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Abstract

The Philippines has been recognized as having one of the world’s
megabiodiversity centers for terrestrial and near-shore marine fish fauna. This is
due to a number of factors: insular condition providing barriers to faunal and floral
dispersal, isolated high mountain areas promoting high levels of endemism as a
result of geographic isolation, tropical rain forests providing equable climatic
conditions year round, and unique geological origin of islands. The paper deals
with species of seed-bearing and non-seed-bearing flowering plants, freshwater
and top carnivorous fish, amphibians and reptiles, birds, and terrestrial and marine
mammals. The main topics discussed are conservation status at the species level,
values and uses of hiodiversity. threatened and endangered species.
recommendations on their conservation.

Keywords: Biodiversity, endemism, conservation, endangered species

{uthors names are arranged alphabetically; corresponding aothor
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Introduction

The Philippines is one of the biodiversiy mega-centers of the world, with
many species per unit area of land and sea. But it is also considered as one of the
world’s biodiversity “hot spots,” “which are areas featuring exceptional
concentrations of endemic species and experiencing exceptional loss of habitat,”
according to Myers et al. {2000).

The high species richness of the Philippines is due to a number of factors
that together have combined to produce conditions favorable for the evolution of
plant and animat species. These factors include the country’s location in the humid
tropics, the equable climatic conditions year round, the diverse microhabitats for
plants, animals and other forms of life, the insular conditions in an archipelagic
setting resulting in geographic isolation due to marine barriers, the high tropical
mountain areas where high levels of endemism at the species level are to be found
the movements of land masses during the past geological ages, and the changes in
sea levels during the Pleistocene era. The country is close to a large Asian landmass
serving as source for the ancestors of some of its fauna and flora.

Despite the rapid destruction of tropical rain forests in the Philippines
during the past 50-60 years, many new species of plants and vertebrates (primarily
amphibians and mammals), are still being discovered today, an indication of the
limitation in the methods used in distinguishing species as well as inadequate
fieldwork in the past.

The number of terrestrial species reported in this paper therefore represents
the lower end of the estimates as the numbers aof endemic species tend to increase
with more fieldwork and wider use of new genetic tools for biological systematics
studies. Marine species, becanse of oceanographic connectivity among marine
areas, show low levels of endemism, but this is offset by the sheer large numbers
of marine species, such as corals, mollusks, and fishes adapted to various marine
microhabitats

This report deals only with flowering plants, land vertebrates (amphibians,
reptiles, birds, and mammals), one Family of truly freshwater fish and four Families
of top camivorous fish to demonstrate some aspects of evolution and conservation
of these two vertebrate groups. A main gap in this paper is that ot one group of
invertebrates has been included.

In this paper, we have limited our coverage of Philippine biodiversity
mainly to a discussion at the species level and the ecological roles, uses and
conservation status of these species.

Each of the seven authors contributed to the paper, but it was the first
author’s responsibility to select parts of each author’s contributions for inclusion
in the present paper. However, for purposes of publication, each author was
requested to review and revise, as needed, the draft on the taxonomic group he
was responsible for,
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Philippine Flowering Plants (Gymnosperms and Angiosperms)

Plants are the primary producers and provide the habitat infrastructure
for many natural and man-made ecosystems. They are an important source of food
for humankind and wildlife species. Plants provide ecosystem stability, ecological
goods and services such as clean air, potable water, fertile soils, medical and
industrial chemicals, genetic material for biotechnology, etc.

The flowering plants or seed-producing plants are composed of the
Gymnosperms (with naked seeds) and the Angiosperms (with seeds in closed
vessels or fruits). The first group is the more primitive, consisting of 33 species, of
which 6 (18%) are endemic to the Philippines. The Angiosperms consist of about
8,120 species of which 5,800 (71%) are endemic.

There are 18 centers of plant diversity in the country. These are areas of
high species richness, of diverse microhabitats for plants, and of high endemism.
These centers are found on 10 generally larger islands except for Batan Island and
Sibuyan Island. About 88 Conservation Priority Areas for Plants have been identified
on the basis of endemism, presence of Endangered species, habitat diversity and
degree of exploration.

About 491 (6%) species of gymnosperms and angiosperms are threatened
(Vulnerable to Critically Endangered). Ofthe 45 species of Philippine dipterocarps
(Family Dipterocarpaceae) 11 are Critically Endangered, five are Endangered and
12 are Vulnerable (DENR Administrative Order No. 2007-01). Our recent survey of
southwestern Negros, where the rain forest has been degraded and fragmented, as
in other parts of the country, indicates that of the 17 species of dipterocarps
reported from the island, five (29%) may have been lost during the past 50-60 years
(Paalan et al. in manuscript).

An exciting area for exploration is the search for plant species for specific
purposes. Medical products from some medicinal plants are now being sold as

food supplements. Maybe, a search for plant species with potential for bio-fuels is
in order.

Philippine Ferns (Pteridophytes)

Ferns or non-seed-bearing vascular plants number about 1,100 species,
in 144 genera and 39 families, of which 285 (26%) species are endemic to the
Philippines (Barcelona, 2002). These plants are important as food, ornamentals,
source of medicinal chemicals, and as materials for handicrafts. Some fern species
provide raw materials for attractive handicrafts sold to tourists. The Mangyans of
Mindoro, for example, use some species of ferns for their body adornment. For
these reasons, it is to our interest to conserve them.

About 49 species of ferns are threatened (Tan et al, 1986; Madulid, 2000).
The major causes for this are forest destruction and over-collection (Zamora and
Co, 1986; Amoroso et al, [996). These are very evident in mountain forests with
surrounding villages frequently visited by tourists as Mt. Mayon and similar
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places. Among the fern species that are vulnerable to potentiatly endangered are
the 26 endemic species of tree ferms of the genus Cyathea (Madulid, 2008). This
fern group is over-harvested for omamental use; the trunks are used as substrate
for growing orchids. Cyvathea crosiers are collected from Mt Mayon as Teddy
Bears. The other fern species that are over-collected are Lycopodium spp. and
Platycerium coronarium from forests of Quezon province. [t is suggested to the
users of Cyathea trunks to cultivate tree ferms, which thrive at mid-mountain
elevations (Buot, 1999; Banaticla and Buot, 2003, 2004, 2005, 2006).

Philippine Freshwater and Marine Fishes

There is only one family of triily freshwater fish in the Philippines—the
Family Cyprinidae. George S. Myers wrote a paper titled *The endemic fish-fauna
of Lake Lanao and the evolution of higher categories™ in 1959, In this paper, Myers
discussed what he belicved to be an explosive species evolution in four of the five
genera of the freshwater fish Family Cyprinidae in the volcanic Lake Lanao,
Mindanao Island some 10,000 years ago, an estimate disputed by other scientists.
Within the four endemic genera 17 endemic species evolved. The total number of
cyprinid species in Lake Lanao was 18. When American and German scientists
explored the lake several years later, only few (3-47) ofthis species flock of 18 were
found. The conclusion was that most of the endemic species had become extinct.

Santos-Borja (in the internet), quoting information from certain authors,
stated that the eleotrid Hypseleorris agilis and the goby Ophieleotrjs agilis have
been introduced into the lake and may have caused the extinction of most of the
endemic cyprinid species. Earlier it was suspected that the introduction of a
species of gohy, Glossogobius ghwrus {(along with bangus) have something to do
with the disappearance of the cyprinid species {(information from Professor D.S.
Rabor). Professor Pedro Escudero at Mindanao State University thinks that three
species, Hvpseleotris agilis, Glossogobius giurus. and Glossogobius celebius
are the culprits in the disappearance of most endemic cyprinids based on anecdotal
reports of Lake Lanao fishermen. It is possible that the introduction of invasive
marine species was one af the reasons for the extinctions, but other factors cannot
be discounted as no thorough investigations have been conducied.

Coral reef and reef-associaled fishes show a high species richness in the
Philippines. Marinc biologists cstimate that 3.000-4,000 species are found on coral
reefs in the Indo-West Pacific region. The Phitippines is at the center of marine
biodiversity in terms ol near-shore fishes Carpenter and Springer (2005). Our studies
in central Philippines indicate some 200 conspicuous species on reef transects, of
which about 125 species in 34 families are used as food (Alcala and Russ 2002).
However, only about a dozen famiiies supply some 90-95% of the bioimass of the
food fishes caught. Aunony the highly desived species are those belonging to the
4-5 carnivorous familics occupyving the top of the food wehs on coral reefs. In this
paper, we dgal only with the top carnivores found on reefs.
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The numbers of species in these 4-5 families of reef fish found in pristine
reefs prior to our regular monitoring of marine protected areas (MPAs) since the
early 1980s are not known. But we can have an idea by looking at the underwater
survey results in the Visayan waters for a period of 30 years. A total of 69 species
of top carnivores in the four Families (Serranidae, Lutjanidae, Lethrinidae and
Carangidae) were recorded in our surveys of protected and unprotected coral
reefs in the Visayan waters (SUAKCREM unpubl data). Some of these species are
no longer found in some reefs. In several regularly monitored MPAs in the Bohol
(Mindanao) Sea about 23 species in the four top carnivore Families have been
recorded in marine reserves that were fully protected for 22 years (SUAKCREM
unpubl data). In terms of the biomass of these 23 species the trend is exponential,
indicating that biomass continues to rise with years of protection. From our
monitoring data, top carnivorous fish are the first to disappear under heavy
exploitation and the last to recover, requiring decades, not few years.

Philippine Amphibians and Reptiles

Philippine amphibians presently number about 102 species, but will
increase in number with the application of the genetic and lineage approaches to
systematics. This group comprises the tailless amphibians (frogs and toads) and*
the legless amphibians (caecilians) but lacks the tailed amphibians (salamanders
and newts). The latter are temperate forms that were not able to migrate southward
in the course of their evolution. A noteworthy example of the latter is the largest
species, the Japanese salamander. In size, Philippine frogs and toads range from
several cm to ca 1.5 cm in total length. The smallest species has just been described
(see Alcala and Brown 1998) from northern Luzon, Platymantis pygmaeus, which
is a little larger than the smallest frog in Cuba, with a length of 1.0 cm. Many
species of Philippine are colorful, ranging in color from green to brown, to reddish,
some with colorful spots.

Philippine amphibians are closely associated with close-canopy tropical
rain forests. About 85% are associated with wet forests, being highly dependent
on and sensitive to moisture (liquid water, high humidity) and relatively low ambient
temperatures. Many frog species are dependent on water bodies for reproduction,
but a large proportion reproduces directly from eggs to miniature frogs under wet
to moist situations in their microhabitats. These characteristics make amphibians
good indicators of climate change. Where they no longer occur indicates lack of
moisture, which in turn could be due to climate change.

