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PREFACE

This report is divided in two sections. Section 1 includes thres comtributions that
summarize and integrate the results, Section 2 includes technical documents that provide
all data vsed to produce these results. The report mcludes the following contrbations:

Section 1. Summary of resnlts
1. Valuetion and evaluation of management alternatives for the Pagbilac mangrove
forest by Ron Janssen and Jose E Padilla,
2. The use of envircnmental fimctions to evaluate management strategies for the
Pagbilae mangrove forest by Alison J.Gilbert and Ron Janssen. -
3. Economic valuation of mangroves: a review of techniques and case siudies with

special attention to the production function approach by Frank Spagpinks and Pieter
van Beukering.

Section 2 Technical documents
4. Assessment of forest resources of e Pagbilao manprove forest by Amntonio P.
Carandang and Jose E. Padilla
5. Assessment of fisheries-related functions of the Pagbilac experitnental mangrove
forest by Perry §. Ong and Jose E. Padilia.

6. Assessment of milkfish and prawn culture in brackish water ponds by Jose E.
Padilla and Michael A, Tanael.
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1. VALUATION AND EVALUATION OF MANAGEMENT ALTERNATIVES
FOR THE PAGRILAO MANGROVE FOREST

Ron Janssen and Jose E. Padills
1.1. Introduetion

Mangrove forests can be found in the brackish water margin between land and sea in
trapical and subtropical areas. Mangroves are part of rich ecosystems providing a variety of
economic and environmental functions and products. In tradittonal subsistence economies,
the exploitation of mangrove resources is usually not intensive and settlement is quite
spatse. In South East Asia this was attributed to the scarcity of freshwater for domestic use
and the unsuitability of mangrove soils for fong-term agricultural exploitation. However, in
recent years, exploitation and settlement of mangrove forests have intensified, as traditional
economies become increasingly market-integrated and modemised. The building of access
roads. provision of amenities in these areas, and the improvements in technology have
provided the impetus. The iransition in utilisation of mangrove forests described above is
observed in the Philippines. Through the years, mangroves in the Philippines were reduced
from approximate 288,035 ha. in 1970 to 123,400 ha. in 1993,

One of ithe major threats to mangroves in the Philippines is the rapidly increasing
aquaculiure industry. In 1993 261,402 ha of mangrove area were used for brackish water
fishponds (Table 1.1), Although in (e Philippines 2 moratorivm is placed oo harvesting of
mangtoves for timber, the process of conversion is still taking place. To undersiand the
importance of mangroves insight into the total economic value of mangroves is imporlant.
Comparisons can be made with the tolal value penerated by aliemative uses such as
aquaculture and forestry. Several studies in which the environmentai functions of
mangroves have been analysed and valued indicate the necessity to intemalise these
externalities in environmental management (Opschoor 1987, Ruitenbeek 1992, Barbier
1951, Dixon and Lat 1994, Gren et al, 1994).

Besides estimating the total value of mangrove forests, it is important to focus on the
decision makers who will decide on the management of mangrove forests. Such decision
makers exist at different levels, ranging from the local level, for example the {fishpond
owner, to the international level, for example the Global -Environmental Facility. Each
decision maker has speeific objectives which are not always included in the economic
values of the management alternatives. Such objectives can be improvement of local



employment and income and other equity objectives and the congervation of intrinsic
qualities of the environment (sustainability objectives).

The objeciive of iBis chaapier IS 1w Semopsireie the use of resuiis from valuation o
support evaivation of management alternatives for the Paghilao mangrove forest.

Table 1.1, Area of mangroves and Erackish water fishponds (ha}.

year mangroves brackish water fishponds
1970 288,035 168,118
1971 286,650 171,446
1972 284,211 174,101
1973 258,595 176,134
1974 256,156 176,032
1975 254,016 176,032
1976 251,577 176,231
1977 249,138 176,231
1978 246,699 176,231
1979 245,000 176,231
1980 241,801 176.231
1981 239,382 195,832
1982 239,382 195,832
1983 234,504 196,269
1984 232,065 206,525
1985 226,673 205,001
1986 221,280 . 210319
1987 143,522 210,458
1988 139,100 210,681
1985 135,700 210,681
1990 132,500 210,681
1991 129,200 225,002
1992 126,300 239,323
1993 123,400 261,402

Source: Forest managemeni burean, Bureau of fisheries and aguatic resources.

C

® O O

O 00 OO0

1 ff--ﬁ'.
Ry

‘The structure of the chapter is as foliows: the study stie is introduced in the next secrion.
Section 1.3 includes the management alternatives for the Pagbilao mangrove forest. Values
of the goods and services linked to these management alternatives are presented in Section
14. The decision problem is fonnulated in section 1.5, In Section 1.6 and 1.7 the
information collected is used to support the selection of the preferred management
alternative, Section 1.6 uses the results of valuation in cost-benefit analysis. In Section 1.7
results from valuation are combined with other types of information in a multi-crireria

approach. Conclusions and recoramendations can be found in Section 1.8.
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1.2.  The Pagbilao experimental mangrove forest

The municipality of Pagbilao is situated in the foothills of Mount Banahaw in the southem
part of Quezon Province in Luzon Ksland. It is bounded on the north-west by the
municipality of Tayabas, nosth-east by Atimonan, south-east by Padre Burgos and south-
west by the City of Lucena (Figure 1.1). 1t has a total land area of 15,820 ha. covering 27
barangays' of which 2] are rural and the olher 6 are urban. Pagbilao has 9 coastal barangays

of which 6 are fringed with mangroves, Pagbilao has a volcanic terrain with slope of up lo
15%. :

The population of Pagbilao stoud at 41,635 in 1990 (National Siatistics Office} with an
annval growth rate of 2.77% Gom 1980-1990, Total number of households in 8450. It is
estimated that by the year 2000 municipal population and the number of households will
reach 56,730 and 11,818, respectively. Over 50% of the population of Pagbilao is in the
working age group and sbout 97% is literate. Half of Pagbilao's population depends on
agriculture for livelihood as 77% of its land area is devoted to it. Coconut and palay are the
dominant crops with 65% and 12% of the total land area planted with these crops,
respectively, Copra is the top agricultural product in Pagbilao. Coffee, com, bananas, root
crops, citrus fruils and vegetabies are also grown. Agro-livestock and cottage indusiry also
provide considerable employment. Pagbilac is a fourth class municipality” in terms of
municipal income. As such income is derived from municipal taxes which, in jum.is a
fimction of the income of households and business establishments, it ¢an inferred that 1be
municipality is relatively poer. Information of the average housebold income is not
available but observations on the type of dwellings in the coastal villages show that these
are similar to the rest of the Philippines. Poverly is quite pervasive and there is large
emigration in search for more stable sources of income. Education is pursued as it may be
the key to finding employment elsewhere.

Pagbilao has a total of 1,440 ha of forest lands scattered in several barangays. The northern
and western sides are parts of the Quezon Nalional Forest Park with 983 ha of old-growth
tropical dipterocarp forest, Surrounded by mangrove forest and coral reefs, Pagbilac Bay is
one of the richest natural marine areas in Southern Luzon. There are about 2,048 fishermen
with 247 motorised and 282 non-molorised bancas. There are 56 fishpond operators
covering 1,146 has. The collection of tropical aquarium fishes is an important altemative to
capture fishing, This activity involves about 300 coliectors. '

Coral reef diversity is average with 33 genera recorded. There are 60 species belonging to
18 families of corl reef fishes. With live coral cover ranging from only 27% - 73%, the

The barangay is the smallest political unit in the Philippines.

Municipalities are classified based on the following income tanges during the last three years (1990-
1992); First class (P15 million er more), second class (P10 M or more but less than P15 M), third
<lass (P77 M o7 move but less then P10 M), fourth class (P4 M or more ot iess than B7 M), fifth class
(P2 M or more but less than P4 M) and sixth class (below P2 M). (Source; Department of Finance
Order Na, 35-95). :



toval TesDUTtes are categomsed poor to good. There are 10 species of seaweeds and 4
species of seagrasses but these resources are disturbed (Fortes 1993). In the mangroves,
there are |28 Mishes belonging to 54 families (Pinto 1987). Ambassis. kopsi (Ambassidae)
was the most abundaiit species, Oobies (Glossoqobius sp.}, muliets (Mugit sp.), snappers
{Lutjanus sp.), Mitk fish (chanos), scads (Scathophagus sp.) and groupers (Serranids) were
.aiso found int the area. Crustaceans such as shrimps {Yeneaus sp), macrobrachivm sp. and
crabs (Grapsidae) also dwell in the mangroves,

Some rare and endangered species can be found in the Quezon National Forest Park.
Endangered species nclude the Rafous hombill, the Philippine deer (Cervus rtusa
philippinensis) and the Philippine monkey (Table Al), Clsssified as rare birds are the
Philippine forest kingfisher, spotted wood kingfisher and Luzon little crow. Rare mammais
in the park include the Philippine rind rat. In the mangroves, shore birds are the most
apparent wildlife species. There are 20 species observed in drained or disused fishponds
and inter tidal arcas at low tide. Common species include the wood sandpiper, red-necked
stint, common sandpiper and wimbrel, Also observed in Tayabas Bay are herons, egrets and

hittems. Mankgen night herons breed in the seaward mangrove fringe.and hunted by the-

Jocal community, Cattle egrets can be found in the rice fields and some portions of the
landward paris of the fishpunds and coastal area. An endangeret species, the Chinese egret
was found foraging in the inter tidal areas of Pagbilao. Terns (Laridae) were also observed
wherein the most comtnos is the whiskered tern and an endemic duck, Philippine mallard.

Bats are identified as locally important through the collection of guano (bat manure)} as a

source of income,

A recent estimaie (Bina 1988) of remaining mangrove areas in the Philippines shows that of
the original 406,000 - 500,000 hectares thought to have existed in 1918 (Brown and Fischer
19203, aboul 139,725 has. remain. The distribution of this ares is as foliows: 16% Luzon,
30% in Palawan, 27% in the Visayas and alsn 27% in Mindanao (excluding Sufu and Tawi-
Tawi). The figure should be smaller now, considering the continued clearing of mangroves
for aqua-culiure snd the decimation brought about by pollution. OF the remaining
mangroves slands, ondy 10,000 hectares are old growth and the rest are mainly second
growlh. While around 68% of the denuded mangrove areas are now devoted o brackish
water aquaculture {Zamora 1990), mangrove areas are nol usually directly converted to
fAishponds. Conversion to fishponds follows construction of dikes in unproductive mangal'
areas. The latter results from unsustainabie harvesting of mangrove forest resources, Table
L.1 suggests that most of the mangrove areas tost were converied to fishponds.

The original area of mangroves in Pagbiiao is not known but can be deduced from the
exisiing area of mangroves and brackish water fishponds. In 1984 the totai area of Pagbilao
mangrove forest is around 693 ha. OFf this, 396 ha are within public forest lands while 297
ha are owned privately (RP-German FRI Project, 1987). Today, what remains of the public
forest land is the experimental forest under the jurisdiction of the Departinent of
Environment and WNatural Resources. The legal basis of the expstimental forest is
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 Presidential proclamatjons 2151 and 2152 which declared certain islands and/or parts of the
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other forms of disposition s large portion of mangrove areas in the country. The primary

purpose of these nroclamations is 10 preserve whatever is left of the mangrove forest in the
coumiry for various reascns.

The second growth mangrove forest in Pagbilao was further designated as a Genetic
Resource Area and National Training Centre for Mangroves. The specific objectives of a
genetic resource area inciude: a) conservation of the genetic diversity of the mangrove
geosystern; b) demonstration of practical management for perpetuating mangrove species;
¢) establishment of sources of documented seeds and seedlings for mangrove reforestation;
d) pi'nvision of fivelihood and recreational amenities to communities and visitors; and &)
serve as a Jaboratory for students, scientists, emvirommentalists, researchers, and other
interested parties. Since its declaration, the mangrove area has generated scientific interest
and has attracted numerous scientists, both local and foreign.

Forest Zones and Mangrove Tree Species

The experimental forest has three evident zones. The landward portion borders towards the
ecotone’. Among the landward tree species are nilad, buta-buta, api-api, pi-api, tinduk-
tindukan, etc. (Tabie AZ). Except for api-api and pi-api, most species in this portion are
small in diameter with plenty of thickets undemeath. Vines such 2s bagnit and gatasan aiso
abound. The middieward portion is the part imimediately after the landward and constitute
the central portion of the forest. This portion has big trees of api-apt and pi-api together
with busain, pototan, tangel, and malatangal. It has relatively clear undemeath {forest ficor)
with vines such as bagnit and gatasan cccurring sparsely. The seaward portion begins from
the shore towards the middleward portion (Figure 1.2). Tree species in this pertion are
bakawan lalaki, bakawan babae, bagatpat, etc. Trees are stunted in this portion due to heavy
exploitation in the past. Regeneration underneath is also observed. In the riverine portions,
tabigi, pagatpat, nipa, lagolo, pedada, bagnit and galivario (thomy vine) exist in
association with the species as observed in the previously described zones wherever the
riverine portion is located. .

Compared to other mangrove areas in the Philippines, Papbilao Bay has the highest number
(19) of true mangrove species. This comprises 56% of the total irue mangrove species. It
also appears to be the most botanically diverse in terms of number of tree species,
associztes and variations in the nature of topography and substrate (NRMC 1980). The
most importent of the true mansrove families observed in Pagbilao are the Rhizophoraceae
and Aviceniaceae where the bakawans and api-api species belong, respectively.

®  An ecotone is a transition area between twa adjacent ecological communities usually exhibiting

competition between organisins common e both.
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Mangrove Fishery Resonrces
Several studies on the [ishery resources of the Pagbilao mangrove forest have been
conducied. The fisheiies surveys for (his project were conducted 1o exiend and verify

Figure 12, Seaward section of the Pagbilao mangrove forest.

results of previous studies. The most abundani species were Lhe glass {ishes Ambassis kopsi
and A. urolaenia, the halfbeak Zenarchopterus buffonis and the juveniles of the pony(ishes
Leiognathus spp {Table A3). Several species appesr lo be residents of Sukeol creek and the
walerways of Papbilac Bay based on: (1) high abundance in the pocket seine calches; (2)
wide size range including adult sizes; and (3) low abundance or non-occurrence oulside the
mangroves. Such residents include Ambassis kopsi, A. urolaenia, Zenarchopterus bulTonis,
Butis bulis, Prosposodasys goporzae, Gullaphalus mirabilis, Yongeichthys criniger,

- Onyurichthys opthamonema, Acenirogobius spp, Lleiognathus spp., and Valamugi)

cunnesius, The other gobies in the calch were probably also residents bul not in high
populalion densities. The Ambassis and Leiognathus spp. are found all over Pagbilac Bay,
even oulside the mangrove areas. Snakes are common in the mangroves and in Pagbilao
Bay in general, Two colubrid snakes were caught during the study: the dog-faced Cerberus
rhychops and sea shake Acrochordous gravulatus, Bolh species are known (o feed on lish
(Table Ad). The coastal villages of Pagbilao are dependent on the mangrove {ishery
resources, the most important of which are the mud crabs and marine crabs. Mostly foca)



arlisanal fishers. based in (he coastal villages ol Paghilac exploil the mangrove fishery
resources in Paghilac Bay (Figure 1.3). The fisheries of Tayabas Bay, 1o which Pabilac Bay

based elsewhiers may also exploit Tayabas Bay (isheries.

1.3. Mangrove Resource Management Alternatives

Fast and Current Uses

Through the years the mangroves provided livelihood for Papbilao coaslal residenis such as
the gathering of minor mangrove products like vines for handicrall, shells and crabs lor
lood, nipa leaves for home construclion, and bark for (annins, eic. Wide scale conversion
into fishponds contribuled to the loss of mangrove areas while excessive harvesting of
lirber for charcoal and fuel wood depraded the qualily of the forest. 1L is eslimated ihal the
lolal area of fishponds in Pagbilao town with legitimate fishpond lease agreements (FLAs)

is 604.57 ha. This area excludes the area in privale lands and those which were iliegally
establishad.

Figure 1.3. Pagbilao fishing harbour.

Although extraction of mangrove forest resources is now prohibited, harvesting still persists
on a limited scale. Field visils and inlerviews verilied the cutling of mangrove branches for
fuel wood and poles (bui not for timber} and nipa [ronds for shingies even aller
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Proclamation 2151 and 2152. These low-impact forms of extraction are tolerated but not
the widescale cutting or clearing of 2 mangrove patch. An illegal atternpt to convert part of
the area into fishpond is now under court litigation. Trapping of residenit fish species is not
prohibited and'is done by iocal fishers.

The continuing exploitation of mangrove resources may be attributed to jts accessibility,

The experimental forest is very close to inhabited areas and js very accessible by boat, by
land transport and on foot. From the nearest Vvillage of Palsabangon, access time on foot is
about 30 minutes. Tricycles can negotiate the same Tomte in about 10 minutes, Work
animals such as carabaos and horses may be used more effectively to transport forest
resources such as poles and timber. Boats are rmore commonly used in gathering nipa
products. Because the Pagbilac mangrove forest is the only remaining intact forest of its
kind close to Manila, it has been frequently the site of mangrove-related studies conducted
by the government, university and other researchers community, both tocal and forzign.
This is evident in studies cited in the fisheries and Torestry reports. During the course of the

study, several students gathered specimens from the mangroves as part of their academic
research work.

Management Alternatives _

In this study eight management alternatives are considered which are described betow, The
allocation of the area in each management alternative is shown in Table 1.2. The likely
instimutional arrangement for each manazement stemative is also described as this is an
important consideration in resource valuation. Sustainability is the overriding consideration
in the exploitation of mangrove fishery and forestry resources as well as in aquaculture
alternatives. This considerstion is imbedded in the specification of the recommended

silvicultural and aquaculture technologies. Therefore all alternatives listed below can be
congidered sustainable.

1. Preservation (PR). Extraction of forest products is not allowed but the gathering of fish
and shellfishes such as molluses and crabs is remmitted. The current instinwtiona]
arrangement for the exploitation of fishery resources is open access elthough &
community-based management of mangrove and bay fishery rescurces may be amranged.
Most dependent on mangrove fishery resources are the peor artisanal fishers from the
coastal villages of Pagbilao.

2. Subsistence forestry (SF). Coastal communities are allowed to obtain wholly ar partly
their forest products needs from the forest. The communities themselves manage the
forest in consonance with existing policies on community-based forest management. To
sustain the benefits, a2 maximum allowable harvest not to exceed the capacity of the
forest to regenerate and develop naturally, is imposed. This implies that some sort of
limited entry into the forest resources will be instituted. Mangrove stewardship
agreements may be signed between the povemment and the communities in alteratives
involving extraction of forest products, Thus, the benefits from this alternative wonrd
acerue to the focal residents who are generally poor.
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3, Commercial forestey (CF), A specified commercial volume of forest producis is to be

harvesied. The required sifviculural system for this is the seed tree method wilk
nlanting: sead trees (molher trees) are selected to be left to provide propagules for the
harvested areas. Similarly, a mangrove stewardship agreement between the govermimesiit
and communities may be put in place for this management alternative. Thus, revenues
from commercial mangrove forestry may accrue to the Jocal community acting as a co-

operalive,

Table 1.2. Area allocation by management aiternative.

Fishponds Forest Total

Mauagement allernative ' Production Buffer
Furest
ha Yo ha %a ha o ha

Preservation 0 0| 110.7 100 0 0] 11¢.7
Subsistence forestry 0 0§ 1107 160 0 g li0?
Commercial forestry 0 Q0] 1107 100 -0 oL 110.7
Aqua-silvicuiture 28.6 261 666 60| 155 14 | 110.7
Semi-intensive aquaculture 952 86 0 o| 155 141 1107
intensive aquaculture . 05.2 86 ) 0 15.5 14 | 110.7
Commercial forestry aod 35 32 60.2 54 155 14| 1107
intensive aquaculture
Subsistence {oresty and 35 32 60.2 54 i5.5 14| 110.%7
intensive aquaculture

4. Aqua-silviculture (AS). Portions of the mangrove area are eanverted to fishponds while

some portions will remain foresied. Buffer zones are allocated based on legal
reguirements of 50 meters for areas facing the sea and 20 meters aleng river channels.
The remaining 2rea is devoted 10 aqua-silvicuiture assuming a 30 te 70 ratio for ishpond
and forest. This is a combined use alternative whereby silviculture and aquaculture are
simulianeously practised in one pond compartment, Considering the high investment
costs in the construction of pond compartments, coastat dwellers may not be able 10
parficipate in this management alternative. The most likely beneficiaries are those who
are able to shoulder the investment costs which are the rich, either from Pagbilao but
more fikely from elsewhere,

. Semi-intensive aquaculture (SI). The mangrove forest is converted fo fishponds for
semi-intensive aquaculture while observing the required buffer zone. The remaining area
will be covered by a system of ponds and water distribution systems. The recommended
semi-inlensive aquanullure technology is an avcrage four crops of milk fi sh per year with
slocking density of about 0.3 lingerling per mZ. The fow stocking density and the fimited
use of chemicals in semi-intensive pond culture are likeiy to contribute 1o sustainability.
For the management altematives involving aguaculture, fishpond lease agreements may
be auctioned off. Such will likely go to the wealthy who are able to put up the high costs
of pond development.
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6. Intensive aquaculture (LA). This alternative is similar to semi-intensive aquacultore in
terms of aflocation of area between the required buffer zone and fishponds. The same
tenure struciure as in semi-intensive aquaculiure may emerge with this management
aliemnative. The oniy difference is that the aquaculture technelogy employed is intensive.
The intensive part of the recommended aquaculture technology applies to the one crop
of prawn per year whereby relatively high rates of stocking (up to 15 fry per m2) and-
artificizl feeding are practised. A second crop of milk fish is immediately grown with
zero input 1o feed on the remaining fish food in the pond. The rotation of prawn and
milk fish is considered sustainable given high mortalities experienced when growing two
prawn crops in one year in some parts of the Philippines (Padiila and Tanael 1996).

7. Commercial forestry and intensive aguaculture (CF/LA). This alternative divides the
area into commercial forestry and fishponds for intensive aquaculture. 1t is intended to
satisfy competing demands on the mangroves. Mangrove siewardship agreements may
be signed with the communities for the commercial forestry alternative while fishpond
jease may be auctioned. The stlviculivral practice in commercial forestry and the
intensive aguaculture technology are as described above.

8. Subsistence forestry and inteénsive aguaculture (SF/1A). This is similar to the
previous allemative excepl that the remaining forest is used for subsistence purposes.
Tenure arrangements wouid be similar to the subsistence foresiry alternative and the
aquaculture sliernatives. The silviculiural practice in commercial foresiry and the
intensive aquaculture lechnology are as described above. S

The institutional arrangement for each management alternative is briefly described above:
Alternatives including subsistence forestry or commercial foresity require mechanisms for
controlling access and to limit cutting raies al sustainable levels. The costs of enforcement
of such mechanisms are assumed 1w be lowest in community-based management.
Regulations may become self-enforcing if these are formulsted and enforced by the
comrunity fiself,

1.4. Quantification and Valuation of Goods and Services
from the Mangrove Forest

The zliernatives range from preservation to altematives which allow for combined uses of
mangroves in Pagbilao. Some aliernatives permit the use of the entire mangrove forest by
an interest group (community or fishpond operators) while the combined use alternatives
involve shared use by competing users. Environmental considerations are satisfied in all
altematives, for instance, the rate of timber harvesling is fimited to the sustainable levels.
The prescribed technology for aquaculture allows for long-term use of the fishponds and
can therefore be considered sustainable.

Forest Products

The quantification and valuation of poods and services proceeded from field surveys of the
mangrove reserve in 1995, For the forest resources, the results are summarised in
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Carandang and Padilla (1996). The mangroves of Pagbilao are all second growth with an
average age of 20 :-fears. Three zones or ecotones were identified, i.e., landward,
middleward and seaward. Sample plots were established in cach ecotone and tree density,
iwea disucusions and subsequenily of wood volyme were messuced or compuied. Projected
timber yield was estimated over time using an empirical equation for the Philippines with
stend ago ond 552 inde as cxplailaiory vuriabies, For 1993, the average timber yield in m”
per ha ranges from 2.18 10 3.08 for the various zones. Over 100 years, the computed mean
annual increments in m3 per ha are respectively, 1.18, 1.67 and .49 for the seaward,
middleward and landward zones, Lilter traps were also set within the same plots to estitnate
litter fall which were then drigd in an pven to determine nutrient content, |

Fuel wood, 1imber and nipa shingles are the primary forest products that may be derived
from the Pagbilao mangrove reserve. In estimating the quaritity of forest products, s
sustainable culting regime is recommended based on sound silvicultural practices. The
specified breakdown of forest products, perticularly timber, takes into account the forest
management regime which is either subsistence or commercial exploitation. In subsisience

forestry the breakdown of forest products follows the requitements of the coastal
* communities which are mostiy fuel wood, charcoal and poles {timber) for fences and posts.
In commercial foresiry, high value products are to be produced primariiy timber with
incidental fuel wood from tree branches (Table A35). In subsistence forestry about 262 m*® of
wood products may be harvested compared to 272 m® per year in commercial forestry,

Valuation for subsistence uses is different from valuation for commercial uses.
Compulations are described in Table A6. I subsistence forestry, the use value of the forest
products derived from the mangroves should be net of the gathering cost. When households
are denied access to mangrove forest resources, the value attached o the {orest products is
equivalent to the cost they incur in obtaining alternative products. Such cost is equal to the
market price of the altemative product plus the transport cost fram the market to the point

of use. Thus, the shadow price of forest products is the market price of the aliernative .

product plus the transport cost less gathering costs. In a commercia) foreskry regime, it is
assumed that the co-operative’s objective is lo maximise the value of net benefits to be

derived from the forest. Net benefit is the stunpage value which is equal to the market price -

of the good Jess the costs of transport, extraction and related cosis incurred in managing the
forest. Thus, in forest product valuation, shadow prices were computed for non-traded
products. For simplicity, the alternative product is the same regardless of whether it is used

for subsistence or cominercial purposes. For traded forest products such as nipa, actual -

market price is used which is then adjusted by transport and gathering cosis.

For the five alternetives which permit hacvesting of forest products, the highest value for
such praducts may be derived in conynercial farestcy at over 400,000 pesos/year faltowed
by subsistence foresiry at about 350,000 pesos/year, On the other hand, the combination of
subsisience forestry with intensive aquacclture yields oniy [87,000 pesos/year. In terms

production value per unit area, i.¢., economic efficiency, commercial forestry is superior to
subsistence forestry,

-,
-~

(A
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Capture Fisheries

Taxonomic identification of resident and transient fish species was conducted to assess
fisheries productivity of the mangrove reserve, The fisheries component of this study (Oug
and Padilla 1996} updated some information generated in more thorovgh studies in
previous years (e.g., de la Paz and Aragones 1985; Pinlo 1985 and 1988; Fortes 1984). The
experimental forest supports both on-site (resident species) and ofi-site {iransient specics)
fisheries. Only the top six resident and 6 transient species groups are presented in the paper
although about 45 species in 25 families were identified in the fisheries component of this
study. The most abundant tesident species ace glass fishes and crabs while mullets and
Juvenile shtimps are the major transient species.

The estimation of sustainsble harvest of fishery resources presents difficulties as the

fisheries surveys for this study, as well as in previous studies, did not cover stock
assessment. Simplifying assumptions were made to arcive at some measure of abundance
based on the number of each species caught by the sampling gears. Moreover, the resuits of
the survey of one creek were raised 10 arrive 21 an estimate for the entire mangrove forest.
Sustainable harvests are then estimated for each species group using simple Tale-of-4humb

such-as Gulland’s 50% exploitation rate, which sets fishing mortzlity equal 1o natural
roortality.

Most fishes are found in the mangrove reserve as juveniles, hence, the equivaient weight in
terms of adult fish is first estimated. It ts computed by multiplying sustainable harvest by
Uhe percentage deviation from market sizes of the fishes Found in the creek. This is assumed
lo account for losses from natural moriality and predation as the fishes grow to market
51265. The results show that the experimental forest supports a small on-site fishery and
contributes minimally 1o off-site fisheries (upper part of Table A7), The estimates of
sustainable yields would be a very small fiaction of Paghilao Bay fisheries even in the
absence of data on total catches for the entire Bay. For the other management altematives,
fisheries productivity is iinked primarily to nutrient production. The ratio between the
quantity of nutvient production in cach management shemative and in the preservation
aliernative is used to adjust fisheries production. Likewise, the impact of chemicsl
discharges in the aquac'ulture alternatives are also factored in by assuming zero production”
of vertebrate species for both residents and transients,

The valuation of markei-size fishes found in the forest uses market prices of adult fish
observed during the field surveys. The following are the steps in valuation. First is the
comnpulation of the in-situ value of the fish which is the relevant figure in valuation. It is
estimated that $7.75% of the tanded price of fish covers the costs of harvesting, the
rernainder is the value of the fish in-site (NSCB 1996). Next, the estimates of the value of
fisheries production for the waterways are first converied to the entire forest. Tt is 2ssumed
that the relevant production area is thrice the area of the waterways (Sukol Creek,
Paisabangon and Nahalinhan Rivers) which comes to sbout 30.75 las. This is used o
multiply gross value of contrfbution 1o fisheries which are then divided by the total ares of
the mangrove forest (110.7 ha) to arrive at the average value of the production for the entire
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forest. The vaiue figures in lower part Table A7 may be interpreted as conservalive
estimates of the value of fisheries production. The preservation of the mangrove forest
contributes about 1,490 pesos per ha per year to capture fisheries in the area.

Adquaculture

The periormance of aquacuiture ponds vonveried fivoNEEIoVEs Was aiso as503550 85 panl

of this study (refer to Padilla and Tanael 1996a; 1996b). Due to the changing productivily

of aquaculture in the Philippines, several studies are compared to assess the long-term
prospects of aquaculture operations in the mangrove reserve. The primary objective of the
aquacuiture siudies is to identify the appropriate (sustainable) aquaculture technology and
the corresponding production levels. The type recommended aquaculiure technology for
both semi-intensive and intensive technologies are described in Section 3.

Conversion of the mangrove forest into fishponds is an attraciive altemative when equity -

considerations are not considered. Under controlled conditions in aquaculture systems
higher fish production levels are achieved at over 6270 kg./ha/year in semi-intensive culture
of milk fish or 2530 kg./hafyear when rofating intensive prawn culture with exiensive milk
fish culture (Table A8). Albeit requiring high capital investments and operafing expenses,
the present value of net profits from aquaculture ranges from 13.2 million pesos/year to
112.4 million pesosfyear. Semi-intensive culture of milk fish tumed out to be superior over
intensive prawn culture on several counts: a) the recommended technology for ihe latter ~
crop rotalion — while more suslainable gives lower profits; b} low prices of prawn in the
international market; and c) higher develepment costs for intensive ponds. Intensive prawn
culture tmay become more profilable than semi-intensive milk fish if more sustainzble
prawn culture. technology is developed and if prawn prices improve. Profits from
aquaculture ar¢ much higher compared to the value of forest products and capture fisherics.
A summary of all vaiues estimated can be found in Table A9.

1.5. The decision problem

A decision problem is characterised by alternatives, effects, decision makers and their
objectives. The effects table including the management aliernatives for the Pagbilao
mangrove forest is shown in Table 1.3. The management altematives were introduced in
Section 3. Technical studies, presented in Section 4, were conducted to quantify the elfects.
The effects on shore protection, biodiversity and eco tourism linked to the different
alternatives could not be predicled within these lechnical studies. A foresiry expen, a
marine biology expert and a zoology expert were invited to provide expert judgement on
the relative performance of the alternatives on these three effects (Carandang, Guarin, Ong
£998). To obtain expert judgement an assessment procedure wes used that asks each expert
to compare for cach effect all pairs of altematives on a nine point scale (Janssen 1992), The
results are included in Table 1.3. Note that Subsistence Forestry performs best on eco
tourism. This altemative performs well because it preserves not only the ecosystem but also
the socioeconomic siructure linked to subsistence forestty. The low score of Agua-
Silviculture for biodiversity may be the result of unceriainties associated with this

O
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experimental type of aquaculture,

! T I P .
Tab}ﬁ K .4. Duﬁuﬁu_;_u TECATRELS ANEL LT ':.'ﬂ‘;ff.rllvf:b.

* TFishpond owner
Maximise profit

Local government
Maximise net income to local povernment and/or to Jocal population.

Social planner {natioral povernnent)
Maximise total benefits to the Philippines (efficiency)
AND
Mere equal income distribution {equity)

Sustainable planner (national govemment)
Maximise tota) benefits {efficiency)
AND
More equal mcome distribution {equity)
AND

Maintain minimom levej of relevant environmenta)] stocks.

Sustainable world pianner (UNEP/GEF)

Maximise global environmental benefits from mangrove forests.

Each lype of decision makers has his own objectives, Decision makers and their objeclives
are listed in Table 1.4. The fish pond owner will be concerned with the profils generated.
Local povernment looks after Jocal interests. This can be either income to jocal
governent, to be used to provide local services, or income to local population. The social
planner looks afier the interests of the country as a wholg. This involves finding a balance
between efficiency and equity objectives. In addition to efficiency and equity objectives, a
“sustainable planner aJso aims to oblain @ minimum fevel of environmental stocks. This can
be expressed as minimum feveis of environmental guality but zlso as minimum sizes of
ceriain ecosysiems. Finally, the sustainable world planner institutionalised as the Global
Environmental Facifity (GEF} wilt try to maximise total environmental benefits from the
mangrove forests to the world as a whole. Because each type of decision maker has his own
objectives, each derision tnaker will evaluate the information on the gliernatives in a
different way. In Section 8 the results from valuation and evaluation provided in Sections 6
and 7 will be used to select the best alternative for each type of decision maker.

1.6,  Valuation: a benefit-cost approach

Vaolued effents

Using the prices derived in the tecknical studies, the effects table can be transformed to the
valued effects 1able shown in Table 1.5. This table includes valued effects and effecis that
were not valued for reasons described below. Valued effects include effects representing
direct and indirect use values, such as benefits to forestry and fisheries, Values shown are
annuzl values for the entire area. Allematives are assumed o be sustainable, This implies
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that the time hotizon can be assumed io be indefinite. Life time of existing fishponds
suppos this assumption. Development costs and other capital costs are valued according 1o
the borrowing rate for capital in real {erms, Tt is assurned thai, due to cyclones, once in
every five years one of the two yearly harvest of the fishponds is completely lost. This is
included as a 10 percent reduction of the annual harvest.

From the totals of the valued effects it is ciear that the aquaculture altematives perform

better than the forestry aliernatives and preservalion, It s interegiing to note that Semii-
intensive Aquacullure (SA) performs better than ntensive Aquacafure (1A). This is due to
high developtment costs finked to intensive aquaculture and o the consiraints set by

. sustaingble management of the ponds. The performance of bolk aliernatives is very

sensilive, hawever, to changes in prices of milk fish and prawns. Milk fish are produced for
the focal market and the price level is relatively stable. The price of prawns is determined
on the world market and strongiv fluctuates. In this siudy 2 price of 185 pesos/kg is used 10
value prawns. 1€ this price increases sbove 247 pesowkg the total value of intensive
aquaculture will be higher than the total value of semi-intensive aquaculturs, Note aiso the
bad petformance of agua-silviculture (See aiso Padilla and Tanael 1996a- 1996b).

Other effects
Effects of the aliernatives on emissions, soil accretion, shore protection, ¢co {ourism and
biodiversity werg not valued for various reasons listed below.

* No cosl is atiributed to emissions because with the production technique selected
for aquaculture, emissions are not expecled to create any waler quality problems.
Alzo in the current situation no problems with waler quality ave found,

» Shore prolection is not valued because shore protection is provided in alf
alternatives, either by the manprove forest in the preservation and forestry
alernatives or by the buffer zones in the aquaculture alternatives, The value is
iherefore not relevant to the decision.

+  Boil accretion may result in the expansion of the forest lo the sea. This could be
valued according ‘o the iota} value of the mangrove forest. Since this is effect s
very uncertain and, due to cyclones might even be non existent, also no value is
attributed, '

* Eco tourism is, at present, non existent. Facilities offered i the past, such as
walkways, have not resulied in a subsiantial influx of tourists. A considerable
amouynt of both Jocal and foreign visitors, however, visit the site for educational or
research putposes. Since no sltematives exist at the isfand of Luzon, no easy
accessible aliematives for this function exist. The value of the forest for research is
also reflected by the nearby research station, For practical reasons values aliached
{0 educalion and research are not inclieded.

« I all effects listed above represert the dicect and indirect use values of the
ecosystern the value of biodiversity can only be linked fo non use values such as
the existence , alternative or even the intrinsic value of the ecosysiem. Due to the
imporiance of mangtove ecosysiems the value of biodiversity is expected to be
high. Valuation, however, would involve a contingent valgation approach.
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Contingent valuation raises the quesiion whose values should be included (local
popufation, nationa] population, world population), In addition it can be questioned
whether intrinsic values linked 1o biodiversity can be captured using valuation

. lechniques, especially where the loss of ecosystems is irreversible {see, for exampie,
Dixon [954),

Comparison with aother studies _

A literature survey was conducted to be sble te compare results from the Pagbilae studies
with other mangrove studies (Spaninks and Beukering, in prep). In Tabie 1.6 results {rom
studies in Thailand, Fiji and indonesia are compared with the Pagbilao study. The valves
for fbresujf and fislieries are comparable for all studies with a relatively high value for
forestry products and a relatively low value for fisheries products in Paghbilac. The value of
aquaculiure is listed 2s a nepative value since this value represents the foregone benefits of
not converting the forest 1o fishponds and can therefore be considered as an opporiunity
cost of preservation. The value found by Ruitenbeek for biodiversity is based on a
contingent valuation approach. The value used by Lal for purification involves construciion
of & sewage {reatment piant, Since water pollution is not a problem in Pagbilao this value
can not be attributed 10 prevention of emissions in Pagbilao.

Table |.6. A comparizon of net annual benefits of mangrove products and functions.

Thailand Fiji Intlonesia - Paghilap
|Christensen (1982) Lal (1990} Ruitenbeek (1992) (1996)
US3/ha. USS/ha. USSha. USS/ha,

Forestry 30 6 67 150
Fisheries 130 100 i17 60
Agriculture 165 52
Aquaculture 2106 -6703
Erosion .3
Biodiversity| - 15
Locaf uses 230 33
Purification 3820
The cost of biodiversity

As indicated above it is very difficult or even impossible to value biodiversity. Tt is,
however, possible 1o calculate the benefits Jost if an altemative is selected thal preserves
biodiversity but resulis in a total value tower than the maximum. In this study the value of
aquaculture can be considered as an opportunity cost for altematives that preserve the
mangrave forest. Aquaculture gencrates 6793 USS/ha compared to 211 USSha, for the
comimercial forestry alternative. This leaves a deficit of 6583 US$ha. Under the rules of
the Clobal Environmental Facility (GEF) this deficit can be considered to be the
incremental costs to keep the forest. The issue is not how much is this forest worth in terms
of biodiversity, but how much should be paid to balance the foregone benefits of a more
profiizbie aliemative without the Torest. The deficit is substantial and far remaoved from the

]



20 :

value of 15US%/ha as Jisted by Ruitenbeek. The vaiues for erosion conircl and local as

found by Ruitenbeek do not bridge this pap. The value found by Lal for purification is not {"_‘;
relevant as explained above.

Blodiversity pays the bill [
Ket value per heckar:
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Figure 1.4. The cost of biodiversiiy.

1.7.  Evaluation: a multi criteria approach

Starling point of the multi critetia analysis is the valued effccts table introduced in the
previous section (Table 1.5). A graphic presentation of this table is presented in Figure 1.5.
Tn this presentation each effect is slandardised between | (the best aliernative) and (0 the
worst allernative), Each row represents an effect. For each effect the highest bar represents
the best allermative. For emissions, as an example, Preservation (PR), Subsistence Foresiry
(SF)and Commercial Foresiry {CF} are the best allematives. All thwee do not produce
emissions and receive a score of 1. Intensive Aquaculture {{A) produces the most emissions
and receives a score of 0. All other alternatives are scaled relatively to these two exiremes.’

Figure 1.5 clearly shows the trade-of between revenues [rom fishponds and all other
criteria.

This graphic representation can be uvsed to rank the allernatives according to policy
priorilies, The effect that is considered most imporiant is moved te the top row, the second




)
)
5

i

“ub torestry N
e fereavry | .-

:ﬂiihbﬁhdi
“iH 155 i &N

) 1 L1, Fi
Cigh o oh 2%
3

1Eh HFF Fine

Noit scerstisn
'jii¢QiUiriity

ihbrL préYeceian

9

Ti%a teurisH

»

»J

D
D
)
)
: i _)’

By

>

21

most important effect to the second row etc. in Figure 1.6 priority is gix_ren to environmental
effects: biodiversity is moved to the top row, foliowed by emissions etc. By exchanging the

|

Figure 1.5. A graphic representation of the valued effects table.

colummns the alternatives can be ranked visually. Given the priorities assigned 1o the effects
Figure 1.6 shows that Preservalion {(PR) is the besi alternative because it is the besl
allernative for the four effects that are considered the most important, second besl for eco
tourism and best {or fisheries. Looking at the lower end of the ranking it can also be seen
that Semi-inlensive Aquaculture {SA) will always be preferred over Intensive Aquaculiure

(1A) because it performs worse for five of the included cffects and equal on the remaining

fivel.

The previous section dealt with the economic efficiency objective. As was shown in Table
1.4 decision makers also consider equity and environmental objectives in their decision. In

lhe previous section effects were not differentiated according to income groups. Also

effects on the environment were not included because these effects could not be valued.

*  The ranking shown in Fiure 5 was derived using the expected value method to transform the priuﬁl}f

order of effects 10 quantitative weights and the weighted swn of weights x standardised effects to

derive & perfonmance index for the alternatives,
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Therefore equity and environmental objectives were not included. Therefore the decision
problem 35 now redefined into a multi objective decision problem with the foliowing three
objectives:
~  aximise eificiency: maximise monetary benefiis over cosis.
-+ Maximise equity: maximise income to local population.
» Maximise envivonmenial guaiily: maximise the baiance of positive efiects and
nepative effects to the environment
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Figure 1.6. A graphical ranking of the valued effects table.

It is assumed that the couniry-city income disisibution coincides with the poor-rich income

distribution. This is reflected in the ownership of existing fishponds. Equity is defined as

the bepefits that go io the local poor. Environmentat quality is linked to preservation of
environmental functions (see Chapier 2). The performance of the alternatives of these three
objectives is shown in Table 1.7, The first two objectives are measured in monetary terms:
alf effects are apgrepated according to their prices or shadow prices. Environment is
defined as an index combining effects on soil accretion, emissions, shore protection,

biodiversity and eco tourism. The relative weight of biodiversity within this index is ten’

ties the relative weight of each of the other effects,
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Three scatler diagrams are used to analyse lhe trade-offs and level of conflicl between
efliciency and equily (Figure 1.7), efliciency and environment (Figure {.8) and equity and
environment and equity (Figure 1,9). Figure 1.7 shows the performance of the alternatives
on the ohjectives efficiency and equity, The horizontal axis represents the performance oa
efficiency and the vertical axis the performance on equity, Scores are standardised between

Table 1.7. Performance of the alteratives an three objectives.

unit PR SF  CF AS BA I4 CF1 SFA
A A
Efficiency 1000 pesosfy 165 510 576 5989 8809 9302 3684 4222
Equity 1000 pesosfy l65 510 576 34} 3 260 230
Ettvironment  index 128 73 48 -I17.% 382 992 480G 47

Alternatives: PR: Preservation, SF: Subsistence Forestry, CF: Commercial Forestry, AS:
Aqua-Silviculture, TA: Intensive Aguaculbuce, CF/IA: combination of
Commercial Forestry and Intensive Agquacultnre, SFfA: Combination of
Subsistence Forestry and Intensive Aquaculture.

