ra th e r than  restoration 
(sensu stricto) for conservation purposes, may be a more sensible option (Stevenson 1996).

D eve lopm ent activ ity  tha t is occurring o r is like ly to  o ccu r in the  reg ion o r locale o f 
abandoned  shrim p ponds shou ld  a lso  be considered . For instance, there  is little  point in



2 9 2

expend ing  time and m oney in resto ring  a d isused shrim p pond if new ponds are likely to  be 
constructed  in the v ic in ity, particu la rly  if construction  requires the  c lea rance  o f re la tive ly  hea lthy 
m angrove. It would m ake m uch be tte r sense to  a ttem pt production in the  d isused ponds and 
the reby  avoid the costs o f new  pond c lea rance  and the costs o f rep lan ting  in d isused ponds. 
S im ila rly , there is little point in rep lanting d isused ponds if the area is like ly to  be urbanized. Some 
shrim p fa rm s in the  Má D istrict, C hanthaburi Province, Tha iland  w ere  o rig ina lly  located in 
degraded  m angroves areas tha t w ere  no t regarded as potentia l cand ida tes fo r resto ra tion  activ ity  
since urban expansion was threatening the area.

Other constraints include a general lack of technical expertise in restoring habitats and an 
even g rea te r lack o f experience o f resto ring  d isused  shrim p ponds. A  fu rthe r d ifficu lty  is tha t in 
m any cases large cong lom era te /co rpo ra te  g roups e ithe r own o r have use rights to  pond sites but 
are re luc tan t to rehab ilita te  o r convert these  ponds since shrim p cu lture  m ay be possib le  in these 
sites aga in  in the  fu tu re . A t one end o f the  sca le  the  m ost im portan t need m ay be to  create  
susta inab le  livelihoods fo r ind iv idua l pond opera tors, but a t the  o the r end o f the  sca le  there  m ay 
be a s trong  case to restore large expanses o f ponds owned o r m anaged by cong lom erates 
(whether national or international) that were built in wetland areas.

Perhaps even m ore crucia lly, the  p re ferences o f the pond ow ners/ope ra to rs  them selves 
m ust be taken into account and m arke t fo rces m ust be considered  w hen  identify ing potentia l 
a lte rna tive  uses, and econom ic fe as ib ility  m ust be assessed (S tevenson 1997). Tri (1996) 
quantified  the  econom ic benefits  o f m angrove  rehab ilita tion  (taking the costs o f rehab ilita tion  into 
account), and found that mangrove rehabilitation can be desirable and feasible from an economic 
perspective  based en tire ly  on the d irec t use benefits  by local com m unities, and tha t when ind irect 
use bene fits  are incorpora ted  into the  ana lys is , the  benefits o f rehab ilita tion  fa r outw e igh  the  
costs.

It m ay be possib le  to  create  financ ia l d is incen tives to  hab ita t destruction , such th a t the 
costs o f destroying or denuding a hab ita t m ight be raised to a level tha t m atches o r exceeds the 
cost o f keeping or rep lac ing  it. H ow ever, th is would  not speed the rehab ilita tion  o f ponds tha t 
have been left idle h istorica lly, and consequen tly  o ther m eans o f ca ta lyz ing  and fund ing 
rehab ilita tion  or resto ra tion  activ ities m ust be found. The use o f s tra teg ic  incentives (w hether 
financ ia l o r o therw ise) m ay be essentia l to  “crea ting" a m otivation to  resto re  or rehabilita te . 
F ina lly, the  issue o f w ho bears the costs o f rehab ilita tion  m ust be considered. Th is is an issue o f 
considerable importance and subject to ongoing debate.

9. C o n c lu s io n s

The te rm s “d isused ” o r “abandoned sh rim p ponds” are  no-longer labels to  be shunned o r skirted  
around. The authors hope tha t the days w here  d isused shrim p ponds w ere  cited as ev idence to 
den ig ra te  and po in t accusa tory  finge rs tow ards  the  shrim p industry are  gone. Instead a real 
de te rm ina tion  to  tack le  the  issue appears to  be em erg ing  and all those  invo lved  should continue 
to  focus on so lv ing the  issue and res is t the  tem pta tion  to lay b lam e. Tha t is not to  say tha t the 
reasons fo r d isuse shou ld  be ignored; these  are  ve ry  im portan t and shou ld  be  exam ined as part 
of a logical evaluation of disused shrimp ponds.