Estimates of Threatened to Critically Endangered amphibian species range
from 28 to 63%, depending on who makes the assessment. This difference in
opinion is accounted by the fact that many forest species are Data Deficient
(which includes deficient knowledge of their systematics and ecology), making
judgment of conservation status difficult. However, one fact stands out: all forest-
dwelling species are at least Threatened because of the continuing destruction
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and degradation of close canopy tropical rain forest, the only type of forest that
maintains sufficient moisture essential to the life of amphibians and the existence
of their microhabitats. Local communities consume common species of ranid frogs
in ricefields and forest streams, and if not regulated exploitation could be a threat
to these species. Still another threat is introduction of exotic species like the
American bullfrog and the Taiwan frog. The former, a predator on other species of
frogs, was introduced in central and northern Luzon in the 1980s and the latter in
Los Bafios in the 1990s (A. Diesmos, pers comm.).

The reptiles of the Philippines are composed of representatives of all four
main reptilian groups, namely, lizards, snakes, turtles, and crocodiles. Exclusive of
some 15 species of hydrophiid sea snakes and five species of marine turtles, there
are 107 species of lizards, 85 species of snakes, three species of turtles, and two
species of crecodiles, a total of 197 species, the majority of which are lizards and
snakes. About 75% of the reptile species are tropical rain forest-associated species
and, like the amphibians, are highly dependent on forest microhabitats. Therefore
their future survival greatly depends on the presence of forests. Reptiles differ
somewhat from amphibians in that many species can survive in man-made
microhabitats and they can withstand drier areas better than amphibians.

rhere are no estimates of the numbers of Threatened to Critically
Endangered reptiles in the various families except in the crocodile group. The
Philippine Crocodile is Critically Endangered, and the only extant populations in
the wild are in northern Luzon and the Ligawasan Marsh on Mindanao. Both the
Salt-water Crocodile and the Philippine Crocodile are found in private farms and in
the crocodile-breeding center in Puerto Princesa, Palawan. The Department of
Environment and Natural Resources has failed to accomplish the goal of the breeding
program on crocodiles, which is to release to the wild, captive-bred individuals of
the Philippine Crocodile and to offer captive-bred individuals of the Salt-water
Crocodile to the private sector for commercial purposes. Crocodile conservation
and utilization are largely in the hands of the private sector.

The three species of monitor lizards are in need of conservation. The
common species, Varanus salvator, needs a taxonomic review to determine the
species limits of the various populations. The other two are distinct: Varanus
grayi, a vegetarian, is found on Luzon, and its survival in the future depends on
the conservation of the rain forest, where it inhabits large trees. The third species,
just described, Varanus mabitang, a frugivore, is found only in northwestern
Panay and needs more ecological study.

Among the skinks, geckos and snakes, the arboreal and burrowing
species, being highly dependent on moisture, would most likely become threatened
if forests disappear. Forest degradation and fragmentation in southwestern Negros
caused the disappearance of about 20% of the species of amphibians and reptiles
during the past 50-60 years (Alcala et al. 2004).

The larger snakes, including the python and the rat snakes, are useful to
man because of their food and feeding habits being predators of rodents. Even the
cobras and their relations, the sea snakes, are useful in the production of antivenins.
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In general, snakes and crocodiles, which are top predators on land, perform important
ecosystem functions such as keeping the predator-prey relations balanced,
recycling of nutrients between land and freshwaters, etc.

Philippine Birds

There are 576 species of birds reported from the Philippines based on
BirdLife International. Of this number, 192 (33%) are endemic. More species are
slowly added to the list. For example, seven species have recently been added,
including the Calayan rail (Gallirallus calayensis). Birds have the lowest endemism
among the vertebrate classes in the Philippines. This is not surprising, as birds in
general are highly mobile exchanging genetic material among adjacent populations.

Of'the 576 species, 124 (21.5%) are considered Near Threatened to Critically
Endangered. Two subspecies, the Ticao Tarictic and the Siquijor Hanging Parakeet,
are extinct. Two more species, the Sulu Bleeding Heart Pigeon and the Negros Fruit
Dove, have not been seen since 1891 and 1953, respectively, and are presumed
extinct. With regard to the Negros species, one of us (ACA) was with Professor
D.S. Rabor at Pula, Canlaon City (2500 feet above sea levcl) when the only specimen
of that species was collected. There were two individuals of the species seen; one
was shot with a 12-gauge shotgun but a second shot missed the other. No other
specimen of this species has been seen or collected since 1953. However, a negative
finding always needs confirmation, as shown by the case of the Cebu Flowerpecker,
which was missing between 1901 and 1991, but was rediscovered in 1992.

The major threats to birds are loss of forest habitats and hunting. Some
birds require different habitats for specific functions. These habitats are needed to
ensure survival. For example, the incubator bird requires forest and beaches to
complete their life cycie. Other species such as the top predator, Philippine Eagle,
requires large areas of rain forest for foraging in order to maintain its population.
Still other species such as hornbills require large trees provided only by intact rain
forests in order to breed successfully. Strategies to counter these threats are
needed to ensure successful conservation. Some of these strategies are information
and educational campaigns and participation of local communities and local
government units in the conservation effort.

Philippine Marine and Land Mammals

Philippine marine mammals belong to two orders, Cetacea (whales and
dolphins) and Sirenia (dugongs). There are 26 whales and dolphins and one
dugong, a total of 27, reported from Philippine marine waters (Dolar and Perrin
1996; Perrin et al. 2002; Dolar 1999; Dolar, pers comm). The toothed whales and
dolphins are the most common and abundant species numbering 21. There are five
species of baleen whales in Philippine marine waters.

Whales and dolphins as well as dugongs undertake long distance journeys
in seas that could be under the jurisdiction of several neighboring countries. Their
conservation often requires international agreements. The Philippines through
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BFAR prohibits killing of marine mammals under the provisions of Fishery
Administrative Orders (e.g. DAO 55 of 1991, which protects dugongs in Philippine
waters). However, we all know that implementation is often difficult, and marine
mammals, particularly dugongs, are often the victims of blast fishers.

The Irrawaddy Dolphin in Malampaya Sound (a 231 km? Protected
Seascape since 2000) is the rarest and the most Endangered with only 77 animals
remaining (L.. Dolar, pers comm). The major threat comes from many kinds of fishing
gear (gill nets, liftnets, ring nets, crab traps, shrimp corrals etc.) of fishers in the
Sound, who form about 70% of the population 0f 23,000 people (growth rate 6.67%
per annum) living in the vicinity of this body of water. Conservation of this species
is extremely difficult, but must be done to allow this species to survive in the
future. Aside from this species, all other dolphins are threatened by fishing using
various kinds of nets.

The best use of marine mammals is for tourism. This non-consumptive
use of marine mammals has proven profitable at Tafion Strait near Bais City, Negros
Oriental, Philippines. This way, marine mammals contribute to the economy and
are preserved for the future.

Some countries intentionally hunt whales for food, claiming that this
fishing activity is part of their culture. Such claims are often difficult to resolve in
relation to biodiversity conservation. Apparently, the often-cited case of dugong
hunting by Australian aborigines has been resolved to the satisfaction of the
aborigines and the Australian government.

Land mammals of the Philippines number 179 species, of which 111 (67.4%)
are endemic (Heaney et al. 1998). Among the vertebrate groups discussed here,
mammals would seem to rank the highest in terms of new species being discovered.
New species of rodents have recently been discovered in sub-montane (mid-
mountain) and mossy forests. Lawrence Heaney and his collaborators have
documented an interesting food habit of this group, their dependence on earthworms
as food.

The IUCN Red List of Threatened Animals shows 22 Endangered and
Critically Endangered Species and 27 Vulnerable species. These 49 threatened
species represent 27% of the total number of the Philippine land mammal species.

Some species listed under Critically Endangered may be virtually Extinct
or almost Extinct. One example is the Visayan Warty Pig, which no longer exists as
a distinct species because of hybridization with domestic pigs. Another example is
the Negros Bare-backed Fruit Bat, which apparently is represented by only few
individuals living in marginal microhabitats (aerial ferns) in small forest fragments
in southwestern Negros Island (E. Alcala et al. in manuscript).

Like the rest of the land vertebrates, mammals stand to lose more species
with the demise of tropical rain forests because a large proportion of them including
the larger ones are closely bound to the forest ecosystem. Large species such as
the Spotted Deer, Philippine Crocodile, and Philippine Eagle require large areas of
appropriate habitats.
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Summary of the Conservation Status of Philippine Biodiversity

The numbers of species shown in Table 1 below are approximate. The
total number of land vertebrates is 1,054 distributed in 30 million hectares of land
area, but the new systematics using genetic tools would most likely reveal additional
new species to total approximately 1,100 species. A similar statement can be made
for higher plants. As more fieldwork is conducted, more new species are likely to
emerge. The number of Threatened to Critically Endangered species indicated in
the table below are rough approximations because of lack of precise information.

Table 1. Summary of the conservation status of Philippine biodiversity

Taxonomic Species Endemic Species Threatened to Critically
Group Richness Endangered as of 2006
Number of | % of Total Numrber of | %of Total
Species Number Species Number
Seed Plants 10,524 6,286 59.73 696 16.6
Ferns 1,100 285 26 49 4.5
Fish 18, ca 4 still 17 4.1 4 100
(cyprinids) | existing(?)
Amphibians 102 76(7) ca75 29%(7) Ca 2863
Reptiles 197 138(?) ca?70 40(7) ca20(?)
Birds 576 192 33 128 22
Marine 26 - - 1 4
Manmmals
Land 179 111 ca6td 49 27
Mammals

Strategies for Sustainable Conservation of Philippine Biodiversity

The following strategies are suggested to conserve Philippine

biodiversity:

1. Establishment of protected areas
2. Prevention of alien invasive species introductions as well as

introductions from one habitat type to another

3. Re-introduction of lost species with adequate safeguards

4. Preservation of remnants of original vegetation such as tropical rain
forest, mangroves and beach forests

5. Captive breeding of Critically Endangered species and release to the
wild with adequate safeguards

6. Use with adequate controls of wildlife species to earn incomes for local
communities

7. Collaboration of local government units and local communities, local
people’s organizations in management

8. Conduct of information and education on biodiversity conservation

9. Encouragement of local government issuances as policy framework for
local participation in conservation
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Summary and Conclusions

The Philippines is indeed a country with high species biodiversity and
high endemism. But it is also a biodiversity hotspot because of the rapid rate of
habitat destruction that would hasten extinction. There is reason to believe that
extinction rate is about 20% species loss for every 50-60 years. This figure based
on limited data on amphibians and reptiles is slightly lower than that predicted
(30+%) for Southeast Asia.