0 (the worst alternative) and 100 (the best alternative). Therefore the most efficient
altetnative, Semi-intensive Aquaculture {SA). can be found on the far right of Lhe diagram
and the most equitable alternative, Commercial Forestry (CF) can be found at the top of the
diagram. The ideal aliernative for these two objectives would combine optimat
pecfornance on efficiency with oplimal pevformance on equity, This ideal alternative
would have score 100, 100 and would be found in the upper right corner of the diagram. T
is clear from Figure 1.7 that in this case this ideal aliernative does not exist. Also
compromise allernatives, corbining good or moderate performance on both objeciives, do
not exist. The level of conflict between both objectives is also reflected by the correlalion
coeflivient. A value close to one indicates minimal conflict, 2 value close t© minus one
indicales extreme conflict. The valye of -0.71 indicates high conflict between efficiency
and equity. Addition or removal of alternatives may influence the relative position of the
remaining alternatives and will also influence the correlation coefficient. It is therefore

imporiant thal only allematives that are relevant to the decision are included in the
evaluation,

The line shown in this diagram can be used to rank (he alternatives visually. in this diagram
equal weight is given to efficiency and equity. This is reflected in the angle of the line, All -
peints on this line have the sams distance from the ideal aliernative®, The aftematives can’
now be ranked by moving this }ine from top right to bottom leR. The first to cross the fine
and therefore the best altemative is Commercial Forestry (CF) almost immediately
followed at the other extreme of the diapram by Semi<intensive AgquacuMure (SAY. A
change in relative weight of the two objectives is reflected by a change in angle of the line,

?  Distance is defined hete as the sum of the distance along the % axie and the disisrce along the v s,

Sh!ce the line intersects the x axis and the y axis at the same distance form the ideal altemative, all
points on the fine share the same distance to the ideal point.
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The ranking shown in Figure 1.7 is extremely sensitive to variations in the relative weights
of efficiency and equity.

_CE__ 0=-0.75 w,=0.50 o
SF | 2 SA L/
3 SF
AS
B
;g .AS’-“ 5 IA
il CE/IA 6 CHIA
o “SFIA . 7 SHIA -
R _
1 8P O
‘ O
. _da ~]saA ®)
0 Efficiency 100
. | _ O
Figure 1.7. Trade-off between efficiency and equity.
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Figure 1.8. Trade-cff between efficiency and envircnment.
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The trade-off berween efficiency and environment is shown in Figure 1.8, Conflict is less
than between efficiency and equity, but still fairly high at -0.54. Semi-intensive
Aquaculture (S8A) now ranks as the best ajternative. Only if the relative weight of
envirenment is substantially increased, Preservation (PR) will move to ihe first pogition.
The most interesting of the three diagrams is shown in Figure 1.9. Tn this diagram the trade-
off belween equity gnd environment is shown. The correlation coefTicient of 0.67 indicates
minimal conflict. Two sliernatives can be found near the ideal aliemative with Commercial
Forestry (CF) as the best alternative. Note alsc the exireme bad performance of Intensive
Aquacuilure (TA) at the lower lelt comer of the diagram. The ranking shown to the right of
the diapgram is fairly insensitive to chanpes in the relative weights of boih objectives.

p=0.68 w_=0.50

100F. PR spe |1 CF
CF{2 SF
AS 3 AS
= - 4 PR
E g 5 CF/lIA
2 |sA .
= | SF/iA., 6 SF/IA
';,; o CFlA. 7 SA
i3 ; 8 1A
o LA . .
Q Equty 100

Figure 1.9. Trade-off between equity and environiment,

In Figures 1.7, 1.8 and 1.9 the trade-offs between pairs of objectives were analysed. As a
Jast evaluztion step the ranking according to all three objectives simuttaneously is shown in
Figures 1.10, 1.11 and 1.)2. In Figure 1,10 all ihree objectives are considered equally
important. This results in Commercial Forestry (CF) as the most preferred allemative’. In
Figure 1.11 efficiency is the most imporiant objective followed by equity. In Figure 1.11
environment is the feast important objective. This results in Semi-inlensive Aquacullure

¢ “The ranking shown in Figure 5 was detived using the expected value method o transform the priority
order of effects to quantitetive weights and the weighted sum of weights x standardised effects o
derive & performanee index for the elternatives.
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(8A) a5 the most preferred alternative. In Figure 1.12 priority is given to environment
followed by equity and efficiency. In this case Commercial Forestry {CF) ranks as the best
alternative. Note that Preservation (PR) never ranks within the two most preferred

SiisTialives,

The trade-off between efficiency and souity conld ha socorwmodatod by nalicise ther
realloceie income from the distant fish pond owners o the lotal community or by policies
that would channel government revenues from (he auction of fishpond lease agieerments to
the local poor. It could also be accommodated by new types of ownership ariangements of
the fishponds. In practice attempts to achieve a more equitable distribution of income from
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Figure 1.10. Efficiency, equity and enviroument are equatly imporiant.
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Figure 1.11. Efficiency is more important than equity; equity is more important than
environment.
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Figure 1.12. Epvironment is more importent thas eguity, equity is more importsnt than
efficiency.,

fishponds have failed for political and legal rensons. Change in ownership arrangements has

also failed because of limited access to capital by the local poor.,

1.8. Conclusions and recommendations

This sindy evaluated the conversion of the [10.7-hectare sirip of protected mangrove forest
in Pagbilao, Philippines inio aquaculture, forestry and combined uses. Two points are
emphasised in the specification of alternative uses of the mangrove forest. Tlie [irst is that

the overriding consideration is sustainability. For instance, the recommended harvesting,

raies in forestry altemnatives are based on sound silvicultural practice. Likewise, the
specified aquaculiure technology is based on the recommendations of studies on Philippine
mitk fisk and prawn farming. The second point is community-based management of forest

and fishery resourtes which is nwow the sirategy n nstura) resource management in the

Philippines.

Section 1.6 showed that if efficiency is maximised, semi-intensive aguaculture s the most
preferred alternative. In Section 1.7 it was shown that if equily and environment are also
considered important policy objectives commercial forestry is the best altemative. Policy
objectives differ according to the role of the decision maker involved, Table 1.8 lists the

most preferred aftemative accosding to type of decision maker and their objeclives. A short -

explanation of the position of each decision maker is included below.

S
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Table 1.8. Decision makers, their objectives and their preferred alternatives.

Fishpond owner
Y [ P S ——— a

ETER A RRTIT RN RPN

= Conversion to semi-intensive aquacultures

Luoval guvormeni .
Maximise pet income to local government and to the jocal population from the forest

=2 increase the licence fees for fishponds and convert to fish ponds
OR
= Forestry and fisheries
Social planner
Maximise total benefits to the Philippines (efficiency)
AND

Meore equal income distribution {equity)

=2 Conversion to fishponds if efiiciency is emphasised.
OR '

=i> Forestry and fisheries if equity is emphasised.

Svstainable plapner

Maximise total benefits (equity)
AND

Meore equal income distribution (eguity)
AND

Maintain minimum level of refevant envirommental stocks,
=> Preservation to maintzin a minimusn level of mangrove ecosystems.
{minimurs stock of habitat, biological and genetic diversity)

Sustainable world planner (UNEP/GEF) -
Maximise plobal environmental benefits from mangrove forests

=> Pay a maximws of 6583 US§/hatyear to the Philippines
OR '

== Accept the loss of the Pagbilao forest

*  Under the assumption of sustainable management the individual fish pond owner
will prefer semi-intensive aguaculture since this altsrnative generales the largest
profits. This preference can also be obhserved at existing fish ponds in the Pagbilac
region, Many of the existing fish ponds date from the fifiies. This suggest that the
management of these ponds is sustainable.

= If local government finds a way to increase the licence fees linked to the vatious
activities 10 a Jevel that equals the producer’s surplus conversion to fish ponds
would generate the highest revenues, If these revenues are fed back into ihe
community this would also generate the largest improvement Lo equily. However,
recent ailempts to substantially increase the licence fees have failed due to political
resistance. Therefore, in the current situation commercial forestiy should be the
choice of local government.
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+ A social 'planner should take both efficiency and equily objectives into
consideration. Tn the absence of mechanisms to transfer income from fishponds to
the Jocal poor the choice of the social planner is dependent an the priority given to -
both objectives,

+ In addition to a social planner, a sustainable planner will try {0 maintain 2 minimal
level of mangroves, It can be argued that on a world and national sczle this
minimum fevel is already reached. Ceniainly for the island of Luzon this minimum
fevel 35 reached, The preservation of the forest despite the polential revenues ftom
fish ponds suggests that the Philippine government cperates as @ sustainable

~ planner in this case. :

»  IFit accepled that preservation of the mangrove forest is primarily in the interest of
the wotléd community it is not reasonable io make the Philippines pay the price of
preservation. Under this assumption the sustainable world planner, institutionalised
in the Global Environmental Facility, shonld be prepared to pay the incremental
costs of 6583USSMasyenr if they consider preservation of the forest worthwhile.

For this study large effort has been invested in data collection and modelling. Despite this
effort results have to be used with care, This especially holds for the results Jinked to off-
site [tsheries. It proved to be very difficult 10 estabfish a clear link between the size of the
mangrove forest and Lhe value of off sits fisheries. A peoduction functinn approach proved
1o be not feasible. Given these limitations the following can be concluded:

+ For the Pagbilao mangrove forest aguacuilure is the policy alternative with the.
highest economic value. If equity and environmenta) considerations are inciuded
subsistence forestry is the preferred alternative.

»  Environmental services, such as biodiversity, shore protection and flood
mitigation, nged {o be priced very highly to make preservation the alternative with
the highest value.

This study used a combination of cost-benefit analysis and multi criteria analysis, Although
biodiversity is considered cruciai 10 the decision to preserve the forest it proved impossible
10 put a monetary value on chenpes in biodiversity. This raises the question of the
limitations of valuation. Is it possible 1o value ireversible effects such as the loss of life,
the loss of ecosystems, the loss of species, the loss of works of arts etc. Another crucial
issue it the case of Pagbileo is the distribution of wealth. The income from the fish ponds -
goes to distant inveslors. Also the conversion io fish ponds creaies sreas that cannot be
accessed by the local population. The equity issue can not be addressed adequaiely using
cost-benefit analysis. Multi criteria analysis was used to suppiement cost-benefit analysis.
This proved to be useful 1o include equity and environmental objectives. From a
methadological point of view the following can be concluded: ’
+ It is questionable whether it is possible to value non use values linked to
imeversible effects such 25 loss of biodiversity.
» It is recommended Lo use a combination of cost-benefit analysis and multi criteria
analysis if effects on biodiversity or other important imeversible effects are
important to the decision or if major changes in income distribution are expected.
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Additional research is required on the following topics:

Further research on ec¢ological linkages both within mangrove ecosysiems as
between mangrove and other coastal ecosystems is cssential.

Assessment of production functions beiween mangroves and mangrove related
products, such as fisheries, can be seen as an extension of these elforts. 1t is
questionable, however, whether assessment of production is feasibie in
applications such as Papbilao.

Further research on approaches o value environmental vaiues such as biodiversity

" isnecessary, This skould include an appraisal of the appropriateness of valuation to

support decisions including this type of environmental values,
The conflict between efficiency and equity could be reduced by changes in

* ownership arrangemenis or adequate mechanisms to iransfer costs and benefits

between income groups. Research on potential and limitations of existing transfer
mechanists and research on development of new mechanisms is therefore
important.
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‘Table Al. Wildlife of the mangrove areas of Pagbilac, Quezon, Philippines.

I Fauna specifically reparted from the mangrove areas, fishponds and mudfiats at Pagbilao Bay

Scientific Name {Family) Commeon MName
A, Birds Anas luzonica Philippine Malard/Duck
Bubuleys ibis Cattles Egrets
Butorides siriats Green-backed Heron
Calidris tenvirostris Red-necked Stnt
Chiladonsa hvbrida Whiskered Tetns
Eeretta aiba Gieat White Egret
Egretta evlophotes Chinese Egret
Esretta garzetty Little Egret
Gorsachius goisagt Wight Herons
TS phe Wiimbler
Nycticorex caledonicys Rufous Wight Heron
Stemna hirtnda Tems
Trin i Grey-teiled Sandpiper
Tringa glarepls Wood Sandpiper
Tringa fvpoleucos Common Sandpiper
Tringa nebulariz Greenshank
Trines stagnatilts Marsh Sandpiper
Tringa Tulanus Red Shank
Long-toed stint
Sharp-taifed sandpiper
B. Maminais alaenoptera Dalprhin spp.
Maceca fascicularis Philippine Monkey
Small celpteans Marine mammals
(Pieronodidae} Bats
11 _Fauna specifically reporied (rom the forest part of Paghilae (Quezon National Farest Park)
A. Birds Buceros hydrocomy Rafous Hombill
Tnejanurus Philippina Forest Kingfisher
5 epCA Sisfram Luzon Little Crow
[Alcenidas] Spotted Wood Kingfisher
B, Mammals  Batomys granti Philippine Rind Rat
Cervus.rusa philippinensis Philippine Deer

foresis)

il Birds typical of the Philippine mangrove forest {(expected 10 occur jn the Papbilao mangrove

Aegithis tiphia
is nzfigas
Helcyon capensis
Hal s
Lalage snigra
Nectarina sperata

otomlEs seticeus
Pac ala griso

Sir ia bi

Mectaring calcosteths

Commonm lora

Mangrova Blue Flycaicher
Stork-billed Kingfisher
White-collared Kingfishes
Pied triller
copper-throated Sunbird
Purple-throated Stmbird
Rufous-talied Taitorbird
Mangrove Whistler

Island Collared Dove

Sources: Protected Areas and Wildlife Buresu, DENR, Davies et al,, 1990,
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Table A2. Major Plant Species of the Pagbilao Mangrove Reserve, By Zone.

A. Seaward Portions
Nipa {Nypa fruticans
f Bobanan Izlzli it aotom anlintata HHY
Bakauan babae (R. mucronata Lamk)
Api-aui (Avicennis officinalis L.)
Fagarpar (Sonneratiz aiba J, Smith)
B. Middleward
Tangal (Cetigps tapal (Perr.) C.B. Rabins
FPatgten (Brugiers sexanguls {Lour.) Poir)
Api-api (Avicennia officinalis 1..)
Buta-buta (Excoecaria gealtocha L.)
Soging-saging (Aepicerss comiculatum {L.) Bico.)
Tinduk-timdukan (A, floridurn Roem, & Schult.)
Piggau (Xyiocarpys moluccensis (Lamk.) Roem.)
Gapas-gapes (Camplostermon philippinense (Vid.) Becc.)
Poigtan lalaki (Brugniera cylindrica (L) BL)
Malatangal {Ceriops decandta (Griff) Ding Hou)
Tabay (Lumnitzera littorea {Jack:} Vaigt)
Teaualis (Osbornia cetodonta F. Mueller)
C. Landward
Api-api (A. officinaliz L.)
Fi-api{A. marina (Forsk.)Vierh. var rumphiana(Hallier) Bakh.)
Dungon-late (Heitiera litaralis Dryand, ex. W. ait.)
Lapoio (Acrostichum aureym)
Buta-buro (Excoecaria agalloche )
Acankhys sp,
D. Riverines
Lagolo {A. gurenm)
Nipa (. fruticans)
Pagaipat (Sugnersatia alba J. Sroith)
Pedada (5. caseolsris {L.) Engl.)
Busain (Brugyiera gymmorhiza (L) Lamk.)
Bakauan loloki (R. apiculata B,
Bakasan baboe (R. mpcronats Lamk)
Api-api (A. offiginzlis L.) :
Pi-api (A, marina(Forsk }Vieth, var rumphiana (Hallier)Bakh,)
Bungalor (A, maring (Forsk.) Vierh)
Nilad (3, hvdrophytlaceae Gaerti;)
Tabigi (Xylocarous grangtum Koen,)

(O
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Table A3. Taxonomic identification of fish species found in the Pagbilay mangrove reserve.

NMC ide la Paz Pinto Fortes

Species Family 1982 Aragones {1985,1988) 1994
Total species 26 110 128 37
Total genera 25 73 B2

Total families 21 47 54 26
Total orders 6 13
Chanos chanos Chanidae * a = *
Epinephelys malobaricus  Serranidae x X X
Epinapheluy suiflys Serkmidae ? x
Epinephelis sexfosciatus Serranidas

Epinephelns qiicyanus Seramidae

Laitfanus Johni _ Lutjanidae x x

Leitjarus orgentimaculmus  Lutjanidas x x X

Luliaras russelll Lutianidae X X

Litjanus fulviflamma Litjanidae ? ?

Siganns gutiatis Siganidae X X X X
Siganis jovus Siganidae X X X

Siganus fuscescens Siganidae X 7 X X
Scafophogus argus Scatophagidge 7 x x x
Valamugil cunriesius Muogilidas ? ? T

Lisa tade Mugilidas ? ? »
Leiognathuy equulus Leingnathidae x X ?
Leiognathus splendens Leingnathidae X X

Leiognathus brevivosiris Leingnathidae =x X x

Guzzg miirsitd Leiognathidae X X
Cynoglossus abbreviatus  Cymoglossidae * ?
Pseudeorhombus arsius Bothidas x X
LApogon ambeinensiz Apopanidae x ? ? X
Gerres filnimeniosus Gerreidae A x 1 *
Sifiago sthama Sillaginidae X x S X
Sillapo aeclus Sillaginidae ? 7

Lethirinis mipiatus Lethrinidae T T ?
Scolopsis taeniopterus Nemipteridae

Scolopsis affinis Nemipteridae

Memipterus nematophorus . Nemipieridag =
Upeneus tragula . Mullidae % X X
Upeneus sulphureus Mullidae X X 3
Sphyraena forsteri Sphyraenidae 7 7 x
Sirongylurg incisg Belonidae 7 ?

Tlasirus indicus Belonidae 7 7 ?
Scomberiodes ol Carangidae x X 7
Alepes melanogtera Carangidae *
Therapon jarbua Therapontidae  x X X X
Pelates quadrilineatis Therapontidae X x ?
Platycephotuy indicus Platycephalidae x x X
Cymbacephalius Platycephalidae ?
rematophthaimus

inegocia japonica Platycephalidae ?

L Stolephorus commersonii  Engraviides ? ? x
Serdinella hualiensis Clupeidas ? ? T
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Table A4, Habits and other characteristics of selected fish species found in the Paghilao mangrove reserve.

Species Habitat Habit Social Trophic Food ltems
Groupings  Level

Chonos chomgr E = Pp, Or ! Aiuat, myYerEDIEIES

Epinephelies malaborfeus 58 BP So C fishes, crustaceans

Lutianus spp. M BP S0, Pp C shrimps, fish

Sigaris spp. JM aP Pz H alpae, diatoms

Liza tede, ValawiugiliE BP So H zipae, diatoms, plani detritus

cunnesius

Leiognathus spp..Gazza sp. M BP Gr C copepods, polychaetey, plant degitus

Apogon amboinensis M Bp Gr, Pg C shirimps, fish, piant detritus

Gobiidae R, E B So, Pg C amphipuds, isapods, nematode, plant
detrituz

Ambassis spp. E BP Gr C zoopiznkton. shrimp, plant detritus

Cynoglossus abbreviats M B So,Pe C crustaceans, foramsdiatoms, pla_nt
detritus

Pseudorhombus arsius M B So C crustaceans, fishes _

Gerres filosmentosus M B Pg cC invertebrates, plant detritus

Siflago sthama ME BP Pg C annelids, crustaceans

Stodephorus commersonii M 5 Gr C copepods, other crustaceans, plant
detritus

Megalaps cyprincides EM P So,Pg C small fishes

Elops machnata M P S0 cC amphipods, isopds, nematodes, plant
defritus

Source: Pinto {1985).

vLegend: E= estuarine, M= marine, R= riverine; B= benthic, P= pelagic, BP= benthopelagic, 3=surface; 30=
SBalitary, Pg= pair, Gr= gregaricus; H= herbivarons, C= camivorgus, :
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Table A5. Estimates of sustainable

s

production of forest products for various management alternatives.

Forest Produgt Man zgement aliernatives
PR SF  CF AN SA, IA -CE/IA SFiA
L Potentially Marketable
A. Foel wood (m’/year) 0 184 65 42 0 0 35 99
1. Subsistence 0 1344 ) 0 ¢ ] H 90.4
2. Commercial 0 0 652 423 0 ¢ 350 oo
B. Timber (m*year) 0 46 207 134 0 0 {1 25
1. Subsistence 0 464 0 0 ¢ 0 g 251
2. Commercial 0 G 2067 1341 0 0 1108 0f
|C. Charcoal (m'fyear) 0 31 0 0 0 0 0 . 22
1, Subsistence 0 3.2 ] 0 0 0 0 223
2. Commercial 0 0 0 0 G 0 G 0
Sub-Total (Timber) ¢ 62 272 1% 0 ¢ 146 147
D. Nipa shingle (1000/year) o 450 450 G 0 0 25 225
IL. Exological contribution
Mutrient prod, {1000kg. fyaar)
Nitrogen 701 286 285 221 42 42 204 204
Phosphorus 237 2130 230 173 34 3.4 64 164
Potassitm 5.7 5.6 56 43 0.8 0.8 4.0 4.0

Alternatives: PR: Preservation, SF: Subsistence Forestry, CF: Commercial Forestry, AS: Aque-Silviculture,
JA: Intensive Aquaculture, CF/IA; combination of Commercial Forestry and Intensjve

Aquaculture, SF/IA: Combination of Subsistence Forestry and Intensive Aguaculure,
Charcoal is zero in commercial forestry as praduction is mot in commercial quantity.
Carandang and Padilla. 1996. Assessment of forest resgurces of the Pagkitao mangrove Forest,

HMotes:
Source:

Resources, Environment znd Economics Center for Studies, Philippines, and Institute for
Environmental Studies, Free University, The Netherlands,



Table A6, Vaivation of Forest Praducts.

Subsistence Commercial Unit
Forestry Forestry {presos)
[4. [ipe Shingies
Market price per shingie 29 29 per piece
Transmort cost 0.2 0.2
Gathering costs 0.9 0.9
Shadow price 2.2 1.8
B. Timber Producis
i} Timber alternative; cocanut lumber
Miarket price {4.50 pesosfbd.ft) 1,907 1,907 perm
Transport cost 40 40
Gathering costs 303 303
Shadow price 1.644 1,564
ii) Fuel wooed alternative: upland fuel wood
Market price (5 pesosfoundle of 0010 m” ) 500 SO0 perm’
Transpors cost 310 310
Gathering cost o ¢
Shadow price 210 190
iif) Charcoel: Valuation is similar to fuel wood EJLY 190 perm’

Source: Carandang and Padifla. 1996. Assessment of forest resource of the Pagbilzo mangrove forsst.

Motes:

Resources, Environment snd Economics Center for Studies, Philippines, and Institute for
Environmental Smdies, Fres University, The Netherlands.

Gathering of nipa shingles. One person can fill up one boat-load of aipa shingles over 3 hours of
work. One baat-load is equivalent to about 40 shingles. Total harvest in a 6-hour-day work is 8
shingles, Tmputed cost is the income to be eamed from & 6-hour fishing trip where average catch is
2-3 kg equivalent to 75 pesus/day if price of fish is 30 pesowkg, This brings the gethering cost at
0.9 pesos per shingle.

Timber harvesting, Volume of wood harvested in 5-6 hours of work {including travel time) is 2bout
0.577 m’, ali of which can be loaded to a curabao-drawn cart. Imputed cast is also based on income
from fishing which is estimated at approximately 130 pesos per m’. The cost of transporting timber
from the forest at forest at 100 pasos (173 pesosf) per m” trip. Total gathering cost is the sum of the
two. Cooking with liquefied peiroleum ges (LPG) is not considered as the appropriate sobstitute
considering high costs fron: &) capital investment in gas stove and the gas tank; and b) uncertainty
in availability of refills particularly in areas like Pagbilao. _

Fuel wood harvesting. Four bundles (0.04 m”) may be gathered in about 6 hours travelling to & site
200 meters away. Ut is essumed that non-working family members do this task and hence the
opportunity cost is closs to zero and is assumed to be 2ero in this case.

in subsistence faresiry, the use value of the forest products derived from the mangroves should be
net of the gathering cost. When households are denied access to mangrove forest resources, the
value attached to the forest products is eguivalent to the cost they incur in obiaining alternative
products. Such cost is equal to the market price of the altemative product plus the transpott cost
from the market to the point of use. Thus, the shadow price of forest products is the market price of
the alternative product plus the transport cost fess pathering costs.

In a commercial forestry regime, it is assumed that the co-operative’s objective is to maximise the
value of net benefits to be derived from the forest, Net benefit is the stumpage value which is equal

to the market prive of the good less the costs of ranspurt, extraction end related costs incurred in
mengging the forest.

OO0 000 ®O0O0

O ® O
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Table AT, Extimares of annuozl production andl velue of marker-size fishes taking into sccount nawral

maortelity of various fish species {kg/ha'vear).

Alternatives Fisk Prices
PR SF/CF AS  SI7A CF/A|(pesosiunit)
SFAA
A. Quantity of Preduction (kg/hafyr)
Mangrove Residents
&lipmouths (3 spp.} 50.9 49.5 38.2 .0 12.7 20
Cardinat fish (1 sp.) 2.2 21 l6 0.0 0.5 20
Glass fishes {2 spp.) 3600 3512 2714 0.0 902 20
Gobies {4 spp.) 4.4 42 33 00 11 20
Crabs {1} in# 2972 2892 2234 297 743 2.7
Mud crabs (1) in # 416,7 4054 3133 417 104.2 12.5
Mangrove Transienis
Milk fish 1 sp.} 0.4 0.4 03 00 00 50
Rabbit fishes (2 spp.) 0.2 0.2 02 00 00 20
Mullets (2 spp.) 23 2.2 1.7 0.0 0.2 20¢
Groupers {1 5p.) 0.0 00 00 00 00 90
Snappers (3 spp.) 0.0 0.0 0.0 0.0 0.0 8o
Shrimps (4 spp.) in # 1261.1 122695  943.1 63.1 189.2 ]
B. ¥Value of Preduction
Mangrove Residents
Slipmouths 72.1 FLIW 54.2 00.0 13.0
Cardinal fish 01.% G1.% 1.4 0.0 0.5
Glass fishes 6589 &41.0 4953 000 Lled7
Gobies D50 04.% 03.7 00.0 012
Crabs 071 04.5 T34 09.7 24.3
Mud crebs H38.0 6207 4797 63,8 1595
Sub-tota] 14729 14330 L1673 T35 3682
Mangrove Transients
Milk fish 00.7 00.7 005 00.0 Q0.0
Rabbit fishes 00.0 00,9 00.0 00.0 00.0
Mullets 0.6 0.6 0.4 0.0 04,1
Grovpers G0.0 0.0 00.¢ 000 Q0O
Snappers 00.0 0.0 000 000 D00
Shrimps 162 158 122 003 024
Sub-1oial 17.5 17.0 132 60.8 02.5
Tatal 1494 145800 1,120.5 43 3707
Alternatives:  PR: Preservation, SF: Subsistence Forestry, CF: Commercial Foresiry, AS: Aqua-Silviculture,

[A: Intensive Aguacnlture, CFAA: combination of Commercial Forestry and Intensive
Aquaculture, SF1A: Combination of Subsistence Foresiry and Intensive Aguacultare,
Seurce: Ong and Padilla. 1996, Assessment of fisheries functions of the Pagbilzo mangrove forest.
Resvurces, Envirormen snd Ecenomits Cenre for Smdies and Institte for Envirommeniat Swdies,
Free University, The Netherlands,

Motes:

*  Production estimates are adjusted by the percentage deviation of fish sizes caught = Suko! Creek from
market sizes. Length measures are first converted to weight. These are then adjusted for adjusted
downwards to reflect production of the entire forest, For simplicity, this is azsumed to represent losses
from nataral mortality as the fish grows to market sizas.

»  Fish prices listed on the rightmost calumn are adjusted by the percentage deviation of fish found in the
creek to market sizes. This adjustment represents level of dependence of fish on the mangroves,

Further, the valee of fish in-situ is equivelent to 12.25% of market prices,



Table A%, Aquaculture production and computation of presemt value of net Profits for each management

atternative over 25 Years.

42

Management slternafive

Somi- Notomaive Matematve Motonsive b Acus-giby
intensive aquaculiure  |aquaculiure culture
aquaculiure: jequeculture:  |fand IE“EI _
Milk fish Crop Rotation |Forestry Foresiry
Praduction (1000kg) 596,90 240.86 88.55 £8.55 179.32
Averape Prices {pesoskg)
~Milk fish &0 60 il 60| it
-Prawn 185 185 185
Gross Revenue (1000pesos) 35814 36,347 13,363 13,363 10,759
Variabls Cozts (1060pesos) 2,148 14,851 5,460 5,460 2,748
Gross Profit {1000pesos) 26,666 21496 7,903 7.903 8,011
Less: Development Custs
(1000pesos) 42,340 B3.680 31,500 25,7401 12,87
Present Value of Net Profits 1 . :
over 235 years (1000pesos) 112,365 35,850 (13,180 13,180 33,757
Notes;

L

Tive years,

*  Develapment costs for intensive aguaculture are estimated at 400,600 per ha when exchange rate

is P11/US%.

*  Itis assumed thet development costs moved with the exchange rate, hence, it is estimated now et

PR0D.000 per ha. when exchange

Hite is at P25/USS,

*  Development cost for semi-imtensive poﬁds is assumed 50% of the amount.
* NPV it computed using a discount rate of 15 percent.

NPV of grass profits is adjusted for one crop failore every 5 years, Revenves ane 50% less every




J
2

43

Table A9. Value of annval production of different marketable products for each management
altermnative 1000 pesos/year).

Altcrnatives ]
PR SF CF A SA IA CF/1A  SFAA

I  Forest Products .
Fuet wond ¢ 149364 12388  8.037 0 0 6.650 30514
Subsigtence 0 143364 g ¢ 0 a o sasual
Commercial 0 0 12388  B8.037 0 0 6650 0
Timber 0 76282 323279 209.732 0 0173290 41264
Subsistence 0 76282 0 o 0 0 .0 4264
Commercial | 0 3232719 209.732 0 0 173.291 o}
Charcoel 0 25272 0 ¢ 0 0 0 18063
Subsistence 0 25272 0 0 0 0 0 g|
Commercizl 0 0 0 0 0 0 0 18.063
Wipa shingle 0 99.000 81.000 0 0 0 4D.500 47250
Sub-Total 0 349918 416.667 217.76% i 0 220.44]  187.091
Il Aquaculture 0 0 H 5648 18800 9294 3417 3993
I Captore Fisheries [164.98 160515 160,515 124.03¢ 8225 8225 41,036 41036

7 .
Resitents 163.05 158,633 158.633 122.57% 8136  8.136 40.760  40.760
0

Transients 1937 1882  1.882  1.46] 0089 0089 0277  0.277

Alternatives:  PR: Preservation, SF; Subsistence Forestry, CF: Commercial Forestry, AS: Aqua

Silviculre, LA: Intensive Aquaculture, CF/A: combination of Commercial Forestry and

intensive Ayuaculture SFAA: Combination of Subsistence

Aquaculture.

Motes;

*  The value of forest produets i detived from Tables AS and A#;

*  The value for fisheries is computed by mukiplying total valve in Table A8 by 110.7 ha,

Forestry and Intensive
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2. THE USE OF ENVIRONMENTAL FUNCTIONS TO EVALUATE
MANAGEMENT STRATEGIES FOR THE PAGBILAO MANGROYVE FOREST

AJ. Gilbert aud R. Janssen
2.1, Introduction

Mangroves are salt-lolerant lrees or shmbs found aiong Jow-energy, tidal shorelines
between fatitudes in tropical and sublropical areas (approximately belween 30°N and 30°8).
They colonise newiy formed tidal flats in (he wind and wave shadows of promontories and
islands, and behind wave-sbsorbing sand bars and seagrass beds (Carter, 1988). As much as
73 percent of low-lying iropica) coastlines with freshwater drainage support mangrove
ecosystems (WRI and TUCN, 1986} Mangroves provide the basis for complex and
exlensive ecosystems at the interface of terrestrial, freshwater and marine ecﬂsystf:i:ns (..
Mann, 1982; Carter, 1988; Robertson and Alongi, 1992).

Mangroves are part of 1ich ecosysiems providing a variety of envirommental goods and
services. The exploitation of mangrove resources is usually not intensive in traditional
subsistence economies, and settlement is quile sparse, In South East Asia this was
attributed 10 the searcity of freshwater for domestic use and the unsuitability of mangrove
soils lor lonp-term agricultural use. Recently exploitation of mangrove forests has
iniensified as tradifional economies betome increasingly market-integrated and
modemised. The building of roads, provision of amenities in these aress, and
improvements in technology have provided the impelus, As a sesult of this transition in use
of mangrove forests, mangroves in the Philippines were reduced from their original
288,035 ha. in 1270 to 123,400 ha, in 1993,

Underestimation of their value and of the impacts of human activities is # major factor
canitibuting, to the widespread loss and degtadation of mangrove and other ecosysiems,
Economists frequently receive the blame for such environmental ills. However, it can also
be argued that ecologists inadequately communicate their knowledge Lo decision makers
and therefore have limited influence. Our paper links information supplied by ecologists to
1he information required for effective and efficient mangrove management.

Ecologists face two difficuities. The first is that an anthropocentric viewpoini is ofien seen
as incompatible with the study of ecology. Consideration of human zctivities tends to be
‘added-on’, much as the environment is ‘added-on’ to economics. The second is the high
degree of interconnectedness within and between ecosysiems. This makes it difTicult te
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predict what is going 1o happen let alone understand what is going on. These two aspects
are addressed in this paper through the concept of ‘environmental function’ used in
OO T R sysiern Jissramsz. The tegult i guslisthve informetion on b tho Jismation

= ) YRS (LB FEipatir i
- - e - =

and destrability of ecosystem chenges under altemative management regimes.

This chapter aims to demonstrate the vse of emvirommental functions fo evaluate
manageiment strategies for the Paghilao mangrove forest.

The structure of this paper is as follows:

« Description of the study site (Section 2.2).

= Specification of the environmental functions (Section 2.3},

+ Description of feedbacks and linkages using systems diagrams o 1dent!fy and
value goods and services produced by the mangrove forest (Section 2.4).

+ Specification and valuation of management aiternatives assuming sustainability
(Section 2.5). '

» Assessment of the changes in these values should sustamablhty conditions fail
{Section 2.6).

« Conclusions and recommendations (Section 2.7).

2.2. The Pagbilac Mangroves

The municipality of Paghilac is locaied in the southern part of Quezon Province on the
island of Luzon, the Philippines. It has an area of 15,820 ha, a population of 41,635 (1990)
and an annual popuiation growth rate of 2.77%. The original area of mangroves in Pagbilao
is not known but can be deduced from the existing area of mangroves and brackish water
fishponds. In 1984 the total area of mangrove forest was around 693 ha. Of this, 396 ha
were within public forest lands while 297 ha were owned privately (RP-German FRI
Project, 1987). Today, what remains of the public forest land is the Pagbilac mangrove
forest, 111 bha experimental forest under the jurisdiction of the Department of Environment
and MNatural Resources. The legal basis of the experimentai forest is Presidential
proclamations 2151 and 2152 which, in 1981, declared certain isiands and/or parts of the
country o be wilderness areas. These laws withdrew much of the remaining stands of

" mangrove from entry, saie, settlement and other forms of disposition. The primary purpose

of these prociamations was to preserve these ecosysiems.

Figure 2.} shows Pagbilac Bay. The island of Pagbilac Grande and coral reefs separate the
bay from the larger Tayabas Bay. Tayabas Bay, including Pagbilac Bay, is listed among
the. most seriously threatened wetlands in Asia (Scott and Poole, 1989), The Pagbilac
mangroves cocupy the deltz of the Paisabangan River and are almost surrounded by
fishponds. The forest is second growth with an average age of 20 years. It has the largest
number of true mangrove species of any stand in the Philippines - its 19 species comprises
56% of all mangroves. In terms of the number of tree specics, associates and variations in
topography and substrate, it is the 2iso the most diverse (NRMC, 1980).
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Wildlife populations, particularly of the larger vertebrates, are probably somewhat reduced

due to the smali size of the remaining mangrove stand. Shore birds are the mosl apparent
" wildlife species. Around 20 species have been recorded Teeding in drained and disused

fishponds, on mudFflats aé low tide, or roosting in the mangroves at high tide. Piscivores,
such as kingfishers, are common and also supplement their diet, at considerable risk, with
fish from the fishponds. The mangroves are a crucial stepping stone in bird migration paths
through the Philippines, e.g. the Brahminy kite (Haliastur indus). Their loss could be
expecied to cause increased stress and thereby mortality in these populations (Ong, pers.
comm.). Few mammal populations remain. The endangered Philippine monkey, Macaca
fascicularis, would once have inhabited the mangrove forests. Bal populations are present
and contribule to the local economy through the collection of their guano. Marine mammals
{dolphins and small cetaceans) have also been recorded.

Paghitao Bay, with its tnangroves and coral reefs, is one of the richest, natural marine areas
i southern Luzon. Pinto (1987) records 128 species of fish belonging to 54 families lrom
the mangroves alone. Crustaceans (such as prawns and crabs) and molluscs (especially
pestropodsy are aiso zbundam. Caich data show that & number of fish species were

represented by juveniles of typically offshore species such as snappers (Lutjanus spp) and
groupers (setranigds).

The mangroves have traditionally been exploited by local commnmities for minor mangrove

products such as vines (handicrafis), gastropods and crabs (food), Nipa leaves and wood -

(construction), plants and fungi (medicines). In the 1970°s they were cut for commercial
fuel wood and charcoal, and this was a major cause of degradation. These activities {with
the exception of shell and crab collection) have been prohibited since 981, However
iliegal cutiing of pole-sized trees is still evident (Carandang and Padilla, 1996}

Fishpond development occurred primarily in the [980°s on sites where the mangrove cover
had been depraded. Mangrove sirips were maintained to stabilise the dikes and

embankments surrounding the ponds. Aquaculture in the study area is exclusively

monoculture of milkfish (Chanos chanos) by extensive or semi-intensive means (Figure 2).
Fishponds are owred by wealthy individuals {a general and an ambassador own fishponds

in the study area) who neither live in the municipality nor etnploy local residents to manage
them.

There is a trend in the Philippines towards more intensive aquaculture - higher stocking
density, more frequent cropping, use of artificial feeds, fertilisers and pesticides (Padilla
and Tanael, 1996). Surpluses and wastes from the ponds are released into the nearby

aquatic environment and so may enter the mangrove ecosystem. Soils under mangroves are -

often acidic and, since acidic soils are not suitable for aquaculture, lime may be applied
during consiraction andfor preparation of ponds for stocking, This may lead fo the
discharge of very alkaling effluents into the aquatic and mangrove environments,
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Figure 2.2. Fishponds near the Pagbilao mangrove forest.

The coastal villages of Pagbilao are dependent on the ecosysiem’s suppori of [ishery
resources which include mud crabs and gestropods (found i gnd near the mangroves),
marine crabs, fsh and prawns {laken from the bay}. Commercial fishing using irawls is
prehibiled in the bay, and so the calch is laken using artisanal lechniques - corrals, lraps,
botlom sel gill nets, and hooks and lines.

2.3, Environmental functions of mangroves

The purpose of 1his seclion is 10 define and elaborate on the concepl of environmentai
fiunction and so to specily the environmental Tunclions of the Pagbilao mangroves, A
variely of lerms, such as funclions, uses, aliributes, products, and amenities, have been used
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1o describe what the natural environment contributes to buman societies and s0 o provide
ecology with an anthropocentric perspeciive. These terms have been applied boil: to specify
‘and to classify the ful! range of ecological values for inclusion in management
deitberations. The tern “environmenial funclion’ is used here. Environmeniai {funciion has
been defined as the provision of environmental goods andfor services by the natural
environmient for human use (€.g. Braat et al,, 1979 Groot, 1992). Groot may also be
credited with giving the term form by devising a lucid lerminclogy and classiication of
funciions (Figure 2.3). A totzl of 37 functions grouped in four catepories - regulation,
carrier, production and information - are identified.

Mﬂngr_nves perform nearly all of these functions. However, there is a high degree of
interactior among them. For exampie, all of the production fupclions are ultimately
dependent on the regulation functions ‘fixation of solar energy and biomass production’,

‘storage and recycling of organic matter” and ‘slorage and recycling of nulrients’. The’

“storage and recycling of wastes and surpluses’ by mangsove ecosystems also contributes to
the ‘regulation of the chemical composition of the oceans’. ‘Fixation of solar energy and
bigmass production’ aiso contributes to the ‘regulation of the chemical composition of the
atmosphere” and zlso 1o the ‘regulation of local and global climate’. While the long list of
environmental functions supporls the argument that mangroves are valuable,
interdependencies among functions lead to complication and wltimately to confusion.
Communication is more effective if the message is simple. Furlher, it is legitimale 1o ask
why two or more functions should be specitied if the uitimate result is only one good or

BETVICE.

The folfowing definition of “environmental function’ has been adopted:

a set of ecological processes responsible for the provision of an environmental
good or service for human use,

The main feature of such 2 definition is the cne-on-one match between envircnmental

function and good/service. Further, identification of environmental functions is deiven by

specification of the goods or services produced. This adds weight to the anthropocentric

perspeclive for ecologists, as well as encouraging econcemists to take ecosysiems more inle
consideration,

Goods and serviees from mangrove ecosystems

This seclion discusses the ranpe of environmental goods and services provided by
mangrove ecosystems as a first step 10 identifying the environmental functions of the
Pagbilao mangroves (foliowing section). The discussion is based on IUCN (1983), Fisilier

{1990), James (1991a&b), Ruitenbeek (1992), Groombridge (£992) and Hirsch and Mauser
{1992). '

Food and beverages from mangrove etosysiems inctade fish, crustacesns, shelifish, sea
cucumbers, other inveriebrates, wildlife, honey, condinents, vepeiables, lea substitules,
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sugar, alechol, cooking oil, vinegar and fermented drinks. Traditional medicines may atso
be derived from (plant, fungal, etc.) species. Fish and crustaceans are canght or grown in
ponds Jocated within the mangrove ecosystem. Mangroves may also provide fodder for
‘livestock during the dry season. Mangrove ecosystems also supply raw materials. Wood,
Yeaves, Nipz shingles snd tanning sre used In building and conswuction, Tanmins ate also
used in the making of clothing and household fabrics. Raw materiais for industrial purposes
melude timber and molp/ehiowend from sommeancicl forcsmy operations und produets from
plantations of Nipa fruticans which Is used to make alcohal for biochemical industries. Via
firewood collection and the making of charcosl mangroves supply fuel and energy
products. Juvenile fish and shellfish suitable for (agua)cultivation may be csptured in
mangrove ecosystems. Mangrove propagules may be collected, reared in nurseries then
transplanted in (government-sponscred) reafforestation and afforestation pmgmms?.
Omamental resources, especially feathers and flowers, may be derived from mangrove
eCoSystems,

Species taken from non-mangrove environments, in particular offshore fish and shelifish,
may still constitute an environmental good of mangrove ecosysterns. Mangrove ecosystems
are widely held to be primary mursery areas for corunercially imgportant species (e.g.
MacNze, 1974; Christensen 1982; WRI and TUCN, 1986) and may contribute to offshore
productivity via the outwelling of detritus (e.g. Carter, 1988). These paradigms have come
Into question in recent years (e.g. Ong, 1984 in Fisilier, 1990; Robertson and Duke, 1987;
Pamish, 1989; and Thollot et al,, 1991). k would appear that the picture is muck more
complicated: the nursery function may be different for differant SPEcies;. SOTRE MANZroves
act more as a sink rather than as & source of detritus; considerable interaction occnrs among;
mangroves and neachy sea grass beds, coral reefs and mud flats, -

Mangroves stand anchored in inter tidal and supra tidal substrates which are freguently
waterlogged and apoxic. The problem of supplying air to the roots is solved by above-
ground root systems (see Figures 2.4 and 2.5) which are an essential element of this
ecozystemn's physical stucwre. These root sysiems retard water Tlow, which leads to a
number of environmental services. The guiet environment not only encourages sediments to
settle but also inbibits their resuspension. Stabilisation of sediments provides protection to
shoretines and associated shore-based activities, and can even lead o progradation and land
gains. Further, the resistance which mangroves offer to water flow is of particular service
during extreme weather events such as cyclones, typhoons, hurricanes. Mangrove

ecosystems imitigate against flooding and flood damage by dissipating the energy of
floodwaters.,

Mangmve: ecosystems function as 2 sink. Sedimentary processes 2z well as uptake by
organisms fiiter through-flowing waiers, incorporating extracted substances in the
sediments and/or in the ecosystetn’s biomass. Substances may derive from natural sources

? This activity gcours in the smdy area. It was not identified in the liserature cited.
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as well as various human activilies such as agriculture (feriilizer and peslicide surpluses),
mdustry (industrial wastes) and seltlements {sewape). Consequenlly wangrove ecasystems
may perform a waste disposal service, The location of lishponds in or adjacent io mangrove
ecosyslems is, in parl, dependent on his service. Mangroves are also a sink lor carbon
dioxide, and so play a role in mitigating apainst (he Greenhouse Eifect,

Figure 2.4. Mangraves on the coastal edge of the Paghilas mangrove forest.