T hough  difficult, and still som ew hat po litica lly  sensitive, an im portant step m ay be to 
quantify  the  scale o f d isused shrim p ponds in the  m ost a ffected o f the  fifty  o r m ore shrim p 
p roducing nations (in the  firs t instance  th is  could include Tha iland, the  Ph ilipp ines, and India). 
The resu lts  will never be s ta tic  but key areas o f w etland hab ita t (fo r exam ple, m arsh and 
m angrove), o ther im portan t natural hab ita ts (fo r exam ple, natura l sa lt fla ts), and im portant 
cu ltiva ted  areas (for exam ple , rice paddy fie lds) tha t have been degraded by unsusta inab le  
shrim p cu lture  should be m apped and priorities estab lished 1) to  s tudy the  physical 
characteristics of those areas, 2) to study the processes leading to degradation, and 3) to identify 
those areas most suitable for rehabilitation (Stevenson et al. 1998).

A lte rna tive , desirab le , and fe as ib le  uses fo r d isused ponds tha t can no longer sustain 
shrim p production , and tha t are  judged  to  be poor cand idates fo r resto ra tion  (sensu stricto), 
shou ld  be identified, tested, eva lua ted, and dem onstra ted . The resu lting  in form ation  should be 
used to develop a rationale and practical decision support “question and answer” system that can 
be applied and utilized elsewhere (Stevenson et al. 1998).
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Lew is (in rev iew ) has pointed ou t tha t the  fa ilu re  to  adequate ly  tra in  and re tra in  coastal 
m anagers in the  basics o f successfu l coastal hab ita t resto ra tion  all too  o ften  leads to projects 
“destined to fa il, or on ly  partia lly  achieve the ir stated goa ls .” He quotes the  Nationa l Academ y o f 
Science o f the  United S ta tes in the ir report entitled “R estoring  and P ro tecting  M arine  Habitat- 
The Role o f E ngineering  and T echno logy” (N ational A cadem y o f S cience 1994) as sta ting  that 
“the princip le  obs tac les  to w ide r use o f coasta l eng ineering  capab ilities  in hab ita t protection, 
enhancem ent, resto ra tion  and crea tion  are the cost and the  ins titu tiona l, regu la to ry  and 
management barriers to using the best available technologies and practices.”

It is un fo rtuna te  tha t m uch o f the  research in to  pond rehab ilita tion  th a t has been carried 
out to date  has been conducted  w ithou t adequate site assessm en t and w ithou t docum enta tion  o f 
the m ethodo log ies o r approaches used, and tha t it o ften lacks subsequen t fo llow -up  or 
evaluation. U nsuccessfu l (or on ly partia lly  successfu l) pro jects are ra re ly  docum ented  and 
inform ation on them  is large ly anecdota l and very hard to ob ta in . If and w hen  docum enta tion  is 
found, the  data  co llec tion  and reporting fo rm ats are not s tandard ized, and com parisons between 
data cannot th e re fo re  rou tine ly  be m ade. The deve lopm ent o f “com m on m ethodo log ies for 
assessing env ironm enta l im pact” is one o f the recom m endations m ade as a resu lt o f the jo in t 
Food and A gricu ltu re  O rganiza tion  and Network o f Aquacu ltu re  Centres in A s ia -P ac ific  Regional 
W orkshop in 1994 (FA O IN A C A  1995). This com m on m ethodo logy approach should be extended 
to assess sh rim p aquacu ltu re , to  hab ita t resto ra tion  pro jects, and to  s tud ies o f d isused  ponds, 
Those invo lved could then begin to  learn from  successes o r fa ilu res, act m ore  e ffective ly , and 
reach a wider target audience.

The s im p le  app lica tion  o f the five  steps to  successfu l m angrove resto ra tion  outlined  in 
th is chap te r w ou ld  a t least insure  an ana lytica l though t p rocess and less use  o f “ga rden ing ” of 
m angroves as the  so lu tion  to  all m angrove restoration problem s. W hile  s im p ly  b reach ing dikes 
seem s to  be one so lu tion , it is not a lw ays so easy. The location and s ize  o f breaches is 
im portant, as show n in Section 4.2, w here  an inadequate  breach lim its tida l exchange and 
therefore  natu ra l recovery. Successfu l restoration w ill, how ever, on ly o ccu r w hen adequate 
tra in ing p rogram s a re  in p lace and those involved begin to  “ learn from  m is takes” and u tilize the 
basic principles of adaptive management.

The good new s is th a t m ore inform ation is appearing  in the  lite ra ture ; the  adm ission of 
the exis tence o f d isused  ponds is increasing ly being seen as a step fo rw ard  a long the path 
tow ards so lv ing  the problem , and m ore d ia logue betw een researchers, research  groups, 
aquacu lturis ts , and gove rnm enta l bodies is occurring. The au thors hope th a t th is  p iece o f work 
w ill go som e w ay to  p rom ote  d ia logue and co-operation betw een all concerned parties and will 
facilita te the active  m anagem en t o f d isused shrim p ponds.
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