The causes of species extinction are mainly habitat destruction and over-
exploitation. Another cause is hybridization with domestic species. This is shown
in the case of the Visayan warty pig. Still another cause is competition with alien,
invasive species as in the case of the cyprinids of Lake Lanao. Among plants,
over-exploitation appears to explain local extinctions of some species of dipterocarps
(eg., “lauan™).

Because loss of biodiversity has many undesirable socioeconomic and
ecological or environmental effects that could lead to ecosystem instability and
decreased productivity, it is in the country’s interest to conserve its biodiversity.
Some strategies to do this are given in this paper.
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Abstract

My main thesis in the paper is that Philippine social scientists need to engage
the biological (i.e., genetic and neurclogical processes shaped by human evolution)
dimensions of behavioral and social phenomenon. In developing this thesis, I first
broadly clarify the so-called nature-vs.-nurture debate which pits biological
explanations against social and cultural explanations, then proceed to briefly explain
contemporary perspectives of evolutionary psychology that recast the nature-
vs.-nurfure debate. In particular, drawing from examples of recent research and
theory, | attempt to show that current theorizing underscores the close interaction
between biological and socio-cultural processes, and thus there is no need to
construe biological knowledge as antagonistic to socio-cultural theorize. 1 cite
some examples to show how social science theories are improved when biological
factors are incorporated in the theories, I'then discuss the implications to Philippine
social science, and suggest that a small sector of the social science community
should explore how the biological dimensions of social and behavioral phenomenon
can improve our theorizing. 1 further suggest that there is a need to re-examine

" The ideas in this papcr werc culled from the proceedings of two Round Table Discussion
entitled, “Btology as Destiny™ sponsored by the NAST Social Sciences Division, The ideas
from this paper come from many brilliant socizl scientists (and one honorary socigl scientist)
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are, in alphabetical order, Eufracio Abaya, Michael Alba, Ledivina Carifio, Gelia Castillo,
Mercedes Concepcion, Antonio Cantreras, Lourdes Cruz, Raul Fabella, Corazon Raymundo,
Agnes Roila, and 1 would like to especially acknowledpe the contributions of Cynthia Rose B.
Bautista, Emmanue! de Dios, and Ma. Emma C. D. Liwag. Correspondence regarding this
paper may be sent to the author at De La Salle University-Manila, 2401 Taft Avenue, Manila
1004. Email may be sent tc bernardoa@dlsu.edu.ph,
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how Philippine social scientists construe the biological nature of social beings, as
this may influence and even constrain how biological knowledge is engaged in
theorizing; and to consider some possible constraints within the social science
research process in the country.

Keywords: Behavioral phenomenon, social phenomena. nature vs. nature

The Nature-Vs.-Nurture Debate Is Dead! Or Is It?

Any discussion about any compelling human and social phenomenon
inevitably makes reference to the so called, nature-vs.-nurture debate. The
debate is particularly remarkable in discussions regarding the perceived lows
and highs of Filipino achievement. Why do Filipinos generally perform poorly in
mathematics and science? Why can’t the Philippine develop enough scientists
and engineers? Why do girls consistently out-perform their male counterparts
in academic achievement in many schools all over the country? But on the other
hand, why are Filipinos apparently so gifted in boxing, billiards, singing, and
entertaining? At some point in the discussions of these phenomena, some will
make some reference to the possibility that there is something in the “nature” of
the person or persons involved. But at some point as well, others might counter
this notion with arguments appealing to the effect of parenting, of peers, of
media, of the church or some other social or cultural institution, and of course of
the individual’s own free will. So is it nature or nurture? Filipinos are most likely
to say it’s both and we continue living our lives, particularly as there are more
pressing problems we have to attend to.

Recently, however, a small sector of the Philippine social science community
was provoked by their idols National Scientist Gelia Castillo, Academicians
Mercedes Concepcion, Ledivina Carifio, and Raul Fabella in a roundtable discussion
entitled, “Biology as Destiny” purportedly inspired by the book by psychologist
Steve Pinker, 2002, entitled, “The Blank State: The Modern Denial of Human
Nature.” The roundtable discussion, not incidentally, was being undertaken amidst
the imposing backdrop of the “Century of Biology.” Suddenly, it seemed the
nature-vs-nurture debate was alive and maybe even quite fierce.

We are all aware of just how old this debate is in the social sciences. The
debate of whether to emphasize the biological as opposed to the cultural aspects
of human beings has marked the subdivisions of the discipline of anthropology.
Sociologists, psychologists, anthropologists, and even political-economists who
have looked at criminality, aggression, corruption, and other grave social phenomena
have often taken sides in this debate. In psychology the debate has been particularly
salient in theorizing about human growth and development, learning, and
psychopathology, among others.

In the Century of Biology, more and more behavioral and social phenomena
are being explained with reference to DNA, genes, neurons and neurotransmitters,
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and neurological architecture and processes that have evolved in the same way as
our other biological endowments. It seemed imponans for Filipino social scientists

to locate and position their theories and practice in refation to these scientific
discourses.

The Evolutionary Psychology of Human and Social Phenomena:
What it is and What it is Not

But what are these contemporary discourses that call our attention to the
nature-vs.-nurture debate yet another time* Are these contemporary discourses
arguing that evolution and biology can fully account for the full diverse range of
behavioral and social phenomena? Is the discourse espousing biological or
neurojogical reductionism, and cvolutionary or genetic determinism? Is it now
truly “Biology is Destiny?”

A thoughtful review of the relevant scientific research literature suggests
that it does seem that much of human behavior can ultimately be explained by
referring to neurons, synapses. and neurotransmitters, to genetic characteristics
and predispositions, and to neural processes that seemed to have evolved following
the same Darwinian principles as our other biological endowments (e.g., Pinker,
2002, Chapter 1). Recent scholarship in the [ields of cognitive neurescience,
behavioral genetics, and evolutionary psychology have proposed that such
biclogical principles can explain much if not most of human behavior, including
perhaps the most “social” and “personal” of phenomena such as culture (Tooby
& Cosmides, 1992), social stratification {Barkow, 1992}, morality (Katz, 2000),
religious beliefs {Boyer, 1992), consciousness (Nesse & Lloyd, 1992}, and abstract
and higher order thinking {Cummins, 1998). The availability of such biologically-
based explanations does not, however, mean that it is the only important explanation
of human behavior. Indeed, there are many other levels of understanding human
behavior (such as the cognitive-functional level, the social-cultural level, etc.),
which were also just as impontant. Recent scholarship in the cognitive and
behavioral sciences has led to theories that integrate these different levels of
explanation. The new theories referred to carlier describe how evelutionary
processes resulted in biological constraints that afford psychological processes
that effectively exploit, adapt and respond to features of the physical environment,
as well as of the various types of social interactions embedded in different cultures.
We should be very clear at this point that recent biological theories of human and
social phenomenon are not arguing for biological determinism. No serious
neuroscientist is asserting that naturally selected genes and hardwired neurological
processes solely determine all human behaviors. What these biological factors do
is to predispose human beings to think about and act on reality in certain ways —
ways that were adaptive in the evolution of the human species, perhaps during the
Mesozoic Period. But this biological predisposition interacts with a complex set of
other factors to determine behavior. Pinker (2004) suggests that behavior is multiply
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determined by genes, the anatomy and architecture of the brain, the biochemical
states of the brain, the person’s family upbringing, how the person was treated by

society, and the specific stimuli that confront the person at any given point in time.
Pinker (2004), thus, wrote:

“Environmental interventions — from education and psychotherapy to
historical changes in attitudes and political systems — can significantly
affect human affairs. Also worth stressing is that genes and environments
may interact in the statistician’s sense, namely, that the effects of one can
be exposed, multiplied, or reversed by the effects of the other, rather than
merely summed with them.”

However, recent theories of the biological dimensions of behavior and social
phenomenon underscore the need to fully appreciate the constraints that biology
imposes on behavior. In his book, Pinker (2002) has argued that we should stop
denying the biological nature of human and social phenomenon, and instead we

should come to terms with how biology actually interacts with social structures
and the human will.

Removing the “vs.” from Nature-vs.-Nurture

Recent scholarship indicates that the most powerful and fruitful lines of
theorizing now seek to determine precisely how biology and social and cultural
experiences interact to produce human behaviors and social phenomena. One
specific area of study that has generated much new insights as well as controversies
is the study of the genetic bases of human traits, such as intelligence and
personality. Scientific research now indicates that a// human behavioral traits are
heritable (Turkheimer, 2000). Heritability refers to the proportion of variance in a
trait that correlates with genetic difference. The rest of the variance in behavioral
traits is explained by what is referred to as the shared environment and the non-
shared or unique environment. Shared environment refers to the external
environment that impacts on a person and his/her siblings (e.g., parents, home life,
immediately community, etc.). Unique environment refers to anything in the external
environment that impacts on one person but not his/her siblings (e.g. specific
relationship with parents, presence of other siblings, experiences with peers, and
unique experiences like getting sick or meeting an accident, etc.). The most
authoritative measures indicate that the genes account for about 40-50% of the
variance in many behavioral traits, while the shared environment accounts for O-
10%o, and the unique environment accounts for about 50%o of the variance (Bouchard,
1994; Plomin & Daniels, 1987; Rowe, 1994; Turkheimer, 2000; Turkheimer & Waldron,
2000).

Note that even if the supposed influence of the shared environment is weak,
we find very compelling examples of the interaction between genes and the shared
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environment. For instance, studies (e.g., Rowe, 1994; Rutter, 1997) indicate that
“[c]hildren who grow up in the same home tend to resemble each other in their
vulnerability to delinquency, regardless of how closely related they are” (Pinker,
2002, p. 392). Gottfredson and Hirschi’s (1990) study of adopted children in Denmark
revealed that biological children of convicted criminals were more susceptible to
criminal behaviors compared to biological children of law-abiding citizens — which
shows the effect of genes. But this susceptibility to criminal behavior is
significantly increased if the biological children of the criminals were adopted by
parents who were also criminals and who lived in a large city — which shows the
interactive effects of the high-crime social environment.