Inierest in species found in mangrove ecosystems may be direcl (e.g. as a source of Jood) or
indirect, Tndirect interest tends to stem Irom a general appreciation of fife and the desire for
H lo be available for lulure penerations. These inleresis may be expressed passively or
aclively (ecolourism). Specific aspects within Lhis biodiversity issue include endangered
species, mipralory species and species wilh polential commercial vajue (eg. to tie
pharmaceuticals industry). Ecolourism iinked to migratory species may nol be in (e
vicinily of the mangrove ecosystems at all, and may even occur in another counlry.
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Figuse 2.5. Growth forms of the mangrove species Rhizophora and Avicennia.

Mangtove ecosystems also provide the space and a suitable subsirate Tor human activities.
Human settlements may be located within or in the vicinity of mangroves and may be
populated by indigenous peoples with subsistence lifestyles dependent on the ecosyslem.

Mangroves also provide space for cuitivation. Aguaculture, rice cultivation and Nipa palm

plantations may be located in or adjacent 1o mangrave ecosystems. Recreation and tourism
are nol activities that spring {0 mind when considering mangroves, but ecolourism
associaied with mangroves is developing. Legislation may be enacted 1o give protection to
mangrove ecosystems from (overjuse and development.

Mangroves provide services which are associated with knowledge. The knowledge thatl
mangrove ecosyslems and associaled species exists provides an aesthetic service to some
individuals. Others acquire spiritual and religious, or cultural and artistic inspiration. This is
particularly the case for indigenous populations. Herilage values as well as scientific and
educational information may also be derived, Finally, mangrove ecosysiems may provide
disservices, such as facilitating the breeding of malaria-carrying mosquitoes. '

Environmental functions of the Pagbilac mangroves _

Table 2.1 identifies a diversity of environmental goods and services provided by the
Paghilao mangroves (2 subset of those discussed in the previous section), the environmental
functions and ecological processes involved in iheir provision, and current and potential

users of the natural mangrove [orest, The terminology of Groot (1992) is wsed with some

modification. The production of water (for use by fishponds) is, for the sake of simplicity,
accredited to the mangroves. Technically it is a product of the environment which
mangroves occupy. No disservices are identified. Malaria does not occar in the study area.
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24. Feedbacks and linkages in mangrove use

Table 2.1 shows that some ecological processes are common to more than one environmental

funetion, clearly showing interconnectedness within the ecosystem. Should commaen processes be
compromised, the repercussions could be felt over a wide range of users. Evaluation of aiternative
management strategigs should take into account this wider piclure of economic-ccological
interaction, The systems diagrams presented in this section offer such an integrated approach. The
result is a qualitative model which. structures reasoning. ‘The meaning of the various symbols is
shown in Figure 2.6. The diagrams make use of the basic building blocks of systems analysis, viz.
stocks, flows and other variables. Added to these are environmental goods and services and
problem variables (see Figuie 2.6).

I::I Stock or state variable - . Environmental good or service
E : Addition {o or subtraction @ Problem variable
from a stock

X ¥
C) , () Varizble b is influenced . Problem x which, if it occurs
by variablea: b= f(a) @ @ ’

will affect variable y

Figure 2.4. Explanation af symbols used.

The systems diaprams are presented in Figms 2.8-2.12; Figure 2.7 shows how the diagrams are
linked. The quality of tnangrove cover drives the ecological processes (Figure 2.8) which control
the environmental functions and so the supply of envirommental goods and services (Figures 2.9
and 2.i0}. Use of these goods and services conlributes value o the users (Figures 2,11 and 2.12).
An environmental ‘problem” develops with overuse where demand for any good or service
exceeds its supply. A problem may trigger feedbacks within the ecosystem, or generaie costs via
linkages between the ecological and the economic systems.

Aggregate land use and ecological processes

Two quality categories for mangrove cover- good and degraded - are identified in Figure 2.8, wilh
degradalion and regrowih generating dynamics between them. Mangroves are removed with
fishpond development. Historically, this has concentrated on degraded sites. Current information
on the profitability of fish farming suggests that the costs incurred in removing mangroves no

~ longer constrain pond development. Fishpond development on sites with good mangrove cover is

now passible,

It is assumed that the betier the mangrove cover, the betier the performance of ecological
processes and so of environmental functions. The quality of mangrove cover has a direct
influence on two key variables - productivity and physical structure - which direct other
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&&u]ngical processes. The variable ‘productivity” is an aggrepate of stocks and flows associated
with the fixalion of carbon and the storage and recycling of carbon and nutrients. Mangrove

- ecosystems are believed to be highly productive {e.g. WRI and BJCN, [986). “Productivity’
iniluences two ecologicai processes. Firstly, mangrove ecosystems offer a habiial with sbundant
food for temporary residents. Secondly, by extracting substances trom through-flowing waters
ani incorporaling them in biomass, mangrove ecosystems serve to process and recycie wastes and
surpiuses from adjacent fishponds,

Figtire 8:
( R 4 )
AGGREGATE i
LANDUSE - . {
Lo Y. : Figures 9 and 19;
1 JECOLOGICAL ___ |2 fuaiies iy
™ PROCESS e i
S N e B
CErabs = i
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i
et X - = [Py
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Figure 2.7, Structure of the systems diagrams.

The physical structure of mangroves is jargely determined by their above-ground root sysiems and
this contributes to four ecological processes. The guiet environment contributes to habitat,
particularly for juvenile aquatic species. The exposure of through-
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AGGREGATE ECOLOGICAL
LAND USE ' PROCESS
GOOD
. MANGROYI :
E —— ol ; . .
O product . serymigration

abitat

physicel structore huft‘ming:.l:rf

Figure 2.8. Apprepate dynamics and ecological processes.

flowing waters to organisms {ixed onio the roots assists in the recycling of wastes. The retardation
of water fiow, as well as the roots themselves, facilitale sediment control. The physiczl siructure
also mitigates against flooding. Three problem variables are also shown in Figure 2.8. These are
defined in Figures 2.9 and 2.10. Degradation will be stimulated should these environmental
preblems accur, Poor water quality also has a ditect negalive effect on nutsery/migration habitat.

The figure implies a smooth transition between all combinations of good and degraded mangrove
cover and fishpond development, as well as essentially linear relationships between cover and
ecological processes. The real possibility of irreversibilities or discontinuilies has not been
considered. A key question here is: what & the minimum forest size which could maintain a
viable ecosystemn? In the absence of information on this point, it is assumed that the current stand
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is capable of mairaining itself, I such an assumption was unrealistic, then preservation of the

Pagbilao mangroves would not be a serious management option.

Froduciion of suvirunmental codis and serviees

Figures 2.9 and 2.10 describe the production of environmentat goods and services by the Pagbilao
mengreves, The fpurts wit o COmmMGn Sormas IROVINE 1o 185 10 DL - SO0iDpRes piottss,
environmentai function, environmental good or service, and environmental probiem.
Environmental functions and the goods and services they provide are presented as stock-and-flow
combinations. The production of environmental goods is straighiforward being, in most cases,
based on simple population dynamics with harvesiing. No distinction is made bétween the
production of wood for construction purposes or for fuel and energy purposes. Overextraction of
environmentai goods leads 10 three probierns which, should they occur, trigper costs for users by
requiring greater harvesting effort (Figure 2.11), ‘Overcut’ also feeds back to Figure 2.8 by
slimulating ecosystem degradation,

The products of fishponds are not environmental goods and so do not appear in Figure 9. While
they may be species, they are still economic goods totally dependent on human inputs;
environmental goods are dependent on ecological/environmental processes. A fish farm is a fish
factory, no different from a power plant occupying space once covered by ecosystems and using
water W its production of 2 pood.

Ecological processes in the mangrove ecosysiem may affect the struclure of waterways, but
beyond this they have little influence on waler volumes and flows. Water is used to [lush
‘fishponds which also releases contaminated water to the environment, Some portion of these
wastes and surpluses enters the mangrove ccosystem where they may be wken vp by organisms.
. The problem variable ‘poor water qualily’ develops if the wast¢ load exceeds the sysiem’s
capacity for vemoval. Poor water quality feeds back to Figure B by stimulating degradation and
adversely affecting habitat. It also triggers costs for aquacullure by killing or relarding the growth
of the cultured siock (Figures 2.11 and 2.12). Chemically persisient pesticides, antibiolics, elc.
may accumulate in sediments, have direct toxic effects on species, and/or bioaccumulate in food
chains. This may Jead to adverse effects on biodiversity.

The services ‘shoreline pretection’, ‘flood mitipation’ and ‘biodiversity” are treated similariy. It is
assutned that there is a capacity for supplying these services as a result of the quality of mangrove
cover. This capacity is represented by a stock. Changes in the quality of cover filters through
various ecological processes 10 cause @ change in this capacity. The environmental problems
*sediment instability’ and “fooding’ occur if the quality of mangrove cover decimes such that
insuificient capacity in relation to ¢onditions in the bay remains. Both problems are linked io
ecqnamic conseauences (Figures 2,11 and 2,12} while sediment instehility alse fesds beck to
stimulate ecosystem degradation (Figure 2.5). No problem variable is associated with
bicdiversity. Feedbacks from a decfine in biodiversity are uncerzin, probably long term, and so
have been ignored. Rather biodiversity is viewed zs the ullimate indicator of ecosystem quality.
Tts decline does not trigger costs, merety a reduction in the values derived from this setvice.
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Figure 2.10. Provision of environmental services by the Paghilac mangroves.
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The information content of the ecosystem is assumed to be related directly to the quality of

-mangrove cover and ihe performance of ecological processes, as well as subject to changes in

cover and performance. The service provided is knowledge, a subset of the tolal information
contained, No problem: variable is idenlified, essenlially for the same reasons as with & deciine in
bindiversity.

Value of goods and services provided by the mangrove forest

Figures 2.11 and 2.12 allempt 10 capture environmental-sconomic aspects of using the Pagbilao
rmangroves. Ning sectors are identified. The approach taken is to imply a net value per sector but
considering only ‘environmental’ benefits and costs, The figures show an annual value derived
from using environmental goods and services (flows) accumulating in a net value per sector
{stocks). The catch of fish, crabs and shelifish contributes vaiue to the artisanal fisheries. Mud
crabs caught on-site comprise about 95% of the value of {isheries. Various goods, manly for
medicines and conslruction purposes, may be taken by locals from the mangrove ecosystem and
g0 contribule to the value of the subsistence forestty sector. Should the problem vaciables
‘overfishing’, “overcut” and “overuse biotic’ be triggered, costs to these two sectors will rise with
increased effort required to harvest these environmental goods. '

Aquaculture appears in both figures, its aclivilies split into ‘Aguaculture - fish production’
emgphasises environmental goods, and ‘Aquaculture -waste tnaznagement’, which emphasises
environmental services. Value accruing (o this sector is a function of the area of fishponds

. (currenily zerg), water used to (ush the ponds, wood used in and around the ponds, and costs

avoided by releasing contaminated water into the ecosystem. Costs are incurred should the
mangroves be overused gs a source of wood; should water guality decline and the stock be killed
ar its growth retarded; should the ponds be flooded aod the stock escape (his occurred during the
typhoon in November 1995); and/or should the dikes enclosing the ponds be breached, resulting
in the escape of the stock and the need to reconsiruct the ponds.

The mangrove nursery derives vajue from the collection of matgrove propagules. H is assumed in
lhe diagrams that sulficient propagules are available. Commercial forestry derives value from cut
wood, Costs are incurred should the problem variable ‘overcut’ be triggered,

The shoreline protection and flood mitigation services of mangrove ecosystems help governmants
and private individuals to avoid the costs of constructing, say, dikes o limit slorm and erosion
damage, Should the frequency andfor severily of (looding increase or erosion of the shoreline
occur, the damage controf sector would incur costs: repair of existing infrastructure, investment in
new infrastructure, and emergency costs if the local population is endangered by extreme weather
events. Biodiversity provides an annuat vaive to two sectors, ecotourism and existence vaiue,
Miigralory bird species which use the Pagbilao mangroves may contribute to ecolourism in, say,
Australia. The knowledpe gained from (he infonnation conlent of the ecosystern contributes value
1o the scientific and educational community.
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Figure 2.11. Values of environmental goods by the Paghilao mangroves. (2
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Figure 2.12. Values of environmental services by the Paglibao mangroves,
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2.5, Ewvaluation of manapgement alternatives

oo aticit ae T T B A ksl oo £l R - B e oo =t i
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cutting of mangrove branches for fuel wood and poles and the collection of resident fish, crabs
and gastropads is sMownd, However there &z continuous pressurt 1o Sonven pait of all of iie
ecosystem 1o fishponds. An attempt 1o develop a fishpond without format approval is now under
litigation. Eveluation of different management atternatives for the site of the forest is performed
in the following steps:

« specification of management ajternatives;

» assessment of goods and services produced for all management alternatives;

» vahation of goods and services produced for all manapement alternatives; and,

+  evaluation of mamagement altermmives.

Comparison of preservation with other management slternatives.puts the benefits and cost of
preservation inio perspective and gives insight inte the pressures for change to other types of use,
All ahternatives involve management regimes that can be considered sustainable under certzin

conditions. The costs of unsustainability, when these conditions are not met, are analyzed in the
next sectioh.

Management alternaiives .

Eight management aiternatives have been formulated and are described below. The corditions
under which the alternative may be considered sustainable are also specified. A condition for ail
alternatives is that poaching is effectively prevented.

1. Preservation: Extraction of forest products (wood, Nipa shingles, biotic resources for
medicines etc.) ks not allowed, while the gathering of gastropods and crabs from the
ecosystein is. Based on past recovery of the ecosystem under its cumrent management
regime, it is reasonable to assume that the ecosystem is capabie of further recovery under
this aiternative. This alternative is essentially continuation of the status quo but with
effective prevention of poaching,

2. Subsistence forestry: This management altemnative recognises the dependence of coastal
communijties on the mangroves for forest products such as fuel wood, charcoal and poles
{timber} for fences znd posts. Manzgement of the forest will be in the hands of the
cominunities themseives, To sustain the benefits derived from the mangroves, a
maximoum sliowable axt must be imposed and held constaint despite projected increases in
the demand for forest products. This alternative is sustainable under the following four
conditions: the maximwn allowable cut takes intp account system-wide effects of use:
stnce the maximum allowable cut is less than current estimated demand for forest
products, the shortfall can and will be met by increased imports from mountsin areas;
information on how the allowed cut should best be taken cam be communicated to and
irnplemented by the forest users, and entry into this sector is controlled.

3. Commercial forestry: This alternative provides for exploitation of the mangroves by
commercial forestry where a specified commeycial volume can be harvested. High value
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products a1e 1o be harvesied, primanly thmber with incidental fuel wood from tree branches,
Various techniques witl be applied 1o encourage regeneretion of the forest. Associated
sustainability conditions are: the maximuen aliowable cut takes into account system-wide
effects of use; and, information on how the aliowed out should best be taken can be
comunicated 1o and implemented by the foresters.

The following alternatives incorporate aquaculture to varying degrees. A condition for al] of these
afternatives is the retention of a mangrove strip (bifier zone) of at least 5¢ meters between ponds
and the str, and &t least 20 meters between ponds and waterways. This conforms to carrent
requirements for pond development. It is estimated that the buffer zones will limit storm damage
to loss of the stock once every five years on average. Exploitation of this buffer zone will not be
permitted,

4.

Aqua-silviculture; Excluding the buffer zone, approxitnately one-third of the mangroves
will be converted to fishponds. The culturing technique wili be based on the semi-
intensive maonaculture of milkfish. The remaining mangroves will be contained within the
ponds. Litter falling from the mangroves wili be captured by the ponds in the hope that
this will reduce dependency on artificial feeds. The forest will be harvested sustainably
by the fishpond owners for their own needs but may zlso supplement incomes. The
following three sustainability conditions must be met: the buffer zone is suffigient for
shoreline stabilisation and flood mitigation; the bufier zone is not exploied; and, wasies
released by the ponds into the nearby environment do not overload the system’s capacity
for self-purification and so good water quality is maintained.

Semi-intensive aguacolture: Thie alternative convents the forest to fishponds and their
water distribution system, with the only reraining mangroves in the buffer zones. Ponds
will be stocked with milkfish 2t around 6,000 fingerlings/hectare/crop and managed using
serni-intensive techniques. Sustainability conditions are the same as for Aqua-silviculture
(4).

Intensive aguaculture: This alterpative also converts the mangrove stand to fishponds, but
management of the ponds is on 2 more intensive basis (higher cropping densities, more
frequent cropping end greater use of food supplements and chemicals). The
recommended intensive fechnology is alternation of mensive prawn fanming with
extensive or semi-intensive milkfish farning. Sustainability conditions are the same as
for Agua-silviculture,

Commercial forestryfintensive aguaculture: This shiemative is 2 wmix of altﬂme.tl%a 3 and
6. Excluding the buffer zones, approximately one-third of the mangroves will be
converted to fishponds for intensive aquaculture and the remainder will be exploited by
cotumercial forestry, The twa activities are separate. Sustainability conditions from
alternatives 3 and 6 apply.

Subsistence forestry/intensive aquzculture: This alternative is the same as alternative 7
except that the remaining forest, excluding the buffer zones, is exploited sustainably for
subsistence forestry products. Sustainability conditions from alternatives 2 and 6 apply.
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Effects on goods and services
System diagrams as presented. in Section 2.4 were used Lo identify the effects which each
" management allernative would have on the production of goods and services, Field surveys were
then underiaken to assess current production and changes in production resuliing form aliernative
management regimes. The effects on shore protection, bisdiversity and ecotourism linked 1o the
different allernatives couid not be guantified. A foresiry expert, & marine biclogy expert and a
zoology expert were inviied 1o provide expert judgement on the relative performance of the
allernatives with regards to these three effects (Carandang, Guarin, Ong 1596; see aiso Janssen
1992). Table 2.2 shows the results. Consumption or negative production could accur if an
ecosystem dmined resources from other systems, for example through export of potlutants or
import of clean water. This is not the case for the sludy siie.

Table22. Annual production’ of goods and provision of services under different management

“altematives.

C Unit PR SF CF AS SA JA CFAA SFIA
Copds _ ,
Pond water e 0 0 0 + +H+ +Ht+ =+ 0+
Bay catch/shrimps 10005y 140 140 140 14 7 7 21 21
Residential 10004y 9 77 G- 8 8 20 20
catch/crabs
Other biotic —f+ 0 H+ + + + + =
Propagules —f = = = 1 0 i + o+
Commercial wood — m'fy 0 0 317 176 0 0 169 0
Subsistence wood Ay 0 3067 0 0 0 0 0 170
Mipa shingles 1000y 0 45 45 0 {1 23 23
Fishponds: milkfish  tonsfy 0 0 161 537 59 22 22
Fishponds: prawns  tonsfy 0 0 0 0 0 158 57 57
Services '
Wastewater disposal  tons/y ! 0 g 21 41 100 50 50
Shoreline protection —/+++ H+ A + + + +F
Flood mitigation — +H+ A e + + ++ ++
Biodiversity — -t + + + 0 0 + +
Knowledge e -+ +4 + + ¢ 1] + +
Alternatives:

PR: Preservation, SF: Subsistence Forestry, CF: Commercial Forestry, AS: ﬁqua—SilviculmrE, IA:
Intensive Aquaculture, CF/IA: Combination of Commercial Forestry and Intensive Aquaculture,
SFAIA: Combination of Subsistence Forestry and Intensive Aguaculture.

Legend:

+++  large production

+ moderate production
+ smail production

¢ no production
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Production of goads

Resident and transient fish species were sampled to assess fisheries productivity of the mangrove
reserve. The fisheries component of this study (Ong and Padilla 1996) alsc updated information
from morg thorough studies conducted in previous years {e.g., de la Paz and Arapones 1985;
Pinto 1985 and 1988; Fortes 1994). The experimental forest supports both on-site (resident
species) and off-site (transient species) fisheries. The estimation of sustainabie harvest of fishery
resources presented difficuities as the fisheries surveys for this study, as weli as previous studies,
did not cover stock assessment. Simplifying assumptlions were made to arrive al some measure of
sbundance and productivity. The results show that the experimental forest supporis a small on-
site fishery and contributes minimally 1o off-site fisheries. Use of a production function would
have provided a2 more precise approach to assess ihe impacts of the management allematives on
the value of off-site fisheries. Limited knowledge on the complex inleractions invoived and total
lack data on the size of stocks of fish over time prevented such an approach (Spaninks and van
Beukering 1997).

Fuel wood, timber and Nipa shingles are the primary forest products to be derived from the Paghilac
mangrave reserve. Subsistence forestry yields goods demanded by coastal communities, mostly fuel
wood, charcoal and poles {timber) for fences and posts. The quantification and valuation of goods
and services proceeded from field surveys of the manprove resesve in 1993, Three zones or ecotones
were identified: landward, middleward and seaward. Sample plots were esiablished in each ecotone
and tree densily, tree dimensions and subsequently wood volume were measured or computed.
Litter traps were set 1o estimate itter fall and to delermine nutrient content. Projected timber yield
was eslimated over lime using an empirical eguation for the Philippines wills age of siand and site
index as explanatory variables. Subsistence forestry is estimated to produce about 262 m’ of wood

producis compared to 272 m” per year by commercial forestry; commercial foresiry is therefore the
more efTicient (Carandang and Padilla, 1996), -

The performance of aquacufiure ponds converted from mangroves was also assessed (Padillz and
Tanael 19%6a; 1996b). Beveral sludies were compared to assess the long-term prospecls of
aquaculiure operations in the mangrove reserve. The pnnmr;-,r cbjective was to idenlily the
appropriate (sustainabie)} aquaculture technology and the comresponding preduction levels.
Conversion of the mangrove forest to fishponds resulis in high production levels. For Semi-intensive
aquaculture production was estimated to exceed 597 tons/year of milkfish; for Intensive aguaculture
of prawns altemating with extensive culture of milkfish, estimates of 66 tonsfyear of milkfish
combined with §75 tans of prawns were derived (Padilla and Tanael, 1996a and b).

Production of services

Waste waler disposal is an environmental service used only by aquaculiure. Padilla and Tanael
(1996a and b} were able to quantify use of this service for the various aguaculture allematives.
Intensive aquaculture is the highest user due to higher stocking rates and the use of artificial
feeds, pesticides and fertifisers. For non-aguaculiure alternatives it is assumed that no use is being
made of the waste processing capacity of the mangrove forest, Use of the remaining services is
estitated qualitatively. While the buffer zones are iniended to secure the coastal plain from
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erosion and from flooding, their capacity in this regards is still less than that of an intact
ecosystem, or of one which is only two-thirds its original size. Biodiversity and knowledge
services are most abundant in the Preservation alternative (1) and non-existent for Semi-intensive
widd fuicnsive aquacuiturg (3 and ). OF the remaining aliernatives, subsisience loresiry with ils
sofler intervention into the ecosystem is considered to perform best with regards (o these services.

Valuation of goods and services :

Market prices and shadow prices of subslitutes were used to value goods. Market prices of {ish
observed at local markets during the field surveys were used to value fisheries, Jt is eslimated that
87.75% of the landed price of fish covers the costs of harvesling, the remainder is the value of the
fish in-situ (NSCB 1996}, The use value of the forest products derived from (he mangroves by
subsistence forestry is net of gathering cost. When households are denied access 10 mangrove
forest resources, the shadow price attached to the forest products is equivalent to the cost they
incur in obtaining alternative products. Such a cost is equal to the market price of the ahernative
product plus the transpott cost from the market 1o the point of use. Shadow prices for fuelwood
and-other goods not iraded on the market were linked to the cheapest substitule. For commetcial
forestry met value is caiculated using market prices of the timber products less the costs of
transport, exiraction and related costs incurred in managing the forest. Net value of aguaculture is

calculated using data on production, market prices and operating costs of existing fishponds in the .

vicinity of the study site,

Net value of the management alternatives can be estimated using these results and is shown in
Table 2.3. In this {able values are combined to show the values produced according 1o economic
sectors in-the local economy: bay and restdential catch are combined into (isheries, Nipa is
included in subsistence and commercial foresiry, and milkfish and prawns are combined into
aguacullure. Nel vaiues linked (o other biotic resources and propaguies are considered marginal
and therefore ignored. Values shown are znnual values for the entire study area. Sirce altematives
are assumed to be susiainable, the time horizon can be assumed to be indefinite. With regards to
aquaculiure, the long life of ponds in the vicinity, some around 40 years old, iends support 1o this
assurnplion. Development costs and olher capital costs are valued according to the borrowing rate
for capital in real terms. Typhoon damage through flooding of the ponds or breaching of the dikes
is included as a ien percent reduction of the annual haivest, based on two crops per year and loss
of one crop once every five years.

For the five alternatives which permit harvesting of forest products, the highest value is generated by

Commercial foresiry (3). Aquaculture allernatives perform betler than the Forestry (2/3) and
Preservation (1) alternatives in terms of the value of goods produced. Semi-intensive aquaculiure
(3} performs better than Intensive aquaculture (6) due to high development costs linked for the
|atter and to constraints set by sustainable management of the ponds. Howsver the performarnce of
both aliernatives is very sensitive to changes in prices, Milkfish are produced for the local market
and their price Jeve! is relatively slable. The price of prawns is determined on the world market
and shows strong fluctuations. Tn this study & price of 185 pesos/kg is used for prawns. Should
this price increases above 214 pesos/kg the value of goods produced by Tntensive aguacutiure will
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be higher than those produced by Semi-intensive aquaculture, Aqua-silviculture performs better -
than the altematives combining forestry and aquaculture. Note that the mangrove nursery is

" unlikeiy 1o survive he conversion to fish farming.

Table 23. Annual contribution to velue by each managemnent altematives.

Unit PR S8SF CF AS 5A . kA CFI1A  SFAA
Goods _
Fisheries 1000 pesas 165  16F 161 124 8 3 41 40
Subsistence . 1004} prsos 0 349 0 0 ¢ 0 ¢ 189
forestry _
Commercial 1000 pesos 0 416 218 0 i 229 )
forestry

Aquaculiure - 1000 pesas ) 1] 0 5648 18801 9294 3417 3993
fish

Mzngrove O+ + + + 0 o ¢
nursery '

Totat goods 1000 pesos 165 510 576 5989 18309 9302 3686 4222

=
=

Servicey

Aquacuitere - 0/t 0 0 0 + o ++ ++
waste

Damage control Q4+ H+ + + + ++ +i
Ecotourjsm 04+ =+ 0 0 0 0 0 +
Existence value (/A-4++ =+ + 0 0 + +
Information Of -+ = A + 0 0 + RS
vajue : .
Total services 04+ o + + + + +
Alternatives:

FR; Preservation, SF: Subsistence Forestry, CF: Commercial Forestry, AS: Agua-Silviculture, IA:
intensive Aguaculture, CFAA: Combination of Commercial Forestry and Intensive ﬁquacu!mre
SF/iA; Combination of Subsistence Forestry and Intensive Aquacuiture.

Legend:

+++  large production

++ maoderate production
+ small production

0 no production

Services are valued only qualitatively in Tabie 2.3 and an attempt is made 1o apgregate these
sources of vafue. The improvements to the ecosysiem which Preservation (1) provides is felt
across all users perinitted by this alternative. The main gains are felt by damage control {(avoided
costs), fisheries, the mangrove nursery, and existence and scientific values. No use is made of the
ccosystem’s capacity to process wastes, and so this service scores a zero. However, such a
capacity exists. The total value from services is considersd a maximum for his altemative.
Subsistence forestry (2) also scores a maximum, even though this allemative scores somewhat
lower with regards to the ecolourism and existence value sectors: harvesting of forest products is
assumed o affect biodiversity adversely. Commercial forestry’s {2) aggregate score is lower than
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aliernatives 1 and 2. This alternative precludes contributions to ecotourism as well as reducing
biodiversity and information vafues. As with Subsistence forestry, the forest remains intact and so
its capacity to mitigate apainst flooding and prevent erosion is high.

The aguacullure allernatives (4 to 8) score poorly with regards to the system’s capacily lo provide -

zarvices farnza Whils the wasla dlemaes! camacity afthe suntem ie nsad in thess aliamntiven, the
buffer zones supply only a minimal capacity for damage control. Where motre of the stand is kept,
this capacity is larger. All allematives, except that including subsistence foresiry (8), preciude any
conlribution to ecotourism. Some existence and information values remain in allematives whete
more mangroves than just the buffer zone are retained. '

2.6. Costs of unsustainahility

The values of each management aliernative were eslimated in the previous section. The
managemenl allernalives asre desipned to be susiainable, with sustainability holding under a
number of conditions. Failure of these conditions peneraies costs andfor reductions of benelits.
The purpose of this section is 10 assess what could happen if certzin conditions do not hold and
the management alternatives fail in being sustainable (see zlso Parks and Bonifaz 1924). Because
sustainability is the norm, the effect of failure to meet this notm may be Jabelled the “cosis of
unsusiainability”, Four conditions are iested in this section:

i. Failure of the bulfer zones Lo mitigate against flooding and stabilizing the shore;

2. Excessive extraction of wood

3. Toaching of wood products cannot be prevented; and,

4, Overloading of natural wasie management to process and remove wastes and surpluses,

Effecis may be traced through Figures 2.5-2.9 by linking failure of a condition with the problem
variable triggered and subsequent effects on the suppiy of envirenmental goods and services. The
link between condition and problem variable is presented in Table 2.4 for each management
allernative. Table 2.5 presents total {monetary) value and effects on the provision of
environmental services when all sustainability conditions fail simultaneously. The discussion
below explains how this table is derved. '

Failure of the buffer zones

An essential condition in all altematives including aquacvliure (4-8) is the retention of buffer
zones which will ensure sediment stability and mitigate against flooding. 1f buffer zones are
inadequate for these purposes, the problem variables ‘instability” and *flooding’ will be triggered
(Figure 2.7). ‘Instability’ stimulates ecosystem degradation (Figure 2.5) and will lead to the
poorer performance of all environmental funclions.

Both ‘instability’ and ‘flocding’ cause direct costs 1o users (Figures 2.8 and 2.9). The bulk of
these costs will be bomme by aquaculture which will fose its stock more frequently. Aquaculture
altematives {4, 7 and 8), where more mangrove cover than just the buffer zones is retained, will
be Jess vulnerable to sediment instability and flooding and the impacts of these problems are mote
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Table 2.4. Problem variables triggered by failure of management conditions.
Condition PR SF&CF AS S1 1A CF/IA-SF/1A

‘Failure of instability, instability, instability, instability,
burffer zones floading flooding flooding flooding
Excessive overcut vvercut
wood
harvest
Poaching of overcut,  overcut, instability, instability, instability, overcut,
wood instability instabifity flooding flooding fiocoding instability,
products _ fiooding
Overloading poor water poor water poOr waier paor water
of natusal quality quality quality, bic-  quality, bic-
waste accumufation  accumulation
management

" Altematives; '

PR: Preservation, SF: Subsistence Forestry, CF: Commercial Forestry, AS: Aqua-Silviculture, 1A:
Intensive Aquaculture, CE/FA; Combination of Copunercizl Forestry and Inteusive Aquacwlture,
SFAA: Combination of Subsistence Forestry 2nd Imensive Aquacukure,

likely to remain small-scale, There is the risk with Semi-intenstve and Tniensive aquaculture (5
and 6) {hat sediment instability could spread beyond the study site and/or that flood waters could
penetrate further inland, Damage wouid then be incurred by more economic activities, with costs
bume by the damage control sector.

Excessive extraction of wood ' .
Management alternatives 2, 3, 7 and 8 are based on the susiainable extraciion of furc.s'l."f:n'mducts.
A condition with Subsisience forestry (2 and 8) is that entry inlo the sector can be controlied so
that extraction will not exceed a maximum allowable cut. Local demand for wood products
already exceeds this meaximum (Carandang and Padilla, 1996} and, will anly increase with
population growth. Tt is highly unlikely that agreements between government and local
communities 0 limit entry inte the subsisience foresiry sector will be effective under such
pressitre, and so over-exiraction is inevilable, Similar controls are required for Commercial
foresiry (3 and 7) to {imit harvest to 2 maximum allowable cut, Given pressure for short-lerm
profit maximization, this condition is also likely to fail. -

Excessive extraction of wood triggers the problem variabie “overcut’ (Figure 2.6} in ail
allernatives containing forestry. This, in tum, stimulates ecosystem degradation (Figure 2.5) and
poorer performance of environmental functions, with all mangrove users being worse off. The
foresiry sectors, now with a limited fifetime of activilies, will bear the brunt of the costs of
unsustainability.

Poaching of wood products

A key condition for sustainable management is the effective prevention of poaching. Under the
Current management regirne, wood is poached by local residents for construction purposes and
fuel, and by fishpond managers who use wood for fencing, reinforcing dikes, defivery of feeding
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supplemenits and construction purposes. Given the Jocal demand for wood and the difficulties in

limiting access to the mangrove ecosystem, it is highly unlikely that poaching can be prevented.
Twn noggibla effects of wood noaching are identified,

Firstly, poaching would cause wood harvesting in all forestry alternatives to exceed the maximum
aliowabie cut. Tt couid alse lead to a ievel of iilegal wood extraciion above ihe ecosysiem’s
capacity for regeneration within the Preservation{!) alternative given the growing demand for
wood products and their increasing availability within the mangrove ecosyslem. The problem
variable “overcut’ (Figure 2.6) would then be triggered. As discussed above, this wouid stimulate
éﬂﬂﬁ}fstem-wide degradation (Figure 2.5) and reduce performance of all environmentat funclions,

Secondly, poaching will be concentrated in areas of easy access and particularly along the edges
of waterways, This may cause bank erosion and even trigger the problem variable “instability’
(Figure 2.7). ‘Instability’ has implications for degradation (Figure 2.5). In alternatives excluding
aquaculture, the impacts of poaching are likely to remain localized. However in allematives
incorporating aquaculture poaching could compromise the buffer zones, with impacts and costs
which have been discussed sbove. '

Overloading of natural waste management

All gliematives including squaculiure depend on lie naturaj system’s capacily to remove and
process wastes and surpluses released into the natural environment. Semi-intensive and exlensive
aquaculiure in Pagbilao Bay has not yel overloaded this capacitly, akthough the possibility exists

that even more aguacubture could exceed = threshold and so cause water quality problems to.

develop. The likelihood of this is greatest with inlensive aguaculture techniques which use high
stocking rates, chemicals to control pests and diseases, and feeding suppiements.

‘Poor waler quality’ is one of two problem variables which could be trigpered (Figure 2.7). This
not only stimulates degradation, it also has direct impacts on the mangrove habitat (Figure 2.5).
Poor water quality causes costs 1o aquaculture and, if it is persistent, these activities will become
uneconomic. This is most likely for ntensive aquaculture (6) and possible for Semi-intensive
aquacullure (5). Alietnatives 7 and 8, which comprise some intensive aquacullure could
experience periodic problems with water quality, It is assumed that this would reduce, but not
compromise, the profitability of these activilies,

The second problem vatiable, ‘bivaccumulation’, would be triggered only by intensive
aquaculture through the use of chemicals (see Figure 2.7). Bioaccumulation of persisient
micropoliutants coufd have 2n adverse effect on biodiversity, and so on dependent activilies (viz.
ecotourism, exislence value and information value). However these effects are relevant only for

aquaculturefforestry alternatives {7 and 8) since insufficient biodiversity and information remain
with Intensive aguaculture (6).
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Changes in the ranking of alternatives if all sustainability conditions fail

Failure of the sustainability conditions are not independent evenis. For example, inadequate
enforcemeni of enviropmental regulations can result in inadeguate buffer zones, excessive
exiraction, poaching and unauthorized emissions of wastes. Table 2.5 shows for each good and
service lhe range of expected change in value if all sustainability conditions fail simultaneously.

Tahle 2.5, Chantge in net annual value if ajl sustainability conditions are viclated simujtanevusly.

PR SF CF AS SA 1A CF/IA SFAA

Govods :

| Fisheries i ot 2 3 i + +
Subsistence forestry i1 i
Commercia) farestyy 1 i
Aquaculture I T Y il L
Mangrove nursery ! { i
A tota] goods (min) 1t 227 249 4044 3 3 1789 1775
B: total goods (max) 165 395 440 5949 6398 4622 3525 3498
C: tota! goods (sust) 65 519 57 5990 18809 1358 5261 5221

5 .

Services
Aquacultare : | N A } i
Damage control i 1 4 i L L 34
Ecatourism } } I
Existence value + 4 } + + H¥.
Information value } 1 l b i e
A; total services (min) S B 0 0 0 0 0
B: 1otal services (max) +—+ 4+ ++ + 0 ¢ 0 +
C: tota] services (sust) -+ 4+ H + + + + +

Alternatives; '

FR: Preservation, SF: Subsistence Forestry, CF: Coramercial Forestry, AS: Aqua-Silviculture, IA:
Intensive Aquzculture, CF/lA: Combination of Commercial Forestry and Intensive Aquaculture,
SF/1A: Combination of Subsistence Forestry aud Intenstve Aquactlture,

Legend:
{1l  large reduction ir velue (67-500%)
14  moderate reduction in value (33-67%5)

i small reduction in value {(0-33%)
na rednction in vaiue

These ranges are combined with the values of goods and services (Table 2.3) 1¢ calculate the
value of tvtal goods and services, The table provides: A: tolal goods and services (min)
representing the pessimistic end of the ranges (1,11, } 1 1=-33%, -66%,-100%), B: tolal goods
and services (max) representing the optimistic end of the ranges (), 4§, §11=-0%, -33%,-66%)
and C: total goods and services (sust) representing sustzinable conditions as fisted in Table 2.3,
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From Table 2.5 ii can be concluded that violating the sustainability conditions results in a lose-
lose situation - the tolal value of all alternatives decling. Preservation shows a decline because of
ecosyslem depradation. The forestry allernatives show a decline in long term woed production
combined wiih & decline in the provision of mosi seivices. The aquacultyrs allernatives face 8
loss in long term fish production, Although the pattern of changes differs considerably belween
ailernatives the ranking of aiternatives is refativeiy insensitive (o faiiure of (hese susiainabiiily
conditions. The rankings associated wilh Total goods {max) are the same as the vanking under
susiainability: with Semi-intensive {3) on the first position and Preservation {1} on the last.
However if the pessimistic values (total goods min) are compared with the tanking under
sustainability, Semi-intensive aquaculture (5) and Intensive aquacuiture (6) shified to last
position, This is the disaster scenario for both alternatives where pollation prevent operations
completely. The most likely position between these extremes is difficult to predict. Uncertainty

cenires on two questions: how much waste can the system manage without water «qualily
declining and at what stage are '

the effects of declining water quality irveversible? In genersl, Semi-intensive aguaculture runs
fewer risks than lntensive aguaculture, as does partial conversion to aquaculiure compared (o
conversion of the whole mangrove stand.

2.7 Conelusions and recommendations

In this study ecological and economic information are combined Lo support the evaluation of
management aliernatives for the Pagbilao mangrove forest. A key probiem which ecologists face
is the high degree of interconnectedness within and between ecosystems. This makes it dilTicult {o
predict what is going to happen let alone understand what is going on. The concept of
*environmental function’ is used in combination with systems diagrams te address this problem.
System diagrams are used to identify and assess goods and services produced by the ecosystem
under different management regimes. These goods and services are then valued to assess the
economic efficiency of the management regitnes. This final section assesses the usefulness of the

concept of enviconmental function, summarizes the resulis of ithe study and offers
recommendations for further research.

Mangroves are complex systems which provide a variety of goods and services for human use.
The high degree of interconneciedness within such ccosystems leads to uncertainty and
unpredictability, In particular it means that environmental goods and services are rarely produced
independently. The concept of environmental function was used in this study 1o communicate the
environmenial values of the Pagbilao mangroves. The interface between environmental supply
and societzl demand for goods and services from the mangroves could then be detailed. This was
elfective in demonsirating the complexity of ecosystem performance fo non-ecologists, and in
patlicular the muitipie interdependencies involved in providing environmental goods and
services. Syslems diagratns were use to envisage ecosysiem performance and to ‘think through
whal the alternative management options and their associated conditions meant in terms of future
supply of mangrove goods and services. In combination with valuation of selected products, the
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evaluation of aliernative management regimes was then based on the integration of ecological and
economic information.

Although biodiversity is considered crucial lo the decision to preserve the fores, it proved
impossible 1o put a monetary value on changes in biodiversity. This raises questions regarding the
limitations of valuation. Ts it possible to value irreversible effects such as the loss of life, the loss
of ecosysiers, the loss of species, the loss of works of art etc. Ancther crucial issue in the case of
Paghilao is the distributior of wealth. The income from the fish ponds is earned by distant
investors. Also conversion to fishponds creates areas inaccessible 1o the jocal population. Equity
issues cannol be addressed adequately using net value as a decision criterion,
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3. ECONOMIC VALUATION OF MANGROVE ECOSYSTEMS: POTENTIAL AND
LIMITATIONS

F. Spaninks and P. van Beukering
3.1. Introduetion

Mangroves forests are located in the brackish water margin between land and sea in tropical and
subtropical areas. These rich ecosystems provide a variety of economic and snvironmental
services and products. Ins addition to their divect values, mangroves also suppori other ecosystems
such as coastal fisheries, thereby indirectly sustaining a wide range of social and economic
activities. In recent years modemisation and market integration has resulted in a dramalic
reduction of mangrove forest for altemative uses (Kunstadter 1986) with negative consequences
for the environment and economy. :

The full value of mangrove ecosystems is ofien not recognised. This may be atiributed to wo factors
(Hamilion et al, 1989): (i) many of the goods and services provided by these ecosystems are not
traded on markets and thus do not have an observable value; and (7i) some of these goods and
services occur off-site and are therefore not readily acknowiedged as being related to mangrove
ceosyslems. As a result it is ofien concluded that mangroves should be developed for uses which
generate directly marketable products, such as aquaculture. However, such decisions ignore the
opportunity cost of development, Metheds for valuing environmental poods and services offer a
more comprehensive valuation of the many goods and services provided by mangrove ecosysiems,
and thereby contribuie to more informed decision-making.

Pagbiiao Bay mangrove forest is located in the southem part of the Province of Luzon, the
Philippines. Today, what remains of he original Pagbilao Bay mangrove is the experimental
Forest , now under the jurisdiction of the Department of Environment and Natural Resources.
Located in the interiidal zone between the Nzhalinan and Palsabangan Rivers, it occupies
approximately 114 heclares, and is almost completely surrounded by fishponds (Figure 3.1). The
Forest is second growth with an average age of 20 years, In the 1970s the mangroves were cut for
commercial fuelwood and charcoal - the major cause of degradation. These activities have been
prohibited since 1981 following the Presidential Proclamation 2151 which declared Mmangroves as
wilderness areas and endowed them with Experimental Forest status. Since then, tie only activity
allowed in the forest is the coflection of crabs and sheil fish, although iliegal cutting, arimarily of
pole-sized trees, is still evident (Carandang and Padiila, 1996).
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The objective of this chapter is t¢ review and analyse the scope and limitations of valuation
methods for evaluating management alternatives for mangrove ecosystems. Firstly, a selection

' of valuation studies of mangrove ecosystems will be briefly described and assessed. This is follow
by an analysis of ilte benefits of valuation methods for assessing management alternatives for
these ecosysterms, with particular application o Pagbilac Bay - the study site of the project
Economic Valuation of Mangrove-Fishpond interactions, for which this paper was wrilieis. i
paper is structured as follows; The first section reviews a range of studies of mangrove
ecosysiems. This is Tollowed by a discussion of the concept of total economic value as it applies
10 mangrove ecosystems in general, and to the Pagbilao Bay mangrove ecosystem in particular.
Next, the poods and services that were originally considered for valuation in the Pagbilao case
study are outlined, This is followed by a discussion of the appropriateness of existing valuation
methods to value these goods and services, The final section draws some conclusions from the
review of the case studies and the Papbilao study regarding the polential and limitations of
valuation methods for assessing managerﬁﬂm allernatives [or mangrove ecosysiems.
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3.2. Review of Case Studies

. Several studies have been conducted to estitate the economic value of mangrove ecosystems, all of
which GEer in 2 number of ways. Fisy the range of mangrove reiaied producis and fuimlions wihicn
are analysed vaiies; secondly, the types of mangrove management alematives considered, such as

{_‘,!:’:ﬂ‘." r:‘.lﬂ‘;:‘]:‘; '!"n:- AchnmmAdn me wlrmmd i AL fma mn L na
.. B - H

. o). JU, -

assuptions rtegarding ecological linkages between mangrove and other ecosyslems, are
inconsistent. These differences make it complicaled to compare mangrove valuation studies. In this
section several studies will be described. In order to understand the impact of a particular
methodological approach on the outcome, several of these studies are evaluated in deieil, as follows:

*  Mongrove Resources and their Managemewn Utilisation for Forestry, Fishery and Agriculture
near Khumg, Chanthaburi FProvince, Thailund: A Case Study. Christensen (1982). The main
objective of this sludy is tu describe quantitatively the various uses of mangrove resources in the
area and thus provide comparative data for Jand-use planning.

v Lagging versus towrisin in Palewan: an Envirornmenial wid Econamic Analysis. Hodgeson &
Dixon (1988). This more recent study demonstrates that, for the Philippines, benefits from
lourism coupled with fishery production substantially cutweigh the shori-tertn benefits which
may accrue from increased logging in Palawan.

*  Conservation or Conversion of Mangroves in Fiji. Lal (1990). This mangrove valuation study
compares fhe net benefits of converling mangrove lands to rice and sugar cullivation by
eslimating the benefits of mangrove-related products that would be lost afier conversion.

*  Mangrove Management: An Economic Anulysis of Management Options with a Focus on
Binturti Bay, Iriem Jaya. Ruitenbeek (1992). This includes an extended C/B analysis with
varying ecological linkages for different forestry (woodchip) scenarios.

*  The Vulue of a Mangrove Area in Sarawak. Bennet and Reynolds (1993). This valuation study
estimates the benefits to fisheries and tourism of mangroves in Malaysia,

* Estimating the Total Econpmic Value of a Mangrove Ecosystem in EI Salvador. 8. Gammage
{19%4). This explores the different commercial and community uses of mangrove ecosysiems,

The studies are presented in chironologicat order in Eblﬁ 3.1 and 32. Table 3. presents the runge
of values incorporated in the mangrove studies. Values are converted inte US$ to facilitate

comparison. Table 3.2 summarises the valuation techniques and assumptions which undertie the
studies,
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The overview illustrates the trend in mangrove valuations for both the fype of products and fumctions

-taken into account, and the type of prices used. Typically, recent valualton studies include more

iniangible values: whereas Christensen [imits the range of valued products and functions to absolute
direct use values, Ruitenbeek includes non-use values such as biodiversity. Table 3.3 summarises
ihe estimates made of the different iypes of vaiue incorporaied in the different studies, Negalive
prices indicate the opportunity costs of mangrove preservation. The study by Gammage is not
included because no average net benefils were provided. Generally, more products and functions are
menlioned in the sludies than are actually incorporated in the C/B analyses. For example, Lal
mentions an annwal water purification value of angroves at USH 5,820 per hectare but does not
apply this value to the analysis. If this value would be ncorporated, it woutd clearly dominate the
total economic value of mangrove ecosystems. Another tendency is the type of prices used in the
analysis. While Christensen penerally uses local market prices, Ruitenbeek converls most of the
markel prices inko shadow prices.

Table 3.3. Benefits and opportanity costs of mangrove preservation,

Christensen Bennet & Reynolds Lal _ Ruitenbeek

. in US3/ha, in US$/ha. in USS/ha. in US53/ha,
Farestry 11 14 6 —~ &7
Fisheries 130 2418 100 117
Agriculture - 165 - ~52 -
Aqueculture -2106 - ' - -
Erosion - - - 3
Biodiversity - - - 15
Localuses 23 - - 33
Tourizm - 424 - -
Furification - - 5820 -

Values are converted into USS

Anolher difference is the inclusion of the discount rate in economic valuation studies so that future -
elfects of mangrove management can be 1aken-into account, Lal, Ruitenbeek and Gammage base
their recommendations on net present values (NPV); implying that future benefits and costs are
included along with present retumns. The studies by Christensen and Bennet ef ol are limiled to
gross annuel income per hectare which do not adequately account for dynamic effects. Te conduct a
sound comparison of NPVs, it is important 1o do this under identical assumptions. ideally, both
the time horizon and he discount rate should be equal across studies, although ofien this is not
the case. For exampie, Ruitenbeek (1992) uses a time horizon of 90 years whiie Lal includes a 50
year period.

Another relevant issue in the review of mangrove valuation studies is the type of management
aiternative with which susiainable mangrove management is compared: Ruitenbeck considers the
conversion of mangroves for woodchipping while Lal studies the potential for sugar cane or rice
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production. Obviously, the type of conversion will have an impact on the change in tolal
economic value of the mangrove area, Both Lal and Ruitenbesk find that (he management
“allernative, which is, respectively, agriculture and wood chippine. are less economically Feasible
ihan mangrove preservation. Yet, in the Thailand study by Christensen, aquacullare is clearly more
economically beneficial. It may therefore be concluded that the management ailernative being
considered is integral to the question of mangrove preservaiion o1 conversion. '

Finally, the underlying assumptions across the studies vary considerably with regard to ithe dose-
respanse relations. Lal assumes that half of the fish stock are mangrove dependenl. Thus, the
mangrove area is linearly relaled with fishery benefits. Counteraction of the fishery sector to the
decreasing fishstock through an increase in the catching effort is ignored. Gammage applies a
“pseudo” production furctton which facilitates the substitution between catching effort in terms of
labour and capital, and mangrove area, Ruitenbesk improves on the environmental Jinkages
assumnption by introducing an impact delay factor and the possibility af varymg the linkape rate
betwesn mangroves and fisheries.

All these changes indicate that in the last decade valuation studies have become more

compeehensive. Nevertheless it may be conciuded that, givea the farge variations in applied

ecological interdependency between mangrove area and fisheries, clear scientific evidence on this
relationship is still imperlect (Gilbett and Janssen 1996).

33. TheEconomic Value of Mangrove Ecosysiems

In environmental economics, e Total Economic Value {TEY) of 2 natural resource such as a
mangrove ecosystem is considered to comptise two main sources of value: use value and non-use
value (sometimes referred to as passive use value). Often, option value is added as a third
component. However, option value is best regarded nol as a separate component of the TEV, but
rather as refleciing (he difference in valuation from an ex gate or an ex post valuation. Below we
will discuss the components of the TEV as they relate to mangrove ecosystems.

Use values and non-use values

Mangroves are rich ecosystems, capable of providing & range of goods and services of use 1o
human populations, The value of these goods and services represent use valfues. In his discussion
of the TEV of tropical wetlands such as mangrove ecosysiems, Barbier (1992) distinguishes
bevween ditect and indirect use values, te former relating to “the vatues derived from direct use

or interaction with a wetland's resources and services" (fbid; 2). Examples of such direct use

values are plentiful and include, among others, wood from mangroves used as fuelwood and lor
building purposes, fish and crabs caught in the waterways running through mangroves, nipa
leaves for construction (roofing and walling), other products derived from nipa palms such as
alcohol and vinegar, and traditionat medicines derived frore plants and other species found in
mangrove ecosystems,
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Indirect use values stem from "the indirect support and protection provided o economic activity -
and property by the wetland's natural functions, or repulatory 'environmental’ services™ (fbid:
156). The classic example of an indirect use value of mangrove ecosystems is the support
pravided 10 off-site fisheries through their nursery function, Ancther is the protection provided
againsi weather-related damage to productive activities located in or just behind mangrove
ecusystems {aguaculture, agr:cullure} and to assels such as lmusmg and infrastructure located

_ inland .

Non-use values, on the other hand, are derived "neither from current direct or indirect use of the
wetland” (Jhid; 156). Non-use values may arise, for example, (rom the satisfaction an individual
derives from knowing thal mangroves continue to exist, but is not necessarily planning to use
them (sometimes referred (o as existence value). Another possible motive of non-use vajve is the
desire {o preserve mangrove ecosystems for fiture generations (bequesr vulwe). For a more
extensive discussion of possible motivations underlying non-use value see Bishop and Heberlein
(1984). Intuitively, it is very unlikely that non-use values for the Pagbilao Bay mangrove forest
wilt be very important. Although the total area of mangrove cover is rapidly dechining world-
wide, the contribution of the [10 hectares of the Papbilao Bay mangrove 1o the continued
exislence of mangrove ecosystems is limited, It is therefore unlikely that people will be willing to
74y 2 substantial amount for its preservation, unless it was one of the last remaining mangrove
areas. On the other hand, some unique characteristics of the area may mean that non-use vaiues
might be high, For exarmnple, the area is one of the mosi diverse in terms of the number of true
rmangrove species (Carandang and Padilla, 1996}. It also serves as a crucial stepping stong in bird
migration paths through the Philippines, eg. the Brahminy kite (Haliastur indus), and their foss
could be expecied to cause increased stress and thereby mortality in these populations (Ong, pers.
comm.). Thus, if there is a non-use value sitached 1o these populations, the Pagbilav Bay
mangrove forest has a non-use value.

Option value

Option value (OV) rf:ﬁ:rs to an individual's Willingness To Pay (WTP) to pieserve ke opiion of
using a good in the future_ It is nof equal to Lhe total ex ante WTP for preserving the option of
future use. This ex ante WTP is known as the option price (QF). OV is only a part of (his WTP,
and perhaps only a small part. To clarify this, consider the following example, Suppose an
individual is interested in the WTP for preservation of a certain mangrove ecosystem, and the
only benefit of preservation would be the use for tourism, Consider now the WTP of some
(poleuiiai} tourist for preserving the area, Suppose his WTT for a visit to the area would be $100,
while the cost of visiting would be $50. His expected consumer surphis, E(CS), would be $100-50
= $50. Thus, his maximwm WTP for preserving the area for tourism wonld be $50. However, it
might be that an individual is uasure about whether he will actually want (o visit the area, or how
often, If 50, and the individual is risk averse, it is possible that ke is willing to pay something just
for preserving the oplion of using the area if he wants to, This WTP, say $10, is knows as the OV
of preserving the area, Thus, the total ex ante WTP for preservation, or OP, is $60 and consists nf
the E(CS) of preservation ($50) and the OV of preservation (310).



Although it seems intuitively clear that OV wouid be positive for risk averse individuals, cioser
analysis has shown that this is not necessarily the case. OV can be either negative, zero or
 positive, depending on the particular combination of risk aversion and the source of uncertainty

(uncertainty about future preferences, about fiture income, or about fuiure availabiiiiy of ihe

good). Sge Pearce and Turner (1990 for a summary of the results of option value under difTerent
combinations of risk aversion and souices of unceriainty. '

Tt seems unlikely that the oplion value for the Papbilao Bay mangrove ecosystem will be
substantial. Remember that the source of option value is uncertainty - eilher a (potential)
mangrove user’s uncertainty about future preferences or income, or unceriainty regarding the
future availability of a good or service. Whether current users are uncertain with regards 1o their
luture preferences regarding mangrove preducts cannot, of course, be said beforchand, but doss
not seem very likely. Income uncertainty might piay a role. In the absence of an eiaborate social
welfare sysiem or other possibilities to compensate for a loss of income (rom, for example,
unemployment, people might value ihe possibility to fall back on the mangrove ecosysiem [or the
fulfilment of cerain needs. At the same time, with the increased markel iniegration of
communities dependent on mangrove ecosystems, the dependence on the direct access Lo

mangrove ecosysiems is fikely 1o decrease (Ruilenbeek, 1992), making any option values
unlikely.

Potential users, such as tourists, might be uncertain whether they want to visil the area in the
future, Howeves, sufficient zltermatives exists for tourists who want lo visit mangrove ecosystems,
so it seems unlikely that they would be willing to pay just for keeping cpen the option of visiting
this particular area, unless it has wnique characteristics.

The unceriainty regarding the effest of development on the nursery function could be interpreted
as a case of uncertainty regarding the availability of a service. Thus, there might be an oplion
value for the fishermen for conservation. If so, the option vaiue would be positive because in such
cases of uncertainty about future availability the option value is always positive.

As already mentioned, most authors agree that OV is not a separate category of value and they
gueslion the possibility and usefulness of estimating it separately (Freeman 1993; Randall 1992).
OV rather reflecis the difference between an ex ante and an ex post valuation. It can be shown
ihat [rom an individual point of view, OP is the appropriate measure of the value of preservation,
er anfe. However, it is less apparent which measure is preferred in the appregate (see, for
example, Johansson, 1987).

uasi-option value

As with option value, quasi-option value is not a separate component of the total economic value,
Quasi-option value (Ammow and Fisher, 1974) relales t¢ those planning decisions where the
benefits of preservation are unknown, while at the same time development is irveversible, that is,
the potential benefits of preservation will be lost forever, Howevet, with the passage of time more
information on the benefits of preservation may become available, Hence, there is some value in
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deferring the decision whether or not 1o develop the resource unti] such time as the uncertainty
about the benefits of preservation is resolved. The expected value of the increase in total benefits
that can be obtzined by deferring the development decision to the period when the uncertainty
will be reselved is the so-called quasi-option vaiue. Tt is also known as the expected value of
perfect information (Conrad, 1979).

Quasi-option value may be a useful concept in mangrove management. Given the state of curremt
knowledge about the nursery function, it is still extremety uncertain how these will be affecied by
sllemative management regimes. At the same time, many think that the value {damagg) of any
impairment of this function might be very high. By delaying a decision, more scientific.
information of the effects of z loss of this function might become available, and therefore may
result in betier understanding for more informed decision making. Given some prior expectation
of the otcome of the delay (For example, there is 4 50% probability that more information wili
show that there will be no damage if the function is impaired, and a 50% probability that damage
will be some amount x) the expected value of the increase in total benefits that can be cblained by
waiting until the information is available can be caleulated. 1F this expecied valoe of information
is higher than the benefits forgone by not developing now, then it is eptimal to wait for the
decision until that moment. A probiem here is that some development might be necessary in order
to be able to resolve the uncenainty, Tn the literature on option value this is known as dependent
learning, in contrast 10 the case of so-called independent Jearning where information will become
available independently of any development. Incorporating learning in models of quasi-option
vatue is possible, but makes the analysis considerably more difficult (see, for example, Figher and
Hanemann, 1987). Despite the polential benefits, the applicalion of the concept of quasi-option

value is extremely difficult and, to our knowledge, has never been tried for mangrove ecosystem
mAnEgement.

An alternative classification .

More recently, another classification of wetland values has been suggested by Gren ef of (1994).
In their approacl, the total production output of a wetland is divided between three different uses:
(i) for its own development and maintenance; {ii) for export to other ecosysiems,; andfor {§ii} for
expott to human society. The first type of output refers to the build-up and organising capacity of
a wetland ecosystem, snd is called the primary value; the second and third type of outputs refer lo
the exported life-support values, and is called the secondary voiwe. Since the secondary vatue is
dependent on the well-functioning of the wetland ecosystern, the primary value is a prerequiéilc
for the existence of secondary values {Gren ef al, 1994).

Although it cannot be denied that the pood functioning of g wetland ecosystem such as a

. mangrove ecosystem, is a prerequisite for it being abie to provide the goods and services it daes,

we do not feel that the concept of primary and secondery values is, i principle, more compicte

than that of ihe TEV, and that both primary and secondary values are included in the TEV.

Indeed, as the authors state themselves: "If hurnan preferences and their valuation were consistent
with perfect information on the functions] properties of scosystems as a basis for generating
ecological services, both directly as exports o human society and indirectly through their exports



Fence, i i ibe jack of informailon on ine properics of scosysicms which may icad w doy
undervaluation, but the same is of course frue when an ecosystem is valued according to Ui
hetwesn primary snc
secondary values may give rise to double counting.’ In as much as the primary valug of an
ecosysiem consists of it being a necessary prerequisile for generating secondary values, any
change in the primary value is reflecied in a change in these secondary values: if the well-
functioning 6f a wetland is obstructed, that is, a loss of primary value, this will lead to a decrease
in secondary vaiue, that is, & decrease in goods-and services provided to human society (and other
ecosysierns). Unless we value the well functioning of the wetland in itself, the loss in primary
value is sitnply ihe resulting loss in secondary vaiue. But this is exactly what is meant by indirect
use values. And if the well-functioning of the wetland ecosystem is valued in itself, this is
included in the non-use value. So, although the concept of primary and secondary values may be
more explicit about the imporlance of the weli-functioning of an ecosystem: the idea of primary
value is, in our view, implicit in the concept of indirect use value. '

el I at L D o teiinins nand nmmmamTamnme araleemn Tereiteee thea Siarieada
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Gouds and services io be valued in the Paghilao Bay case study

The objective of the project "Economic Valuation of Mangrove-Fishpond Tnteractions™ for which
this paper was writien, is the vajuation and evaluation of management altermatives for the
Pagbilao Bay mangrove reserve. To this end a number of management. alternatives were
consirucied, ranging from compieie preservation without any extraction of rescurces allowed
excepi fishing (essentially the curvent situation) Lo total development for fishponds. (See Janssen
and Padilla (1996) for a detailed description of the management aliernatives that were evaluated.)
Tabje 3.4 identifies the poods and services. that were inciuded in the different management
alternatives, classified by the iypes of value discussed above. Note that option value is not
included; as explained in the previous section, opiion vaiue is not a separaie category of value but
reflects the difference belween an ex ante and an ex posi perspeclive. Thus, depending on the
perspective taken, some of the use values in Table 3.4 may comprise an option value component.
If it is thought that option values may be important and should be inchuded in the valuation,
conlingent valuation is essentially the only method capable of measuring these values.

¥ Admittedly, when using the concept of direct and indirect use values, one akso has to be alert 1o the danger

of double counting, see Barbies (1994),
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Table 3.4. Products and services to be valued.

nse values ' non-nse values
forestry producis biodiversity conservation
(fuelwood, timbes, poles, nipa shingles)
on-site fisheries products carbon sequestration
{crabs, fish}
supporting off-site fisheries providing opportunities for research &
{fish, shrimps) education

protective services provided to propery and other non-use related benefits
production sctivities

aguacultural products
{fish, shrimp)

carbon sequestration

plants used in traditional medicine

providing opportunities for research & education

biodiversity conservation
- potentially medicinal plants
- ecotourism

Table 3.4 is certainly not complete; mangrove ecosyslems are capable of providing many more
products and services. (See Gilbert and Janssen (1996) or Hamilton er al (1989} for a more
complete overview of producis and services [rom mangrove ecosystems in genersl). Since the
purpose of this project is to evaluate pussible management allernatives for ihe Paghilao mangrove
forest, only those (poteniial) uses and services that wese considered most important were
included. Furthermote, the valuation of these other poods would largely proceed along the lines of
the products and services mentioned in  Table 3.4 Since this papsr is concerned with the
application of valuation methods to mangrove ecosystems, not much would be gained by .
including thesm in the discussion. ' -

Most of the products and services lisied in Table 3.4 have a direct or indirect use value: mangrove
trees provide fuslwood and timber; nipa pabms provide nipa shingies for roofing and walls for
houses; on-site fisheries include crabs, mudcrabs and mangrove resident fish species in the river
mouth and creeks running theough the mangroves; through their nursery function for ceftain
species, mangroves also support the off-site (bay) fisheries that depend on these species. The
vale of the function "supporting off-sile fisheries" thus represents an indirect use value which
detives from the value of the off-site fisheties it supports.

Aquaculural fish cannot be considered a good derived from the mangrove ecosystem.as such. It
represents a product related 1o an aliernative use of the space cccupied by the mangrove -
ecasysiem. Since aquaculture is such an important management altemative, aquaculivral products
are included in the list of products ard services to be valued. Moreover, thers may exist sirong
linkages between the remaining parts of the mangrove ecosystem and the fishponds afler
conversion. For example, {hrough the regutar flushing of the ponds with fresh water from the
waterways running through the remaining mangrove ecosysiem, mangrove litier enters the ponds,
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providing a source of foed for its fish, Mangrove ecosysiems probably also play an important rote
as @ nursery area for the juveniles that ace stocked into the pands.

Wengrove coosysieins provide prorection to human activiiies and property by stabilising
sharelines, In addition, they provide protection agatnst the effects of extreme weather events, such
a= tropieal cyelones, by Sispoising tié enwrgy of fioodwaters as they spill out of water channels.
Tn the case of the Papbilao Bay mangrove ecosystem the protection offered is mainty of service to
the fishponda, Protection 1o bousing of other asseis is probably not relevant to this pacticular study
site, although a railway runs quite close to the forest.

Antbropogenic increasss in the concentrations of "greenhouse gases” are hetieved (o wawm the
earth's atmosphere - the so cailed (enbanced) greeshouse effect - potentially causing economic
damage. Of these gases, the most significant contributor to global warming is carbon dioxide
{C0:). Carbon sequestration by mangrove ecosysiems 1bwes has an sconomic value singe carbon
trapped in the ecosystem does not conlribule to atmospheric CO; concentrations, and thus does
not contribute to expected Fulure damages, The value of this function is thus refated to the value
of the avoided damages and may consist of both use and non-use vaiues, depending on the raiore
of the avoided damages.

Plants found In mangrove ecosysterns are ofien used in traditional medicine, (For an overview of
medicingl uses of these plants see Anon. (1992)). Although no information was available on the
use of medicinal plants from the Pagbilao Bay mangrove ecosystem, the widespread use of plants
from mangroves implies that the Pagbilao Bay provides similar uses which should therefors, in
principle, be included in the analysis.

A number of beneiins bave been identified for biodiversity conservation. Firstly, biodiversity
conservation means (hat plants which may coniain medicinal subslances are preserved for
possibie future use. Further, biodiversity coniributes to the diversity and "naturalness” of the
mangrove forest landscape and {hereby 1o its attractiveness. This is probabiy also an important
delerminant of the tousist value of an arga. Ecotourism can therefore be seen as a use value
 related 1o biodiversity conservation. At present, however, ecofourisim is non-gxisient at the study-
stile, despite the availability of facilities such as walkways in the past. The polential for
ecotourism in the Pagbilac Bay mengroves thus seems limvited. Conservation of bicdiversity may
also have a non-use value: people may value the preservation of mangrove-related species or the
compleie mangrove ecosystem without any use motives in mind. '

Besides biodiversity conservation, a non-use vaiue may be aitributed to forest conservation for
other reasons. For example, an "altruistic value” is derived from the knowledge that forest-based
Kvelihoods will be sustained. tn 2ddition to alirsiam, other motives underlying non-uge values
have been cited in the liierature. However, one cannot be sure that this Hst is exhaustive. This is
because, éssentially, the only thing that can be said about non-use value, is that it is that part of
the lotal WTP that is unrelated to any use. Thus, one always has o alfow for the exisience of
some other, non-use related mative that generates a non-use value. '
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Providing ecosystem resilience” is often mentioned as probably the most important function of
biodiversity (Barbier ef af, [994; Perrings, 1995). Despite this, this function has not been included

- in Table 3.4. This is because the value of this function of biodiversity is ultimatety reflecied in the
 other products and benefiis listed in the table. If loss of bicdiversity reduces resilience and

adversely affects ecosystem functioning this will affect the system's ability to provide goods and
services of valug to humans, The value of any change in this finction of biodiversity is thus
reflected in the change in the value of these products and services. Ultimately, all products and
services in Table 3.4 may be regarded as bicdiversity, either because they are biological resources
{wood, fish etc.} or because they could indirectly be affected by changes in biodiversity of the
mangrove ecosystern through impacts on ecosystem resilience and functioning.

A very specific function of the Pagbilao mangrove forest is the service it provides as a site for
seientific research and education. Strictiy speaking, this represents a use value since it concerns
the actual use of the resource, However, the value of this function probably extends beyond
providing opportunities for research and education, and may relate to: (i) the value of the
application of the acquired knowledge; and (ii) the value of increased understanding of mangrove
ecosystems in itself. Regarding the first, increased understanding of mangrove ecosystems
acquired through research at Pagbilao Bay may lead to improved managetnent at other sites,
leading 1o higher use value se of mangrove ecosystems at these sites. Research thus has an
indirect us¢ value. Regarding the second, scientific research contributes to the fulltiment of
people’s general desite to understand the worid regardless of the direct application of acquired
knowledge, This might be called & non-use value of scientific research.

34, Valuation

Table 3.5 Tinks Ue products and services discussed in the foregoing section with the methods thal
may De used for their valuation. For those readers not familiar with these methods, appendix 1
provides a short description, Extensive descriptions and discussions of (he micro-econontic |
foundations of these methods and of the econometric issues involved in applying them may be
found in Braden and Kolstad (1991) and in Freeman (1993). See Dixon & al. {1994) for 2
discussion of valuation methods in the context of the evaluation of projects in developing
countries, James (1991) provides a very practical and detailed description of the steps involved in
applyng the various methods. The application of these valuation methods 1o the Pagbilac Bay
case study will be discussed below, )

For each product or service in table 3.5, the available valuation methods have been listed voughly
by descending degree of theoretical validity. For example, regarding forestry products, ideally one
would like to value those producis that are markeled by using demand and supply curves. In the
absence of these methods, using markel prices presents the next best approach, For those forestry

°  Ecosystem resilience refers to the ability of an ecosystem to resist disturbances and to return to an

equilibrium state aRer such dishmbances,



products that are not marketed, neither of these methods is appropriate and prices of marketed
substilutes would have to be used, ifavaiiable,
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provuci/service applicable vaiuation methods
torestry products demand/supply analysis
{fueiwood, timber, poles, nipa shingles) market prices
surrogate market prices
on-site fisheries products production function approach
{crabs, fish)
supporting off-site fisheries production function approach
 {figh, shrimps)
pratective services provided to property and hedonic prices method
production activities averting behaviour
(cost of replacement)
(rehabilitation cost method)
{additional establishment cost)
({cost of relocation)
aquackliural produets demend/suppiy analysis
{fish, shrimps) matket prices
carhan sequestration reduction in expected future damape cost from
climate change
plants vsed in traditional medicine substitute price
cortingent valwation

biodiversity conservation
- potenitial medicinal plants

expected value of 2 plant as a source of medicinal
substances

- ecotourism trevel cost method
contingent valuation
- non-use vahe contingent valuation
otlier non-use related benefits contingent valuation

Note:

The contingent valuation method is, in principle, applicable to all goods and services in the table,
Thus, if none of the methods mentioned in the table can be wsed, contingent vaivation may be
attempted, Contingent valuation has been explicitly mentioned only in cases where it is the only
method that can be used (non-use valves), or where for some other reasan it presents an appropriate
method. Methods between brackets denote less preferred methods.

Forestry products

Some of the products under this keading are marketed, and therefore, ideaily, they should be
valued wvsing demand/supply analysis. By this we mean that demand and supply are used lo
evaluate benefits (fotal WTP) and costs of this altenative. However, in the absence of any data on
demand curves, these products were valued by simply mulliplying the quantities under the
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different management alternatives by she appropriate market price (for nipa shingles) or substituie
price {for timber and fuelwood) and the quantities under the different managemeni alternatives

- (see Carandang and Padilia, 1996). Given that these quantities are relatively smail compared to

the total market, any price changes resulting from the project are probably absent or negligible.
The substitutes chosen for timber and fuelwood from the mangroves are, respeclively, coconut
tumber and fuelwood from the upland forest,

A problem in using substitute prices is of course the extent to which any good may be substituled,
For example, if the energy content of ici.m of wood from mangroves used for cooking is b Limes
the energy content of }eu.m of upiand fuelwood, then it is ntuitively clear that the value of a unit
of wood from the mangroves is b¥p,, where p, denotes the market price of icum of upland
fueiwood.'® The same appiies to coconut lumber as a substitute for timber from mangrove frees.
The quality of coconui lumber is inferior to that of timber from mangroves, resuiting in a lower
lifetime. The value of leusm of coconut lumber is therefore lower than the value of lcu.m of
mangrove timber. Because of a lack of appropriate correction factors, no adjustiment of the pi'ice
of the substitutes was made to account for this difference in quality.

When using substitute prices the least cost allernative should be used. The least cost aliernative
for fuelwood for cooking is Liquefied Petroleum Gas (LPG) (see Anon., 1995). However, the use
of LPG requires high initial invesiments in equipment, which is prohibitive for most households
which depend on fuclwood, LPG cannot then be considered an appropriate substitule for
fuelwood.

A second problem is the valuation of the costs. Collection of forest products is largely a
subsistence activily and the factors of production (mairly labour) receive ho compensaion. To
value the labour some measure for the gpportunity cost of time is needed. {Other inputs are
ignored because they are probably negligible compared to the labout). Valualion by the lgcal
wage rate is one possibility, althowgh it is doubt{ul whether this reflects the irus opporlunily costs
of time for people who depend on the mangrove fatests, Since these are usuatly members of the
nearby coastal fishing communities, the approach taken i this study was ta value the time spent
gathering forest products by the income that could have been eamed by spending this time {ishing
(see Janssen and Padilla, 1996).

A third approach Lo valuing the time spent in subsisience activities is fo use a discrete choice
framework (Gammage 1994), Adogpling this approach, households are modelied as having io
choose belween two possible sources of a product: either to buy it ot the market at a certain price,
of to collect it themselves. The household is assumed to choose the alternative that will yield the

highest utility. The observed choices are therefore assumed to be those which maximise the

®  |ising the household production furction framework, interpreting upland fueiwood and wood from
mangroves as two possible iputs in the production of energy far cooking, it can easily be shown formally
that this is the Tight expression for the value, see Smith (1991}, pages 4443,
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households utility (revealed preference). Using this framework it is possible to calculate the
opporiunity cost of time if data on the choice taken {gathering or buying), market price of the
product and time spent gathering is available (sec Gammage, 1994)""

On-sgite fisheries

Again, in the absence of datz an the dosiand SUTVE, G YAILGLGH was porformed using market
prices, Projected catches under ihe different management alternatives were muitip)ied by market
prices to obtain the lotal value of the catches under the different regimes. [dealty, ihe value of ihe
thange in catches resuiting from the management alternatives should be valued using the
production function approach. Since the procedure for valuing such changes in on-sile {isheries is

essentially the same as that for offosite fisheries, this will be discussed in the next section together
with the approach that was taken in this study.

Off-site I'ish_eri-ea

Mangrove ecosystems are generally considered imporiant for supporting the populations of
certain species of fish whicl are caught off-site. Therefore, any disturbance to the mangrove
ccosystem, such as cutting down for fishpond development, witl result in smailer population sizes
and hence smaller catches in the off-site fisheries. The production function approach {PFA)
provides an appropriste method for valuing such changes in catches. n this paper, the term PFA
is used in a generic way to denote techniques that value changes in environmental quality by their
lfects on the production of marketed goods. Bome authors adopt a more limited use, for
example, Freeman (1993) uses it 0 denote a technique that explicitly uses the production

function. However, in order to obtain the values needed, it is not always necessary to use ihe
production function jtself,

Concepually, the approach is faitly simple and is illustrated graphically in Figure 3.2. In this
figure, MCy represents the marginal cost Curve, of supply curve, of the fishing industry, and D
represents the demand curve, Equilibrium price and quantity are ps and qo, respectively, Suppose
the mangrove area which éuppnrls the fish population essential to the fishery is partly logged
over, inhibiting its nursery function and resulting in lower stocks. Total calches in the fishery are
a function of the hutman effort {boats, nets, labour) and the stock of fish. Lower stocks thus means
that more human sfort is needed in order 1o catch the same quantily of fish, This can be
represented as an upwacrd shift in the marginat cost curve 1o MC). This resoits in a new
equilibrium price and quantity of p; and q;. The loss in consumer surplus is equal to the area
p°ADp', while producers lose area ABCF and gain area p’p'DF. The net result is 2 combined loss

Using the simple indirect utilicy fimetion nsed by Gammege (indirect utility is # [mear finction of the market
price of fuelwood and gatheting time oaly), the opportunity cost of time or tose howseholds that choose to
gather is simply the ratio of the merket price and the time spent gatheting,
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in producers’ and consumers' surpius equal to area ABCD, that is, the area between the before and
after change supply curves, bounded from above by the demand curve™.

- The same appeoach can be used to value the binpacts of & manapement altermative an on-sile

fisheries. Here, too, the impact of a management alternative on catches runs through the eflect
this alternative has on the mangrove ecosystem funclion of supporting the popuiations that are
fished. {The precise mechanisms at work need not be the same, of course).

q o
Figure 3.2, The change in consumers’ and producess’ surplus from & loss of mangrove cover.

Applying e above approach to the fishertes in Pagbilan Bay requires knowledge about: () the
relationship between the guality of the mangrove ecosystem and popuiation size {the biological
dose-response relationship); (i) the calch function, ie, the function describing catches as a
fupction ol population sizes and buman effort; (ifi) the demand curve; and (iv) the supply curve
and how it shifts under the influence of a change in stocks. With this information, the effect of a
change in one or more of the mangrove aktributes or consumers' and producers' surplus can be
caiculated. Two major obstacles, however, prohibit such an exercise: firstly, a lack of knowledge,
certainly at a quantitative level, of the many complex inieractions between mangrove ecosysiems
and Jish populations; secondly, a lack of data to eslimale or calibrate these relationships. Tht‘:sc
problems will be discussed in more detail below.

This analysis ignores two other effects that might vceur. Firstly, not only supply, but elsa demand may shift.
This conld happen if, for example, the quality of the fish is 2ffected. For example, average size of the fish
caught might change, See McConnell and Strand {1989) for an analysis where both demand and supply are
affected. Secondty, the changes in input demandexd might affect the prices of these inputs, keading to changes
i sarpluses in these markets. If it is thought that such effects are present and might be substantial, a peperal
equilibriom aralysis, mstead of the partial anzlysis presenied here, would be more eppropriate.



The 1w most important mechanisms that have been put forward 1o explain the link between

MANgrove ecosystems and fisheries are the nursery ground function and lhe coniribution lo
offshore productivity through the export of detritus (see Ong and Padilla, 1996), The second
rmechanism is probably of very limited imporiance and no real evidence exists for it. The nursery
ground function means that mangrove ecosystems provide f{ood, shelter from predators and
turbuience, or both. They further provide an imporlant habitat for aduit fish. The iinks between
mangroves and fish populations are, hawever, very complicated and indirect. The nursery
function is probably species specific, and there exists considerable interaction between
mangroves and nearby seagrass beds, coral reefs and mud flats. This means that linking caich to
such an obvious variable as eg, area of mangrove ecosystem, may be appropriate in some cases
but highly inappropriate in others. For example, if siocks are related to food availability in the
form of detritus, then area may serve as a good proxy variable for food availability. Bul even in
such cases, staiistical analysis of stocks and mangrove area might yield misleading results. For
example, there may well be some other environmental faclor, eg. water qualily, that constrains
stocks below levels where the area effect would become noticeable. Or some other, intermediate
siep in the detritus pathway may constrain stocks. Fish hardly ever feed on mangrove deiritus
direclly. For some species, providing shelter from predators might be more imporiant than the
provision of food, This function is probably more related 1o the struciure of the mangrove
ecosystem; and area would probably only become important after some critical lower threshold
Jevel has been passed. Without properly accounting for such lactors, Simple regression analysis of
catches and mangrove area might fead to erroneous conclusions.

Apart from basic data such as catch and area of mangroves, it is highly uniikely (hat daie on other
important variables are available, especially over a sufficiently long period to permii econometric
analysis. In Pagbilao Bay, only some very aggregate data for catches for one month in 1992 were
avallable, which is probably typical of many sites in the Philippines. Moreover, since it was
declared a reserve, the Pagbilao Bay mangrove forest has not been disturbed, so there would
probably be no, or little varialion in the mangrove attributes, making it impossible 1o estimate
Ltheir effects economeirically. Tn such a case one has to turn to cross-sectional data. This makes it

even more crucial to identify all factors that may play a role. However, even with cross-sectional

data, time series data are still necessary to provide variation in such factors as prices which is
probably very limited across sites. The species specificity even further exacerbates the data
problems since it means that the analysis should ideally be performed at the level of individual
species. The price of inputs poses a particular problem: Fisheries in Pagbilao Bay are mostly of an
arlisanal nature, where the fishermen’s own labour is the most importani variable.

Stock is another variable for which data are scarce. In this case, an approach such as that used by
Lynne ef af {1981) could be adopted. The authors derive a reduced form equation from their
modél enabling them to substilute out stocks and linking catches directly to the environmental
. variable of interest (in this case marsh area) and human effort without having to estimate the
underlying siructural relationships. Lynne ef al only estimale the reduced form production
function and, except for the derivation of the marginal product of marsh area, do not go on (o use
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the estimated function for valuing larger, discreie, changes in marsh area, This could be done by
combining the estimated reduced form production fuction with a supply and demand curve. This

" i iliustrated in Ellis and Fisher {1987).

However, the use of reduced form equations comes at a cost, namely the need to use a rather
simple underlying structural model, which may rot always be appropriate, end the loss of the
opportunity for testing the appropriateness of the underlying struciural relationships. 1F ane wants
lo use the estimaled reduced form equation for estimation purposes (far) outside the range of
available data, the appropriateness of the undetlying model is a prerequisile - good statistical
performance of the reduced form equation is no guarantee. In fact, although the reduced form
equation estimated by Lynne ef of performed well on such criteria as R? and statistical
significance, an ad hoc specification that was also estimated performed even betler or just as well
on these criteria,

Duality theory provides another possibility of circumventing the need to specify and estimate the
intermediate relationships between mangrove ecosystems and fish populations, A dual cost
function, or profit function, could be specified that includes the mangrove attributes that are
thought to play a role in these relationships. An estimation of these functions would require data
on calches, input and output prices, and the relevant mangrove attributes. A supply curve may
then be derived easily by differentiating the estimated cost function with respect to output price.
This supply curve inchides the mangrove atiributes and may thus be used to calculate, in
comjunction with the estimated demand curve, the effect on supply, price and consumers’ and
producets’ surplus of a change in one or more of these aitributes, Although the data needs of this
approach are somewhat less than that of a complete estimate of all relationslips, they may still be
prohibitive. Again, none of the required data was available for Pagbilao Bay.

Another problem with this approach is extrapolation to situations outside the range of available
data. For example, we may want to eslimate the effect of, say, cutting down 50 percenl or more of
a mangrove forest for fishpond development or snother allernative use. Such changes are
probably far beyond the range of data used to estimate the cost function. Ecological relationships
-are often thought to be highly non-linear and to exhibit threshold effects, For estimation purposes,
usually simpler functional forms for the cost Function are used that are not necessarily consistent
with the underlying structural relationships. These might serve 5 a good local approximation lo
the true function, but using the estimated equation for evaluation far beyond the range of available
data might be completely inappropriate. It is of course possible to derive the appropriate form of
the cost function from the underlying structural relationships, but this will probably be possible

for rather simple models only, and if the appropriate form of these structura) relationships is
known,

Another approach would be calibration as in Elfis and Fisher (1987), based on a production
function for the Gulf Coast Blue Crab fishery estimated by Lynne ef af (1981} already mentioned
above. This production function includes marsh area as one of the explanatory variables, and by
differentiating this production function with respect to marsh area one obtains the marginal
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product of marsh area, This estimate of the marginal product of marsh area is used by Ellis and
Fisher to calibrate a simple model consisting of a Cobb-Douglas form cost function and a
" constant elasticity demand equation, which could then be used to calculate the changes in
cousumers’ and producers’ surplus from any changes in marsh arga, Freemnan (1991) extends the
Ellis and Fisher analysis by demonstrating the effect of access conditions on the calculations.

Applying such an approach in this study would require an estimaie of the marginal product of the
_relevant mangrove altributes, for which there is none availabie. The nearest to such an estimate of
marginal preduct are the regressions by Paw and Chua (1991). The authors regress municipal
tolal catch by species group for several coastal provinces on corresponding mangrove area. The
probiem with the regressions is that buman effort is not included and hence, they cannot be

considered a true production function. Further, the only expianatory variable is manprove area,

whereas other mangrove attributes may also play an important role. Besides an estimate of the

merginal product of mangroves, estimates of other parameters needed to calibrate the model are

missing, which eliminates the possibility of adopting this approach in the study. Appendix 2
provides some rough calculations of the value of the nursery function based on Paw and Chua's
regresstons. These calculations provide an alternative o the approach taken in this study, which
will now be outfined briefly. For a more detailed description see Ong and Padilla (1996).

In the absence of any data on caiches or stocks, 2 maxicum allowable suslainable catch pet year
was determined gs follows. First, an estimate of annual starting stock of 10 species groups (5
mangrove residents, 5 mangrove transients) was caiculated based on the sampiing of juveniies
irom Lhe Sukol Creek by Bagarinao (1995). The juveniles were considered io represent one
cohort. Using some simplifying assumptions, the annuaj number of ‘adult individuals was
caicuiated from the number of juveniles'”. Asswming an optimal expleitation rate of 50%, as used
wm Ong and Padilia (1996), these were then Ganslated into maximum sustainable catches. In the
absence of data on catches, it cannot be assessed to what degree the reserve contributes o tolal
caiches. However, the contribution to the on-site fisheries is probably considerable whereas it
miakes only 2 limited contritution to the off-site fisheries,

To caloulate the effect of the different management alternatives on catches, it was assumed that
there was a direct relationship between nuteient productivity of the area and fish produetivity. The
reduction in area for a certzin altemative was translated into a reduction in nutrient availability
based on the analysis presented in Carandang and Padilla (1996). The percentage reduction in fish
productivity was set egual to the calculated percentage reduction in nutrient productivity under
each aliernative (see Ong and Padilla 1996). For some allernatives an extra comeclion was

This approach is similar to that followed by Kahn and Ketnp (1985). These authors also translated number
of juveniles into number of adults. However, besides time-seties on juvenile stocks, these authors also had
available data on sdult stocks for some years, making it possible to derive a relationship between juvenile
and aduit stacks based on observations of these variables. The approach used here has to rely on simplifying
assumptions between these variables and limited data on juvenile stocks (pwo sampies only).
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applied fo account for ecological effects other than reduced nutrient productivity, albeit in a rather
heuristic way. Maximum sustainable catches under each allernative were again calculated

- assuming an optima} exploitation rate of 50%. Valuation of the catches was performed by simple

muitiplication, that is, catches were multiplied by the market price of the species or species group.