There are also many gratifying lines of research that show the complex
interaction between social psychological phenomenon that are now known to be
shaped by biological evolution and cultural environments. One social phenomenon
that has been explained using evolutionary theory is social sharing. Kameda et al.
(2003) have demonstrated that social sharing is an evolved human response when
resources are uncertain. In cross-cultural experiments, Kameda et al. (2003)
demonstrated that sharing was a more profitable and stable compared to other
ways of distributing resources. However, the studies also demonstrated that
cultural factors may also amplify or suppress the evolved disposition to share. For
example, people in higher social class contexts are Jess likely to share unexpected
gains, whereas those in lower social class contexts are more likely to do so.

The social phenomenon of mate selection is one of the most well researched
areas in evolutionary psychology. Extensive empirical research (Buss, 1998; Buss
& Schmitt, 1993; Kenrick & Keefe, 1992; Kenrick et al., 1996) has supported the
evolutionary theory prediction that older men are usually attracted to younger
women because they are more likely to produce more and healthier children. In
contrast, younger women prefer older men because they have more power and
resources to endow their children. But in some cultures like the Tiwi of Australia,
it is common for young men to marry older women. This is explained by referring
to the interaction between culture and evolutionary predispositions. Tiwi men
have several wives and all women have to be married all the time. The richer older
men marry the youngest women leaving the older widows to the poorer younger
men (Kenrick et al., 2003).

These are just a few among the growing number of scientific studies revealing
the intricate interaction between nature and nurture (see e.g., Moffit et al., 2006,
Nettle, 2006, for more discussion). Understanding the important role of the
biological nature of humans and the evolutionary bases of many social phenomena
does not imply denying the important effects of social and cultural experiences.
Indeed, the emergent scientific theories shown in these few examples are not just
biological theories, nor are they purely social theories (see e.g, Cacioppo et al.,
2000; Gottesman, 2001 ; Ochsner et al., 2001; Plomin & Crabbe, 2000). The emergent
explanations of social phenomena truly embody the integrated processes that
shape behavioral and social phenomena.
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Implications for Philippines Social Science:
Revising Assumptions about Human Nature in Social Science Theories

In this regard, I think that the more important ideas posed by this line of
scholarship on the roles of biological constraints and socio-cultural processes in
shaping human and social phenomenon relate to how Filipino behavioral and
social scientists do our theorizing. And perhaps, also to how our theorizing relates
to social discourses and processes, particularly those outside the academe.

It could be argued that social science theory and research in other countries
improved in specific ways when more scientific accounts about the genetic and
neurobiological dimensions of humans and the evolutionary basis of behavioral
and social phenomena were taken into consideration. In the field of economics, De
Dios (2006) noted how assumptions of evolutionary psychology that relate to the
human predisposition to reciprocity and cooperation can correct the limitations in
the core assumptions of game-theory, particularly as they apply to non-cooperative
games. Apparently, the prediction of evolutionary theory that human beings
would cooperate under certain conditions of reciprocity can better explain actual
data on how people behave in non-cooperative game situations (Fehr et al., 2002;
Fehr & Schmidt, 1999), compared to theories that assume that humans would act
on the basis of calculated, wealth-maximizing, self-interest. De Dios (2006) further
notes how some traditional assumptions about the rationality of human being in
economic decision making are actually false; instead, humans think and make
decisions based on heuristic strategies that are proposed to be biological
adaptations that server evolutionary goals (Gigerenzer & Selten, 2001; Kahneman
& Tversky, 1984; Tversky & Kahneman, 1974).

In the field of psychology, theory and practice has greatly improved when
scholars and professionals began acknowledging the important neurobiological
constraints that underlie many problematic psychological phenomena. For example,
an improved understanding of the interactions between genetic risks and
environmental risks in psychopathology has resulted in more rational and effective
forms of prevention and intervention for many times of psychological disorders
(Gottesman, 200 1; Moffitt et al., 2006; Neese, 2000; Siegert & Ward, 2002). Recent
discoveries related to the continued development of the human brain during the
adolescent years (Casey et al., 2000) has also helped psychologists better
understand the heightened variability in cognitive development among teenagers,
particularly in various areas of reasoning and decision-making (Klaczynski, 2004).
More important, research in the field of adolescent cognitive development has
shown how the adolescent experiences’ and the activities that the teenager engages
shape the brain development processes (Kuhn, 2006; Luna et al., 2004).

Similar theoretical and scholarly advancements have been achieved in specific
fields such as medical anthropology and demography, where knowledge related to
the biological nature of human beings are wedded with personal, social, cultural,
and historical constructs.
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But what about social science theorizing in the Philippines? My colleagues
in sociology (Cynthia Bautista) and political science (Antonio Contreras) noted
that the biological dimensions of human nature and of social life has not been
problematized in the main streams or threads of social science discourse in recent
and not-so-recent history (e.g., theoretical Marxism, structural functionalism, social
constructivism, post-structuralism, feminism, post-colonialism, post-modernism
to name a few). The various big-theories have some minor presuppositions about
biology, but these suppositions are never in the foreground (perhaps with some
exceptions in some subfields within anthropology, demography, and psychology).

Is there anything wrong with this? My immediate answer is no. There is so
much rich insight that can be drawn from the proper and intelligent use of personal,
social, political, and historical constructs and modes of analysis used by thoughtfui
Filipino social scientists. The lack of references to biology should not limit the
useful insights that Filipino social scientists can generate. Indeed, as can be
gleaned from various treatises, many of the exciting evolutionary theories of human
behavior actually draw from studies of linguists, anthropologists, sociologists,
psychologists, and economists who hardly think of the neurobiological dimensions
of anything. And thus, I think that the Philippine social science community can
grow and thrive as long as thoughtful Filipino social scientists continue to properly
and intelligently use social science constructs and analysis.

However, advocates of evolutionary psychology take a very strong position
that I think is worth considering. Pinker (2002) for one, argues that by ignoring or
neglecting the neurobiological or evolutionary constraints in human and social
phenomenon, social and behavioral scientists may be posing theories that are not
properly grounded or bounded. Denying the biological constraints and/or
affordances of social and cultural phenomenon is an act of gross misrepresentation,
just as saying that biology is destiny is another act of gross misrepresentation.
One challenge for Filipino social scientists, therefore, might be to determine how
to properly engage the biological (i.e., genetic and evolutionary) theories of
‘behavioral and social phenomena. In doing so, it would be important to avoid
knee-jerk responses that take extreme and totalizing positions (e.g., that biology is
destiny on the one hand or that this thread of scientific discourse has a strong
underlying conservative ideological agenda). Indeed, Filipino social scientists
should be mindful that totalizing theoretical positions regarding both nature and
nurture have been used to justify genocide (i.e., by Hitler, Lenin, Stalin, Mao, Pol
Pot). Filipino social scientists should be careful about ignoring the ethical
implications of any form of scholarly discourse. Pinker (2002), noted that all core
assumptions of the standard social science models carry their respective moral
burdens in the same token that application of biological and evolutionary theories
also entails ethical dilemmas. Thus, we should warn against unnecessarily
privileging either biology or social and cultural life in our attempts to appropriate
these threads of scientific and scholarly discourse in understanding and
transforming the personal, social, and cultural experiences of Filipinos.
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In this regard, it might be important for Filipino social scientists to clarify
their own conceptions about the role of biology or the biological nature of humans
in their own theorizing. Is biology our destiny? Or does biology define the limits
of human and social achievement? In our second roundtable discussion on this
topic, National Scientist Gelia Castillo lamented the recent trend to use the
expression, “Pasensiya na, tao lang” apparently as a flippant excuse for various
forms of shortcomings. A social psychologist colleague reminded me that a more
benign version of the expression is found in the old romantic ballad, “Sapagkatr
kami ay tao lamang” where again human nature is used as the defense for
inappropriate intimate relations. It seems that in popular social discourse, there is
the implicit notion that human nature is flawed and that this flawed nature may be
used to justify mistakes, poor performance, even misdemeanors and transgressions.
But Academician Lourdes Cruz reminded us that for the biochemist, genes define
the human potential that can be fully realized in appropriate environments. Thus,
the biological nature of humans is a definition of possibility, potentiality, and
workability. This view resonates with the Confucian tenet on the perfectibility of
all human beings, which underlies the moral notions of self-cultivation and self-
improvement in Chinese or Confucian-heritage cultures.

I use these examples to illustrate how some fundamental ideas about the
theoretical, social, and practical nature of human nature can have some influence
on how Filipino social scientists might want to engage and appropriate biological
theories, principles and concepts in social science theory and practice.

But we can raise another concern about how to go about engaging the
biological dimensions of behavior and social life in Philippine social science. In
our first roundtable discussion, psychologist Emy Liwag raised concern about the
prospect that Filipino social scientists will just read and talk about evolutionary,
biological and genetic theories of behavior and social phenomenon instead of
actually doing research and theorizing about the same. She noted that there are
very rare opportunities for Filipino social scientists to engage natural scientists in
theoretical and scholarly discussions, much less engage in multidisciplinary
research of the same level of sophistication as exemplified in the recent scholarship
we have been referring to. Perhaps a greater source of concern should be the
research environment within which Filipino social scientist undertake their
scholarship. Most Philippine universities do not have substantial financial
resources for research that would allow social scientists to undertake long-term
research programs that would permit more sophisticated theorizing. Instead,
university-based social scientists have to contend with short-term research grants
that only allow for diminutive theoretical advancements. Alternatively, they can
undertake research projects funded by national and international development
agencies but doing so would require adopting the agencies’ theoretical and
ideological positions in the research approach. Social scientists in the Philippines
will need to demonstrate extraordinary levels of creativity to thrive in these less
than ideal research environments.
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Conclusion

Perhaps the strongest motivation for Filipino social scientists is the desire to
see change in a social order that is perceived to be unjust and backward. The work
of social change or societal transformation inevitably presupposes certain
theoretical propositions regarding human nature and the constitution of social
life. There is a growing body of evidence pointing to neurobiological constraints
and affordances to behavior and social phenomena, and some related ideas and
evidence may undermine certain core assumptions of traditional models in the
social and behavioral sciences. Filipino social scientists do not necessarily have
to incorporate these neurobiological and evolutionary discourses in their
scholarship and practice. Filipino social science can continue to make contributions
to human knowledge and Philippine society by drawing from the standard constructs
and methods of the traditional social sciences. But there is probably a need for a
sector of the Filipino social science community to reexamine these standard social
science assumptions in light of these evidences. Doing so would require engaging
a strange discourse, but it could point to more fruitful line of theorizing about
social and behavioral phenomenon, and might even lead to more realistic
interventions for social and behavioral change. Indeed, the most exciting prospects
for change would take full recognition of the biological constraints in behavior
and the interventions are designed to help transcend, rise above, and even thrive
amidst these constraints.
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Introduction

[ am grateful that the topic of my tatk is “Building a Science Culture™
and not “Improving Math and Science Education in the Country.™ This
tatk of mine went through several versions. Eventually, T rcalized that 1
needed to emphasize

“Culture”

as much as or even more than “Science™ if | were to help us make progress
on the theme of our Annual Scientific Meeting: “*A Progressive Philippines
Anchored on Science: Building a Science Culture in the Philippines”™.