How does this api:rroach compare to the “ideal" as illustrated in Figure 27 It obviously ignores any

econemic reactions; however, the assumption of a constant price’ may be appropriate since the

catches in Pagbilac Bay represent only a limited amount of the total supplies to the market. More
serious is the neglect of the production side, that is, how producets react to {he change in lerms of
the level of inputs. The above approach effectively assumes that the amount of inputs used
remaing the same. For olf-site fisheries this is not necessarity a bad assumptions since the
coniribution of ihe Pagbilac mangrove reserve to the catches in these fisheries is probably very
limited. However, in the case of on-site fisheries this assumplion is less justifiable, A justification
for ignoring changes in inputs, both for the off-site and on-site fisheries, is that these fisheries
might be characterised as open access. In that case, the supply does not equal the marginal cost
curve but rather the average cost curve, and producers’ surplus is equal io zero (Freeman, 1291).

Protective services

James (1991) describes a number of metliods that may be used {o value the protection provided 1o
production activities and property by tropical wetlands. These are atl based on some measure of
{he {expecied) damages that wouid be incurred if the protective funciion is impaired, or the cost
of moving an activity or assel 10 another location which provides an equal level of protection. A
word of caution is required regarding the validity of these: methods. The link with the preferred
measure of the value of increased risk of a damaging event, WTP or WTA, is somelimes very
tenuous. Using expecled damages could, of course, be defended on the grounds that this would be
the maximum amount of money an individual would be willing to pay to prevent the increased
risk of damapes, or, if & WTA measure is more appropriate, the minimum amount of
compensatiot an individual would demand for accepting the increased risk of damapes, However,
this ignores the disutility of the increased risk it self. People are generally averse to increases in
risk, and are therefore willing to pay more to prevent risks, or demand higher compensation for
increased tisk than simply the cost of expected damage. Using expeclted damage thus
snderestimates the real value of increased risk, or conversely, underestimates the true value of a
koss of protection provided by a mangrove ecosyslem'

These methods also ignore the discomfert relaled to some damaging events which should also be
included. Loss of protection may also lead to increased risk of injuries and loss of life - these too
should, ideally, be included in the valuation. The valuation of increased mortality risk is,

Freeman (1989; cited in Freeman 1993) has computed how Sarge this underestimate can be far & number of

 utility functions differing in the degree of risk aversion. For small lasses {ca. 1 percent of income) the
underestimate is negligible, but for catastrophic losses {50 percent of income) the differetice can be very
farge, ranging from a factor of 2.5 10 a factor of 100 for the mast tisk-averse utility functions.
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kowever, a difficuit and ethically laden subject. Buth the CVM and so-called hedonic wage
analysis have been used 1o value such risks.

The Paphilas Bay mangrove cogsvsicm dosg not dircetly provide protestion w house owners,
However, two approaches that could be used to give 4 more theatstically justifiable way of
estimaling the value of the protective servicas of mangrove ecegystems Wil 5O dosciibed biisily,
The first is the hedonic prices method (HPM). Differences in house prices between areas with
undisturbed and those with disturbed mangrove ecosysiems could be linked to differences in the
risk of flooding belween these areas, However, the absence of a fully developed house market
may pose a problem. Another problem concerns the extent to which the areas used for such an

anglysis can be seen as one market, or rather as segregated markets,

The second approach to valuing protective services is to use defensive expenditure, Expenditures
oW measures that compensaie for 2 Joss of protection provided by mangrove ecosystems (dikes,
for example), give a measure of the WTP for the protection, Two problems arise here. Firsily, the
extent to which these measures may substitute for the protection otherwise provided by
mangroves is guestionable. Secondly, observed defensive'expenditure generally underestimates
~ the true vaiue, even in the case of perfect subssitutes (Smith, 199]).

The Pagbilac Bay mangrove forest does, however, provide protection to production activities,
hamely the fishponds located in the forest. However, this function has not been valued separately
because this would iead to doubie couniing. Tn all management alternatives involving
aquaculture, the legally required buffer zone of 50 metres was observed. The value of 1he
prolection provided by the buffer 2one is the vaiue of the losl production in case the buffer zone
was not observed. For example, loss of the bafler zone would Jead to gne exira loss of harvest
every five year. (This is not necessarily the comect value, see below). Adding this value to the
value of the aquacultural products woulg simply be double counting since this one harvest is
counted both as part of aquacultural production and under protective services.

Below, possible approaches to valuing the loss of this function in case one is interested in a
separate estimate, will be indicated briefly, The eapecied damage from a complele Joss of the
protective function would be relatively easy to estimate. Statistics on the frequency of exireme
weather events are teadily available. Furthermore, the damage is easy to calculale since it
generally results in a compleie loss of the crop and seaward dikes. Thus expected damage over a
certain period of time may be caleulated and could serve s 2 measure of the value of @ complete
loss of the protective functions. Damage resulting from 2 partial impairment of the prolective
functions would be more difficult to estimale. However, in both cases, this approach again suffers
from the weakness that it does not account for risk aversion,

Again, hedonic methods and defensive expenditures could be used to derive a better measure of
the true value of the protective services. Differences in degree of protection provided by disturbed
and relatively undisturbed mangrove ecosystems are possibly reflected in differences in the price
paid for land in these aress. An hedonic band price study would use these dilferences in price o
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derive a measure of the value of the protective functions'®. An obvious problem here is that many
sther factors influence land price, many of which are probably more imporiant than the local level

 of prolection. This makes the specification of the hedonic price function of crucial imporiance.

Another problem is that a market for land for fishpond development is hardly developed.
Moreover, the land on which fishponds are developed is ofien not owned by the fishpond owner,
but leased from the government. There exists no (official) markets for such leases and the price
paid for them is uniform and extremely low. Thus, they do not reflect any differences in land
quality, The underlying causes of these instilutiona} failures however have not been addressed in
this study and the implications for policy making are beyond the scope of this paper. Institutional
aspects of mangrove forests in the Philippines are addressed in Janssen and Padilia (1936).

The second approach is again defensive expenditures, Expenditure on measures that compensals
for the protective functions otherwise performed by mangrove ecosystems (for exampie,
reinforcing fishpond dikes), provide a measure of the WTT for protection. The problem is the
substitutability {to what extent do such measures compensate for the loss of protection), as well as

the fact that observed defensive expenditures generally underestimate the true value of the lost
funciton.

Aquacultural produoets

The valuation of aquaculture poses no special problems. Surveys of aquaculture farms have been
cartied out (Padilla and Tanael, 1996). From these surveys, yields and use of inputs have been
determined for different aguaculture technologies that were considered in this project (intensive
and semi-intensive aguacuiture and combined aquaculture and silviculture). The valuations are
carried out by straightforward muitiplying by market prices. The establislment of fishponds at the
study sile may be seen as a marginal project, justifying this approach.

Carbon sequestration

The value of carbon sequesirationr: by mangrove ecosystems is related to the avoided damage from
future plobal warming by 1he fixing of carbon in the sysiem. Valuation of a loss of this function
thus requires two parameiers: an estimate of the future damage from global warming and the net
release of carbon to the atmosphere from conversion of 2 mangrove ecosystem 1o an ailernative
use (Peatce and Moran, 1994). To start with the second, Brown and Pearce (1994, cited in Pearce
and Moran, 1994) report net changes in carbon content of 36 to 220 tonnes of carbon per heclare,
depending on the original state of the forest and the aiternative land use. Some eslimates are now
zvailable for the fulure damage costs of climate change. A much cited figure is that calculated by
Fankhauser (1994) of US$20 per tonne of carbon. This figure represents the capitalised marginal
damage costs of a tonme of CO; for the so-called 2xCO: scenario (a doubling of COy

'S See Palmquist (1991) for a genetab discussion of hedonic land price models. Gammage (1994) provides an

extensive discussion of the problems involved in using land prices to value protective functions of mangrove
ECOSYEIEmS.
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concentrations compared 1o pre-industrial concentrations), that is, the discounted value of the
future damage from one extra tonne of carbon emitied today. This figure explicitly takes account
- of the delay time between emission and the occurrence of damages, and of the lifetime of CO; in
the simesphers, Using thess figues, i expeciod camags cosis of converting tropical forests (o
other uses range from approximately US$ 600 (o US$ 4400 per hectare. Note that these represent
the oresent valus of fiture dumore not annual Gamags.

The above figures relate 10 tropical forests and also 1o Jand use alternatives that are not relevant 1o
mangrove management (shifting agriculture, permanent agriculture and pasiure). To do such an
analysis for the study site would require 2n estimate of the net release of carbon to the atmosphere
for the alternative uses considered reievant for mangrove ecosystems, We do not know of such

estimales, Below we will roughly assess the relative net release of carbon under the difTerent
management alternatives.

The first alternative involves tomplete preservation with no harvesting .of foresiry producis.
Under this altemative it may be expecled that the forest will further recover, that is, the carbon
conten! will acluaily increase. This alternative thus has a positive value in terms of carbon
sequestration. To value this, the maximum biomass of the mangrove forest relative (o the current
state would have to be known as well as the carbon content of this biomass. Note that the lurther

regeneration of the forest might contribute to higher productivity elsewhere, Jeading to further
carbon sequestration,

The second and the third alternatives are subsistence forestry and commercial [oresiry, the
difference between the two being the type of products which are harvested (mainly timber or
fuelwood). For both aiternatives a maximumn sustainable cut, where annua) harvest equals annuai
growth, was determined. Although this means that the carbon content of the forest remains the
same, there is still a net fixation of carbon. Even if atl wood is evenlually burmed, some carbon
will remain siored in the ashes. To determine which of the twao alternatives leads to the highest
niet fixation is not possible without further information on the “jife cycle” of the wood harvested
under the aliernatives. For example, how much is used {or timber and how much For fuehvood,
and how much of the timber is eventually burned and at what time. Note that his means that,
although the carbon content of the forest itseif is higher under the preservation alternative than
under the forestry altemnatives, without furiher information it cannot be said whether preservalion
leads io higher carbon fixation, What may be said with certainty, however, is that the aguaculture
alternative is the least desirable in terms of carbon fixation, Under this altemnative the forest is
tleared and not replanted and will thus inevitably lead to a net release of carbon.
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Ecolourism _
As already mentioned, no ecotourism was observed in the area. The valuation of this service

" represents a potential valus of preservation rather than an observed value™. Since we cannot rely

on aciual tourist visits to value this function, the valuation has to rely on either benelil transfer
using exisiing siudies of mangrove ecotgurism, or on contingent valuation since this is the only
method that can value hypothetical goods. Benefit transfer refers to the use of value estimales
derived afl another site to the site of interesi. See Bergland er af (1995) for an overview of
approaches i benefit transfer.

Applying benefit ransfer in this case would require the availability of the estimates of the mean
unit value of a tourist visik to mangrove ecosysterns from a travel cost study, for example.
Multiplication by the expected number of tourists then gives the expected value of ecetourism. Tao
ot knowledge, wavel cost studies of mangrove ecolowrism do not exist. However, even if they
Go, directly transferring such unit values to Pagbilao Bay is a precarious: procedure, Travel cost
studies are site specific {area of the site, specific species of wildlife fiving in 1he area, the
presence and quality of tourist facilities such as hotels and traffic infrastructure, etc). Stricty
speaking, transferring mean unit values would be vafid only if the characteristics of ihe study site
and Paghilao Bay are equivalent. 1f this is not the ¢ase, corrections for the difTerent chatacteristics
would have o be made: (his requires knowledge about how these characteristics influence the
value. Travel cost models kave been developed for deterinining the contribution of cerain
characteristic 10 the value of 2 site, but these are not withowt their drawbacks (see Freeman,
1993). However, travel cost models based on random utility models provide a promising
approach 1o the valuation of site characleristics, but these have their own disadvaniages (see
Bocksiael ef ai, 1991).

Another approach woulg be to use contingent valuation (CVM). Using CVM, the value of tourist
visils would be determined by directly asking people's WTP for a visit in the form of an entrance
fee, for example. However, the fact that al present no tourism has been observed at Pagbilao Bay
raises (he question of the relevant popuiation. That is, who may be considered potential visitors

end how many visits may be expected. (Benefit transfer suffers ftom the same problem, of
course),

Traditional medicine

It was not possible to valuz the use of medicinal plants from Lhe Pagbilao Bay mangrove
ecosystem for traditional medicine due to a luck of data, Had data been available, however, the
most siraightforward valuation would have been by market price for those plants or plant-derived
substances that are traded, or by substitute prices for those that have commercial, "western"
substitutes. However, such an approach would ignote the more intangibie auributes of traditional

¥ Given thet the provision of facifities, seth ay walkways, have not fed 10 the development of tourism tn the

erea, the potential for ecotaurisin is probably very limited.
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medicina} practices that might have a value in themselves. The only way to caplure the value of
such attributes would be to delermine peoples WTP [or iraditional medicines through the use ol
VM. To our knowledee, a satisfactory metliod for valuing iraditional medicinal uses has still to
be developed. As Pearce and Moran {15%4) noie, most work has been appited 1o the valvarion of
conserving plants for possibie future use in pharmaceutical research, These methods are briedly
discussed below.

Conservation of potential medicinal plants

One of the benefits of biodivetsily conservation is ihe contribution of plants to plarmaceulical
research. Approaches to the valuation of such benefits usually multiply some estimale of the
probability of discovering 2 commercially valuable substance by the vajue of such a discovery.
The extremely high degree of uncertainty in valuing such benefits is illustrated by the fact that the

values obiained in such studies range from $44 per uniested species to $23.7 million {Simpson ef

al, 1995),

Valuation may be based on several measures of the value of medicinal plants (Pearce and Moran,
1994): (i) the masket value of traded plant material; (ii) the market value of drugs based on some
plant; and (iii) the value of a plant based drug in terms of life-saving capacity and using the Value
of & Statistical Life. If it does nol concem a life saving-drug one could of course use the value of
curing the specific health state the drug is intended for. Although (5ii) is probably the most
relevant measure of value from sociely's point of view, valuation is usually based o (i), on the
argument that using the first two would give an overestimate of the actual value that can be
captusred by the source couniry. '

As already mentioned, several estimates of the value of species conservation for pharmaceutical
research exist. Pearce and Moran (1994) derive a value of a "representative" hectare of land for
medicinal plants in the tange of $0.01 to $21 per hectare of tropical forest based on an estimate of
the probability of any: plant species piving rise to 2 successful drug ranging [rom 1/10,000 to
1/1,000. The capitalised value of the upper end of Lhis range equals $420 at a 5 percent discount
rake.

Another approach to valuing biodiversity prolection for medicinal uses is that proposed by
Simpson et af (1995). They calcuiate an upper bound on the "value of a marginal species”, ie the
value of a species based on its incremental contribution to the probability of making a

commercial discovery and the net revenues from a new product. This would give the maximum

WTP of pharmaceutical companies for the conservation of one species at the margin. They come
to a maximum possible ¢stimate of the value of a marginal species of shightly less than $10,000
undet, what they term, fairly optimistic assumplions regarding the parameters of their model. This
velug is extremely sensitive 1o these assumptions and falls off rapidly under less oplimislic
assumpiions.

Applying such a vaiue 10 the species found in the Pagbilao Bay mangrove reserve would centainly
result in & considerable biodiversity benefit and would provide a strong incentive for conservalion

-

Y000 O0O®O0OO0OO0O0O0

O G

O




S

)
D
D

»
2
o
)
)

113

of Lhe ares in its current stale. However, none of the species found there can truly be regarded as
marginal species, since none of them is endemic; if a species is lost at this particular sile, there

-are still samples available from other sites, Therefore, there are no inceniives for the

pharmaceutical industry to invest in conserving biodiversily at Pagbilao Bay. Equally, there is no
incentive for society to conserve biodiversity at Pagbilao Bay for the purpose of pharmaceutical
research. Thus, it may be concluded that the value of the area for biodiversily conservation may
safely be set at zero, as far as it concerns conservation for pharmaceuticai research.

Non-use values of biodiversity conservation

Besides use vaiues, conservation of hiodiversity can have a non-use value. However, the question
of non-use value cannot be stated & prior; it may only be answered through empirical research.
The only method capable of measuring non-use values is the Comtingent Valuation Method
(CYM) which asks people directly for their WTP to conserve biodiversity at the sile, To do so,
one would have ic dﬂftiup scenarios describing the current state of the area and the state of
biodiversity under aitermative managemeni systems. Then, by asking people for their WTP {or
preserving the forest in its current stale, one would obizin the value of biodiversity conservation
compared to alternative manageiment regimes.

A problem of using this approach is that WTP would probably be very sensitive to the level of
information in the questionnaire. Hanley ef af (1995) demonstrate that the WTP for biodiversity
conservation increases with the level of information provided. Similarly, in their siudy. of the
WTP to resiore the Wadden Sea wetland to its “naturel stale, Spaninks ef of (1996) dcmﬁnstrale
the significant influence of information about the preseni and "naturai state” of the area. These,
and othet studies, thus raise the guestion of the appropriate level of information to be provided,
eg, should information be limited to an sbsolute minimum by referring to, eg, "conserving
biodiversity at the site” or should information be provided on individual species found at the site?
should information be limited to unique species and/or threatened species only, should
information be provided on the function of a species in the enlire ecosystem, etc,?

Also the context in which the valuation problem is placed might be very important. For example,
the most important motivalion underlying the WTP for conservation of the Pagbilao mangrove
forest would probabiy be the wish 1o preserve mangrove ecosystems in general, or maybe 2
ceriain species that depends on the mangroves, To illustrate the effect information could have on
WTP if this is indeed the underlying motivation, imagine how WTP could be alfected by simply
mentioning the size of the Pagbifao mangrove forest (110 ha) relative to the total remaining area
of mangrove forest in the Philippines (123,400 ha) and that there now exists a ban on cuitling
mengrove forests in the Philippines; or the effect of mentioning that a certain species lives in the
forest, but would not be threatened with extinction if the Pagbilac mangrove forest would

disappear.

If one is interested in the non-use value of biodiversity conservation anly, care should be taken
that respondents indeed only express (heir non-use value and not any other value, For example,
some individuals may be aware of the importance of biodiversity for the development of
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pharmiaceuticals, and part of their WTF may reflect their valuaiion of this use of biodiversily. In

order i isolate the non-use value of ficdiversity conservation, questions should either: (i) ask

' respondents to indicate what part of their WTP is unrelated to any such use motives; or (i)
expiiCityy instruct tham to disregard these motives when giving their WTP. The second option is
probabiy the preferred slrategy, since it is questionable whether respondenis are able to separate
G iiDii-idse vaiues iTom (otal WP,

Another problem concemns determining the rejevant population, Tt wouid probably inciude people

in other parts of the world as well as the Philippines. The problem with extending the population

beyond the national boundaries is that the capturability of this WTP for the national guvcmmcnt
is limited and therefore might not be considered by nalmna] decision-makers.

A CVYM survey was not undertaken in this project, mainly due to budgetary reasons. Certainly if
the relevant population were to be extended to include people outside the Philippines, the nwinber
of respondents needed te obiain a reliable estimate of WTP would be substantial.

Gther non-use related benefits

As glready mentioned, cther motives for non-use values might exist. Tn order te vaiue these, one
would first have Lo investigale them; for example, it might be found that respondents value the
possibility of maintaining support to those livelihoods that depend on the forest. If so, it is
important to incude information on this in the questionnaire because it influences WTP,

Providing research opportunities

The Pagbilao mangrove forest is exiensively used by scientists and students for field work. The
value of this research function car be divided into two components: (i) the value of providing a
site for scientific research; and (ji) the value of the results of this research. The value of the first
function coujd be approximated by looking at the extra expenditures that would be necessary if
this particular site were not available and one would have to use anothar, comparable site for
research. An aliernative would be 1o assess the WTP of the organisations using the Pagbilac
marigrave forest for research for preserving the area for research purposes,

The second component is probably more important, but at the same titne more difficult to vaiue.
Firsthy, there is the non-use value of the research. That is, the value of scigntific research withou
any direct application of the acquired knowledge. To value this function one would heve to resord
ta CVM. Secondly, there is the indirect use value of research, being the value of improved
management of other mangrove forests hat might be based on the resulis of research carried out at
Pagbilac Bay, Note that this value is nol necessarily higher for an undisturbed mangrove
ecosysiem than for 2 degraded one. In fact, the deliberate disturbance of a mangrove ecosysiem in
order to study its effects may be of more value than [eaving it undisturbed. For example, by
developinig the area for fishponds, one can study ihe effect of this form of management on off-site

fisheries, thus reducing the uncertainty still surrounding these effects and coniributing to .

improved management at other sites. However, without some prior expectation regarding the
outcome of research as well as the value of improved management based on the possible
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gulcomes, one cantot value this function properly, Mote the analogy with the concept of quasi-
option value. Essentially what is described here is a case of dependent learning: only by allowing
some development to lake place, is it possible to reduce the uncestainties regarding the alfects of
development, and thus improve management, |

3.5. Conclusion and Discussion

The literalure review points fo a growing recognition of the numerous products and Services
provided by mangrove ecosystems, Yet most studies still fimit valsation to wse values: the
availability of market prices or market prices for substituies means that the vaiuation of use
values is relatively easy. With the exception of Ruitenbeek {1992} who includes “capturable
biodiversity benefits’, none of the above sludies estimate non-use values. However, this
capturable biodiversity benefit of Ruitenbeek refers not only to the value of preserving
blodiversity, but also 1o use values sueh as the use for phammaceutical research.

Most studies Fimit indirect use values to the nursery function. In alf the studies reviewed, the (aff-
site) fishertes constiluted a swbstantial part of the toial value, ig, more thar 90%, The value of this
funciion in varigus mangrove studies such as Lal (1990) and Gammage (1994) depends heavily
on the ecological linkages between mangrove area and fish stocks. However, in most cases,
valuation of the impacts of 2 management alternative on catches in offsite fisheries is based on
somewhat arbitrary assumptions, rather than on detailed scientific information. This is probabily
dus te inadequaie knowledge reparding (he ecological linkages between mangrove ecosystem and
fish populations, The studies alsc ignore price changes and other economic reactions, and use
simple multiplication by market price i0 value catches. Altbough Ruitenbeek (1992) designs
different scenarios to account for the uncerlainty regarding the ecological linkages between
mangrove ecasystems and ofi-site fisheries, he nevertheless disregards any economic reactions.

Similar arguments apply (o the Pagbilac case study. Veluation is generully limited to use values
of fuelwood, timber and nipa products, which is not problematic. Applying the produclion
function approach to measure the indirect use value of he nursery function is appropriate,
theoretically. However, many assumptions have to be made about the ecologival relationships
tnvotved, The complexity and species specificity of these relationships makes it very unlikely that
in the foreseeable future much progress will be made here without considerable investments in
ecological research in this area. Until that time the valuation of this function will remain rather
speculative.

A valuation of the forest’s protective services was not undertaken but, given the definition of the
aliermatives this was believed to be unnecessary. Possible approaches 1o the valeation (hedonic
prices and averting behaviour) of these services were indicated, but their appropriateness is

probaoly litnited because the condilions necessary for their application will not always be
fulfilled.
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Non-use values for biodiversity were nol assessed, mainiy because of budgelary reasons. In
addition to the expense of good CVM reseatch, other problems such as the appropriate jevel of
* information and refevant population make the valuation of biodiversily very difficult.

The vaiue of bicdiversity conservation for pharmaceutical research was set &l zerc. There are #o
et mastn i fa 2l mmnn et fe 15iile Prmcamdiara e o Ther mhomaorei e ] r‘ﬂ:ﬂnﬁﬁii‘.‘.ﬁ o
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society to invest in biodiversity conservation at Pagbitao Bay for this purpose. However, il the
sttuation did arise whereby it would be necessary fo value this function, there would be numerous

problems, The valuation of biodiversity for pharmaceutical research remains a highly speculative
business. '

1t was not possible Lo value the use of the forest for traditional medicine because of a Jack ol data.
However, if these data would have been available these would still have been problems in finding
appropriale values for these medicines.

It was also not possible 10 value ecotourism. No ecolourism is currently observed in the area and

sludies of ecolourism in other mangrove forests, which could have been used for benefils transler,
are lacking. '

It was not feasible to value carbon sequestration due io a lack of data on the carbon conient of
mangrove forests and the use of the products derived from them. An additional problem is that the
valuation of this function can only be as good as the valuation of possible future climate change,

which is &till highly uncertain. Lastly, the research value of the area was recognised but was aiso
impossible to value.

Future research :

The lilerature review and the discussion of the Pagbilao case study illustrate the potential of
valuation methods for evaluating management aliernatives. At the same time they also indicate
the practical fimitations to their application. In principie, methods are available for the vaiuation
of the Mall range of producis and services provided by mangrove ecosystems; but the lack of dala
and quantitative knowledge regarding some key ecological relationships present major
constraints. That all mangrove valuation studies produce very high values for the nursery
function, even based on ad hoc assumptions and with limited knowledge regarding the ecological
relationships, affirms the need for further inguiry, The values for this function currently dominale
the total value of mangrove valuation studies and need 1o be substantiated by more_research.’

This paper has argued that the Pagbilac Bay mangrove forest had no real value for pharmaceutical
research. The arguments for this conclusion are, however, site specific and not necessarily valid
for other mangrove areas. Another research priority therefore, would include exiensive data
pathering to value this function properly where appropriate.

Tt was also recognised that the under-valuation of the mangrove ecosystem in Pagbilao was the
result of institutionat failures, The lease price for the fishponds is still rather low. The underlying
causes of these failures also present an oppertunity for future research,
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Appendix
Appendix1  Brief overview of valuation methods

Demand/supply analysis and market (shadow) prices

Since a demand curve can be interpreted as a marginal WTP curve, the toial WTP for & cerlain
amount of a pood is equal to the area under the demand curve for that good. Thus, for those
mangrove relaled goods and services for which demand curves are available, the valug can be
calculated 25 areas under the demand curve. Costs can be calculated as the area under the supply
cusve as the supply curve equals the marginal cost curve. This approach to.calculating the nei
value of a good or service has been iermed demand/supply analysis in Table 3. 5 in the main text
This approach is, in principle, appiicable to ali those poods and services from mangrove
ecosysiemns which are traded on markets.

Market prices _

1f demand and supply curves are not available, but the goﬁd it question is traded on markets, the
WTP can be determined from the market price of the pood, which gives the marginal WTP for a
good. This approach gives an underestimate of the frue WTP since consumer surphus is ignored.
How serious this underestimate is depends on the elasticity of the demand: the more elastic {flal
demand curve) the smaller consumer surplus, ard thus the smaller the error, For relatively smali
projects, such as the one considered in this siudy, any eifects on prices are probably absent or
negligible and consumer surplus may be safely ignored. If, due to cerlain distortions, markel
prices do not reflect the rue scarcity value, the market price should be corected in order to
reflect the true scarcity price or shadow price. When using demand and supply curves these
should also be corrected for eny distortions.

Surrogate market prices

In the absence of market prices surrogate price methods can be used. These methods value a
mangrove related good using the price of a marketed substitute, or the value of the resources used
0 produce the mangrove reiated pood or its substitute. Of these methods, the substitule price
method i3 the most direct and widest applied. Tt values a mangrove ecosystem relaled good by the
price of a marketed substitute. In the absence of such a marketed substitute, two other methods
could be used. The indirect substitite price approach values a mangrove related pood by the
opporlunity costs of using a parlicular pood as a substitute fora mangrove related good instead of
for its original purpose. Another approach is to value a mangrove related good by the opporiunity
costs of the inputs used to produce or collect it. This is known as the indirect opportunity costs
approach, Several authors warn that the last two methods should be used with care,
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Travel cost method"’

The Travel Cost Method (TCM) has been used extensively to value the recrealional services of
‘natural areas. In the absence of an admission fee the costs incurred in traveliing to a sile
(inciuding the opportunity cost of the time spent travelling) can be seen as an indication of the
WTP for a visit {o a site. Using data on travelling costs and number of trips taken ic an area, a
demand curve can be derived giving nusmber of trips iaken as a function of traveiiing cosis which
can be used to value the recreational services of the area,

Averting behaviour/defensive expenditures

When using this method the value of some service provided by a mangrove ecosysiem is
‘measured by expendilures on poods and services that substitute for this service, or by
expenditures on goods and services that mitigate against the effects of a loss of this function.

Hedonic prices method

The basic idea belind the hedonic prices method (HPM) is (hat the price of a good is a [unction of
its characteristics, including environmental characteristics. The HPM has been used mainly to
anaiyse house prices, In these HPM studies, the price of a house is regressed on characteristics of
the house itself (number of rooms eic}, neighbourhood characteristics and on some
environmental characteristics such as air quality or noise levels. Differentiating this so-called
hedonic price function with respect to the environmental characteristic of interest gives the
marginal implicit price function, giving the value of & marginal change in the envitonmental
characteristic of interest'®,

Contingent valeation method :
The contingent valuation method (CVM} elicits an individual's WTP simpiy by direct questioning
through a questionnaires. In the questionnaire a respondent is confronted with a well-defined,
hypothetical change in the quantity and/or quﬁlit}r of an environmental good and then asked what
he or she is willing to pay for this change. The great advantage of the CVM over the above

Both the wravel cost method and averting behiaviour are sometimes referred to a5 household production
function methods. In the theory of the household production functicn (HPF), househclds are viewed as
combining their time and marketed and nan-marketed environmental geods and services to "praiuce™ sume
good that then enters the wtility function, Under certain assumpitons regerding the complementarity and
substitmtability relationships between these snarketed and non.marketed goods in the production of the good,
an implicit demand curve for the non-marketed gouds can be derived (see Smith, 1991). For example, in the
cese of the travel cost method, travelling time and transportation can be seen as a compiement 1o a
recreation site to prodoce a good "recreation”

Under the restrictive assumption that all individuals have identical incomes and utility functions, the

marginal implicit price function can be interpreted as an inverse {compensated) demand fimction for the

environmental characteristic, and vsed to valie non-marginal changes in this characteristic. When these
assumptions are refaxed, valuing non-marginal changes using the hedonic price function becomes much
more difficult (3ee Palmquist, 1991, or Freeman, 1993).
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methods is that it is the only method capabie of estimating option and non-use vales. The
hypothetical nature of the CVM has led many to guestion ibe validity of its results, Howevsr,

“mnch vesesrch hes been devolied 1o better understanding the validity and reliability of CVIM, and

strict guidelines have been developed for conducting proper CVM siudies (see Arrow ef al, 1993).

Production function approach

This production function approach (PFA) to valuing environmental functions is applicabie
whenever an environmental resource serves as an input in the productien of some markeled good.
The value of a change in the quantity and/or quaiity of the resource is equal to the value of the
resulting change in production of the macketed good, as measwred by the change i the
consumers' and producers’ surplus.
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Appendix2  Some alternative caleulations of the value of the nursery function
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provinces in the Philippines. Results are shown in Table A2.1, Since only mangrove area is
included 25 the explanatory yariable, while other production faclors are excluded {notably, luman
effort}), these equations cannot be considered a production funclion. However, as an alternative o
the approach to valuing the nursery function iaken in this study (see section 5, or Ong and Padiila,
£996), below some calculations based on these repressions ate presenled and compared the

- calculations by Ong and Padilla. '

Table A2.1. Some altemative calculations of the value of the nursery function.

Model: “log(catch) = a + b+""log(mangrove area)

Species group a : b n r
Cavalia 0.9896 0.8082 18 0.73%*
Mullets -0.4091 0.7361 20 0.63%*
Siganids 1.1462 ' 0.9505 ' 12 _ 0.81%*
Groupers 1.1530 04734 18 0.63%*
Snappers 0.7972 0.5337 15 0.58*%
White shrimp’ 12263 0.7623 13 0.81**
Total shrimp’ 0575 0.3706 18 . 0.78**
Total catch® 2.5432 0.4304 34 0.63**
Total catch’ 1.8045 0.5945% 39 0.67**

’!""‘ highly significant (p<0.01) * significant (p<0.05)

2‘
¥

Catch was predominantly Penaens indicus {municipal and commercial) _
Catch included all shritmp species caught by municipal fisheries and penaeid commercial catch

Data from SPQOT inventory; did not include fishponds and low-density logged-over areas (SSC
1988).

Data from SPOT inventory, included fishponds derived from mangrove conversion (S5C 1983).

Note:  Species group caich represented the maximom catch for any one-year period from 1976 to
1977 while total catch represented the average cateh for nine years from 1976 to 1984. Data

are from BEAR (1976), (1984) and {1986). Data on mangrove areas are from (Gomez
(1930%).

Source: Paw and Chua (19813}, Table 3.5,

Two approaches could be taken to calculate the effect of a loss of mangrove area usihg the
equations in Table 3.5, The first would be to estimate catches under the current and the projected
area of mangroves using these equations and to calculate the difference. The second makes use of
the fact that because of the log-log specification of the equation, the b coeflicient gives the
elasticity of catches with regerd {o changes in mangrove area. Thus: percentage change in caiches
= b x percentage change in mangrove area. The disadvaniage of the second approach is that to
translate percentage changes in catch into changes in absolute numbers data on the current
catches are required, Only some aggrepate dala are avaiiable for a single month in 1992 (Fortes,
1993). These are presented in Table A2.2 and will be used to illusirate the approach.
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Table A2.2. Total fishery catch of the § metorised fishing boats in Pagbilao Bay for one month (23

July to 22 Augnst, 1992). -
volume of catch (kg) %% total catch
Fish 2,716 202
Invertebrates {crabs, shrimps, molkusks) 10,724 79.8
Total 13,440

Source: Fortes (1993), Table 3.14,

As the eslimates of the b coefficients in Table AZ.1 show, the elaslicity of catches with respect lo
mangrove area varies considerably over the species groups: from a 0.95% decrease in calches for
siganids, to an 0.47% decrease in catches for groupers for a | percent decrease in mangrove area.
This illustcates the species specificity of mangrove dependence, Therefore, ideally one wauld
want 1o gstimate changes in catches per species group. The apgregaied data in Table A2.2 do not
altow this. Therefore, the estimate of the elasticity of total catch {0.43) was used 10 illustrate the
approach for one of the management altemmatives that was copsidered in the project. This
alternative (combined aquaculture and forestry) would vesult in 2 46 percent decrease in
mangrove ares. This wouid result in a 46x0.43=19.8 percent decrease in catches, or a decrease of
2,661 kg per month using the estimate for total catch of 13,440 per month from Table A2.2. This
monthly loss is equivalent to & yearly ioss of 31,933 kg.

Total caich includes fish and shrimp. An estimate for the losl calch of fish separately can be
chblained by calculating sn average elasticity fromn the estimates of the b coelicients for the fish
species groups in Table AZ.2, The unweighted average of the elasticity For these groups is 0.70. -
Using the estivnate of {ish catch of 2,716 kg per month, a 46 percent decrease in mangrave area
would then result in an annual loss of 10,495 kg. A better estimate could be obisined by
calculating a weighted average elasticity, using as weights the ratio of the calch of a species group
Lo the total calch, Unfortunaiely, estimates of the elasticity are only available for three of ihe nine
fish species groups thougit to be the most important in Pagbilac Bay from Paw and Chua's
enalysis, namely mullel, groupers and snappers. These are also all mangrove transients whereas
lhe mangrove resident species are probably more important for the total caich in Pagbilac Bay.
Tiverefore, the above estimates of caich loss are probably not adeguate for the Pagbilac Bay site,

However, it might be interesting to compare these ¢stimates with thal calculated using the other
approach. The projected catch calculated by Ong and Padilla (1996} are 167,877 and 41,789 kg
Tor the presesvation aliemative and the alternative resulting in a 46 percent reduction in mangrove
area, respectively. This is equivalent o a 75% loss, compared to the 45% loss caleulated above.
In absolute terms, the loss caleuleted by Ong and Padilla is 12 times as larpe: 126,087 kg versus
10,495 kg calculated above- :

What could explain these huge differences? First of all, the calculations using the regressions are
based on the catch as reported by Forles for one month in 1992, Since then the caich might have
increased. Further, simple multiplication by 12 was used in order to obiain the annual catch; this
may have resulted in underestimation if the particular month used for the calculations was noL
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representative of the averape monthly catcly, Secondly, in their calculations Ong and Fadil[.i had

to assume an exploitation rate, The assumption of a 50% exploitation rate might have been 1o
high. Thirdly, most of the species groups included in Paw and Chua's calculations are mangrove
transienis whose dependence o mangrove ecosysiems ¥s 110t a5 siroig as for mangrove residents,
I’ Paghilao Bay, mangrove residents constitule the bulk of the catch thus resuiling in a higher
perceniage ioss. Founh, Faw and Chua's regressions only include mangrove area. Their
explanatory power is therefore limited since many more factors determine calch. At least human
effort should have been taken into account. Filih, their regressions relate to a larger geographical

scale, namely catch per province. The extzapolation to a smailer scale such as Pagbilac Bay might
not be warranted.

Many more possible reasons could be identified, but will not be pursued here since this would
require a more detailed descriplion of the assumgptions made and the procedures followsd by Ong
and Padifla, The comparison of the two approaches illustrates how the application of simﬁiiﬁcd
approaches to this very complex issue leads to completely different results. Without more detailed
data and knowledge about the ecological and economic relationships involved, the estimation of
damage to catch flom mangrove conversion will probably remain rather asbitrary.
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Appendix3  Literature review

fn the CREED project “Economic Valuation of Mangrove-fishpoad nteractions” a large ruzmber of

publicalions were gathered which relate to mangrove management and vafuation, An overview is
provided in the following list, which is noi all encompassing. A short remark is added to indicale the
relevance of the publication.

Anderson, K. and M. Rockel (1991). Economic Valuation of Wetlands, Discussion Paper 0635.
American Petroleum Instijute, Washington, DC.

* Quaryiew and (valther extensive) discussion of vacious US wetland valuation studies,

Baines, G.B.K. (1979). Mangroves for National Development: a Report on the Mangrove
Resources of Fiji. Report {0 the Government of Fiji. Suva, Fiji.

* Uses the incomes or products and services approach to eslimate the gross annual value of
mangroves in Fiji, Referred to in Lal and Dixon (1990).

Bacunglus 2R, (1993). Aquasilvicuiture Technology: Key 1o Mangrove Swamp Rebabilitation
and Sustainable Coasial Zone Development in the Philippines, Tn Canopy International,
vol.17, no.6.

- * Aquasilviculture (fish/mangrove intercropping system) is described as multipie-use syslem -
that promotes & harmonious co-¢xistence between fishery species and mangrove iree species
in a semi-enclosed sysiemn while providing coasial protection and matnignance o the
ecosyslem. At the same time it i5 2 compromise {o solve conflicting interests between the
forestry/fishery sectors and the local communities,

Barbier, E.B. {1989). Economic Evaziuation of Tropical Wetland Resources: Application in
Central America, LEEC Working Paper, University Collepe London, London.

* An application of tropical wetland valuation. Referred to in R.K. Tumer (1992).

Barbier, E.B. (198%). The Economic Value of Ecosystems: [ Tropical Wetlands. LEEC
Gatekeeper 89-02, London Environmental Econotnics Centre, London.

* Referred to in Barbier and Amizen {1992} as a useful guide for the initial choice of
vaiuation method for the different environmental functions of wetlands,

Barbier, E., W. Adams and K. Kimmage (1991). Economic Valuation of Wetland Benefils; the
Hadejia Jama'are Floodplain, Nigeria. LEEC Paper DP 9102, London Environmental
Economics Centre, London. )

Barbier, E., J. Burgess, A. Markandya, J. Amizen, A. Gilberl, O. Kuik and H, Verbrupgen
(19913.Environmentally Sensitive Project Appraisal. LEEC Report No, 91-03, London
Environmental Economics Centre, London,

* Discusses the use of ecanomic methods lo appraise environmentally sensitive projects.
Includes a table from Barbier (1989) on the use of various valuation melhods for different
wetlands functions.

Barbier, EB. (1993). Sustainsble Use of Wetlands. Valuing Tropical Wetland Benefits:

Economic Methodologies and Applications. In The Geographical Joumal, Vol.152, No.1,
March 1993, p.22-32.
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- * Total economic values of wetlands, as well as the parlial versus total valuation

methodologies are explained. These are ilivstrated with case studies.

Batig, 8.5. and J.R. Wilson (1978). Economic Values Attributable to Virpinia's Coastal Wetlands
a8 inpuis in Gysiﬂr Froduciion. Scuthern Journai of Agricuilyral Ecmmmlcs, vol. 10, pp. | iti-
118,
= The authors estimaie the economic value of Virginia's coastal wellands for u}*_s%er
production. Their approach is discussed in Anderson and Rocke? {1991).

Batie, $.8. and L. Shabman (1982}, Estimating the Economic Value of Wetlands: Principles,
Methods and Limitations. Coastal Zone Management, vol. 10, pp. 255-278.

* Probably an ﬂ\;ewiew and discussion of wetland valuation issues. Referred to in R.K. -

Turner {1992).

Batie, 5.8. and C.C. Mabbs-Zeno (1935) Dpportumt}' Costs of Pmsewmg Coaslal Wetlands: a
Case Study of a Recreational Housing Development. Land Economics, vol. 61, pp. 1-9.

* The authors compute the opportunity cost of fiot developing a spéci}'c wetland in Virginia
by using a property value model. Their appmach and rcsults are discussed in Anderson and
Rockel (1991). :

Bell, F. (1989). Application Of Wetland Valuation Theury To Flurldh Flshenes Sea Cirant
Publication No. SGR-95, Florida State University, Tallahassee, Florida,

* Assesses the contribution of estuarine wetlands acreage in Florida to marine fisheries. The
results are discussed in Anderson and Rockel (19%1).

Bergstrom, 1.C,, J.R. Stell, J.P. Tive and V.L. Wright (1990). Economic Value Of Wetlands-
based Recreation. Ecological Economics, vol. 2, pp. 129-147,

* The authors quaniify the outdoor recreational value of Louisiana coasial wetlands. The
gross economic value (consumer’s sutplus plus expenditures) per ha is $110.

Bertelsen, MK, and L.A. Shabmanh (1979). The Use Of Development Vajue Estimates For
Coastal Weiland Pennit Decisions. Land Economics, vol. 55, pp. 214-223.

* The authors provide a model to measure the foregone opportunity cost of the residential
development of wetiands. The results are discussed in Anderson and Rockel (1991).

Bojd, )., Miler, K.-G., and L. Umeno {1990). LEnviroament and Dwelupmeni: An Economic

Approach. Stockbolm School of Economics, Sweden. Kluwer Academic Publishess,
Dordrecht, Boston, London,
* The book aims to discuss the causes of environmental degradalion from an economic
perspective, to create an informational framework to enhance envitonmental decision-
waking, Lo creale an overview of valuation methods, and to give examples of applmutmns of
the theoretical methods described,

Bowers, 1.K. (1983). Cost-Benefit Analysis Of Wetland Drinage. Environment and Planning,
vol. 15, _ _

* Probably an overview article. Referred to in R.K. Turner (1992) in Table 1.2 on page {3,

Brown, W.H. and AF. Fischer (1918). Philippine Mangrove Swamps, Department of Agriculture
and Natutal Resources, Bulletin Ne.17.

* Blate of the art of mangroves in the beginning of this century,
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Brown, G.M. and H.O. Pollakowski {1977). Economic Valuation OF Shoreline. Review of
Economics and Statistics, vol, 59, Pp. £72-278. .

* Type of benefits measured: foregone development output valug. Referred 1o in R.K. Turner
(1992 in Table [.2 on pape i8. ' : |
Burgess, J.C. (1993). Timber production, Timber Trade And Tropical Deforestation. In Ambio

Vol22, No.2-3, May 1993,
+ * The author explains how the impact of international trade in timber on deforgsiation is
highly overrated. Other factors, in particular conversion of forest land for agricullural use and
-~ harvesting of irees and fuetwood, are considered fo be much more important in the process ol
tropical deforestation. Couid be intetesting to compare with mangrove forest.

Cababung, D.M. (1987), Community-based Smail-scale Utilization And Management OF

- Mangroves Areas In the Philippines. National Mangrove Research Program. Laguna,
Philippines.
* Two studies of government agencies are summarized: 1. Central Visayas Regional Project
Office and 2. Philippine National Mangrove Commitiee. '

Chrisiensen, B. (1982). Management and Utitization Of Mangroves in Asia and the Pacific. FAQ
Environment Paper No. 3. FAQ, Rome. '

* A study on the value of mangroves in Thailand. Referred 10 in Lat and Dixon {1990)).

Christensen, B. (1983). Mangroves - What Are They Worlth? Unasylvia, No.35.

* A qualitalive overview of the various functions of MmaAargroves.

Clough, B.F. (eds} {1993}. The Economic And Environmental Values OF Mangrove Foresls And

Their Present State Of Conservation In the South-Fast Asia/Pacilic Region. Mangrove
ecosysiem technical reports, Volume 1, Oclober 1993, - .
* This voluminous assessment aims to provide a more up-to-dale and quantitative evaluation
of the status, use and value of mangrove ecosystems in Indonesia, Malaysia, and Thailand
(also Fiji). It is based primarily on information provided by each of these countries in their
Country Reports. Finally, a mangrove resource information database is developed.

Common, M.8. and T.W. Norton (1994}, Biodiversity, Natural Resource Aceounting . andd
Ecological Monitoring. In Environment zand Resource Economics, Vol.4, No.l, February
1994, p.29-53.

* The availability of biclogically-adjusted national income figures wilf not, for itself,
contribute significantly to the protection of biclogical resources, Therefore, ecological
monitoring should take priority over the generation of economic data,

Constanza, R. and S. Farber {)985), Thearies And Methods OF Valuation Of Naturaf Systems; A
Comparisan Of Willingness-To-Fay And Energy Based Approaches. Man, Environment,
Space and Time, vol. 4, pp. 1-38. :

* Probably the same kind of article as Farber and Constanza {1987} but with more erphasis
on theory, Referred to in Constanze et al. {1989).

Constanza, R. and 8. Farber (1986). The Economic Value OF Coastal Wetlands In Louisiana.
Louisiana Staie University, Baton Rouge, Louisiana, See title.

* Probably they use the same data-set as in Farber and Constanza (1987).
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Constanza, R., 5. Farber and J. Maxwell (1989). Valuation and Management Of Wetland
Ecosystems. Ecological Economics, vol. 1, pp. 335-361.
* Their estimate of the fotel present value of an average acre of natural wetlands in Louisiana
is $2425-6400 per acre (assuming an 8% discount rate).

Dixon, J.A. (1989). Valuation of Mangroves. In Tropical Coastal Area Management. Vol4, No.3,
Mleiro Manila, December 1989, p.1-6.
* Many mangroves yield grealer social net benefits as natural ecosystems. In cases where
conversion is clearly necessary or justified, sound physical-socizl-economic analysis can liclp
to plan conversions that reduce {0 & minimum loss of mangroves forest benafits.

Dixon, LA, and P.N. Lal {1994). The Management OF Coastal Wetlands: Economic Analysis Of

 Combined FEcological-Economic Sysiems. From The Environment and Emerging
Development 1ssues, Parlha Dasgupta and Kari-Goran Maler, Oxford: Clarendon Press.
* very comprehensive overview sludy in which methedologies are discussed as well as
severa) case sludies on mangrove. Ao interesting conclusion is that because of market (ailure
in mangrove exploitation, government inlervention is essential to create a social optimum.

Durante, L. (1992). Malaysia's "Sleeping Giant' Could Wake Up on the Wrong Side. Ba}r of
Bengal News (BOBP), Issue No. 48, December 1992, p.19-21.

* Malaysia's commitment to develop shrimp aquacuilure is criticised. Oversupply of shrimp
oti the Asian market and loss of the markeied and nonmarkeled funclions ol mangroves ase
the main threat of shrimp aquaculture.

Farber, 5. (1987). The Value OF Coastal Wetlands For Protection OF Properiy Against Hurricane

" Wind Damage. Journal of Environmental Economics and Management, vol. 14, pp. i43-151.
* Placing a value on wetlands for their role in reducing wind dassge to properly because of
diminished storm intensities. Results are discussed in Anderson and Rockel (1991).

FAQ (Food and Apricuitural Organization of the Uniled Nations) (1992). Mangrove For
Charcoal; A Vanishing Sustainable Woodfuel Resource System (the case of Yeesam, Upper
Gulf of Thailand), Bangkok, GCP/RAS/131NET Field Document No.30.

Farber, 5. and R. Constanza (1987). The Economic Value OF Weilands Systems. Journal of
Environmental Management, vol. 24, pp. 41-51.

* Applies energy analysis and CVM 1o the wetlands systems of South Louisiana, Resulls are
discussed in Anderson and Rockel {1991).

Farber, 8. (1988). The Value Of Coastzl Wetlands For Recreation: An Application OFf Travel
Costs And Contingent Valuation Methodologies. Joumal of Environmental Management, vol.
26, pp. 299312,

* The study reports on a survey of Louisizna coasial wetlands recreational users
admyinisirated for the purpose of estimating wetlands recreational value, Depending on the
lime cost value, the average capitalised value ranged from 336 to 3111 per acre.

Finney, C.E. and 5. Western (1986). An Economic Analysis OF Enviroomenial Protection
And Management: An Example From The Philippines. The Environmentalisi, vol.6, pp. 43-
61.

* See title.
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Fiselier, LL. {(199)). Living of The Tides: Sirategies For The Tntegration Of Conservalion And
Sustainable Resource Utilization Along Mangrove Coasts. A report of the environmental
database on wetlands interventions, Leiden. .

* Referred to in Barbier and Arntzen {1992).

Fisher, A.C., M. Hanemann, JHartz, A. Horoe, G. Ellis and D. von Hippel (1986), Econornic
Valuation Of Aquatic Ecosystems. Final Reporl o the U.S.E.P.A., Cooperative Agreement
No. $11847, Washington, DC,

* These authors use the empirical results of Lynne et al, (i981) to amrive at a theoretically
correct measure of welfare to value the contribution of marsh inpuis to the production of
Florida Gulf Coast blue crabs,

Folke, C. and N. Kauisky (1992} Aquaculture With Hs Environment: Prospects For

Sustainability. Beijer Reprint Series No.5, Stockholm, Sweden,
* The characteristics of one-species aquaculture are compared with those lrom the Chinese
integrated systems, The authors conclude hat the more a cultivation system recognises and
mimics natural ecosystem functions the less resource inputs are required and the less
environmental effects can be expected. A successful aquaculture sysltem does not have
wasles, only by-prodwcts, to be used as positive contributors to the surrounding ecosystems
and the economy. : .

Fortes, M.C. {19%1). Seagrass-Mangrove Ecosystems Management: A Key To Marine Coaslal
Conservation in the ASEAN Region. In: Maring Pollution Bulletis, Vol.23, pp.i13-116,
1991, _ ' :

Foster, L.H. {(1978). Measuring the Social ¥Valus OF Wellanrd Benefils. n: Wetland Funclions And
Values; The State Of Our Understanding. America Water Association,

* Unclear. Probably an overview articie.

Gammage, 8. (1994). Estimating The Toizl Economic Value Of A Mangtove Ecosysiem In El
Salvador. Report to the Overseas Develapment Administration of the British Government.

* The purpose of this project is to eslimate the “totlai economic value™ of a mangrove
ecosystem in the Gulf of Fonseca, El Salvador, and to develop & cost-benefit [ramework 1o
compare sustainable management of the forest with aliemative use scenarios. A variety of
different valuation techniques are used to assess the contribution of different products and
services of the mangrove ecosystem.

Giesen, W. (1993). Indonesia's Mangroves: An Update On Remaining Area & Main Manapement
Isswes. Asian Wetland Bureau, Presented ai the Imtemnational Seminar on "Coastal Zone
Meanagement of Small isiand Ecosystems”, Ambon 7-10 April 1993, |
* Wastelands are created as a result of failure in the developtment of mangroves, Lack of
forestry regulations, unclear land allocation procedures and administration, and lack of
viability assessment prior 1o fishpond development, underlie these failed conversion altempts.

Gren, 1-M., C. Folke, K. Tumer and 1. Bateman {£994). Primary and Secondary Values OF
Wetland Ecosystems. In Environment and Resource Economics, Vol.4, No.1, February 1994,

- p.535-74.
* In an attempts to improve the understanding of the imponance of the muiti-functionality of
the mangrove forest, an alternalive classification of values is sugpgested: primary values réfer
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lo the deveiopment and maintenance of the. ecosyslem, secondary values to the outputs, life-

support functions and services, generated by the wetland.

Gren, 1-M. and T. Sodergvist (1994). Economic Valuation of Wetlands: a Survey. Beijer
Uiscussion Paper Series No. 34,
* This brief survey of wetland studies reveals that a variety of methods have been vsed to
Sidy diflorons CHvRUIGNiAl SOTVICES. 1ite NiUst COMINGIT wetlaind services W be vaiusd aic
recreation and input resources, This is valid for all regions. Estimation of recreational valus
has been most common in US wetiand valuation studies, and input resources have been
frequently valued in Asia and in Europe. Several 'Eurupean studies have also included the
valuation of wetlands as sinks of poliutants.

Groombridge, B, (eds) (1997). Global Biodiversity: Status of the Earth's Living Resources.
World Conservation Monitoring Centre.Chapman & Hall, London.
* Biodiversity is valued; also pharmaceutical vaiue is mentioned.

Hamilton, 1.8, and 8.C. Snedaker (eds) (1984). Handbook for Mangrove Area Management,
writing icam of the UNESCO, TUCNNR, and EPIEWC. :
* This handbook summarises the most up-to-date information on the range of products,
benefils, and services provided by the werld's mangrove resources. Guidelines are provided
throughout the handbook for sustainable, multiple-use management of imangrove ecosysiem,

Hamiiton, L.8., J.A. Dixon and G.Q. Miller {1989}, Mangrove Forests: An Undervalued Resource
of the Land and of the Sea. In Ocean Yearbook 8, E. Borgese, N. Ginsburg, and J.R. Morgan
{eds.), The University of Chicago Press, Chicago and London,
* Mangroves yield greater social nel benefits as natural ecosystems, elc.

Hirsch, 1), and A. Mauser (1992). The Economic Value Of Mangroves. Two Case Studies: Mida

Creek and Funzi Bay, Report from a twinning project between the School of Environmental
Studies, Eldoret, and the University of Amsierdam.
* The authors reporl on two sites with different iypes of mangrove management. Economic
characteristics are given on these {wo sites. Tourism is highlighted as a potential future threat.

Hodgon, G, and J.A, Dixon {1988). Logging versus Teurism in Palawan: an Environmental and
Economic Analysis. East-West Environment and Policy Institute, Honolulu.
* The authors demonsirate that, lor the Philippines, lourism benefits coupled with fishery
production benelits substantiably outweigh the short-letm benefils which might accrue from
increased lopging in Palawan.

Hyde, W.F, R. Mendelsohn and R.A. Sedjo (1991). Applied Economics of Trop:cal
Deforestation. ln AERE Newsletter, Vol.11, No.1., May 1991,
* This paper argues for t{hwes policy responses that would decrease the rate of global
deforestation: 1. permit temporally more reliable timber concessions, 2. encourage multi-
product forest management and secure long-term property rights for local indigenous and
imimigrant populations, 3. remove deleterious spillovers on the forest from macroeconomic
policies and policies designed to develop other sectors,

James, R.F. (1991a). Wetland Valuation; Guidelines and Techniques. PHPA/AWB Sumatra
Wetland Project Report No.31, Asian Wetland Bureau - Indonesia, Bogor.
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* The document is 2 guide for wetland veluation. A number of key issues of concern are
discussed, many of practical value,

~ James, R.F. (1991b). The Valuation of Wetlands: Approaches, Methods and Issues. PHPA/AWDB

Sumatra Wetland Project Report No. 29, Asian Weiland Bureau - Indonesia, Bogor.

* This report examines approaches and methods for use in the valuation of wetlands. 1t
focuses primarily on the theoretical issues and aspects of valuation of the benefits and costs
associated with wetlands. Relevant economic quantification techniques are identified and
guidance provided regarding their application.

Jagiap, T.G., V.8. Chavan and A.G. Untawaie (1993). Mangrove Ecosystems of India: a Need for
Protection. In: Ambic Voi.22, No.4, June 1993, p.252-254.

* see title. Estimates of mangrove aguaculture have reporied the production of fish and
prawns to be 23,000 kg/ha/year.

Janssen, R. (19%1). Multi-objective Decision Support for Environmental Problems. Instilute for

Environmental Studies, Free Universily, Amsterdam. '
* The aim of this dissertation is 10 develop an instrument that makes complex environmeniat
problems manageable by coupling the intellectual resources of individuals with the
capabilities of the computer. Thereby, the complexity of the environment, the time scale and
the diversity of environmentai effects can be coped with, The MODSS provides assistance in
interpreting and communicating results and in using the resulls to invent new ideas and
creative solutions.

Janssen, R. and M van Herwijnen (1994). Definite: A System to Support Decisions o a Finile Set
of Altemnatives, User Manual. Institute for Environmental Studies, Free University,
Amslerdam. Kluwer Academic Press, Dordrecht, Boston, London.

* A compuler program for analysing and valuing environmental problems. CBA and MCA,
as well as sensitivity analysis on discount rate and time horizon, can be execuled,

Kapetsky, J.M. (1985). Mangroves, Fisheries, and Aquacufture, Advisory Commitiee on Marine
Resources Information Paper No.13. 111h sessign, 21-24 May 1985, Rome.

~* World-wide figures are given on average productivity of fisheries, Based on the fact that
iniensive aquaculture requires less (mangrove) space than extensive aguaculture, the former
is promoted, The need for technical assistance is recopnised,

Kuik, 0.J., F.H, Qosterhuis, HM.A. Jansen, K. Holm and H.J. Ewess (1992). Assessment of
Benefits of Environmental Measures. European Communities Environmental Measures,
Graham & Trotman, London,

Lal, P.N. (1990). Conservation or Conversion of Mangroves in Fiji. Occasional Papers of the
Easl-West Environment and Policy Instilute, paper No. 11.

* A CBA is used for answering the questions: under what circumstances should mangroves
be maintained for in sifu uses, such as dependent fisheries and forestry uses. With a 50 year
planning horizon, the net benefits of “on-site” mangrove resources is US$200 and the "ofl-
sile" value is USS2,700.

Lal, P.N. and J.A. Dixon (1990). The Management of Coastal Weilands: Economic Analysis
of Combined Ecologic-Economic Systems. 23-8-90

* see Dixon and Lal.
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Lal, PN, {1991). Mahgmve Management Issues: Stralegies Adopted in the Pacific Islands.

Islands/Aystralia Working Papers No. 91/3. National Centre for Development Studies, The
Australian National University, Canberra, Australia.
" The mangrove manapement of three Pactiic countries {Fifi, Vanuaiu and Korsac} is studied:
In Fiji and Vanuatu management is less successful because of {he neglect of cross-sectoral
Siois, Tht netcesily fur wn iniegraied approsch Wvoiving land, forestry, ond Fisheries
sectors, proved to present in Korsae. A more macro-environmental standard approach is
followed.

Larsson, 1., Folke, C. and Kautsky, N. (1993). Ecological Limitations and Appropriation of
Ecosystem Support by Shrimp Farming ir Colombia. Beijer Discussion Paper Series, No.29.
* Study on semi-iniensive shrimp culture as practised on the Caribbean coast of Colombia,
Results: the semi-intensive shrimp farm needs a spatial ecosystem suppori-ecological
fooiprint 35-190 times the surface area of the farm. This indicates that shrimp farming ranks
as one of the most resource-intensive food production systems, characterising i as an
ecologically unsustainable throughput system.

Lesaca, RM. (1972). Caastal Aquaculiure and Environment in the Philippines. IDFC proceedings

15th session, October 1972, '
* The impact of industrizl pollution of the major rivers on coastal aquacullure is described.
Diminished availability of milkiish fry, abandonment of fish pond aress, damage to oyster
beds and the increased parasitic infections transmitted 10 man from infected shell-fish are
siressed. '

Ong, J.E. {1982). Mangroves and Aquacullure in Malaysia. In Ambic Vol. 1, No.5, p.252-257.

* Stresses the socic-econontic snd environmental value of mangroves and the related
fisheries versus forestry. Author states that ecological impact is not considered sufficiently in
the selection of aquacuiture sites.

Opschoor, 1B, (3987). Monetary Valuation of Environmental Changes: a Review of Duich Case
Studies and Proposals for Methodological Research, Conference on Env. Pol. in a Market
Economy, 8-11 September 1987, Wageningen,

* User and non-user vaiues, and compleieness and comprehensiveness are defined.

Parks, P. and Bonifaz, M. (1994). Nonsustainable Use of Renewable Resources: Mangrove

Deforestation and Mariculture in Ecuador. In Matine Resource Economics, Volume 9, p,1-
(8. -
* The paper provides a conceptual model that examines (i) open access exploitation and (if)
mangrove deforestation as two potential causes for the scarcity of post-larval shrimp inputs to.
shrimp mariculture in Ecvador. Results indicate that conversion of mangrove ecosystems to
shrimp ponds may have obtained shori-term profit at the expense of long-term productivity.
Open-access collection of post-larval shrimp may also have contributed to dwindling stock
levels. Specific policy recommendations are presented, and fulure empirical studies are
proposed, '

Perrings, C., Folke, C. and Maler, K:-G. (1992). The Ecology and Economics of Biodiversity
Loss: the Research Agenda. In Ambic Vol.21, No.3, May 1992,
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* ldentifies four issues: 1, consequences of change in biotogical diversity, Z. ecanomic

valuation of ecological services, 3. the driving forces behind the biodiversily loss, 4. the

scope of changing human behaviour. The nalure af the linkage belween ecologicat and

economic systems is discussed in the comiexi of informational, institutional, ethical and
* cultural conditions. The interdisciplinary approach is emphasised.

Pendleton, LH. {1993). Adding it All Up: The Economic Valuation of a Tropical Marine Park,
Harvard Institute for Intemational Development, Cambridge.

* This case dermonstrztes the incorporation of enwmnmenta] valuation lechniques into the
project appraisal process,

Primavera, J.H. (1292). Prawn/Shrimp Culture Industry in the Philippines, in: Fast, A.W., Lester,
L.J. (eds.}, Marine Shrimp Culture; Principles and Practices, Chapter 34, pp. 701-728. _

Popuius, 1. and Lantieri, D. (19%1). Use of High Resolution Satelliie Data for Coastal Fisheries: !
- Pilot study in the Philippines, and 2 - General review. Remote Sensing Centre of the FAD
R3C Series No. 58. Rome.

* The crucial lack of baseline information about the physiographic environment preven!s
efficient management. This study shows how this information can be obtained,

Quarto, A. {1993). Life and Death in the Mangrove, Mangrove Action Project. In 72. p.18-20.

* The author discusses the impact that commercial prawn farming is having on the world's
mangrove forest.

Ruiienbeek, H.J. (1992). Mangrove Management: an Economic Analysis of Management Oplions
with a Focus on Bintuni Bay, Trian Jaya. Environmental Management Development in
Indouesiz Project (EMDI) Environmenta! Reporis, 8. {ISSN }181-6457;%) Jakarla and
Halifax.

* Forest management options, ranging from clear cutting to a culting ban, are evaluated in a
CBA incorparating eavirommerttal and economic linkages.

Thorhaug, A. {1986). Restoration of Mangroves and Seagrasses and Atlendant Economic Benefits

for Fisheries and Mariculture: Management, Policy and Planning, FAOMD¥FC Thailand, June
1986. _
* This paper seeks to review mangrove and seagrass restoration as & means to benefil
fisheries and aquaculiure, both eeotogically and economicalty. Both ecosysiems function as
accumuiators of §ish as well as providing surfaces for the growth of epizonts which are also
grazed by fish.

Tumer, R.K. (1892). Policy Failures in Managing Wetlands. In Market and Govemment Failures
in Environmental Management. OECD, Paris,

* Social inefficiency exists in the management of mangroves. Several failures are identified:
1. Natural Jand use conflicts, 2, information failures, 3. market fsilures, intervention Failures,
Sustainable wetland management will bave to be based on data indicating the valve of
different classes of wetland. Different "wetland contexts™ should be recognised.

Umali, R., P.M. Zamora, RR. Gotera, R, Jara, A.S. Camacho and M, Vannuci {eds.) (1987).
Mangroves of Asia and the Pacific: Status and Management. Technical report of the
UNDPF/UNESCO research and training pilot programme on mangrove ecosystems in Asia
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nad the Pacific. Manila: Natural Resources Management Center and Nationsl Mangrove
Commitiee, Ministry of Natural Resources.

* Proceedings of a congress on mangrove management. Seems extremely usefl given the
various i¢icrences made 1o this boak.

Viltacorta, L. and Wetten, van F.C.J, (1992), Wise Use and Resioration of Mangrove and Marine

Kesources in the Uentral Visayss, Regional Project, Philippines. TESAM, Philippines, and
CML, Leiden, the Netherlands, 18-2-1992

* A stale of the art of mangrove and aquaculture. "Tragedy of the commons™ of the local
populations is described. Wise Use, the project, aims at identifying the objectives of the
various actors involved in resource management. These largets exist on several leveis: actual
- users, epislative, governmental and society levels.

Zamora, P.M. (1988). Impact of Fishpondification on the Mangrove Ecosystem of Lhe Philippines.

Paper read during the BIOTROP Tropical Forest Biology Program Symposium on Mangrove
Management: Hs Ecological and Economic Considerations, 9-11 August 1988, Bogor,
Indonesia.

* State of the art of fishpondification in the Philippins. Both ecological and economic data,
Also distinction in efficiency is made between type of ownership (government versus
private). Measures are proposed (prohibition of conversion wilhin mangrove swamp, banning
of timber culting in mangroves, if unpmﬂuclive fishponds should be returned into
MAangroves). '

Zamora, P.M. (1990). Ecosystems of the Philippines, Proceedings of Symposium on Mangrove

Management: State of the Art of Species in the Philippines.
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4. ASSESSMENT OF FOREST RESOURCES OF THE PAGEBILAO MANGROVE
FOREST

Anionio P. Carandang and Jose E. Padilla

4.1. Introduction

This paper presents the findings of the soils and ﬁ::rreshy campunent of the projecl. The
specific objectives of this component are:

a. todescribe the siructure of the Pagbilao mangrove forest;

b. {0 estimate the primary productivity of be mangrove forest;

¢. 10 measure the rate of liver fall and its rale of decomposition and equivalent nuirient
produciion,;

d. 1o estimate the potential timber vield of the mangrove lorest;

¢. 1o estimate the current and luture timber harvesiing raies under various management
allernalives for the mangrove forest; and

f.  valuation of forest-based products ihat may be derived under each managcmem
scefiario.

4.2. StructurefCharacterization of Pagbilao Mangrove Forests

The town of Pagbilao is located in the province of Quezon in Luzon Tsland, approximately
180 km Southeast of Manila (Figure 4.1). Tis mangrove forests occur on Udal flats at the
mouth of MNahalinan and Palsabangon Rivers flowing to Pagbifao Bay and along its shore
forming a prolective lining to the numerous lishponds which are concentrated slarting near the
shore towards ihke intand poriions, A southem isiand called Paghilao Grande forms part of the
mangrove forest which reporiedly contains few stands of pure Rhizophora species. The
Paghilao Bay area belongs to Type T climate where there is no dry season with very
pronounced maximum ainfall from November to January, The sea current pallerns prevailing
in the coaslal waters adjacent to mangrove areas are highly alfected by the prevailing wind
surlace tidal ebb and flow (NMC, 1986). The prevailing currenis generally emanate from the

eastem portion above Pagbilao Grande Island and along the coast and mouth of rivers towards
Tayabas Bay.

4.2,1, Areaand land-use
In 1984 the iotal area of Paghilao mangrmre furests is around 693 ha. Of Ihls, 396 ha are

(RP-Genman FRI project,. EBET} Tc-day, mw:h aof lhe 396 hn within pubhc Iands is gone with
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ondy t10-he covered by an Experimental Forest under the jurizdiction of the Depariment of
Environment and Natural Resources (DENR). Areas oulside experimental forest are heavily
exploited except for those used as prolection forests for fishponds. The current utilization of
the original mangrove forest cover in Pagbilao is shown in Table 1.

Mozt of the mengrove arses within A &' lands are now coveied wiili Dishponds with an area
of 297 ha. In public forests Jands, fishponds are covered by Fishpond Lease Agreements
{FLA} which total 604.57 ha (Table 4.2). Of these, 33 percent remained undeveloped. Tn lact
3 FLA holders have not started development as of 1993 while others have not fully-developed
their areas due fo lack of funds. In 1981, Proclamation Ne. 2151 provided ihat the whoie
mangroves of Quezon be declared as wildemess areas, whick wilhdrew them from entry, saie,
settiernent and exploitation of whalever nature or form of disposition. Thus, conversion of
mangroves for fiskpond purposes was halted. However, there are still pending and unresolved
claims 1o some of these areas spaéially those within the degraded portions.

4.2.2. Forest subtypes/species zonation
FPapbilao Bay has the most number of true mangrove species at 19 species compared to other
raangrove areas in the Philippines (Tabie 4.3). This comprises 56% of the total true mangrove
species. It also appears 10 be the mosi botanically diverse in lenns of number of irge species,
associales and vatiations in the nature of topography and subsirate (NRMC 1930). The most
important of the trug mangrove families observed in Pagbilao are the Rhizopihoraceae and
Avicenigeeae where the bakawenss and upi-api species belong, respectively.

There are {hree distinct species zones within he Pagbilao mangrove forests namely:. the
landward, middleward and seaward portions (Figure 4.2 and Table 4.4). The zones are distinct
specially in the experimental forest where the area is relatively Jarge. Oulside this, the
zonation is not distinct as the areas had been exploited and converled to fishponds. A fourth
zone which is the riverine portion possesses the characteristic species of the above three zones
excent that they exist in association with riverine species.

The landward portion is the mangrove part which is the most interiot and bordering lowards
the ecotone’. Among the landward species are wmilad, bwia-buta, upi-api, pi-api,
Tinduk-tindukan, etc. Except for api-api and pi-api, most species in this portion are small in
diarneter with plenty of thickets underneath. Vines such as bagnit and galasan also abound.
The middleward portion is the part immediately after the Jandward and constitute the central
portion of the forest. This portion has big trees of gpi-api and pi-api abounding together with
busain, pototan, tangal, snd malatangal. Likewise, it has relatively clear underneath ({orest
floor) with vines such as bagnit and gatasan occurring sparsely. The seaward portion begins
fromt the shors towards the middleward portion. The species commen in this portion are
bakawan laluki, bokawan bugbae, bagaipat, eic, Trees are stunted in this porlion, 2
characterisiic effect of heavy exploitation in the past. Regeneralions undemeath are also
observed in this part. In the riverine portions, fabigi, pagaipat, nipa, lagolo, pedada, bagnit,

' An ecotone is a transition srea between two adjacent ecological communities usually exhibiting

competition between arganisms cominon ta both.
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and galivarie (thormy vine) exist in associaiion with the species as observed in the previously
described zones wherever the rivering portion 15 located.

4.3. Primary Productivily

Primary productivity refers to the total of organic matier produced by plants through
photosynthesis, Tn the process of prowth, new tissues are firmed replacing old tissues of
which some are incarporated in the build-up of biomass while others are discarded naturatly
through litlers and root decay. These materials add 1o the fertilily of the soil, and togeiber with
trapped debris in the roots of mangrove trees during floods and tide aciions, conlinuously help
in the build-up of soil. In case of death, the total biomass adds (o the organic matlers which
enrich the soil.

4.3.1. Wood biomass production

The mangroves of Pagbilao are all second growth with an average age of 20 years, However,
the remaining second prowih including the experimental forest has been subject to puaching
even in recent years. To eslimate the current wood content of the forests for trees 10 cm or
higher, [2 plots measuring 10m &y i0m were established mostly in the landward and
middleward portions while those of the seaward portions were estimated using simple
eslimation during the goular inspections and in the photopraphs taken, Table 4.5 shows lhe
summary of plot infermation iaken from the experimentai forest.

Ti was observed that the volume of Pagbilao mangroves tend io be lower on tie ecolones, that
is, in the landward and seaward portions. In the landward portion, the average plot volume of
wood is around 26.67 cuam, with less than 10 cum. in the extreme landward. The av'erage
wood volume in the middleward portion is 93.20 cu.m. with some plots having volumes over
ibar 120 cu.m. In the seaward portion, the estimaied volume is less than 20 cu.m. per ha. The
difference in volume among mangrove zones is explained by disturbances teceived by the
zones relative (o their [ocation. The middleward portion is relatively stable and protecied by a
tayer of trees both in the seaward and landward portions. Thus, the trees are bigger and taller.
On the other hand, the seaward potiion is exposed 1o sirong waves and wind resulting 10
stunting and slow growth of trees white in the landward podtion, the area dries first thus
Eavoring the growth of grasses ang other mangrove associates with Jow wood volume,

43.2. Litter fallflitter production
Previous observations in the Pagbilao Bay area show that the average production of Fitier for
alf 1-sq m plots/litter traps was 1,54 gOM/day (Forles, 1993). The results of the study further
showed that litier trags under nilod (Scyphiphora hydrophyllaceae) had the greatesi litter fall
in terms of weight with 2.48 gOM/m2/day while the last was tqualis (Osbornia octodonta)
with 0.83 pOM/m2/day (Table 4.6). Additional fitiet traps were established to verify the
results of previous studies. It was found that the middieward portion produced more litier
(1.31 gOM/m2/day) than the landward portion (1.20 gOM/m2/day) (Table 4.7). Species-wise,
the most prolific species is api-api (2.11 gOM/m2/day in plot no 6, 1.91 in plot no 10),
followred by Buta-buta (1.64 in plot no 3) and Milad (448 in plot No 1). Considering the 19
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plots established, the average daily literfall is around §.27 gOM/M2. This translates to
approximately .65 tons of dried organic matier per hectare yeardy.

3,3, Acoreiien esiimaies
The mangroves are capable of land-buiiding through the continuous deposiifon of both

organic and inorpanic mallcns lspped din (i i00ts, siems and prneumatophores oF fromntline
lrees. This process of land build-up is called accretion. Out of 13 accretion plots established in
Pagbilao, Balangue (1994) observed that 7 plots increased in soil height during the seven
month observation period while 6 plots actually decreased in height. The siudy indicated that

there was an average net soil accretion of 2.4 ¢m for 7 months for all plots,

In ecological viewpoint, soll accretion can be viewed ss bolh beneficial and harmiul.

Beneficial in a way that the process aof land build-ug is reatly u reclamation pracess. Through -

time, continuous deposition of inorganic and organic matiers on the mangrove aress slowly
decreases the fidal reach and pushes the land-mangrove ecotone towards the sea, lhus
providing ideal conditions for lakeover of land species in {his ecotone, It alsa replenishes soil
lost due Lo erosion, thus conlributing to shoreline pmtect'ion. Likewise, because of soil build-
up in the mangrove-sea ecotone, new seedlings grow in this shallow portion formerly not
occupied by mangrove specics. This process adds new areas for eventual mangrove takeover.
However, accretion does not only occur in the mangrove but also in the coral fringes as soil
and other sediments are washed out due to tidal actions and frequent flooding of rivers. This
may slowly kill the corals near the mangrove fringes.

44, Potential Timber Yield
The potential timber yield of mangroves depends on the fertility of the site as indicated by ils

site index (SI). In Carandang et. al. (1994), the foflowing site index guide equalion was
derived;

ATH = 6.2833 + 00690 * Age
Std, Error = 0.0151

F(1,34) = 20,973

Prob = 0.00006

R-squared = 03815

where ATH is the average totat height of teees in the stand while AGE is the approxitaate age
i years of the second growith mangrove stand. The model was accepled because age is a
significant explanatory variable for {olal height considering Lhat the low probability level.

Given 36 plols used in the siudy, no other model using various varizble transformations has
higher value of R. Besides, no other variable can conveniently predict site index except height

because it is the most easily verifiable predictor of site, hence, the variable is used. Through

algebraic manipulation, the site index puide equation was transformed into:

ST = 0.690-0.0690 * Age + ATH

o O

ST
no_
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With the above equation, 1 was estimated that the site indices of landward, middlewssd and
seaward zones of Pagbilac mangrove forests are 6.7, 8.1 and 4.5 m, respectively (Table 4.8).

Corresponding 1o the site indices of different mangrove zones in Pagbilao are the polential
timber yield (Table 4.9). This yicld table may be interpreted in a way that if we ieave ihe
mineeave i its natural stake, the middieward zone with an estimated ST of 8.1 would be able
to grow an average of 100.47 cuun. per ha in 50 years, Likewise, lhe landward and scaward
zones would vieid 89.89 and 71.18 cu.m,, respectively, considering the same growing period
of 50 years, These transhte to a projected mean annual wood increment per ha of 2.01, [.30
and 142 cum. for middleward, iandward and seaward mangrove poriions, respectively.
Compared to other sites like that of Palewan, the mangroves of Pagbilac are less produstive
considering that #s site indices area relatively jow. On the same zones, Palawan mangroves
have average site indices of 12.5, 11.2, and 6.2 for middieward, landward and seaward
portions, respectively (Table 4.1 ﬂ]. Consequentiy, the potential timber yields are higher with a
projecled mean annual wood increment per ha of 2.59, 2.42 and {.72 cu.m. {or middleward,
landward and seaward mangrove porions, respectively. -

Wood biomass also includes branches, base and root props i addition to trunk whick: is
converted to timber. Branches are used as fuelwood. The volume of economically uselul tree
parts is computed using the percentage share of trunks and branches to wood biomass from
empirical calculations of Balangue et al. {1995} which are 52.39% for trunk, 16.53% (or
branches and 31.08% for base and root props. The volums of branches is useful in quantifying
forest products that can be derived from the experimental forest,

4.5. Respurce Management and Utilization

4,5.1. Past and Current Uses

The mangroves of Pagbilao in the past served a variety of purposes. Before Proclamation No.
2131 in 1981 declaring the mangroves of Quezon as wildemess area, cultings of mangroves
for fuelwood and charceal, timber for house posts, fencing materials, and for lish traps were
rampant, Prior to 1974, there were even timber permits issued 10 cut (rees in Paghilac
mangroves. With Proc, 215] and the subsequent declaration of the Pagbilao mangroves as
experimental forest, timber harvesting is not allowed. However, illegal cutting primarily of
pole-sized trees may be inferred frotn stumps while traversing the forest during the field visits.
The volume is estimated at around 30 cu mfyear or around 0.25 cu. m/ha/yr.

Nevertheless, the singie important factar that contributed to the decline of mangrove areas
was the conversion of mangroves to fishponds. The Pagbilac Municipal Assessors Office
estimaled that the total area of fishponds with legitimate FLAs is 604.57 ha. This figure
¢xcludes those in private lands and those which were illegally established. Conversion was
not allowed with Proc. 2151,

Through the years, the mangroves also served for the livefihood needs of countless Pagbilao
residents. Among the common economic use the forests provided for the community were
gathering of minor mangrove products such as vines for handicraft, shells and crabs for food,
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nipa feaves for home construction, and bark for tannins, etc. Among the common shelifishes
gathered by the communities are as follows: demuke (Uca thalasus vocems vocans), alimengo
(Poriemus pelagicus), tapalarz (unidentified) and a variety of suse {snails) and other shells,

4.5.2. Poteniiai Uses: Aliernative Management Alternatives
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management alternatives. For the purpose of this study several management allernalives are
considered,
4. siatus quo, i.e., preservation with no extractive activities in forest products;
preservation with sustainable subsistence forestry to be allowed;
develapment for sustainable cominercial forestry;
devejopment for aquasilviculture;
conversion to setni-inlensive aquaculivre;
conversion to intensive aquaculture;
development for commercial forestry and intensive aquaculture; and
development for subsisience forestry and intensive aquaculture.,

= Mmoo pp T

The altematives range fiom preservation of the status quo 1o those which recognize the
multiple uses of mangrove in the Phifippines. Some altematives permit expropriation of the
mangrove forest in totality or its products by an interest group (community or fishpond
uj:ieraturs} while the multiple-use allernatives satisfy the (wo competing users. Environmental
considerations are satisfied in all allematives, for instance, the vate of tinber harvesting is
lirnited 10 the sustainable levels. To respect of aquaculture?, the prescribed technology takes
inlo account the sustainability criterion.

The specification of each management alternative is discussed below. Further, the quantity ol
major forest products generated under each altemative is estimated annuaily and extrapolated
over a 50-year period. The forest products considered are those whose quantities can be
estimated using data collected by the project and other previous sludies in the Philippines.
Polential benefits in each alternative are not included. For instance, under status quo the
increase in the volume of wood is not valued as harvesting is not sllowed. Ecclogical

functions of mangroves, except the export of nutrients, are not included in the commuations in
this papez®,

Perhiaps, in addition to the physical quantitics of forest producis and their monetary

equivalent, there are relevant qualitative criteria in assessing the various management
altematives. First i5 with respect 10 the acceplability of each aliermative 1o the local
communities and other interest groups or siakeholders. Local communities may prefer
subsistence forestry but other interest groups primarily fishpond owners which are well
represented in ali branches of government would faver fishpondification. In this regard, the
politically accepiable altemative is that which addresses the needs of e compeling usefs.
Another qualitative criterion is the case with which the management allemative are

Refer (o aquaculture report (Padills and Tanae] 1995).
Ecological fimetions are estimated or discussed in the integrative mepott.
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implemented. Subsisiénce foresiry may be more difficuit 1o implement as this wouid entail
menitoring of harvesting and regulation of access while commercial foresiry is easier 1o
implement if’ harvesting rights are granted to one entity. The (ransition towards community-
based management of natural resources and legal issuances supportive of this management
scheme favor the more equitable subsisience forestry altlemative. Other qualitative criteria
may be imposed in the decision support system that is formulated.

4.5.3. Statues quo

This aliernative adopts the present management syslem employed in Pagbilaoc mangrove
forests 35 an experimental forest. Extraction of forest products is not allowed but the gathering
of mollusks and crabs is permitled. The mangrove forest is expected to regain Jost volume and
approximate its old-growih condition within thirty (30) years wilh slanding volumes ranging
from 70 to 100 gu.m. per ha. The increase in the volume of wood from the growth of the trees
represent markelable benefits from this management aliemative albeit pofential due to
profhibition of tinber harvesting,

Other forest products that accrue include nutrients from litterfall. The projected (otal anusl
litterfall (ovendry weight: ODW) is 8,155.8 tons while the equivalent murient production
would be 70.1 lons annuaily {Table 4.11 from estimates in Table 4.13), Over the 50 year
period, the tolal litterfall is estimaled at 407,788 loos while toial nuirient production is 3,507
lons, Annua} soil accretion is 4.6 em although the projected aceretion aver 50 years may ot
simply be a linear funciion of time as indicated,

4.54. Sustainable subsistence forestry

Another management alternative recognizes the dependence of adjacent communities to the
Paghilao mangroves for forest products. Subsislence forestry may be inslinded where
commmunities are allowed 1o obtain wholly or partly their forest products needs from the forest,
The communities themselves shall manage the forest in consonance with existing policies on
community-based forest management. To sustain the benefils, however, a maximum
allowabie harvest must be imposed such hat extraction rate does not exceed the capacity of
the forest to regenerate and develop naturally. This is in consideration that unresiricted access
1o the mangreves would resull 1o resource depletion as there are 180 households within the
lwo nearesi barangays (Ibabang Paisabangon and Kaniurang Malicboy) who have access o
the mangraves and would potentially draw from s forest resoucses. Cwrently, howevet,
approximatety 75 househoids are actual users of mangrove forest resources {Pabuayon et al.
1995).

The estimated annual demand for mangrove forest producis in Pagbilac by aclual and
potertial vsers & disted in Table 4.14, The estitnates also reflect the volume of wood
kouseholds would be gelting if zllowed unrestricted access, OF the average household demand
of 8.6]1 cwm., per year, 67.8% is for fuetwood. The 75 households currently using the forest
require about 645 cum. yearly which would totally deplete the forest resources in 8.7 yeats
(Table 4.15). To attain sustainability, the dependency rate on the mangrove forest must be
lowered to 42% of Lhe current users (32 of 75 houscholds) with an equivalent annusl demand
of 2723 cu, m. annually, This imply that the remaining houscholds must source their wood
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requiremnenis etsewhere. Likewise, restrictions on what, where, and how much to cut must be

carefully planued and commiunicaied to the forest users considering the spalial differences in
tre2 prowily in the mangrove forest,

Under subsistence {orestry management allemative, the lotal projected litterfall is 79289
igns wWhike thi cquivaieil ndtiieit poduciion wouid be 68.2 tons (Tabie 4.11). Over tive SU
vear period, the total susiainable wood production would be 13,595 cum., total litterfall
would be 396,445 tons, tolal nulrient production would be 3,409.4 lons while Lotal accretion
cannot be determined (Tabie 4.12). Considering an. annual increase of 1.25 percent of
mangrove dependent households, wood consumption would increase by an average of 3.0
cui, annually (Table 4.16). To provide this, the community must employ silvicullral
treatments to enhance growth (e.g., assisted natugsal regeneration, fiberation cutling, cleaning,
etc.). For simplicity of analysis, however, the rate of harvesling is not assumed to increase
despite the projected increase in demand. The number of dependent households may increase
bui the average demand for each household should decrease.

45.5. Sustainable commercial forestry;

This altemative provides for the conversion of mangrove areas into commercial forestry

where a specified commercial volume can be harvesied. The required silvicullural system for
this is the seedlree method with planting. This syslem requires that seedirees (mother trees)
are selected to be left o provide propagules for the harvesied areas, Planting on open areas is
required. Assisted natural regeneration for areas with plenty of wildlings is also recommended
Lo speed up site restoration,

Based on the growil behavior of Pagbilac mangroves, the maximum volume of wood (hat
may be harvested yearly also approximales the sustainable subsistence level of approximately
2723 cu.n, yearly (Table 4.15) whick includes branches and trunk but excludes base and
props. This is approximately equal the recommended production but the difference is in the
nalure of the forest product. In this management scenario, timber from tree tunks which may
have higher value is the primary product while branches are harvested for fuelwood. (In
subsistence foresiry the type of wood products supplied ave those demanded by househoids.)
A harvesling plan must be formulated and foliowed such that areas with higher yolume must
be harvesied first. Tikewise, the area must be biocked or comparimentalized where stand
volume is the primary considerztion for easier scheduling. Under this slhemative, total
literfall is 7,928.9 while total nutrient production is 68.2 tons annually. Over the 50 year
petiod, the total timber production is 12,335 cu.m. plus 3,260 cum, of fuelwood. The tolal
literfall would be 326,445 tons, total nutrient production would be 3,409 tons, and tofal
accrelion {s indeterminate (Table 4.12).