You have heard enough about our situation in science and mathematics
education, that we rank number 36 out of 39 in the TIMSS, that
performance on the National Achievement Test (NAT) is below 50% in so
many schools and school divisions and so on. The following slides from
the presentation of Dr. Vivien Talisayon during the roundtable discussion
last February 16, 2007, *Special Science Classes: Summary of Findings”
show that even Philippine Science [ligh School (PSHS). vur lop science
high school, performs oniv at the mean of Singapore, Kores and Hong
Kong in mathematics and significanily below the mean in science (Figures
| and 2).

At the same time, we hear guod news: vur young people winning
prestigious competitions abroad in svience and mathematics. We will hear
about the work of the Bernidos in Bohol. At the roundtable discussion
last February 16. 2007, we were inspired by the work of the Mathematics
Trainers’ Guild (MTG) and the outstanding achievements of the students
in their training programs.
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We have been at this for a long time. There bave been many
interventions: the New Math of the [960s, the Secondary Education
Development Project (SEDP), the DOST - DECS Engineenng and
Science Education Projcct (ESEP) and the recent Revised Basic Education
Curriculum (RBEC). There have been many conferences like ours and
many resolutions such as we have been making in our scientific meetings,
addressed to DOST, DepEd, CHED and other institutions.

But the same pattern emerges - - a few bright lights and victories
and a mass of poor performance. While we are proud of the bright lights
and victories, 1 would like to recall a quote from a Japancse mathematics
education colleague, who said, “We believe that a couniry can only march
as fast ag its slower members.”

The Philippines will march as fast as the majority of our students and
nat at the pace of the few at the top.
The challenge for us then is to ask how we can make progress for
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the majority of our students,
Part I: Dcfining a Solution

This address is on “Building 2 Science Culture”. The cullure of
the natural sciences and mathematics is not 10 bewail or just describe
a problem, but to solve them. [F we arc to be scieatific ourselves in
approaching the theme of our annual meeting, it is not cnough for us to
describe the problems or write resolutions about them. We should actually
engage the problems and show that we are contributing 1o salving them.
We have to engage Philippine culture and move it into a problem-solving
mode, away from a blaming or complaining mode.

Assuming then that we are going to actuatly engage and help solve
the problem, how do we proceed? Particularly, beeause years of effort and
frustration have shown us that the problen is very difticult!

We have to begin by delining what we mean by a solution. Frequently,
in research on mathemalivs and science cducation (or education, in
general), the methodology is to propose an approach towards improving
performance, then do a small scale pilot study, which normally shows
thal the approach works. The approach is then attempted on a larger scale
and usually fails. The conclusion is usually to blame the teachers or the
principals. Bat frum our point of view of building a progressive Philippines
anchored on science, the approach has to be considered a failure. Tt did not
solve the intended problem of improviug science or math education on a
reasonable scale,

Since our goal is to improve nlathemnalics and science education for
the majority, a solution ur a possible solution should have the lollowing
characteristics:

* be on a reasonable scale, ut least a cluster of schools
* can be replicated successfully within normal parameters in the

system (including the actual situation of teachers and principals)

Part 11 : The Way Forward on the Mass
(Some Relative Success Stories)
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In this address, T would like to share some relative success stories on
a relatively large scale. I shall usc as a framework a paper 1 wrote in 1983
for a conference in Japuan.

Addressing the Social Context of Philippine Schools: Macro-
Problems and Micro-Problems

Afler a decade of working on math education, [ shared my reflections
in a 1983 paper for a Regional Conference on Mathematics Education
held in Japan:

*We can classify prohlems of inathematical education
into two types: the first we might call micro-problems
or problems intemnal to mathematical education. Thesc
would relate to questions of curriculum, teacher training,
textbooks, use of calculators, problem-solving and the
likc. The sceond we might call macro-problems. These
are problems affecting mathematics education becausc
of pressures from other sectors of society: cconomy.
politics, culture, language, ctc. One of the features of
a devcloped society is a reasonable differentiation of
scetors and functions of society. While given scctors are,
of course, interdependent and atfect one another, they
also have some reasonabic autonomy. School budgets
may inercase or decrease. but they have some stability
and so it is possible to plan. Teachers get a sufficient
(though not high) salary so they can concentraie vn their
teaching chores. But in contrast, structures in developing
socicties are not sufliciently developed to provide (for
example) education and culiure with sufficient freedom
from the pressures of politics and economics. Teachers
may be called upon to perform many civic duties - - to
the detriment of their classroom work, Their salaries may
not be sufficient for them to be able 1o concentrate on
their work. Budgets may be unstable and information and
opinion lightly controlled.

In the first situation {of developed countries). it makes
sense to concentrate un intermal problems of mathematical
education. Onc has enough scope and freedom within
the educational system to study and plan changes with
hope of implementation. Tn the second case. however, the
problems which one experiences most intensely are not
internal to mathematics education, but due to pressures
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from outside socicty. Until some structures are established
to provide some scope and freedom for the educational
system, it is less uscful to concentrate studies and plans
on curriculum or other internal concerns.”

[ then went through a more detailed analysis of the challenges of
mathematics educaiion from this perspective. In that same paper, |
concluded as follows:

“The improvement of mathematics education
in developing countries such as those of Southeast
Asia requircs continuing improvement of teacher —
maining, curriculum, textbooks (the intemat concemns of
mathematical education). However, their improvement is
only possible il mathematical education has enough space
and freedom (within the pressures of economics, culre,
organization of education) s0 as to be able to plan and
impiement. It is the experience of developing countries
that pressures from other structures of society (cconomic,
political, cultural) are often too strong for the system of
mathematics education 10 work realistically on its internal
concerns.”

From the expericnces that will be described below, we can look at
this approach to improving education in the social context of Philippine
schools as:

B Creating the absorptive capacity of schools and clusters of
schools to take in and implement significant reform and
improvement (aticnding to the macro prohlems)

B Targeted and focused interventions to address priority needs
{acedemic and non-academic) (attending to the micro-problems).
This means meeling the schools where they are, setting next
level targets with them, and moving them to the next level.

Part 11a: School-Based Management in TEEP

Our first example of a large scalc reform project that tackled
the macro-problems (created absorptive capacity in the school and
community) and micro-problems (teacher-training, textbooks, lesson
guides, ctc.) is the Third Elementary Education Projcct (TEEP).



182 Trans. Nail. dcad Svi. & Tech Philippines 29 ¢2007)

Engaging the community and creating ahsorptive capacity and
bringing in targeted inputs. The Third Elementary Education Project
defines school-based management  (SBM) as the decentralization of
decision-making authority fromn central. repional, and division levels 1o
individual school sites. uniting school heads, teachers. sludents as well
as parents, the local government units and the comumuntty in promoting
ellective schools. Its main goal is to improve school performance and student
achievement, where decision-making ix made hy all those who are closely
involved with resolving Lthe challenges of the individual schouols so that the
speeific needs of the students will be served more effectively. Hs ohjectives
were (o empower the school heads to provide leadership and to mohilize
the community as well as local govermment units to invest lime. money
and clfort in making the school a better place to leam. thus improving the
cducational achicvement of the children.

Schoul-Based Management is a framework that integrales several
micro factors at play in SBM schools. namely.

« leadership (e.g. dynamic school heads)

* strong local bm ernment unit (LCiU)-scehool or school-Pavent
Teachers Conununity Association (PTCA) partnership

* access (o hasic inputs like classrooms and textbooks

= focused teacher-competency development INSETs {In-Service
Training)

» support system at the district/division levels

The community has to be invelved and TEEP would not procecd ina
given community unless the community rised 19%y counterpart funding.
This would amount to about P10,000.00, There is a very touching story
in Rumblon. A community wanted so badly to get a School Improvement
and Innovation Fund for their school (this was the overall name of the
project support fund) that they cach contrihuted funds {rom their own
meager incomes. Their contribution was mostly in coins. Unfortunately,
after counting all the coins on the deadline for approving prnju.is lhc\'
had only P9.000 of the expected 10,000, The district supery isor was so
moved by the community efturts that she gave the remaining money.

Impact. Forthe TEEP schools. school-based management has resulted
in a bigger share of schools crossing the 73%0 nastery level and the 6(%
near-mastery level in the National Achievement Test. TEEP and non-
TEEP schoots started on the same level in SY 2002 2003 hut relatively
more TEEP schools attained mastery level in SY 2005 2006, Pleuse refer
to Appendix | for the comparator groups as well as the tables showing
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the percent surpassing the 75% mastery level as well as the 60°% mastery
level. in terms of overall performance as well as specific performance in
Math and Science,

It is worth noting the following:

I. With the exceptivn of Aklan+, all clusters experienced a
decline in scores and rankings from SY2004-2005 to
SY2005-2006. Nevertheless, TEEP SBM provincees sustained
their lcad relative to all other clusters (cf. Appendix!}.

2. There is a relatively stronger improvement in mathematics:
22.6° 9 ELS and 18.2 Non-ELS achieving 75% mastery Icvel.
all others arc lower, with Pampanga closest at [6.6%. At 60%
mastery level, the performance gap is even clearer. with TEEP
ELS at 59.5% and non-ELS at 46.1% (ct. Appendix 1),

3. The improvement in mathematics is moch stronger compared
to improvernent in scieuce (cf. Appendix 1).

The importance of addressing the implemented curriculum,
the day-to-day work of teachers. What accounts for the significant
improvement tn mathematics? 1 reccived a phone call in August last
year from Dr. Cynthia Bautista, excited abowt some results of iheir end-
project evaluation of the Third Elementary Education Project. There had
been significantly grcater improvement in mathematics in the National
Achicevement Test (NAT) in several! divisions of the TEEP. The resource
persons in the study conducted by the Japan Bank for International
Cooperation (JBIC), “Lessons from the Third Elementary Education
Project; Transforming Education on the Ground™ attributed the very good
performance of TEEP in Mathematics “to the Math Teachers’ Lesson
Guide sertes prepared by DepEd and Ateneo which TEEP printed and
distributed to all its tcachers. Written by Master teachers in clementary
and high school. the serics drew from cxisting textbooks and improved
on them.

Tables 1 and 2 show the scorcs in Mathematics and Science in the
National Achievement Test of the TEEP schools and the comparator
groups,
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Tahle L. Scorcs in Math in the Nattonal Achievement Test
ol the TEEP Schools and  comparators group.