*  The volume of lierfall for this management option and in the sustainable commercial forestry option is
lower compared to the status quo notwithstanding the same area of the mangrove forest. The difference
lies in the trees cut for Hmber,
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4.56. Aguasilvienlivre :

Aquasilviculiure is also a polential alternative for Pagbilac mangrove forests. Under this
alternative, a ceriain percenlage of the mangrove area shall be converied to fishpond while
some portions shall be relained as foresied. Buffer zones are allocaled based on legal
requirements of 50 meters for areas facing the sea and 20 meters along river channels. The
bufler zone is sbost 15.5 ha. {The allocation of the area between mangroves and fishponds 15
shown in Table 4.17.) The remaining areza is devoted to aquasilviculture assurring a 30 to 70
ratio for fishpond and forest. The total area to be converted to fishpond is 28.6 ha while §6.7
ha shall be maintained with forest trees. Thus the distribution of area is 25.8% for fishponds
and 74.2% [orest. The total annual susiainable timber production for this alternative is 176.4
cum. white total Hierfzll and mirient production are 6,128.3 and 52.7 tons, respectively.
Qver the 50 year pericd, the tolal timber production would be §,820 ca.tn., Likewise, the tolal
litterfall would be 306,438 tons, total nutrient produclion would be 2,633.4 tons while 1olal
acerelion could not be deiermined (Table 412},

4.5.7. Semi-intensive aquaculture
Another management allemative is to convert the mangrove forest 1o {ishponds employing
semi-intensive aquaculiure while observing the required buffer zone estimaied at £5.5 ha. The
remaining area of 95.2 ha will be covered by a system of ponds and water distribution
systems. Forest products may still be derived in the buffer zone but extraction will nat be
aliowed to preserve this critical area. Only environmental goods in the form of litterfall would
be produced at 1,157 tons while the squivﬂent nutrient production would Be 10 lons annualty
(Table 4.32). Over the 50-year period, the tolal liverfall would be 57,830 fons and the total

autrient production would be 497.5 lons while total accretion would alse be indeterminate
{Table 4.12),

4.5.8. Intensive aquaculture
This management alternative is similar to semi-intensive aguaculiure in terms of allocation of
area between the required buffer zone and fishponds. The only difference is lhat ihe
aquacullure technolopy employed is intensive, Forest-based products derived in this
management alterative include litter fall ai 1,157 tons with the equivalent nutrient production
at iGt tons annually (Table 4,11}, Over the 50 year period, the total litterfail would be 57,850
tons, total nutrient production would be 497.5 tons and total accretion would be indeterninate

(Table 4.12). As in the preceding alternative, culiing of ees will not be allowed in (he buffer
z0ne,

459, Commercial forestry and intensive aguatuiture
This managemenl siternative is a combination of aliernatives 2-and 6. Under this aliernative, a
cerlain part of the mangrove would be converied to fishpond, specifically, in the landward
zone towardds the middleward portion. The total proposed area for fishponds is 35 ha.
Excluding the buffer zone, the total area of the mangrove forest for commercial forestry
would be 60.2 ha (Figure 4.2), The total sustainable timber production under this aliemative
would be 145.8 cu.m. annuatly, With respect to other environmentad goods associated with the
tnangrove forest, {otal litterfall would be 5,651 tons while the equivalent nutrient production
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would be 48.6 tons annually (Table 4.11). Over the 50-year period, the total timber pmducli.an
would be 3,540 cu.m., total litterfall would be 282,550 tons, totsl nutrient production would

be 2,430 1gns and ioral secretion wiould ke indstermingts fTokle 41 2
,

4.5.10. Subsistence forestry and intensive aguaculiure.
This a combination of altemative 2 and alternative 6. The iotal area for fishpond is 35 ha
while 60.2 ha will be devoted to forestry, Total timber production would be 146.7 cum. With
respect 1o environmental services, tolal snnual litler fal! would be 5,651 Lons while the
equivaient nulrient produciion would be 48.6 tons annually (Tabie 4.11). Over the 50 vear
period, the {ota! litierfall would be 282,550 tons, total nutrient production would be 2,430 tons
and totai accretion would be indeterminate (Table 4.12).

d.6. Yaluation of Forest Products

The valuation of forest products is focused on those where market prices can be derived,
nameiy: nipa shingles, timber, fuehwood and charcoal. With the prohibition of harvesting of
marngrove forest resources in the entire country, there is no market price for timber, fuelwood
and charcoal. The only exception is nipa shingie derived from other mangrove siies and traded
lreely. The valuation of mangrove forest products therefore, has to use prices of close
substitutes, Further, the forest management alternative becomes relevant as explained bejow.,
With respect to forestry, there are basically two types of management alternatives, namely:
subsislence and commercial forest regimes.

In subsisience foresiry the point of feference in valuation is the community which is the
potential user of forest resources, 1 honsehotds 1 the community are denjed access to Toresiry
resoutces, the value atlached to the mangrove forest products is equivalent 1o the cost they
incur in obtaining sltemative products. Such cost is equivalent io the markel price of the
allernative plus the cost of lransporting the product from the market to the point of use.
However, if access to forest resources is allowed, the impuled value of forest products is the
cost of the aliemative Jess the cost of harvesting the comesponding mangrove forest product
plus the cost of transport. From the point of view of the household where cost may be ihe
overriding consideration, the sllemative product is the cheapest substiluie which may not
necessarily have the same attribute or quality as the mangrove product. In the case of timber,
lhe cheapest substitute is coconut Jumber while for fuelwood, two substitutes may be
considered: liquelied petroleum gas {LPG) and upland fuelwood although the latter is used in
the cmﬁpulatiﬂns.

In a commercial forestry regime, it is conceivable that a single entity, e.g., the entire
community operating as a business enterprise, will manage the forest resources 2s sole owner,
We assume that the objective is to maximize the value of net benefits (o be derived from the
forest in harvesting the guantity of forest products specified in Table 4.11. Net benefit is the
slumpage value which is equal to the market price of the good less the costs of fransport,
extraction and related costs incurred in managing the forest. Costs of gathering and transport
are 10 be incurred by the business enlerprise. Again, in the absence of a market value of
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mangrove forest products, the prices of altemative products are used. In this case, the same
alternative producis as in subsistence forestry are adopled.

The computation of appropriate prices and costs for the valuation of forest products Is showh
in Table 4.1 8a for subsistence forestry and Table 4, 12b for commercial forestry. The valuation
of subsistence and commercial forestry products differs in the treatment of gathering or
extraction cost. The rationale is already explained. The estimation of this cost, kowever,
requires explanstion. For \imber products, the gathering cosi is the foregone eamings from
fishing in the two forestry management altematives. If the community of fishers collectively
manages the forest commercially, forest workers may be willing to receive 2 salary equivalent
to their foregone earnings (not the legally prescribed minimum wage) as the community
members share the profits realized in commercial foresiry. In fuelwood gathering for
subsistence use, the gathering cost is zero as non-working household imembers are assumed o
do this task. In the case of commercial fuelwood, the gathering cost is also zero as it is a by-
product in Umber harvesting. Mangiove trees ave felled primarily for tmber and the smaller
branches are cut for fuelwood which becomes an incidental product. Work required for this
may be marginal.

Transpott cost is compuied using results of interviews in the study site. The cost of the most
practical means of transport employed in the gathering of sach product is adopted. For nipa
shingles a banea is usually emploved while for timber products, work animals are used.

The annual value of potentially marketable forest products is quite substantial (Table 4.19).
Depending on the forestry management altemalive, folal production ranges lrom 3,270
pesosthalyr (acquasilvicultare} 0 over 6000 pesosfbhalyve (comunercial fovestry), Between the
full subsistence and commercial foresiry allernatives (allematives 2 and 3), the difference is
about 40,000 pesos for the entire forest but on a per hectare basis, this amounts to only 440
pesos per year. The imputed value of the nutrients produced from mangroves is based on the
current market prices of chemical fertilizers. These are 3.85 pesos, 5.2 pesos and 4.3 pesos per
kg of nitrogen, phosphorus and potassium, respectively. This valuation method does not take
inte account the costs of extraction of the nutrienis from the mangrove forest. Total vaiue of
nutrienis per ha per year for the entire area is highest for the status quo, as expected. The
average per ha. value, however, is not Liglhest for the statos quo but for allematives 3 and 6
where the remaiting mangrove cover ase those which give the highest litterfall.

The annuzl value of potentially marketabls forest products and the imputed vaiue of nulrients
produced from the mangrove forest ranges from 2,677 pesos to 6,365 pesos per ba. The
cormmnercial forestry ahernative is ranked first while the status quo is ranked last. The
breakdown shows that the altemative which gives the highest value in potentially marketable
forest products is ranked highest overall. This underscores the impottance of timber,
fuelwood, charcoal and nipa in the mangrove Jorest, nowwilhstanding the overvaluation of
ratrients. Timber is doviousty the highest valued product a5 shown by the veloe of the next
best altemative product, Fuelwood and charceal are minimal.
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The value of forest products is now compared with the similar studies. One is by Schatz
{1521} which gstimated net annual economic value of wood products from Philippine
mangroves =t 3 00 pesos, 2250 nesos and 1,050 neene ner ha ner vear, respectivaly for
mangeove plantation, managed naturzlly regenerated stands and unmanaged understocked
stands. For comparison, Pagbilao is 2 managed naturaily regeneraied stand which shouid have
a net economic vakue of 2,250 pesos per ha per year per Schatz’ study. For this study, taking
the value of subsistence forestry ailernative the value of wood products at 2,636 pesosfalyr is
close to the Schatz estimate, In terms of physical volume of wood harvesied, however, Schatz
estimaled a higher 7.3 cu.mfhafyr compared to 2.75 cum./hafyT estitmated in this study.
However, this siudy with the computation of sustainable levels of cutting of mangrove trees

gives a more conservative albeit more accurate estimate of the value of timber products from
a mangrove forest.

4.7. Summary and Recommendations

The [orestry studies for this project identified various, forest-based products that may be
derived from the Pagbilao tmangrove forests. Field surveys provided infonmation necessary to
eslimate the quantity and value of these producis. Mangrove forests are legally not amenable
to conversion of any sort. Moreover, the gathering of mangrove forest products is prohibited.
In this study, however, different management scenarios were assumed for the Pagbilao
mangrove forest and forest producis were estimated for each scenario. The valuation of fores{
products for each scenaric shows that the best altemative is sustainable subsistence forestry
witich gives the highest value, The subsistence foresiry is also superior in (enns of equity
considerations as the fuelwood and timber from mangroves are supplied by the mangrove
reserve. The contribution of the mangrove forest to primary productivity is not compromised
as the difference in litterfalll and, subsequently nulrient production, between subsistence
Torestry and preservaiion is not significant.
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5, ASSESSMENT OF FISHERIES-RELATED FUNCTIONS OF THE
PAGBILAO EXPERIMENT AL MANGROVE FOREST®

Perry S, Ong and Jose E. Padilla

51. Introduction

The Depariment of Environment and Nalura] Resources (DENR) Mangrove Reserve in
Pagbilao, Quezon (13°57" o 13°59' N, 121°42"" 121°46'E} has only 111 hectares left and s
classified as an experimental forest. Tt is flanked by the Nahalinan River in the west and the
Palsabangon River in the ¢est (Carandang and Padilla, 1995; Fortes, 1994), Extensive areas of
fishponds are found just outside the mangrove reserve, especially near the mouths of Pagbilac,
WNahalinsn, and Palsabangon Rivers (Carandang ard Padilla, 1995; Baparinao, 1995; Fories,
1994). The latter two walerways and Sukof Creek have a combined sverage aren of 10.25
heclares {Table 1} based on a mean width of 32.5 m {{5-50 m) and lenglh of 2 km for
Palsabangon River, 20 m {1130 m) mean widih and Jength of 1.5 km for Nahalinan Rever and

13 m (i0-28 m} mean width and length of 30¢ m for Sukol Creek (Pinte 1987, Bagariu-ao
1995),

The Pagbilao Expetitmental Mangrove Foresl had been the subject of various studies on its
forest resources ang Tisheries. These include those by the Wational Mangrove Cominitiee
(1982), Andrada (1983), Tang {1983}, Leonardo (1984), Melijan (1984}, De la Paz and
Aragones (1985), Fories and Jara (1987), Pinto (1987, 198%), Fortes (1994), Carandang and
Padilla {1995) and Bagatinac {995), anong others. |

This study is part of a mullidisciplinary projeci assessing various management alternalives for
Philippine mangrove forests. The objectives of the fisheries component are:
a. 10 assess the contributions which mangroves rmake to supporting fish and shelllisb
stocks an the basis of avaifable [iterature; '
b. toinfer on the degree of dependence of various fishes and crusiaceans on the Pagbitao
mangroves; and
c. o estimaie potential vields of fish and cruslaceans as a wmsull of aliemative
managemern aliemnatives Tor the Pagbilac mangroves.

Baport submined to the Resources, Environment and Economics Consultants, Inc. {Philippmes) arl the
Inzinste For Exnviroamerns) Sodies Free University {ine Hetherjands).
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This paper titds on previous studies by the National Mﬁngmve Commitiee (1982), De la Paz
and Arapones (1983), Pinto (1987, 1988}, Forles (1994} and Bagarinao (1995).  also draws

‘on the forestry study on nutrient productivity by Carandang and Padilla (i 995). The fisheries

datz analyzed in this report were based on Bagarinao’s sampling at Sukol Creek (Figure 5.1},
which is the most recent data collected for this study area, The data are summarized in
Appendices 1 and 2.

52. Importance of Mangroves as Feeding and Nursery
Grounds '

From the perspective of aquatic species, notably fish and crustaces, the mangrove habitat
maybe defined as the mangrove prop root system and its adjacent muddy boltom areas such as
lagoons, creeks, and passages, which are derived from mangrove-induced deposition
processes and that would not be there if the mangroves were not (Bagarinao 1995). Several
studies in sites vther than the Pagbilao mangroves have established a positive comelation
between - fish and sheimp vields and mangrove area -or Jength of mangrove-iined area
(Camac:liﬁ ahd Dagarinac 1987; Mariosubroto and Naamin 1977; Macnae, 1974; Tumer,
1977; Staples ez af., 1985). This could be aftributed to mangroves® providing food [or the
suppor of these stocks and/or acting as a nursery supporling the survival of juveniles (Qdum
and Heald, 1975; Hatcher ef al. 1989), These two aspects are discussed briefly in the
following sections.

There is ample evidence in the literature (hat supports the view that mangroves are impotiant
feeding and nursery grounds for various fish and crustacesns (see Odum and Heald, 1972,
£975; Macnae, 1974; Marlosubroto and Naamin 1977; Tumer, 1977; Staples er of, 1985;
Camacho and Bagarinao 1987; Hatcher ef ol 1989) despite views to the contrary (Roberison
and Duke, 1987; Stoner and Zimmerman, {984; Thollot and Kulbicki 1988, Parrish 1989,
Salint er of. 1990, Thollot ef al. 1991; Primavera, 1995; Fleming et «f., 1990).

Mangrove ecosyslems are belicved to be highly productive egualing or exceeding the
productivity of most terrestria) ecosyslems and even cultivated land, Forles and Jara (1937)
have shown that the orpanic matier production of the four dominant species in the Pagbilao
Experitnental Mangrove Forest (mean=481.74 grru’mza"year} is comparable 10 that of the major
cultivated crops (mean=744,5 gm/m’fyear), particularly if one takes into consideration the fact
that mangroves grow naturally without external energy subsidies such as fertilizers and other
means of yield improverent.

Subslantial contributions 1o primary productivily are also made by mangroves themselves;
although vther sources include mangrove associates, benthic afgae and phytoplankeon (Singh
et al. 1993). Some of this primary production is grazed directly by herbivores, e.g., insects
grazing on mangrove leaves, zooplankion grazing on phytoplankton. However, it appears that
most of the fixed carbon contributes to the pool of dead organic matier in ke sediments under
the mangroves, Further contributions to this detritus pool comse from suspended and dissolved
orpanic maiter in inflowing waters particularly those draining from the catchmeni. Fortes and
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Jara (1987) also found that in the Paghbilao Experimental Mangrove Forest there is a higher
level of organic malter in undisturbed areas than disturbed areas and that there is a net export
ol organic matter from the mangroves 1o the open seas.

Decomposition of detritus by bacleria and fungi resulls in (he concentration of nitrogen, which
is voraciously sought by detritivores, and forms the basis for a complex food web (see Figure
5.2). Mangrove ecosystems demonstrate a high secondary productivity and support a large
diversity of species (Roberison ef al. 1988). Not all of these species are penmanent residents.
For example, there are species which breed in mangrove ecosysiems and others which
complete their life cycles there. The laiter includes juveniles of some fishery species typically

found offshore, |

In the Pagbilao Experimental Mangrove Forest, several factors interact that provide the
physico-chemical environment and food of the juvenile fish and that those factors feading to
food abundance are more important for the occurrence of juvenile fish in this environment
{han those deiermining the physico-chemical environment (Pinto 1987). Furthermore, Pinto
(1987) sugpested thal environmental factors are only one aspecl that determines ihe
occurrence of juvenile fish in the mangroves and biclogical factors such as population
characteristics and predation could further affect the occurrence of juvenile fish in the
TNANETOYES.

The macrofauna, the meiofauna, phytoplankions, zooplankions and detritus in mangroves
provide the major sources of food for fishes and crustaceans (see references in Singh er. ol.
1993, Robertson ef . 1988}, Chua (1%73) established a positive correlation between fish
presence and copepod sbundance while Odum and Heald (1972, 1975) also showed that
mangrove leaf litter provides nulrition for detritivores, particularly shrimps. Of the 128
species of fish species Pinto (1987} identified in the Pagbilao Experimenial Mangrove Forest,
39% were benthic, 6% were pelagic, 1% hyponeustonic and 54% benthopelagic. The
distribution pattern in the lile habils of these fish species indicates the imporiance of the
mangrove river boltom in the life of the mangrove fishes.

Macnae (1974) established a positive comelation between mangrove productivity and finfish
and shellfish production {see Singh ef al. 1993 for other examples of this relationship). Two
mechanisms have been postulaled to explain the link between fisheries yields and adjacent
intertidal areas. These are (1) traphic subsidy through export or oulwelling and (2) use as
nursery grounds (Boesch and Turner 1984; Robertson and Blaber 1992).

Part of the detritus which accumulates in mangrove ecosysiems is thought to be exponed
towards offshore environments by lides. Many authors stress the contribution which mangrove
ecosystems make to productivity in adjacent ecosystems via outwelling, suggesling that the
detritus generated and accumulated in mangrove ecosystems could support long food chains
ending with open oceans {see Carter [988). However, care should be taken with this point.
Fisilier (1990) argues thai scientific evidence for this support of offshore ecosystems is
lacking or only a very small percentage of primary production is involved. Studies exist whiclz
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support a view of mangrove ecosystemns more as a sink for substances carried by rivers and
lides, than a source {Ong 1984 in Fisilier 1990). Finally there is fittle evidence that exported
detritus enhances primary productivity i olfshore communities (Lee 19935).

The connection between offshore prawn catches and manproves may lie in the nursery
function rather than the export function (Hatcher ef of, 1989). Mangrove habilats are potential
nursery aress for marine animals, ie., they providée food, shelter from predation and
turbulence, or both. They are alse importani nursery grounds for some penaeid species such as
Penaeus -noriodon and P. merguiensis (Primavera 1995). Specifically, mangroves act as

‘penagid shrimp nurseries by providing food and/or sheller from predation, the latter theough

physical struciures such as roots, turbidily or exclusion of predators (Hatcher er of. [989;
Roberlson and Blaber 1992; Primavera 1995). Furlhermore, mangroves are major nursery
grounds for a variety of juvenile {ishes and provide important habilals for adult fishes
{Robertson and Duke, 1987; Pirlo, 1987, 1988; Christensen, |982; Macnae, 1974). Figures
5.3 and 5.4 show the life cycles of P. merguiensis and. Lnres cc.rkarg%r and their dependence
on Lthe mangroves, respectively.

Herre (195%) reported numerous marine fish sp;:r_:ies in the Philippines that visit the freshwater
or brackish water, entering as juveniles but returning (o the sea long before sexual maturity.
The most abundant fish group, the glassfish, swim up the Philippine rivers during the dry
season and during the rainy season retums 1o the sea to spawn.

~ Tn Pagbilao Bay, peaks in organic matler production in the Faghilau.Expetimenla] Mangrove

Forest and its transport to the sea were cowrelated with peaks in fish abundance (Fortes and
Jara, 1987} while total biomass of the catch showed positive comelation with sediment carbon
and filerfail alhough this varied between fish species (Pinlo, 1987). To illustrate, the benthic
sling fish (Prosopodasys gorgozae, Scorpaenidae) showed posilive correlalion with sediment
carbon and salinity while the benthic goby (Gratholepis calliurus) showed positive
conelation with nitrate pH and litterlall (Pinto 1987).

Primavera (1995} provided evidence of the imporlance of ihe nursery role of the tiverine
mangrove, e.g., greater juvesile abundance, smaller sizes, and absence of maturing female
penaeids in this habitat. In contrast, both lransient juveniles and aduits penaeids, were present
i the island mangrove, at grealer sizes and lower densities than it the tiver. Priruavera (925)
aiso concluded that the requirements of juvenile shrimps are species specific. Juveniles of
Penaeus monodon need mangrove vegelation while juveniles of P. merguiensis need a
combination of mangrove vegelation and brackish water conditions: juveniles of Mefupengues:
archistus need rarine waters while juveniles of M. ensis need estuarine waters.

Only 12% of the [28 fish species found in the Pagbilao Experimental Mangrove Forest
showed maturing gonads, anolher indication that the Pagbilao mangrove fish community is
composed mainly of immaiure fish (Pinto 1987). Fish caught by Bagarinzo (1995) also were
in sizes that were considerably smaller than market sizes while fishenmen using gears that
would have trapped Jarger fish, also caught small fish, fusther supporting this observation.
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Figure 53, Diagrammatic representation of the life cycle, habitat and fishery ground of the white
prawn Penaeus merquiensis off the coast of Selangor, Mataysia (adapted by Singh et
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Finally, there is a high mortality rate in the study area, which is typical of populations with
very high juvenile population. In contrast, there are very few fish eggs and larvae found in the
gut of fish caught in Pagbilao (Melijan, 1984 and Leonarde, 1984). These (wo observalions
indicate that the Pagbilao Experimenial Mangrove Forest serves a nursery ground function
rather than a spawning ground function,

However, several recent stwdies have challenged the notion that mangrove leaves and detritus
provide nutrienis for detritivores (Robertson and Duke, 1987; Sioner and Zimmerman, 198%;
Thollot and Kulbicki 1988, Parrish 1980, Salini ef al. 1999, Tholiot et al. 1991; Primavera,
1995). Mangroves make only a localized contribution to the food chain, such as within the
riverine forest (Fleming ef of. 1990). The nursery function of mangroves may be different for
different fishes and shrimps, and may not only be via the detritus pathway (Bagarinao 1995),
Furthermore, Primavera (1995) showed experimentally that not all penaeid shrimps are
dependent on mangroves. She also demonstrated that mangrove-associated penaeids are not
detritivores but instead derive their carbon sources from feeding on phytoplankions and
epiphytic algae through intermediate links such 2s copepods, polychacles and gastropads,
Nevertheless, these studies do not detract from the feeding ground and nursery ground
function of mangroves as the othet links in the lood chain identified and the habitat quality are
dependent on mangroves albeit this maybe through indirect means.

This apparent contradiction regarding the roles and contribulions of mangroves to productivity
probably stems from the difference between the roles and contributions of mangroves as. a
species and of mangroves as an ecosystem. To illustrate, if mangrove-associaled penaeids are
not [eeding on detritus derived from mangrove leaves, this does not mean that they are not
dependent on the mangrove ecosystern which also provides the phytoplankions and epiphytic
algae that they do feed on. The mangrove ecosystem and s food web is very complex. The
degres of dependence of species on the mangroves may not differ between one spectes which
eals dead mangrove leaves, another which eats herbivores which eat algae which grow on
mangrove rools, or a third species which breeds among the roots of mangroves. Furlhenmore,
some species are Jess choosy and in baving a broader resources base, range or niche, they
reduce their dependence on any one food source, habitat, etc. (personal communicalion lrom
L. Femandes and A. Gilbert).

53.  Fish Diversity in The Pagbilao Experimental Mangrove
Forest

The number of fish species caught in the Pagbitao Experimental Mangrove Forest reported by
ihe five studies varied from 26 to 128 (Table 5.2). Al siudies covered relalively the same
sampling sites (in the Pajsabangon and Nahalinan Rivers and Sukol Creek). Thus, it appears
that the number of species caught is directly proporiional to sampling effort (i.e., as sampling
effort increased, the number of species caught increased), To illustrate, the lowest number of
fish species (—26) recorded by the National Mangrove Commiltes {1982) sampled only once
every month in three different months while the highest number of fish species (=128)
recorded by Pinto (1987, 1988) sampled once & month over 18 months, The former study did
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not indicate the sampling gear used and the timing of sampling while the latter study used an
ohter trawl net and sampled onty at night during high tides.

~

oig the five siudics, only those by Pk {3987 and by deia Paz and Arpgones { 1983) were
underiaken over prolonged and continuous periods whereas the other three studies were
mestly shortdernm sporadie s2mpling, T iz these twé siudics thal recorded tie Lighesi number
of fish species caught (110 and 128 species respectively) wlhereas the last three swudies
recorded the least number of fish species caught (26, 37 and 46 respectively).

In this respect, Bagarinao’s data approximated the numbet of fishes recorded by the other iwo
short-term  siudies (National Mangrove Commitlee, 1982 and Forles 1994) and were
comparable {0 the results of the other {wo long term studies (dela Paz and Aragones 1985;
Pivto 1987, 1998). It appeared nol to underestimate the number of species in the Paghilao
Experimental Mangrove Forest and represenied a good cross-section of the species
composition of the Pagbilao Experimenial Mangrove Forest. Furthenmore, 1l more abundant
andior dominant species caught were similar in these sludies. Ambassis kopsi was Tound o

consistently dominate the mangrove fish community in Pagbifao {Dela Paz and Aragones,
1985; Pinto, 1988; and Bagarinao, 1995).

54. Methods

"Based on the sbundance {e.g., Glassfish, Slipmouths) and econoimic mporlance (e.g.,
Cardinaifish, Miitkfish, Muflets, Groupers and Snappers) of fish collecied from the Sukol
Creek ares, Bagarinzo (1993} selected fish proups for inclusion in her analysis and
exirapolalions of lish slanding crop in the Pagbilao Experimental Manprove Forest {see
Appendix 3). Furthenmore, Pinto (1988) identified four fish species as residents in the
Paghilao Experimental Mangrove Forest based o their length frequency data which were
close to the Ly, records for these species. From these, Pinto {1 988) calculated for:

Z=F+tM, where Z = total mortality, F= (ishing mortality and M= natural mortality; and
E=F/Z, where E is {he exploitation rale, F and Z are as described as above;

The calculated exploitation rate for the resident species vas derived from Pinta’s (1988) data.
The exploitation rate for species classified as transients by Bagarinao (1995) were derived
from ‘available records reported by Ingles and Pauty (1984), For those species classified as
. residenls or transients but where dala on their exploitation rate were not available, the
exploitation rate was assumed {o the mean for each group. A summaty of the exploitation rate
for residents and transients are presented in Tabie 5.3.

The mean sizes of the fish proups caught in Sukol Creek were compared to the mean sizes of
those being sold at the fish market {Columns A and B of Table 5.4). Using the following
formula:

W=gl?
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where W= weight, L= Jength and a and b (see Columns C and D) are coeflicients based on the

International Center for Living Aquatic Resources Management's (JCLARM) computer
database called FishBase,

The mean weight of these fish groups was calculated {Columns E and F).

The difference between the weights of fish from Sukol Creek and those sold al ihe market
varied markedly, with those from Sukol Creek consistently being underwsight, in some
groups being even more than 100 times lighter. This is due 0 the juvenile stages of the fish
caught and confirms the nursery role of the Pagbilao mangroves.

Column G, the estimated total number of individuals per iiectare per year, was derived from
Appendix 3, which Bagarinao estimated based oo the following assumptions:

1. The mean number of fish canght during the three sampling daies was assumed by
Bagarinac to represent a cohort, i., 2 group of residents or transienis present at any
one time. This was then divided by 250 m? to arrive at the number of fish per cobort
caught on a per hectare basis. |

2. Based on a knowlsdge of their biology, Bagarinac assumed that resident species were
capable of producing 14 cohorts per year, while transients produced between 2 and 6
cohorls per year. _

3. Estimates of the total population of fish within the Pagbilao mangroves were made

" assuming terporal and spatial homogeneity: i.c., that the number and species caught

by Bagarinac in Sukol Creek is the same throughout the mangrove ecosystem and is
independent of the time of the day or ol the year.

Using these assumptions, an estimate of (he annual standing crop of each fish group in terms
of individuals per heclare was caliculated. '

The projected annual standing crop per heciare per year of the Pagbilao Experimenial
Mangrove Forest, Column H, was arrived at by multiplying Column F with column G (hen
divided by 1000g/kg. Finally, the projected harvest per hectare per year ihat is considered
sustainable, Column 1, was arrived at by multiplying Column H by the exploitation rate
presented in Table 5.3 except for the crustaceans, where an exploitation rate of 50% was
assumed in the absence of catch and effort data (see Gulland [971).

55. Results and Discussion

Among mangrove residents, the glassfish and the slipmouths are projected 0 have an annual
harvest considered sustainable of more than 79 kg/ha/year (558 kg/hafyear and 79.1
kg/halyear, respectively), while the gobies and the cardinaifish, are projected i have an

annual harvest considered sustainable of less than 10 kg/ha/year (8.8 kp/ha/year and 5.8

kg/hatyear, respectively). Crabs and mudcrabs are projecied to have an annual harvest
considered sustainable of 535 individuatshalyear and 750 individuals/fhalyear, respectively.
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Among mangrove transients, the mullets and the rabbitfish, are projecied {o have an annual
harvest considered sustainsble of more than 10 kg/halyear (40.1 koMafyear and 11.6
kg/halyear, respectively), while the milkfish, snappers and the groupers, are projected o have
an meeed hanost considered sustzinebic of iess than 3 kghafyear (2.5 kefhafyvear, 1.4
kg/halyear and 0.7 kg/halyesr, respectively), Shrimps are projected to have an annual harves
considered sustainable of 21 g30 ndividualoMafvear,

Annyal Standing Crop Under Various Management Alternatives

The data presented in Column H of Table 5.4 represent lhe stalus quo in terins of the

projected annual standing crop of important fish groups and crustaceans per hectare per year

and presented as such in Table 5.5 {Column A). Since Fortes and Jara {1887} showed that .

peaks in organic matter production in the Pagbilao Experitnental Mangrove Forest and its
transpori 1o the sea were comrelated with peaks in fish abundatice and that the (ofzl biomass of
the catch showed positive comelation with sediment carbon and litterfall, it was assuraed that
there is a direct relutionship between nutrient productivity and fish and crustacean standing
crop. This in tum was correlated with the annual nuirient production (tonsfyear) of the
Pagbilao Experiment Mangrove Forest estimated by Carandang and Padilla (1995). Thus, the
annual nutrient productivity in the Pagbilac Experimental Mangrove Forest was assumed to
translate direclly o the fish and cruslacean standing crop eslimaled for the area. Hence, in the
various management allernatives, the reduction in the size of the mangroves results in a
recluction ir fisheries and crustacean standing crop. Since all management allernatives result
in a reduction in the annual nuirient production of the mangroves, the reduced anmual fishertes
and crustacean standing crop was calculated for each by simple ratio and progortion,

Alternatives 2 and 3 (Column B) result in a 2,7% reduction in nutrient production, aflernaiive

4 (Column C) in a 25% reduction, alternatives 5 and 6 (Cofumn D)) in a 86% reduction and

altenatives 7 and 8 (Column E) in & 31% reduction. Thus, the fish and crustacean standing
Crop were reduced by these corresponding levels, Columns D and E present 1he data on ihe
assumption ihat the reduction caused by these aliernatives were the same as in the other
allemnatives. However, khowing that there is 2 minimum area beyond which an ecosystem
censes to function as such, i.e., a massive reduction in the size of an ecosysiem can drsticafly
alter if not completely halt its ecological functions, it was further assumned that these lost
ecological funciions will affect the standing crop, e.g., when a mangrove area is converied to o
fishpond 2nd involves massive alieration to the mangroves even when a strip of mangrove is
left as = buffer zone, then the effects are also equally devastating on the fish and crustacean
fauna, albeit to different degrees to different groups. Witk these assumption, the ¢ffect on fish
and crustacean standing crop was recalculated and showa in Columins D and E-

In Column D', the conversion to fishponds was assumed to have a devastating effeci on alt
fish species, thus fish productivity will disappear altogether while there will be a 90%.
reduction in crab standing crop and & 95% reduction in shrimp sianding crop, Based on a
knowledge of fish biology and behavior (see Appendix 4), the habitat alieraiion proposed
tmder these altematives and the poliution that will be generated by the fishponds will be the
coup de grace that will definitely drive away and prevent future recolonization by mangrove
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residents and transients alike. The impact on shrimps iz greater than that expected on the crabs
4s the shrimps are more sensitive to these changes than crabs.

in Column E', the conversion of a part of the mangroves to aquacufture will have a less
devastating effect on the fish and crustacean fauna than that proposed under aliernatives 5 & 6
but this will be only in terms of degree. It is estimated that impact wiil be more serious to
mangrove transients than to mangrove residents since lransients can afford to move 10 other
areas in the [ace of habitat alieration, in the sense that if they were absent in the area when the
changes oceur, they can move directly io allemnative sites where these are available and thus
disappear altogether from the damaged ares, whereas residents wifl be foreed to stay and
conlront the allered conditions and make adjustments to the new conditions. It is assumed that
under ailernatives 7 & 8, the standing crop of all residents will be reduced by 75%, while for
transients, the effect wifl vary. For milkfish, groupers and snappers, they will be immediately
be driven out of the area while the remaining group of ransients, {he rabbitfish and mullets

will have 4 %0% reduction in standing crop while shrimp standing crop will be reduced by
85%. ' :

To sum up, when ecological factors affecling the standing crop are considered once
mangroves are converted to fishponds (as in altermalives 5 and 6), the result can be devastating
and may even result in local extinctions in the fish fauna, whereas the standing crop of crabs
and shrimps will be preatly reduced by as much a5 90 and 95%, respectively. Partin)
conversion (as in altematives 7 and 8) will bave a lesser degree of devastation (a 75% to
100% reduction in sianding crop) but a devaslation nopetheless.

Projected Potential Standing Crop Under Various Management Alternatives

Over 25 Years

Carandang and Padifla {1995) projected an average annual mean increase in nutrient

. production (in terms of N, P, K at 7.8%, -0.5% and 1.44%, respectively) off 2.91%. To

compule for the projected standing érup over 25 years under status quo, the mean annual rate
of increase in nutrient production was used as the basis for estimating the ennual fish and
crustacean production. This process was repeated for each year with the values of the
preceding year s the basis for calculating the production for the succeeding year, Once this
was compuled, the yearly productivity, in termas of the number of individuals/ha over 25 years
and its weight in kg/ha over 25 years, was summed up to arrive at the potential standing crop
over 235 years (Table 5.6).

The potentiat standing crop over 25 years wider othier management altematives was esimated
by simple ratio and proportion as follows {e.g., alternatives 2 & 3):

The rates of change in Table 5.6 were assumed to be similar to that calculated for the annual
standing crop in Table 5.5, As in Tabie 5.5, Columns D and E of Table 5.6 present the data on
the assumption that the reduction caused by (hese altemnatives were the same as in the other
alternatives. However, since it was assumed that some of the management altemnatives entail
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different ecological impacis as described in the previous section, the impact on fish and
crustacean productivity was recalcutaled and shown in Columns D' and E'.

T

LhC assumplions made cariier in estiimating e aunual standing crop under such imanupenen

alternative remain applicable when ihe potential standing crop over 25 years was eslimated,

al

e whan arnlinina?
THIZ WEn ecninpinnl f

Ptaciers efigciing the slanding orop arc Ghem into considomtion once
rangroves are converled to Mishponds (as in altematives 5 and 6), the result remain
devastating and may even lead Lo local extinctions in the fish fauna, wherens the standing crop
of crabs and shrimps will be greatly reduced by as much as 90 and 95%, respectively. Partial
conversion {as in alternatives 7 and 8) will have a lesser degree of devastation (a 75% to

1 00% reduction in productivity) but a devastation nonetheless,

The management alternative of converting mangroves into aquaculture, whether on a semi-
intensive ot intensive basis (ailernatives 5 and @). will have the most negative impact on the
fisheries of the mangroves. The physical reduction in the size of the mangroves and the
resulting pollution that will arise from the operatior of the fishponds will ensure that the
original fish fauna will be driven away if not kilied outright and create conditions that will
prevent their future re-colonization {e.g. 25 years from now), Partial conversion (alternatives 7

& §} will have the same negative impact but oniy {0 a slightly lesser degree. Nevertheless, the
fish fauna will still be adversely alTected and may never recover from it.

Over 50 Years
The projected fisl: and cruslacean standing crop over 50 years were also estimated by

extending the 25 year increase into 50 years in terms of number of individuals/ha and in terms -

of the weight/hectare (Table 5.7). The rate of increase has a compounding effect, thus
aithough the time frame was doubled (i.e., from 25 to 50 years), the standing crop increased
nearly three {imes. Apain, as in the estimales made on standing crop over 25 years, Lhe same
assumptions wete made in projecting the standing crop over 50 years, i.e, there is a direct
linear relationship between nuirient productivity and fish standing crop. Thus the rate of
change in fish standing crop under various management altematives was equivalent to the

percentage reduction in nutrient productivity, except under Columns D' and E' where impacts

on the ecological function of mangroves were factored in, Thus, the effect on decreasing

productivity was greater than when z direct linear relationship was assumed (e.g. Columns D
and E}.

56.  Valvation of Fishery-Related Functions

A valuation of the fisheries’ standing crop eslimates of the mangrove forest under alterative
management strategies. With respect to the various menagement regimes, the focus of
valualion is on the cutrent status of the mangroves, as the fisheries survey only collected data
assuming no significant changes on the physical characleristics of the mangrove forest. The

procedure in estimating productivity: for the other management alternatives is followed in the
valuation,
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Several points need 1o be considered in the valuation exercige. Ficst is the size of fishes louwnd
in the mangrove forest, Using market prices which apply to bigger sizes of fish maybe
rnisleading i atiaching values (o juveniles. Further, fisheries productivity need to be adjusted
1o take inlo account losses from natural mortality. Second is the level of dependence of the
various fish species on the mangrove forest. For simplicity, migration of fish to adjacent
mangrove sites when the mangrove s converted into other uses is not considersd. Thus, the
lower fisheries productivity in alternatives involving conversion represents net loss with
respect 10 the experimental mangrove forest. (It could have been that the fish may move lo
adjacent mangrove strips or in the seagrass beds and coral reefs. Thus, there maybe no net loss
when a wider spatial coverage is considered).

The pumber of fish growing o market size is estimated considering that most of the 1ish
species found in Sukol creek are juveniles (see Columns I and F in Table 5.3). Losses from
naturai mortality is assumed equivalent io the percentage deviation from the markel size of the
fish found in the creek. The weight of these juveniles when they reach market size is then
comipuied and shown in Table 5.8. Mangrove residents comprise the bulk of fish production,
particularly glassfishes and slipmouths. Transient species production is very minimaj. Across
management altematives, the highest production is realized when the mangrove forest is
preserved althouph fisheries productivity under either the sustainable subsistence or

commercial forestry alternatives is minimally aifecied. It is in the conversion aliemalives that

mangrove-dependent fisheries productivity declined considerably.

Estirnated standing crops are converted to monelary equivalents using in-site price of lish.
This price is similar to stumpage value in respect of forest products, paniicularly timber. fn-
situ prices of fish is estimated at 12.25% of the fanded price of fish (NSCB 1996). This means
that 87.75% of the prices veceived by fishers cover the costs of catching based Forn a nationat
survey of fisheries in the country®. The value of {isheries preduction for the study sile, Sukol
creek in particular, is shown in Table 5.9, The value ranges from about 270 pesosthafyr for the
full-conversion altlemnatives to 5,300 pesos/halyr in the preservalion alternative.

The value of fisheries productivity in Sukel Creek is raised for the entire area considering that
waterways such as the creek may contribule mote to fisheries production compared to
portions of the mangrove forest which are intemmiltently underwater. The total area of
walerways of the experimental forest is estimaled at 10.25 ha {(see Tabie 5.1}. It is assurned
that the relevant area for fisheries production is thrice the area of the waterways, This is then
uged to muliply the value of figheties production in Table 5.9 and divided by the total acea of
the mangrove forest at 110.7 ha (Table 5.{0). The valugs in this table may be interpreted as

the lower-bound estimate of fisheries productivity while those in Table 5.9 as (he upper bound:
estimale,

®  Thisinformation is used in the absence of long-term survey data of fishing operations & Pagbileo.
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5.7, Conclusion and Recommendations

There are contrary views regarding the imporiance of mangroves as feeding and nursery

giotaids f0i fish aed Crusiaveans, Mowevern, e discussion ievolves ni6ic around the degres of

impariance, than around the existence or not of these roles. The degree of dependency is not
et A ! FalF
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imprecise,

Based on the assumption that among the more important fisheries-related (unctions ol
mangrove forests of Pagbilac are its role as a feeding ground and nursery ground, one thing

consislently emerged from (his analysis: (ke status guo allernative will provide the highest

natural fish productivity while conversion into fishponds witl have the most adverse effect
including the possibility of local extinctions and prevention of furlher re-colonization,

This exercise in the valustion of the fisheries-related functions of mangrove [oresis was
severely limited by the lack of solid baseline informatien. Estimates have been made using a
number of assumptions which are tenuous. Tt is strongly recommended that this pap in
knowledge be filled in as soon as practicable. Furthermore, the validity of some of the
assumptions needs to be ascerained. These include:

a. 15 the relationship beiween nuirient productivity and fisheries productivity a direct
and linear one? If yes, by how much? If not, why and on what are the other factors an
which fish productivity rely on?

b. corollary to (1), will the decrease in size of mangrove forests under the various
management alternatives resuit in & decrease in fisheries? If yes, by how much? If
not, how does reduction in mangrove forest affect fish productivity?

Other aspects in the study that were not addressed due to lack of reliable data include an
anafysis ino the relationship of the fish productivity and catch per unit effort (CPUE) and the
effect of other forms of human activity on fish productivity. These are some of the poteniial
areas of follow-up research identified in this exercise.
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6. ASSESSMENT OF MILKFISH AND PRAWN CULTURE IN BRACKISH
WATER PONDS

Jose E, Padilla and Michael A. Tanael

6.1. Introduction

This study is prompted by the rapid loss of mangrove areas in the Philippines from conversion
to aquaculture ponds. Over the years, the time-series dala on the remaining mangrove cover
and the area of brackishwater fishponds show an inverse celationship (Fig. 6.1). Seversl
aquaculture economic studies have been conducted in the past but even (he more recent
sludies use data collected several years apo. The work by Guerrero et al. (1994) covered {591
crop year while that of Padilla (1994) evaluated 1989 crop year. A more recent sludy is
needed to assess the perfoimance of aguaculture over ihe years. In addition 1o providing a
more recent assessment of squaculture in the Philippines, this study will atiempt (0
incorporate environmental costs of aquaculiure in the assessment. This is borue by the fact
that in some cases, widespread use of chemicals for maintaining productivity of fishponds
have been increasing in vecent years.

This study is also important in the light of the poiential opening up of more public lands,

mcluding wmanprove areas, for aquaceliure. Conversion of public tands 1o aquatuiture is wow

allowed under certsin circumstances with Lhe passage on February 1995 of the amendment of

Republic Act 7881 otherwise known as the Comprehensive Agrarian Reform Law (CARL).

The specific provision under section 65-A - Conversion into Fishpond and Prawn Farms
reads: :

“No conversion of public agricultural Jands into fishponds and prawn faoms shall be

made except in situations where the provincial govemment with the concurrence of

. the Bureau of Fisheries and Aquatic Resources (BFAR) declares a coastal zone as

suitable for fishpond development, 1n such case, the Depariment of Environment and

Natural Resources (DENR) shall allow the lease of and development of such areas:

Provided, that ibe declaration shall nat apply to environmentally critical projects and

areas ... . Provided firther, That the approval shall be in accordance with & set of

guidelines o be drawn up and promulgated by the Department of Agrarian Relorm

and BFAR: Provided, firthermore, That small-Farmer eo-operatives and crpanizations

shall be piven preference in the award of the Fishpond Lease Agreements (FLAs)”
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While the opening up new fishpond areas may be necessary to augment dwindling production
from capture fisheries, there are foregone benefils or costs of mangrove conversion. Flence,
the possible impact of the provisions of the revised CARL need to be assessed. The primary
objectives of this study is o evaluale the couversion of mangroves for aquaculbuce,
Specificaily, this study is to assess the perfermance of aquacullure over the years.-

The focus will on the two dorninant species cultured in brackishwater fishponds i ihe
Philippines, i.c., milkfish {Chanos chaios) and prawn (primarily Pengeus monodon sp.).
Table 6.1 shows aquaculture production for the entire couniry for the last 10 years. Tolal
agquaculture produciion increased by almost 360,000 mt or by 62% for the emtire period.
Milkfish production increased gradually from 1984 to 1991 but dropped drastically 10 124,500
mit in 1993, Prawn production, or the other hand, has been increasing with production in 1993
reaching 86,000 mt equivaleni to 227% increase from 1584 production.