Math
2002/3 200344 2004/5 2005/6

TEEP SBM 46.1 541 620 500

AKLANT+ 49.9 52.0 582 564
CAGAYAN+ 46.6 512 571 53]
ILOILO+ 42.1 47.3 546 497
PAMPANGA+ 469 35.1 613  Se6.2
NCR 420 50.7 6.5 477
ARMM 384 44.§ 44.5 418
Towal 46.0 523 389 347

Table 2. Scores in Science in the National Achievement
Test of the TEEP Schools and  comparators group.

Science
2002/3  2003/4 20045 2005/6

TEEP’ SBM 47.1 500 604 50.2

AKLAN- 46.7 47.5 58.2 49.1
CAGAYAN+ 44.4 46.8 55.7 433
ILOILO! 4]1.3 49.4 54.5 44.7
PAMPANGA~+  45.0 M2 60.5 48.2
NCR 42.0 432 479 431
ARMM 40.5 .2 467 372
Total 444 48.1 58.0 47.1

What are these Lesson Guides? The Lesson Guides in Mathematics
were prepared during the term of former DepEd Secretary Raul Roco.
He invited us 1o a mceting in July 2001 to discuss what might be done
to improve the performance of students in the different subject areas, We
shared with Secretary Roco that the central problems continuc to be the
lack of teachers, need for teacher-training. lack of textbooks, classrooms
and other basic needs,

We then suggested that considering the situation in puhlic schools, e.g.,

» congested classrooms (65 - 70 elass size in urban areas)
* lack of textbooks
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« lack of library facilities or library materials tor teachers
* absence of experts teachers may consult,

the need is to provide textbooks for students und a self-contained
reference material (guide) for teachers.

The Dephd was able to provide Math textbooks for all high school
students (1:1 ratio) during the time of former Secretary Roco. The series
that was reproduced for all students was the only contplete series available.
Moving from the prcvious SEDP approach (spiral approach) to the
discipline based approach (Elementary Algebra ~ st ycar, Intermediate
Algebra ~ 2nd year. Geomenry — 3rd year and Advanced Algebra and
Trigonometry — 4th yecar), meant literally tcaring apart the existing books
and putting together the algebra parts, the gcometry parts, and so on. (Later
on. we realized how much improvement is necessary for the Geomeliry
part. The deficiencies in Geometry were not very evident in the SEDP
spiral curriculum.)

This move could not be done for the clemenlary level sinee no
complete textbook series from Grade | to Grade 6 was available.

The Lesson Guides prepared by DepEd and Aleneo were designed
to help the teachers in their day-to-dsy teaching. Each Lesson Guide
included;

objectives for the lesson

development of the lesson

suggested examples and exercises

sugpested teaching strategics with provisions for higher order
thinking skills (HOTS), multiple intelligences (M1) and values
mtegration

" & ¥ *

All work in the preparation of the lesson guides was a team cffort among
the Master teachers from public schouls, the DepEd curniculum specialists
and experienced teachers [rom the Aleneo de Manila Grade School and
High School as well as the other Jesuit schools.

The preparation of Math Lesson Guides was a larpe-scale effort within
a short time frame. The Lesson Guides for High School Mathematics were
completed within Avgust 2000-March 2002 while the Lesson Guides for
Elementary were prepared beginning December 2002 until Apnil 2003,
Teacher training was conducted for 1,971 high school mathematics
teachers in 2002 and 2,210 elementary mathematics teachers in 2003.
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I'ne lesson learned from this initiative on Lesson Guides is worth
noting:

Focusing on providing enough textbooks. teacher guides or workbooks
and working patiently with the teachers to use these well (teacher training)
is & way of making progress on a large scale.

[t is also important to note that the success of the TEEP schools with
the Math Lesson Guides depended in great part on progress in the social
environment of TEEP schools brought about by school-based management.
SBBM created the environment for reform. the absorptive capacity to make
change.

Part [Ic: Capacity Building for Schools in Payatas
Through Project SSPEEd and ACED

The second cxample is a smaller scale effort hy the Ateneo Center for
Educational Development to see what it takes to help bring up poor
elementary schools, mainly in Pavatas, Quezon City.

From rescarch Ateneo had done in the early 1990s (led by Dr. Patricia
Licuanan), it was seen that what differentiated high performing public
clementary schools from low performing ones, given the same economic
and demographic situation, was the leadership of the principal and the
supper of the community. We used this as a tramework for our work with
selected public elementary schools.

In 2001. Mr. Washington Z. Sycip, Mr. Alfredo Velayo and this author
initiated Project SSPLEd or Sectoral Support for Public Elementary
Education. Concerned with the declining standards of education in
the country, this project aimed to provide support to particular public
elementary schools pattemed after the involvement and experience of
Ateneo de Manila in the Third Elementary Education Project (TERP).
Project SSPEEd provided support to the following partner schools from
2001 1o 2004; P. Burgos Elementary School (Manila), Payatas Elementary
School (Quezon City}, Bagong Silangan Elementary School (Quezon
City). Payatas B-Annex Elememntary School (Quezon City) and Kalayaan
Elementary School (Caloocan City).

From this project, the Ateneo Center for Educanonal Development
(ACED) lcarned significant lessons and insights on how to fuse inacro-
level goals and micro-level initiatives and involvement. Project SSPEEd
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provided a framework on how institutions can assist public schools
develop and at the same time create impact in the surrounding urban poor
communilies.

When Project SSPEEd ended in 2004, ACED pursued a closer
partnership with four public elementary schools in the 2nd district of
Quezon City

* Payatas B Anncx Elementary School
+ Payatas C Elementary School

» Lupang Pangako Elementary School
+ Bagong Silangan Elementray School

Giiven the population ol Payatas, these are very large schools.

This closer partnership with the schools began with dala gathering.
Much work was then done to bring the community logether (principal.
teachers, parents, baranggay officials, students) and do strategic planmng
and prioritizing of goals and vbjectives with them. This partnership, which
ACED has carefully nurtured these past years has led to notable results.
Because the need for buildings and classrooms came from the shared
and careful planning by the whole community, Mayor Belmonte was
impressed and moved forward to build the needed buildings, classrooms
and comforl rooms. The private sector also came in with other needed
inputs, like textbooks, workbouoks. ete. The principals and teachers have
becorne more confident and effective in their areas of responsibility as a
result of empowerment programs and teacher-training programs. Student
achievement bas improved in different degrees. The most dramatic
improvement is in Lupang Pangako Elementary School where the ranking
of the school in the division level has moved up from rank 94 in 2003 to
rank 18 in 2004 to rank 16 in 2005 and to rank 9 for 2007.

From Project SSPEEd and the work of ACED in Payatas schools,
we have seen 1wo things: the crucial role of the school principal and the
community and the importance of a holistic and collaborative approach
in school development and improvement. We have also seen that Jocal
government, cspecially Mayars, are a major pariner in improving the
schools.

The lesson learned from the work with the puhlic schools in
Project SSPEEd and ACED is quite clear:

The way forward on the mass is to invest in capacity building for
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all major players: the principal, tcachers, parenis and barangay officials.
Wben the principal and the community arc organized and have good plans,
there ¢an be very good responsc from local goyernment and the private
sector.

Part [1d: Building Leadership and Community Support
Through Synergeia

The third example is the work of Synergeia Foundation.

Synergeia Foundation, Tnc. is a coalition of individuals, institutions
and organizations working togelher to improve the quality of basic
education, Syncrgeia and its partners implement systematic programs to
tmprove the provision of basic education in ymore than 115 municipalities
in the country.

Syneryeia has focused on building leadership and community
support through the following:

B Focus on Local School Board (Provincial, City, Municipal)

B Engage whole community in assessing situation, setting
goals, deciding on priority objectives

B Focus on elementary schools, beginning at Grade 1,
espevially, English and Mathematics

B Provision of basic instnuctional materizls (lesson plans for
day to day use of teachers, workbooks for children, audio-
visual materials)

@ In-service training for teachers and principals

The programs of Synergeia have alrecady resulted W significant
improvements in the reading and mathematics proficiency of elementary
students, and more importantly, in local governance. In monitoring the
performance of participating schools, Synergeia uses the following
metrics:

@ National Achievement Test (NAT) for Grade School of
DepEd

B DOLCH Basic Sight Words Test

B English Comprehension Test developed by Synergeia

Synergeia in Bulacan. Synergeia began working in Bulacan in
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2000 under the leadership of Governor Josie de la Cruz. Over 620,000
pupils from grades one to six in 496 elementary schools in Bulacan are
participating in the Synergeia progran. In the 2000 National Achievement
Test (NAT), pupils had an average score of 39.40% in Mathematics and
40.23% in English. Six ycars later, after interventions of Project JOSIE,
pupils achieved a NAT average score of 64.39% in Mathematics and
65.45% in English.

Synergeia in Lipa City, Batangas. Among the 17 communities
that pionecered the reading proficiency program, the most dramatic gain
was achieved by Project K in Lipa City, Batangas. At the start of the
project, grade one pupils’ proficiency was measured at 25%. This mecant,
children could read only 1 out of 4 words correctly. Mayor Vilina Santos-
Recto was floored upon sceing the resulis. Fucled by the urgency of the
cducation crisis, various stakeholders including De 1.a Salle Lipa, the local
PepEd, local school board and parents, worked together to improve the
way children leam how to read in school. After one year, the Division
Achievement test results showed that on the average, grade one pupils
could already read at 54.0%. doubling their score in the previous year’s
exam,

In 2002 2003, Lipa City’s NAT average was 44.85%, in 2006-2007, it
was 73.55%. The English avcrage in 2002-2003 was 40.15%, in 200607,
it was 73.06%.

Once again, the way forward on the mass is to invest in capacity
building for the entire community.

The most challenging area of work for Synergeia now is in ARMM.
But that has to be for another report.

Part I11: The Upper End of the Challenge

How can we close the gap between our top schools and the top schools
in the region? Let me now turn to the upper end of the challenge. We have
the top of the line, Philippine Science High School, other scicnce high
schools and leader schools. In ESEP, we worked to provide laboratonies as
well as a stronger eurriculum and programs for these schools. We can add
a list of private schools to these scienee high schools and leader schools.

As we saw carlier, based on the data given by Dr. Talisayon, even
our best schools have a way to go to reach the levels of schools among
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our neighboring countrics. The best way 1o move forward is to explicitly
benchmartk with the best among our neighbors.

A [ramework might be a proposal sent recently by Dr. DJ de Jesus on
benchmarking the top schools in the region: Singapore, Thailand, Vietnam,
Philippines. On the initiative of the Minister of Education of Singapore
and the Deputy Minister of Education and Training of Viemam, the
proposal is to benchmark the top scicree schools of Singapore, Vietnam,
Philippines and Thailand. This could be done by the studenis from the
three other couniries competing in the national exams tor science and math
conducted by Vietnam. Singapore has already accepted the proposal. This
benchmarking will also be an opportunity to compare the performance
levels that the different schools cxpect from their students and to see if
there are significant differences among them.

You might be surprised to know that the country I would expect to
top the group will be Vietnam, From my experience of comparing the
development of top talent in the Philippines and in countries like Vietnam,
China, etc,, what emerges is that, we have to develop a much stronger
problem-solving culture. In mathematics, this means problems on the
level of the International Mathematics Olympiad. When we henchmark
our top students with say. Vietnam, we will find that we cannol compete
at their Jevel. Vietnam even during the wars with the U.S. continued to
produce teams that would rank among the tap in the IMO. I checked on
the rankings of the four countries and from 2002 to 2006, Vietnam ranked
5, 4.4,15 and 13 respectively; Singapore ranked 30, 36. 18, 14 and 27,
Thailand ranked 21. 19, 35. 23 and 16; the Philippines ranked 74, 79, 79
and 68 (we did not participate in 2006).

We should cncourage participation in mathematics and science
competitions. We should encourage the work of the Mathematics Trainers’
Guild and support its spread to all our science high schools and leader
schools. I personally teach a mathematics problem solving course in
Ateneo college and we try to develop competitive tcams in our grade
school and high school and annually hold a competition between thern and
teams from MTG.

Part I'V: Postscript---Focus on the Day-to-Day Classroom
(the implemented curriculum)

Teacher Training for Day-to-Day Teaching. We established the
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Mathematical Society of the Philippines in 1972, the same year as the
establishment of the Southcast Asian Mathematical Society. These societies
from the start were involved in helping develop both university and research
mathematics as well as mathematics education and teacher training, In our
teacher training, I soon realized that our approach of providing generic
training and enrichinent materials or talks was not addressing the needs
of the teachers. They needed somcthing they could use in their day-to-
day delivery of their classes. So, together with Sr. lluminada Coronel,
we began to work with their textbooks, providing support cxcreises, etc.
MTAP continues to carry on this work and it was along the same lines
that we carried out the work with textbooks and Teacher Guides under
then Secretary Roco in 2001, As a side note, when we were discussing
this recently with under secretaries and assistant secrelaries of DepEd,
they laughed and said that teachers have a comment about generic and
cnrichment rype seminars, their Three T's: Tanggap, Tiklop, Tago. That is,
they take the handouts, pack them and then put them away.

Benchmarking Using Tests Like TIMSS. One way 1o move forward
is to use exams like TIMSS or College Entrance Tests in the Philippines
or School Leaving Exams in other countries (like the Primary School
Leaving Exams, O-Level Exams and A-Level Exams of Singapore) not
just to compare performance, but to use them as a diagnostic. This means
using the exams as a tool to identify the key arcas where improvement or
progress is most needed. Diagnose why students do poorly in these areas,
Then, using the data, develop interventions: appropriate teacher training,
workbaooks. lesson guides, etc. to address these probleins. Measure whether
the interventions are working.

We have found it important to engage the teachers in Lhis exercise:

@ get the teachers to do the answer key (this helps them engage
the challenges coming from the tests)

W get themn to correct the students’ papers or at leasi some of
them{they will get a lot of “aha™ experiences — seeing that
what they thought they taught did not really sink in})

M then invite reflection on how to move forward

Conclusion

To move towards *‘a progressive Philippines anchored on science™, it
iy important that we actually engage the problems that face us and show
that we are contributing Lo solving them. While depressing statistical
figures and rcports on the state of education in the Philippines continue
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to discourage us, we look forward to a better future through the inspiring
results from initiatives like the TEEP School Based Management
Approach, the Math Lesson Guides, the focus of Syncrgeia on building
leadership and community support, the work of Project SSPEEd and the
ACED and the dedication of MTG in developing talent among the youth.

We realjze the importance of giving attention 1o the social environment
of our schools it we are to improve and develop our schools and cducational
system. We bave seen that to move forward to the mass, it is important
to invest in capacity building for the entire school community: principal,
teachers, parents and baranggay officials. For the development of our top
talent, we sec that we need to benchmark explicitly with the best atnong
our neighbots.

Finally, t0 move towards “a progressive Philippines anchored on
science”, it is important that we focus on the day-to-day classroom (the
mplemenied curriculum} through teacher training and other interventions
that give attention to the day-to-day delivery of lessons and benchmarking
aclivities like learning rom best practices of other schools and using
reputable examinations to improve the standards of our schools.
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Appendix 1: TEEP Comparator Groups and Percentage of
Students Surpassing 75% and 60% Mastery Level (Overall, Math

and Science)

To determine the comparator groups for TEEP/SBM. the Team
examined how each province fared along four poverty indices:
» The Human Poverty Index (TIP1).
+ the 1997 and 2000 Fixed Level of Living or consumption-
based mecasures and
* the 2000 official poverty line of the National Statistical
Coordinating Board.

C'omparator groups:

* ARMM

Basilan, Lanao del Sur, Maguindanao, Sulu and Tawi-Tawi.

* AKILAN+ the clearly poor provinees that satisficd the
following criteria:

province HPI > median HPT tor the country

falls below the poverty line based on consumption
levels in 1997

talls below the poverty line based on consumption
levels in 2000

{alls below the ofticial NSCB poverty line.

Aklan, Camarincs Norte, Lanao decl Norte, Northem
Samar. Sarmngani, Sorsogon, Westem Samar and
Zamboanga del Norte

« CAGAYAN+ provinces that satisty two or threc of the above
criteria: Agusan del Nortc, Albay, Bohol, Cagayan, Camarines
Sur, Camiguin, Catanduanes, Cebu, Compostela Valley, Davao
Norte, Davao Oriental, Isabela, Oriental Mindoro, Oceidental
Mindoro, Marinduque, Misamis Qccidental, Quezon, Siargao,
Siquijor, South Cotabato, Sultan Kudarat. Surigao del Norte
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« TLOILO+ provinces that satisfy only one of the above criteria
Bukidnon. Davao Sur, [loilo, Negros Occidental, Nueva Ecija,
Nueva Vizcaya, Occidental Mindoro, Palawan

In addition to the poar provinces. TEEP schools were also
compared to non-poor provinces, cities and the National Capital
Region.

» PAMPANGA+ Bataan. Batangas, Bulacan, Cavite, Hlocos
Norte, 1locos Sur, La Union, Laguna, Misamis Ortental,
Panipanga, Pangasinan, Quirino, Rizal, Tarlac, Zambales and
all cities outside NCR

« NCR

Note the relatively stronper improvement in mathematics: 22.6%
OELS and 18.2% Non-ELS achieving 75% mastery level, all others
helow, with Pampanga closcst at 16.6%. At 60% mastery level, the
performance gap is even clearer, with TEEP ELS at 59.5% and non-
ELS at 46.3% The improvement is also much stronger compared to
improvement in Scicnce.

Percent Surpassing 75% Mastery Level: Overall

GROUPS 2002/3 2003/4 2004/5 2005/6
TEEP ELS 2.6 7.3 16.1 15.0
TEEP NON-ELS 3.2 4.9 13.6 11.2
AKLAN+ 4.7 3.3 9.4 8.7
CAGAYAN+ 3.5 29 9.1 1.0
ILOILO+ i.0 1.0 53 1.9
PAMPANGA+ 3.5 6.7 15.8 11.0
NCR 0.0 1.3 6.1 0.4
ARMM (.9 0.2 1.4 0.5

Total 31 4.1 11.3 83
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Percent Surpassing 75% Mastery Level: Math

GROUPE 200213 20034 200475 20056
TEEP ELS 731 5.0 32.6 2.6
TEEP NON-ELS 8.0 13.4 243 18.2
AKLAN- 108 105 18.5 144
CAGAYAN- 8.3 10.1 17.8 11.8
ILOILOH 4.1 5.6 12.0 4.7
PAMPANGA B8 156  26.5 16.6
NCR 1.1 7.4 17.3 2.2
ARMM 0.5 54 4.3 2.2
Total 17 11.7 20.8 13.5

Pereent Surpassing 75% Mastery evel: Science

GROUPS 2002/3 2003/4 2004/5  2005/6
TEEP ELS 29 4.7 220 59
TEEP NON-FI.S 2.8 29 17.2 37
AKL AN+ 19 1.9 14.7 21
CAGAYAN: 2.9 1.5 11.% 1.8
[LOILO+ 0.9 0.6 &1 0.6
PAMPANGA- 3.1 i3 19.5 34
NCR 0.9 .8 1.7 0.0
ARMM 1.4 0.2 29 0.2
Total 2.7 2.2 14.8 2.5

Percent Surpassing 75% Mastery Level: Science

GROUPS 2002/3 2003/4 2004/5 2005/6
TEEPELS 29 4.7 22.0 59
TEEP NON-ILS 2.8 R 17.2 37
AKLAN+ 39 1.9 14.7 21
CAGAYAN~ 249 1.5 11.8 1.8
ILOILCH 0.9 0.6 8.1 0.6
PAMPANGA-+ 31 33 19.5 14
NCR 09 1.8 1.7 0.0
ARMM 1.4 0.2 2.9 0.2

Toual 27 2.2 14.8 2.5
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Percent Surpassing 60% Mastery r.cver. wvuiall

GROUP 20023 2003/4 20045 20105/6
TEEP SBM ELS 15.5 393 63.1 59.5
TEEP SBM NON-ELS 158 29.3 50.3 463
AKLANT 224 244 433 44.0
CAGAYANH 16.5 224 3753 323
1LOILO~+ 8.9 14.7 323 249
PAMPANGA+ 16.4 319 199 40.3
NCR 6.7 9.5 498 19.7
ARMM 1.6 13.6 1L 10.4
Total 15,3 256 433 37.0

Percent Surpassing 60% Mastery Level: Math

GROUP 2002/3 20034 2004/5 2005/6
TEEP SBM LLS 20.5 469 666 595
TEEP SBM NON-LLS 22.5 385 543 489
AKLAN+ ilg 340 478 439
CAGAYAN+ 23.0 321 448 349
ILOILO~ [4.2 239 379 252
PAMPANGA+ 129 41.2 539 418
NCR 10.5 278 556 17y
ARMM 5.6 204 197 148
Total 21.8 349 485 386