This paper is divided into three parts. The first presents the resulis of a survey of fishfarms
which was conducted purposely for this study. The survey methodology, profile of
respondents and fish farms and the culture technologies are described in relative detail. This
part informs the unfamiliar reader of the aquaculiure technologies currently employed in the
Philippines, The performantce of fish farms is assessed using a simple costs and eamings
analysis. The second part compares the performance of milkfish and prawn aguaculiure over
the years using several sludies, Tnferences are made on the fulure performance of aquacullure
in the Philippines. The third part looks into the environmental aspects of aquaculture. .

Part 1: Assessment of Fishpond Aquaculture Using 1994 Data

A survey of fishponds was conducted in February to March in 1995, The prmflnce of
Pangasinan was selected for s accessibifity and the large number of FLAs and private
aquaculture farms. Nine municipalities of Pangasinan were covered by the survey. These are
Agno, Alaminos,'Anda, Bani, Binmaiey, Dagupan City, Labrador, Lingayen and San Fabian
(Fig. 6.2). A purposive sampling was done where farms practising semi-intensive and
intensive culture technologics were selecled as may be indicated by extent of pond
development, stocking density and cropping frequency, The reference period of the survey
was the [994 crop year, ie., January-December 1994, The survey covered twenty-four
milkfish farms and ten prawn fanms.

6.2, Production and Revenue

The average cropping frequency in milkfish farming in 1994 was 4.08 with culture period of
71 days per crop or 290 days per year, Production for the sample was roughly 686 kg/ha/crop
equivalent to 2,797 kyfhafyear which is almost dwee times the average national production,
Only one milkfish farmer in the survey employed intensive technology with average stocking
density of 15,000 piecestha/crop in the rearing pond, Average production in intensive farming
was 4,700 kg/ha'crop or 23,500 kg/hatyr, The rest were setni-intensive fatmers with average
production of 642 kg/ka/crop or 2,594 kgfhalyr. Cropping frequency in prawn farming was 1 8
and harvesting was done afier 150 days after stocking. Production reached 1,841 kg/ha/crop
equivalent to 3,3i4 kgfhafyear. Tncidental harvest primarily of tilapia, gobbies and other
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competilors was observed but only in milk{ish farming. Such amounted to 14 kgMha/crop or 56
kg/hafyr. Based on the stocking density, the technology employed by prawn farms in the
sample is semi-intensive, The intensive prawn {arms in the country are the big cornorate farms
not covered by the survey.

T inikiish crops, usuai harvesi size was 4 pieces/kg and ihe average price was POz /kg. For
prawin. Average size of prawn reached 34 pieces/kg and price ranged from P110 10 P215 with
an average of P185 /kg. Price varies according 0 size, season, and supply-demand situation.
Average revenue In milkfish farming was P46,075 /hafcrop or PIB7,984 /hafyr. For the
intensive milkfish fanmer, revenue reached P250,500 /ha/crop or P1.252 million/hafye, For the
semi-intensive milkfisk farmer, average revenue was P43,878 /a/crop and P177,268 /ha/vyr.
Average revenue in prawn farming reached P343,641 fha‘crop and P618,554 /ha/vear. The
revenues figores ciled exclude the value of the incidental harvests.

6.3. Costs of Production

Material costs are pgrouped into stocking material, feeds, fertilizers, lime, and
pesticides/additives, Average cost of material inputs in growing milkfish on a per ha basis for
about 4 times 2 year was P53,992. Feeds, commetcial feeds in particular, were the bipgest
expense itern at 46% of total or P24,925 /ha/vear. Siocking materials involved an outlay of
about P18,23] fha/year. Fertilizers accounted for 20% of the fotal cost with organic fertilizer
al P3,703 /hafyear and inorganic fertilizer at P6,922 /hafyear, The cost of pesticides and olher
chemical and biclogical products was 0.4 % of the total cost at an average of P211 /hafyear.
Prawn moncculivre was about 5 times more expensive than milkfish monoculture with
average tofaj cost reaching P244,964 /hafyear. The biggest (83%) expenée item was feeds at
P204,038 /hafyear or 83% of total costs which is typical of semi-inlensive and intensive prawn
culiure. The cost of stocking material (12%) follfowed at P29,589 /hu/year. The cost of
fertilizer was minimal at 2%, lime at 1%, pesticides and other related inputs at 3% of total
costs.

Considering that milkfish farming is less labour intensive than prawn famming, sverage labour
expenses in the former was lower at P4,58 1 /ha/crop or P18,687/hafyr compared to P28,495
fhaferop or P51,291 /nafyr in the iatter. A [arge portion of this amount went to pay permanent
employees at 77% in mikfish farming and 84.3% in prawn farming. As the cost fipurss are
averages for the sample not for the reporting respondents, these figures should be interpreled
with caution. In some farms, for instance, some of the farm activities were done by the
permanent employees, hence the breakdown by activily may not be meaningful. Unskilled and
semi-skilled laborers are uwsually hired from communiites adjacent to aquaculiure farms.
Skilled wortkers, primarily technicians =nd office personnel, de not necessarily come from the
arca. Hence, the benefits that accrue to adjacent communities may be represenied by the
payments to unskilled and semi-skifled labor.

Sixty three percent of milkfish farmers and twenty percent of prawn farmers had loans
outstanding which were used for fishpond development, for purchase of inputs and for
working capital. The primary sources were formal lending institutions like banks and co-
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operatives. Private individuals (primarily the farmer’s relatives) alse exteaded loans at lower
interest rates. Collateral asked from respondents included fishpond, farm, residential and
commercial Jots. The annual average amount of [oans of milkfish farmers was P292,000
compared to prawn farmers at P625,000. The interest rate of loans availed by prawn farmers
was relatively higher (28%) compared to those for milkfish farmers (17%). Average annual
rierest eapense amounted to P53,030 and P262,750 for mitkiish and prawn farmers,
respectively. Depreciation is computed by dividing the average acquisition or the inilial cost
by the average economic life which assumes zero salvage value for the asset. On a per ba, per
year basis, total depreciation rale was slightly higher for prawn farms (P29,239} compared te
milkéish farms (P24,682).

6.4. Profits and Renis

The difference between toial revenue and {olat varisble costs is the estimated gross profits
while the diflerence between the gross profit and fixed costs is the netl profit, Milkiish and
prawn farming were profitable with annual gross profit of P115,595 /halyear and F320,299
thatyear, respectively (Table 6.2). Tsking into account fixed costs, milkfish and prawn
fanming are stili altractive investment activities. Return on investments (ROT) (with working
capitel inchaded in invesuments) was 3.6% per anvum in mitkfish faoming and 9.2% in pravwn
farming. The difference in RO may explain the shilt to prawn faoming by iraditional milk{ish

monoculturists although the ROIs for both are still below the yields of alternative financiaf
investmenis,

To abtain an estimate of rents acerving from aquaculiure, the opportunity costs of factors of -
production are deducted fiom net profits. Three production factors are considered: capilal,
labor (inciuding managerent), and land. The opporlunily cost of capilal is ibe amount of
inerest earned by investing the expenses {working capilal, L.e., material inpvis and tebor
costs) in the bank: An annual interest rate of 10% was used which is applicable to time
deposits. This is equivalent to P7,270 for milkfish farms and 129,825 for prawn farms, As far
as management is concemed, if the operator is 2n abseniee or fann management is delegated
to the caretaker, then oppottunity cost is zero, For the sample, 54% among mitkfish operators
were part-time and the remaining 46% full-time. Al} prawn farm vperaiots were working part-

* {ime with time input of 50%. Average time involvement in aquaculture is computed for Both

milkfish and prawn fanns which is multiplied by the monthly minimum wage. This represents
the opportunity cost which is equivalent to P2,295 per month or a daily wage of P76.50 in the
study area in 1994, The foregone income for cperators of milkfish farms is estimated at
PI8,934 fyear and in prawn farms at P13,770 fyear. ‘With average farm sizes of 4.76 and 4.67

ltas for both farms, the net opportunity cost is about P3,978 /ha./year and P2,949 /ha /year for

milkfish and prawn farms, respectively.

The residual from net profits afier deducting the apportenity costs of labor and capital accrues
partly to the ather input, land. The net profit for milkfish and prawm fatms are P84,195 and
P279,808, respectively, while total opportunity costs of capital and labor are P11,248 and
P32,774. The residual is about P72,947 fha.fyear and P247,034 /hafyear (for milkfish and
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prawn, Tespectivelyy which represent the renis accrwing to jand Wput. Or all counts of
financial indicators, prawn culture is superior to milkfish culiure based on the 1994 survey
daia in Penpasinan,

Part 2; Cﬂmparﬂiive Assessment of Brackishwater Aquacuifure

t
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comparing several studies. The bases for comparison are five cost and camings studies in
milkfish farming (Table 6,3) and three studies in prawn fanning (Table 6.4). Although a
different set of sample farms in various locations in the country was utilized in each siudy, the
pecformance indicatons would give 2 inference into the status of milklish and prawn facming,
over time, We altempt to factor out the differences in lechnotogy and sample Farms in the 5
studies to make them comparable. On the input side, slocking density is assumed 1o be the
indicator of technology which is then used to divide production, costs and revenue 1o obiain
the standardized or normalized figures. On the output side, production pet unit area may also
be an indicator of technology as it provides inference on the efficiency the aquaculiure
production process. The two standardized or normalized [igures are reflectled in the tables,

Milkfish monoculture

The studies in rilkfish farming cover 5 crop vears from 1979 to 1994 (Table 6.3): Stocking
density ranges fyom about 900 pieces per ha per crop to over 6,400 pieces which indicate that
semi-intensive and intensive farms were covered by the studies. The 1991 study concentrated
on the more intensive farms, perhaps the oulliers in {hese studies, hence in discussing trends
this study may not be included. Increases in production in milkfish farming were achieved in
iwo ways, higher stocking for each crop and mere frequent cropping. Average production per
crop wenl up from 444 kp/ha in 1979 to 686 kg/ha in 1994, On an annual basis, it went up
from 1,164 kg/ha to 2,797 kg/ha, However, normalized production went up from 1979 to 984
but went down 10 about 0.2 kg; the in yield-pef—ﬁngeriing (or Fry) stocked is declining. This
may be attributed to several {actors such as declining pond productivity and higher mortality
due to changes in nalural and environmenial conditions. (A discussion of environmental
factors in Lhe succeeding section will clarify this malier).

Nominal costs, revenue and profits are expressed in real terms, i.e., adjusted by the implicit
price index Sor the fishery secior. On & per cropping basis, the farming costs of milksish have
been increasing. This may be attributed to higher stocking and the increasing price of fry due
to its increasing scarcity, The normalized cost, however, does not show a marked increase.
The cost of growing a unit fingerling of milkfish in 1979 was P2.33 and P2.96 in 1994
equivalent to an average snnual increase of about 2%. On a per kg basis, costs have increased
much higher which may atiributed to several factors such as those mentioned earlier. Tolal
reventie per crop per hia increased from P7,467 o P23,259 in 1994 mainiy from the increase in
production ang from the continuing increase in the real price of milkfish from P16.8 per kg in
1979 to P33.9 per kg in 1994 equivalent to 6.8% per annum, The trend in the revenue-per-
fingerfing (nonmalized revenue) which depends on the average size of harvested fish is erratic,
Given the changes in prices and costs, profits have likewise jacreased in real terms on both
measures, per kg of prodduction and per fingerling stocked,
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The ratio of gross profit and variable cost may be inierpreied as the retun on variable costs.
This is quite high at over 100 percent for all studies except in [984. This indicales (hat
milkfish monoculture remains a very atiractive investment. Tt may be expected then that wilh

the investment potentiai of milkfish aquaculture, there would be pressure from the aquacuiture
industry for government to open more areas for aquaculture.

Prawn monoculture

Three studies in prawn monocullure covering 1989, 1991 and 1994 crop years are compared
(Table 6.4). Stocking density has been increasing over time ~ from extensive to semi-
infensive. Intensive farms with stocking rate of at ieast 200,000 /ha/crop were not covered for
Jeck of access to these corporate farms, The reported number of croppings for the sample
farms has been decreasing. This may indicate that higher stocking require loriger growing
periods thus smaller nuinber of crops. Tt could have been also due to crop rotation reporied hy
a farm technician interviewed for the 1994 siudy. It appeared that milkfish performed betler
than prawn when salinity is high in the summer menths. (Refer to the seclion envirowmentai
factors for more discussion.) The three-fold increase in production was due Lo higher stocking
considering (hat the yield-per-fry decreased down [rom 0.03 kg to 0.01 kg from 1989 o 1994,

The (variable) costs of production per unit area has been increasing in real terms. However,
with production moving in the same direction, the cost per unit output (or unit fry siocked) has
actually declined from P72 per kg to P47 per kg (or from P1.83 per fty to PB.61 per fry). Total
revenue per ha should move in the same direction as production. However, the lrend in real
price of prawn, which is aifected by international supply and demand conditions, was erratic.
Price per kg first went up then went down. With unit costs going down and unit revenue rather

ematic, unit profits was also ervalic. Gross profit per unit area, however, increased more than
ten-fold.

Retum Lo variable costs from prawn monoculture is reasonable st over 100% in crop years
1991 and [994 whereas it the 1989 crop year it was about 15%. The retums are lower
compared to milkfish monoculture and even fower when fixed costs are included considering
that prawm monoculiure is more capital intensive. The altractiveness of prawn monoculture,

however, is the higher absolute gross profits compared to rnilkfish monoculiure per unit area
ang per unit time,

Part 3: The Environmental Aspecis of Aquaculture

This section briefly deseribes the envitonmental impact of cuasl:al aquaculiure in the
Phitippines and presents estimates of the environmental costs of intensive prawn aquacuiture.
We ideniify the environmental impacts of fish farming starling from the development of
aguaculiure farm to actyal operation,

Identification of Environmental Impacts

The conversion of intertidal areas, parlicularly wetlands, is the first step in the destruction of
the environment. Conversion is a relatively irreversible alteration of a rich ecosystem
represeniing loss of about 70% of the estimated mangrove cover in the Philippines, Mangrove
forests is an integral part of the coastal ecosystem which offer muliifarious benefits.



Mangroves are important in nuirient cycling, as a source of nuirients and as breeding ground,
nursery and grow-out_area for different kinds of species. These impacts are detrimental to
aquacuiture itself. For instance, ﬂ]e'availability of broodstock and wild shrimp postlarvae
assaclated with mangrove degradaticn and conversion resuMad in oha snoriage of seed for
socking (Phillips et al. 1993). Mangrove conversion also endangers endemic species, destroys
their habitats and affects the foodchain of the estuarine ecosvsiern and the habitets of wildls
in addition, conversion ajso entails losses of products derived from timber resources which
are used for construstion, fuclwood, charceal, food, medicine, dye, etc. Other functions of

mangroves such as the prevention of coastal erosion and buffering are also lost with
CONVEISIOn.

Mangroves have acid sulphate soils which may encourage the break-up of fish diseases in
shrimps such as sofi-shell syndrome, red disease and blue shrimps (Nash et al, 1988%;
Baticados et al, 1990). Acidic sofls are not suitable for fish culture and studies (e.g., Kapetsky
1986} show decreasing fisheries production and evemiual abandonment of fishponds from
poor financial returns. The application of fime to increase soil pH is a necessity not only in
newly constructed fishponds gt also in most fishpends (both for milkhish and prawn culture)

in the 1994 study. The environmental impact of liming is the discharge of very scidic
effluents from the fishpond,

Milkfish and prawn aquaculture in the Philippines has progressively become more intensive
&s shown by higher stocking density and more frequent cropping. Pullin (1993) indicated that
intensive aquaculture poses much greater threats to the envircnment than does extensive and
semi-intensive aquacuiiture. Extensive aquacoltors is characterized by low stocking densities
and minimal usage of chemical products such as fertilizers, insecticides and pesticides. Thus,
the system is unlikely to worsen nutrient loadings or organic matter in nearby aquatic system.
Intensive culture, on the other hand, requires higher dosages of chemical inputs for various
reasons and more feeding to supplement raturally available food in the pond, These include
anaesthetics, disinfectants, biocides, antibiotics, food additives, and organic and inorganic
fertilizers.

The use of antibiotics and other chemicals (refer to Table 6.5 for a list of these inputs as used
i the 1994 survey) for disease management, disinfection, growth premotion and pest control
may have far-reaching consequences. These inputs may create and expand antibiotic resistant
strains of potemially harmful pathogens which may, in turn, affect human bealth, quatity of
the produce and the environment in general. With confinuous use, antibiotics may transfer
pathogens to wild fish, and i ingested by humans, may devalop drugresistant hwiman
pathogens. In terms of effect on aquaculture, the overexposure of larvae to amtibiotics in
hatcheries resulted in high mortalities of £. monodon in grow-out ponds (Chen 1990). In the
Philippines, drug resistant strains of the luminous vibrios are believed to exist due to.
widespread use of chemicals/antibiotics and by frequent intermixing of effluent and influent
water in highly congested areas (Sorgeloos 1990),
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Poliution of waterways results from the dischargs of aquaculturs wastes. These include fecal
materials, excess feeds, other organic inputs, dissolved metabolites which require very high
biological oxygen demand (BOLY). Increased sedimentation may also result which may alfect
nalural decornposition that leads 1o some changes in produclivity, benihic community
structures and possible siliasion (Phillips et at. 1993). Aquaculiure wastes also cause
eutrophication that change the composition and sbundance of phytoplankton populstions, As
aquaculiure is & source of coastal pollution, it rmay have also encouraged toxic algal blooms or
red tides, which are assoclated with coastal pollution (Maclean 1993; Hallegraeff 1990). The
impact of red tides on the fishing industry s quite enormous, Inn Manila Bay, the value of sales

Jost from infected mussel in 1988 amounted to US$Z50,000 over three ronths [Macleén
1989).

Pollution from aquaculture has also affecied jlself — a case of self-pollution. Nutrients and
arganic solids hasten the excessive growth of bacleria, phyloplankton, and zoopiankion, Feed
wasles affect sediment qualily and the health of [ishes and interfese with harvesting, When
accurulated, hydrogen sulfide and methane may cause siress specially o shrimp species
(Boyd 1989). Long-lerm use of Jime to neutralize acid suifate soils are believed to harden
pond sediments that make ponds unfit for aquaculture (Poemomeo and Singh [982). In a study
by Bativados &t al. (1936), it was formd that the wse of organroiin mulluscicides by prawn
farmers in the Philippines caused sofi-shell syndrome. Chemothempeutants such as formalin
are hoth toxic to alpae and certain types of shrimps and other fishes of cetlain concentration
levels. Hazards also arise from introduction and transfer of species which may serve as the
medium for transfer of pathogens. '

Valuation of Environmental Costs of Aquacuolture

Fromn the preceding discussion, the negative environmental impacis associated with
aquacuiture after mangrove conversion are more pronounced with intensive aquaculture,
particularly of prawn, A recent and comprehensive siudy (Avbum University 1993) of the
Philippine prawn industry recommends crop rotation to reduce negalive environmenial
impacts of intensive aquaculfure and to increase unit production. The desctiption of the
recoynmended technojogy below is Jargely Jifted from the report. Crop rotation has been
practised based on personal communications with an aquacuiture technician during the 1994
survey 1n the province of Pangssinan, Tt was reported that crop rotation was prompled by high
rates of prawn postlarvae mortafity during the sumtner months,

The specific recommendation is Lo rotate semi-intensive prawn and miikfish monoculture,
From May to October after sufficient pond preparation (as described in the (irst part of this
report) for two months, the pond is used for prawn culture. No scraping of black mud is done
during pond preparation. After water conditioning, prawn PL is stocked at 15-18/sq.m. and
rearsd 10 harvestable size using semi-intensive technology. Prawn is harvested at 31-35 gm
size at 4.2 tons/ha in the lone prawn crop per year, Incidence of disease is minimized although
it may ocour with poor water nvinagement.
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Milkfish is stocked into the pond (without pond preparation) immediately after harvesting the
prawn crop. Milkfish is prown from November (o March when salinily is high and more
conducive to milkfish farmine. The recommended stocking rate is exiensive at 1,500- 2,600
pes per ha of Angerling of 100-gram size. The bigger size milkfish is believed to be mote
efficient in grazing/filtering lablabfplanktion in the pond. No artificial feed should be given {s¢
as ot to add organic load) and no fertilizer is applied to induce algal growth. On barvest, the
milkfish are 300 to 500 gm in size with a total harvest of about 500 pm,

We now compute the returns from the recommended technology utilizing the data collected
from the 1994 crop-year survey. The comparative refurns from the recommended technology
and prawn monocullure are given in Table 6.6. The difference in gross profit between prawn
monocullyre and crop roiation is about P55,780 per ha per year or about 36% of the gross
profit in prawn monoculture, With average farm size of prawn monoculturists at about 6 ha,

Ike foregone profits per farm is over P300,000 per year. This is guite substantial although it

tnay be incurred oniy in the short-run as the expectation is for lower profitability of intenstve
prawn monoculture over time. The short-un reduction in profits wilh the recommended

technology may be interpreted a5 the costs of minimizing the environmental cosls of intensive
prawn aquaculture.

Pari4: Quantifying Costs and Benelits of Aquaculture Alternatives for the Pagbilac
Mangrove Forest

This section uses parts 1-3 of this paper in assessing the various management alternatives (or

the Pagbilao mangrove forest. Four alternatives requiring the conversion of portions of the

Pagbilao mangrove forest into fishponds are identified. These are enumeraled i the table
below.

In quantifving the benefits and costs of aquaculture [or the 4 management allernatives for the
Pagbilao mangrove forest, several studies are being used. For semi-intensive aquaculture
which is the monoculture of milkfish, the study by Guerreso (1991) is used. For inlensive
aquaculure, (he inlensive prawn fanming in Pangasinan is adopied. This is where the survey
of aquaculture farms in Pangasinan becomes useful considering that intensive prawn [arming
is not currently practised in Pagbilao. Estimated annual aquaculture production for the various
management alternatives are listed in Table 6.6 and for the 50-year period in Table 6.7.

Additional assumptions are made aside from those indicated at the bottom of each table. For
semi-inlensive aquaculiure, the 1991 crop year survey of Guerrero is used. The average
produciion from the Paghilac fishponds is over six-fold the national average. Guemrero
altributed this to better management in the proper application of inputs in older ponds such as
those in Pagbilao in addition to higher stocking deusities and more frequent cropping
frequency. In addition to these factors, Padilla (1995), using a bigger data set but only covered
leased fishponds from the govemment, found that milkfish productivily tends to be higher in
highly-developed farms and in larger farms. In these respects, the fishfarms of Pagbilao are
larger and more developed, More impostantiy, perhaps, is that some of the fishfarms in
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Pagbilao are operated by commercial concems including foreign (Taiwanese} and local
conglomerates such as San Miguel and Ayala (PRRM 1993).

For intensive aguaculture, the recommended technology of rotating intensive prawn crop with
extensive milkfish culture is adopted. This scenario is used considering (he difficulty of
projecting future production in intensive prawn aquaculture over 8 longer period. If the

recommended {echrology is adopted it can simply be assumed that current production may be
suslained over time,

The annual figures show that on a per ha basis, the first altemative of semi-intensive
aquacullure would produce betier resuits compared to inlensive aquaculture (Table 6.7). The
difference in total revenue in each alternative is negligible. This is due to higher production of
milkfish in semi-intensive aquaculture offsetting the higher price prawn in inlensive
aquaculture. With lower variable costs in milk(ish monoculiure compared to crop rolation of
prawn and milk{ish, gross profit is much higher for the former.

Gross profits are adjusted by the amount of development costs in Tabie 6.3, The planning
hotizon assumed is 25 years which coincides with the length of a fishpond lease agreement
(FLA) which should be adopted in the event that the mangrove forest is opened for
conversion. A rsk factor is also included by assuming one crop fzilure every five years, which
means that revenues are reduced by 50 percent every five years (indicating an average of 2
crops per year) with the costs remaining the same. The present vaiue of gross profits realized
over 25 years is compuied using a discount rate of 15 percent. This is adjusted by the
development costs which are incurred at the start of the project. The prevent value figures
show that semi-intensive aguacnlture is superior to inlensive aquaculture. This can be
altributed 1o three factors, namely: lower prices of prawn compared to previous years; higher
invesiment cost in intensive. aquaculture compared to semi-inlensive cuilure; and the
recommended rotation of prawn and milkfish whicl: deviates from the nommal siraight prawn
monecuiture in the early years of prawn farming. it should be emphasized, however, that the
performance of prawn crops is quite sensitive to world prices of the product. Currently,
Philippine prawn prices are considered depressed, hence profitability of inlensive aquacithure
will improve with the increase in world prawn prices.
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7. EVALUATION OF INTEGRATED AQUACULTURE AND SILVICULTURE

Jose E, Padilla and Micheal A. Tanael

7.1. In_(ruducﬁun

Entegrated aquacuilure-silvicullure (aquasilviculture) is a muliple-use system that promoles
karmonious coexistence between fishery species and mangrove tree species in a semi-
enclosed sysiem while providing coastal protection and maintenance to the ecosystem
(PCARRD 1991). Aquasilviculture provides harvestable resources such as fish and timber and
other naturat products while maintaining the natural function of the mangrove ecasystem wilh
minima} disturbance. Hence, it provides a compromise to the many compeling users and

beneficiaries of mangrove resources, namely: fishfarmers, caplure fishers, wood gatherers and
the local community as a whole.

Aquasilvicullure is also aimed at rehabilitaling degraded arems (owards sustainable coastal

- zong development and management. It is an alternative use for abandoned and unproduciive

fishponds. 1o the Philippines, this technology is feirly recent and is currenily on .an
experimental stage. Aquasiiviculture in the country iz vesy similar 1o the tambuk fumpemg
lechnology in Indonesia although in the Philippines, the higher-value fish species are cullured

while in Indonesia, mostly native fish populations are grown te marketable sizes (Baconguis
1993),

The general ohjective of this study is the evaluation of aquasilviculiure as an allemative lo
mangrove preservation. Specific objectives include the foilowing: a) identification and
valuation of goods and services in aquasilviculiure; and b} assessment of inleractions between
aquaculiure and silviculture,

72. Analytical Approach

Aquasi'lviculture is practised in several experimental farms in the Philippines. There are two
known sites in Luzon, one is in Catanavan, Quezon and the other in Mindoro island. The site
selected for this study is Catanavan due to its relative accessibility and plant species culiured
arc Rhizophora. The site in Mindoro, nipa palms (Mypa fiuticons) were planted inslead of tree
species. Tree species are the dominant plant species in old growth mangrove forests. An
interview of the caretaker of the pilol farm was conducted on January 0, 1995 with a
calloack on January 22 to verify some of the data collected. Farm data pertain o aquaculture
operations for calendar year 1994 and silviculiure activities since the initiation of the project.
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One of the objectives of the survey is the assessment of the performance of the entite fam.
The focus is on aqu-aculture as the production cycle is shorler than in silvicuiture; direct 5
benefits derived from the iree species may be realized only after severs] vaers, The sassible
complementalion between the concurrent cullure of fishes and mangrove iree species in a

semi-conrolled environment is evaluated indirectly through the aguacuitural oractices
adgopied ift e farm. T

For this siudy, the approach is to treat aguaculue and silviculture as separale activities

afthough ideally, the éwo activities should be treated as one economic activity, i.e., C}
aquasilvicullure, producing-two broad caléegories of products, namely: forest and fish
products, However, in the absence of scientific information on the nature and degree of O

inferactions between the two activities, the approach in this repott of ireating them separately
and as joint (not one) activities may be justified.

7.3. Description of Technology

The aquasilvicuitute technology in he sile was described in detail in Baconguis {1993) fiom
which this section was based. The Ecosyslems Research and Development Bureau of the O
Department of Eavironment and Nalural Resources established an aquasilviculiure research
farma in Catanauan, Quezon on a privately-owned 8,000 sg.m. pond. About 5,000 sq.m. in the
venter of the pond {see Fig. 7.1) is planted with Rhizaphora propaguies al 1 m by 1 m interva)
in 1990, The silviculture area is almost ievel with the normal water level, Two species were
used: bakauun lalake (Rhizophora apiculote Blume) and bukauwar babae (Rhizophoru
mucronata Lam.) These two species are suitabie for use as poles, posts, fences, raine timber,
rafls, furniture, firewood, flooring, charcoal, tool handles, tannin, pulp and paper. The
propagules of Rhizophora are ealen in some countries. Two other species sprouted around {he
farm afler several years: fabau (Lwmnitzera littoreq) and pojotan lalake (Bruguiera

cylintdrical. The expetimental farm s consiructed with sufficient buffer zone of denuded and
depraded mangroves.

The remaining area of 3,000 sq.m. from silviculture is used for aquaculiure, The fishpond area
is dug to about 0.6 m. with dikes in the perimeter of the farm built up (o 1.5 m. above normal
water level although erogion of the dikes over 4ime taised the pond bottom, Two small fish
nurseries are also construcied at the sides of the farm which permit more frequent cropping !
with the bigger pond area used solely for fish grow-out. A farm house was constructed for use
of government researchers who supervised the project until end 1994. Capital investments .
amounied to about 30,000 pesos in 1990, Construction of the fanm house accounted for over
30 percent of capita) investments. Pond development which included the consiruction of
dikes, gates and canals cost P13,500 or about 45 percenit of iotal. The cost of propagute is a
minor expense at 1,800 pesos.
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7.4, Assessment of Aquasilviculfure Operations

74,1, Aquaculture

Two crops were grown in 1994, The first crop was between March 2nd June while the second
crop was between August to November {Table 7.1} Milkfish was stocked although several
wild specics that enler the pond were allowed to grow. The total harvest for the culiured
species, nilkfish, for the first and second crops was 120 kg per cropping. The conlribution of
wild species was substantial at 50.5 kg and 46.5 kg For the first and second cmpé, respectively,
These are equivalent to about 27.9 Lo 29.6 percent of tolal harvests. Combined harvest of
cultured and wild species was 336.5 kg per year and is equivalent to about £, 122 kg per ha
per year. For the cultured species alone, the harvest is equivalent to 800 kg per ha per year.
The harvest of milkfish in the pilot farm is less than the average milkfish monoculiure
production in 1988-89 crop year for three regions in the Philippines of about 1,271 kg per ha'
prer year (Padiila 1995).

Total revenues amounted to 8,450 pesos for the first crop and 7,970 pesos for the second crop
wilh 1he total for the year at 16,420 pesos. Milkiish accounted for 73 percent of {otal revenues
for the year with the wild species sharing the rest. The more valuable species are shrimps and
crabs. The large shrimps were sold at 120 pesosikg while the small shrimps and crabs feiched
the same price as milkFish at 50 pesos/kg, The other wild fish species were sold al much fower
prices, The incidental or wild species harvested were acluzlly consumed by the caretaker but
the price it would have eamed in the market was used io impute value.

Aquaculture technoiogy adopled in the farm is extensive with stocking density at &.17 -
lingerling per sgm. The variable expenses incuited amounted to almost 6,940 pesos and
3,640 pesos for the first and second crops, respectively with totat for the year at 10,580 pesos.
The largest expense is labor followed by artificial feeds and stocking materials. The cost of
producing a kg of fish from ithe Farm is about 31 pesos which is equivalent to [7.5 pesos in

- 1989 (using an deflation factor of 1.777). The unit cost of production in the aquasilvicullure

farm is much higher than the [0.2 pesosfkg reporied by Padilla (1995) for three regions for
crap year 1989,

Aguaculture operations it the pilot lanmn registered posilive gross profits of 5,840 pesos per
year or equivalent 1o about 19,500 pesos per ha per year (Table 7.2). Factoring in the fixed
cosis, aquaculiure recorded a joss of 5,109 pesos per year. Fixed costs for those wtilized or
jointly incurred by the two activities such s salary of caretaker, depreciation of farm hiouse,
gates, canals, e, are allocuied (o agquaculture and silviculture operations according 1o aven®
utilized. Aquacuiture shares 37.5 percent of these costs or 10,949 pesos for the entire year.

CP] for 1939 and 1994 are, respantwely, 1122 and {98.2 with 1988 a= haseyear The deflation factor is
the ratio of 198.2 and 112.2 which is equal 10 1.77.

Thiz essumption s wede in the absence of infornvation on actue! Ume spemt by the cataker in
aquacvlture and silviculture operations, During farm establishment, it is conceivable that more time is
Sp-;mt by the caretaker tending the trees. Once the trees have grown, most of the time is spent in fish
culture,
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The loss in aquaculture operations may be attributed 1o the nonpayment of fixed costs,
particularly the salary of the caretaker from fish revenues. I aquaculture is to be sustained
over time, revenmes shonld at least cover variable and fixed costs. We perform a sensitivity

analysis of aguacuiture onerationg and determing imnaot on peofitabiliny, Thor aie tw

T BIE AR AWWaE

of increasing profitst more frequent cropping and higher stocking density. The first
alternative, while feasible, wili net considerably increase profits as production and revenus
move in the same direction. Hence, we focus on changing stocking density which may be
doubled or wipled without requiring change in aquaculture technology, It is assumed that fish
production increases linearly with stocking density as long as technology is semi-intensive

and this is observed in the sensitivity analysis whereby stocking density still remaining
extensive.

The results of three levels of increase in stocking density are given in Table 7.3. Scenarjo 1

doubles stocking density but economic surplus is still negative. The bresk-even point is
atiained when stocking density is increased by about 150%. An increase of 200% in stocking

density gives a net surplus of akmast 2,000 pesosfyr. We use the break-even scenario in
projecting income from aquaculture over time. '

7.42. Silvicuiture
A total of 5000 propagules were initialty plantéd in 1990, 2000 of B. gpictdata and 3000 of .
mucronatg, The survival rate was about 80 percent for both species (Table 7.4). With
replanting, the total number of propagules planted was 6000. The cost of a propagule in 1990
was 0.30 pese bat the current price in 1994 in Pashilan, Quezon increased 1o 1.00 0 1,50, The
average height of the mangrove tree species planted in 1990 reached 1.5 meters for R
apiculate and 2.0 m. for B mucrenata. The average annual growth rate was, respectively,

0.375 m and 0.56 m. The trees started {0 fiower in 15 to 18 months. In namral regeneration,

trees bear propagules three years after planting, So far, three hundred propagules have been
harvesied with about 1,000 more remaining unharvesied. The hervested propagules wete
germinated for furure planting. No timber has been harvested from the trees 3o far.

Part of the value of silviculure is in the standing trees. The volume of wood is computed for
+ the silviculture area over 50 years. The equation relating wood volume to age of trees and site
index is estimated from empirical data for several mangrove plantation sites in the
Philippines. Considering the growth of trees in the aquasjlviculture farm, a site index of 3.5
may be assumed. For the 3,000 sqm. plot, wood volutne is approximately 9.0 cu.m. and is
projected to increase to 15.5 cu.m. on the 10th year and further to 58.7 cu.m. on the 50th year.
Valuation of standing trees is presented in succeeding sections,

7.4.3. Interactions between Aquaculture and Silviculture
So far, we have ireated aquasilvicuiture as a case of one activity where fish and timber are
produced. The quantities of fish harvested and the wood volume of the standing trees are
estimated over time. Benefits are also derived in the production of fish and timber.
Specifically, litter fall from the trzes is a source of nutrients that enrich pond soil and water
which augur well in the growth of fish and trees,
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The quantity of litterfall is first estimaled and then nutrient production (nitrogen - N,
phosphorus - P, potassium - P) is, in um, estimated from the amount of litterfall. An
imporiant assumption here is that there is no cutting of branches is done which may reduce the
size of tree canopy and thuy litterfall, The regression equations used in estimating titterfall and
nutrients and the raw data are listed in Table 7.5, Litterfall is a function of tree canopy which
is proxied by stend age, The data on the quantities of N, P and K is expressed in percent of
literfall, The raw data show that the nutrient content of litlerfall changes over time which may
indicale changing chemical composition of plant leaf over time. Hence, percent nuirient
production is regressed with stand ape. The r-squared for the regression equations are
acceptable except for the phosphorus equation, Using these equations, litterfall, N, P, and K
production are estimated over a S-year period assuming there is no culling of frees.
Potassium accourts for the Jargest share of nutrients and phosphorus production is minimal.

The implementation of aquasilviculture in the Philippines is aimed at minimizing
environmental and sociozconomic siresses on the mangrove ecosystemn as mentioned in
Baconguis (1993). The environmental benefils are as follows: (i} stabilization of coastal areas
and proteciion, from stomms, elc., with the vehabilitation of denuded mangrove and mudflat
areas; (ii) retum of wiidlife with the re-establishment of the mangrove forest; (iii) non-
formation of acid-sulfate soils common in inadequately-designed fishponds. The
socioeconomic benefits inchide the following: (i) provides an equitable compromise among
the competing users of the mangrove resources especially when the project is managed by the
community; {11} increase in income wilh the joint production of both lorest and fish products;
{iii) promotes community awareness of suslainable utilization of coastal areas.

The perceived benefits from aguasilviculiure as mentioned above were ot directly evaluated
for the pilot Tarm although from e configuration of the pond, some of these beneliis are not
realized. Coastal proteciion from wave aciion is only possible when the farm is oot enclosed.
Enclosing the pond, however, is necessary to prevent fish from escaping the pond. With pond
enclosure, the benefiis accrue oniy to the owners of the farm. As corecily poinied out by
Baconguis, equitable distibution is achieved onky when the farm is cpersted by the
community itself or by a cooperative,

We focus on lhe interactions between aquaculture and silviculture which Lhese maybe several
indicators, Fimst, the contribution of the litter fall from the trees to the productivity of the pond
is insufficient to support growth of natural food and this is shown by the application of
fertilizers. Ariificial feeding also indicate that natural food that is grown is not encugh to
sustatn the fish untit harvest. Artificial feeding was also done 1o accelerale growth of milkfish
lo increase production. Artificial feeding coupled with the relatively low stocking density

contribuled to the high cost of fish production in aguasilviculture compared to pure
aquaculture farms,

74.4. Valuation of Benefits from Aqguasilviculture
We now attempt 1o estimate the value of the benefits of aquasitvicuiwre, which include fish,
wood and nuirients. The quantities of these goods may be estimated using empirical data
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generated by this study.and the mangroves study conducted by the Philippine Instiluie for
Development Studies (PTDS). The discussion of the valuation of other ecological funciions
which will rely on completed studies elsewhere may be found in the infegrative revort of This
study. The interactions between aquaculture and silviculture activities will be considered in

the valuation process. Valuation covers 50 years which is the planning period in assessing
altetnative uses of mangrove forosts.

The tolal vaiue of aquaculture operations may be indicaled by the vaiue of fish which goes to
pay factors of production, labor, capiial and management. In the years when surplus is
negative, the value of fish is the cost of production. The value of wood from silviculture is the
stumpage velue using 1994 fipures, The stumpage value represents the value of the sianding
trees. It is derived by subtracting from the market price of wood the exiraclion costs and
normal returns to investments. The volume and value of standing trees are given in Table 6
with the assumption that no cuiling is allowed. The difference between the volume of

fuelwood and timber is not significant but with the latter valued much higher, the difference in
value is significant.

The valuation of nutrients is perfonned to cbtain an estimate of the itnpartanice of e linkage
between silviculture and aquacuiture. Prices of corumercially available fedtilizers which are
adjusted by the proportion of active ingredients. Inclusion of the value of the nutrienis to the
vaiue of goods and services from aguasilviculture represents double-counting as it is an
intermediate product which serves as an inpul in the production of {ish and wood. Its value is
caplured already in ihe value of fish and wood. Nonetheless, we estimate (he value as it is
assumed that these nutrients reduce fertilizer inputs over time. Nuirient value, however, is
excluded in the computation of the gross value of aquasilviculture. The estimales are listed in
Table 7.7. Polassium accounts for the Jargest value followed by nitrogen and phosphorus.

Tofal value of autrients increases from P435 in the first year 1o P2,881 on the 50th year using
§994 prices over the period.

The gross value of goods from aquasilviculture is the sum of the values of fish and wood.
These are summarized in Table 7.8. Fish has market value while wood is potentially
marketed. Fish accounts for s larger share in the early years of operation and this is consisient
with the financial justification of aguasilvicuiture; fish provides for the cash requirements of
the farm while wood suppiements income in subsequent years when harvesting may be done.
The share of fish 1o total value decreases over lime as the volume, and, hence the value, of
wood increases. The total value of fish and wood increases from P38,474 on the first year to
P82,564 on the 50th year and based or this sum, the cost of establishing 1he aquasilviculture
fann (P25,950) is exceeded on the [irst year. If the nel value (revenues less expenses in
aquacuiture) of goods is considered, however, investmetit may be recovered onty on the ZZnd
year when net value would have been P3,290. (This does not adjust investments and luture
revenues for inflation.} The results show that recovery of investments considering the low
intensity of aquaculiure activities in the Catanauan farm would take at least 22 years,
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7.5. Apphication 1o Pagbilav Manprove Forest

We now apply the resuits of the study to guantify the costs and benefits of aquasilviculure
allemyative for the Pagbilao mangrove forest. Several questions need to be resolved, owever.
The first is whether the aquasilviculture aitemative is 1o be recommended or not. Second, if it
i5 an alternative, what specific aquasilviculiure technology {aquaculiure and silvicaltuce} will
be adopted,

For the first question, the economic anelysis of aquasilviculture as practised in Catanauan,
(Juezon is inferior in terms of its aquaculture component. This poinis to the fact that better
aquasilviculture technologies need to be developed o make it a feasible aliernative for
mangrove forest management. Nonetheless, an aquasilviculture alternative js considered for
the Pagbilao mangrove forest Lo allow for comparison with other alternatives.

A modified aquasilviculture technology is, however, recommended. Aquaculiure techtology
is semi-intensive milkfish monoculture which is a more sustainable 1echnology than intensive
prawn cultuee. The allocation of the area, however is stil] mainiained at 62.5% for silviculture
and 37.5% for aquaculture in the absence of any basis for an altemative ailocation. including
bufTer zone of 15.5 ha, forest cover would increase to 74% or 82.1 ha while fispond area is
28.6 ha, The conversion of the forest to aquasilvicuiture will not entail the planting of trees
but only the clearing of arcas designated for fishponds and the construction of dikes, canals
and water pates. It a sense, the management alternative does not involve silviculiure. Tt is
conceivable that the entire area may be subdivided into smalier ponds although such would
have no bearing on the gllocation of the entire area into either forest and fishpond. The vafue
of goods and services derived from aquasiivicullure are summarized in Tabie 7.15. For
aquaculture, the figures cotrespond 1o alternative 1 in Padilla and Tanael while for the forest
poods and services, the values are derived in Carandang and Padilla comesponding 1o the
aquasilviculture management alternative, The surmary in Table 7.15 shows that aquacuiture
is the maj[]!‘ source Of incorne from this aiternative.
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A programme of Coflaborative Research In e Econormics o
Emdrcnmment 2nd Develapment (CREED! was aetablished in
563 as #émnt inifative of the Intema.’t.ianai Insiitute fnr
Envircnment and Development (IIEDY, London, and e instituis

tor Emdrenivanial Studics (WA, Vel Universitad, Amsterdanm,

The ultimate coal of CREED is to enrich the knowledge base
and witfen the debate on sustainatie developragnt by
strengthening research capadlty in snvlranmenta! eeonarics
and palicy analysis in develaging counities, THi s achioved
primarily trough cuilahﬂratiﬂn an research prajocis, infurméﬁan
axchangs and digseminafion isvotving inttially LED, VM znd

countarnarts in devalaping countrles.
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