Percent Surpassing 6(1% Mastery Level: Science

GROUP 200273 200344  2004/5 2005/6
TEEP SBM LLS 150 337 68.6 31.7
TEEP SBM NON-ELS 13.7 240 52.3 24.5
AKLAN+ 195 193 47.9 218
CAGAYAN+ 144 17.2 40.6 15.5
TLOILO~+ 8.5 1.7 357 9.8
PAMPANGA + 145 259 533.0 21.1
NCR 6.1 16.8 527 6.5
ARMM 124 83 20.6 48
Total 158 205 46.3 18.4
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PHILIPPINE SOCIAL SCIENCE IN THE
CENTURY OF BIOLOGY ENGAGING THE
BIOLOGICAL DIMENSIONS OF BEHAVIORAL
AND SOCIAL PHENOMENA®
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Abstract

My main thesis in the paper is that Philippine social scientists need to engage
the biological (i.e., genetic and neurclogical processes shaped by human evolution)
dimensions of behavioral and social phenomernon. In developing this thesis, 1 first
broadly clarify the so-called nature-vs.-nurture debate which pits biological
explanations against social and cultural explanations, then proceed to briefly explain
contemporary perspectives of evolutionary psycbology that recast the nature-
vs.-nurture debate. In particular, drawing from examples of recent research and
theory, ! attempt to show that current theorizing underscores the close interaction
between biological and socio-cultural processes, and thus there is no need to
construe biological knowledge as antagonistic 1o socio-cultural theorize. T cite
some examples 1o show how social science theories are improved when hiological
factors are incorporated in the theories. I then discuss the implications to Philippine
social science, and suggest that a small sector of the social science community
should explore how the biological dimensions of social and behavioral phenomenon
can improve our theorizing. I further suggest that there is a need to re-examine

* The idess in this paper were culled from the proceedings of two Round Table Discussion
entitled, “Biology as Destiny™ sponsored by the NAST Social Sciences Division. The ideas
from this paper come from many brilliant social scientists {and one honorary social scienlist)
who participated i these RTDs and who | acknowledge as my co-authors for this paper. They
are, in alphabetical order, Eufracic Abays, Michac) Alba, Ledivina Carifto, Gelia Castillo,
Mercedes Concepeion, Antonio Contreras, Lourdes Cruz, Rmul Fabella, Corazon Reymundo,
Agnes Rola, and | would Jike to especialiy acknowledge the contributions of Cynthia Rose B.
Beutista, Emmanue! de Dios, and Ma. Emma C. D, Liwag. Correspondence regarding this
paper may be sént to the author at De La Salle University-Manila, 2401 Taft Avenue, Manila
1004. Email may be sent tc bemardoa@disu.edu.ph.



214 Trans. Narl Acad Sci Tech Philippines 28 (2006)

Dofar, ML 1999. Abundance, Distribution and Feeding Ecology of Small Cetaceans
in the Eastern Sulu Sea and Tafion Strait, Philippines. Ph.D. dissertation, University
of California, San Diego.

Heaney, LR, ML Dolar, AC Alcala, ATL Dans, PC Gonzales, NR Ingle, MV Lepiten,
WLR Oliver, PS Ong, EA Rickart, BR Tabaranza, Jr. and RCB Utzurrum, 1998, A
Synopsis of the Mammalian Fauna of the Philippine Islands. Fieldiana: Zoology
New Series, No. 88: 5+61 pp.

Madulid, DA. 2000. Philippine Plants Endangered Plants. Pundasyon sa
Pagpapaunlad ng Kaalaman sa Pagtuturo ng Agham Ink. Manila. 50p.

Mallari, NAD, MJ Crosby and B Tabaranza. 2001. Key Biodiversity Conservation
Sites in the Philippines: A Haribon-BirdLife Intemnational List of Important Bird
Areas of the Philippines, Birdlife Intemational-Haribon Foundation, Bookmark,
fnc., Manila.

Myers, GS. 1960. The endemic fish fauna of Lake Lanao, and the evolution of
higher taxonoinic categories. Evolution 14 (3): 323-333.

Myers, N, RA Mittermeler, CG Mittermeler, GAB da Fonseca, and J Kent. 2000.
Biodiversity hotspots for conservation priorities. Nature 403: 853-852.

Perrin, WF, RR Reeves, MLL Dolar, TA Jefferson, H Marsh, JY Wang and J Estacion
(eds.). 2002. Report of the Second Workshop on the Biology and Conservation of
Smal] Cetacenans und Dugongs of Southeast Asin. CMS Technical Series Publication
No.9.

Philippine Piant Conservation Committee. 2007. Framework for Philippine Plant
Conservation Strategy and Action Plan. 44p, Protected Areas and Witdlife Bureau-
Department of Environment and Natural Resources, Quezon City, Philippines.

Tan BC, Fernando ES, Rojo JP. 1986. An updaied list of endangered Philippine
plants. Yushania 3: 1-5.

Utzurrum, RCB. 1992. Conservation status of Philippine fruit bars { Pteropodidae).
Silliman Journal 36: 27-45.

Wildlife Conservation Society of the Philippines. 1997. Philippine Red Data Book,
Bookmark. 262 pp.

Zamora PM, Co LL. 1986, Guide to Philippine Flora and Fauna. Vol 2. Quezon City:
Ministry of Natural Resources and UP.



216 Trans. Nail. Acad. Sci. Tech, Philippines 28 (2006}

how Philippine social scientists construe the biological nature of social beings, as
this may influenice and even constrain how biological knowledge is engaged in
theorizing; and to consider some possible constraints within the socisl science
research process in the country,

Keywords: Behavioral phenomenon, social phenomena. nature vs. nature

The Nature-Vs.-Nurtare Debate Is Dead! OrIs11?

Any discussion about any compelling humean and social phenomenon
inevitably mekes reference to the so cailed, nature-vs.-nurtare debate. The
debate is particularly remarkable in discussions regarding the perceived lows
and highs of Filipino achievement. Why do Filipinos generaily perform poorly in
mathematics and science? Why can’t the Philippine develop enough scientists
and engineers? Why do girls consistently out-perform their male counterparts
in academic achievement in many schools all over the country? But on the other
hand, why are Filipinos apparently so gifted in boxing, bitliards, singing, and
entertaining? At some point in the discussions of these phenomena, some will
make some reference to the possibility that there is something in the “nature" of
the person or persons involved. But at some point as well, others might counter
this notion with arguments appealing to the effect of parenting, of peers, of
media, of the church or some other social or cultural institution, and of course of
the individual's own free will. So is it nature or nurture? Filipinos are most likely
to say i’s both and we continue living our lives, panticulerly as there are more
pressing problems we have to attend to,

Recently, however, a small sector of the Philippine social science cotmmunity
was provoked by their idols National Scientist Gelia Castillo, Academicians
Mercedes Concepcion, Ledivina Carifto, and Raul Fabella in a roundtable discussion
entitled, “Biology as Destiny” purportedly inspired by the book by psychologist
Steve Pinker, 2002, entitled, “The Blank State: The Modern Denial of Human
Nature” The roundtable discussion, not intidentally, was being undertaken amidst
the imposing backdrop of the “Century of Biology.” Suddenly, it seemed the
nature-vs-nurture debate was alive and maybe even quite fierce,

We are all aware of just how old this debate is in the social sciences. The
debaie of whether to emphasize the biological as opposed to the cultural aspects
of human beings has marked the subdivisions of the discipline of anthropology.
Sociologists, psychologists, anthropologists, and even political-economists who
have looked at criminality, aggression, corruption, and other prave social phenomena
have often taken sides in this dcbate. In psychology the debate has been particularly
salient in theorizing about human growth and development, leamning, and
psychopathology. among others.

In the Century of Biclogy, more and more behaviorai and social phenomena
are being explained with reference to DNA, genes, neurons and newrotransmitters,
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and neurological architecture and processes that have evolved in the same way as
our other biological endowments. It seemed important for Filipino social scientists
to locate and position their (heories and practice in relation to these scientific
discourses.

The Evolutionary Psychology of Human and Social Phenomena:
What it is and What it is Not

But what are these contemporary discourses that call our attention to the
nature-vs.-nurture debate yet another time*' Are these contemporary discourses
arguing that evolution and biclogy can fully account for the full diverse range of
behavioral and social phenomena? Is the discourse cspousing biological or
neurological reductionism, and evolutionary or genetic determinism? Is it now
truly “Biology is Destiny?”

A thoughtfu! review of the relevant scientific research literature suggests
that it does seem that much of human behavior can ultimately be explained by
referring to neurons, synapses, and neurotransmitters, to genetic characteristics
and predispositions, and to neural processes that seemed to have evolved following
the same Darwinian principles as our other biclogical endowments {e.g., Pinker,
2002, Chapter 1). Recent scholarship in the ficlds of cognitive neuroscience,
behavioral gesmetics, and evolutionary psychology have proposed that such
hiological principles can explain much if not most of human behavior, including
perhaps the most “social” and “personal” of phenomnena such as cuiture (Tooby
& Cosmides, 1992), social stratification (Barkow, 1992), morality (Katz, 2000),
religious beliefs (Boyer, 1992), consciousness (Nesse & Lloyd, 1992}, and abstract
and higher order thinking {Cummins, 1998). The availability of such biologically-
based explanations does not, however, mean that it is the only tmportant explanation
of human behavior. Indeed, there are many other levels of understanding human
behavior (such as the cognitive-functional level, the social-cultural level, efc.),
which were also just as important. Recent scholarship i the cognitive and
behavioral sciences has led to theories that integrate these different levels of
explanation. The new theories referred to earlier describe how evolutionary
processes resulted in biological consiraints that afford psychological processes
that effectively exploit, adapt and respond to features of the physical environment,
as well as of the various types of social interactions embedded in different cultures.
We should be very clear at this point that recent biological theories of human and
social phenomenon are not arguing for biological determinism. No serious
neuroscientist is asserting that naturally seected genes and hardwired neurological
processes solely determine all human behaviors. What these biological factors do
is to predispose human beings to think about and act on reality in certain ways —
ways that were adaptive in the evolution of the human specics, perhaps during the
Mesozoic Period. But this biological predisposition interacts with a complex set of
other factors i determine behavior. Pinker (2004) suggests that behavior is multiply
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determined by genes, the anatomy and architecture of the brain, the biochemical
states of the brain, Lhe person’s family upbringing, how the person was treated by
society, and the specific stimuli that confront the person at any given point in time.
Pinker (2004), thus, wrote:

“Environmental interventions — from education and psychotherapy to
historical changes in attitudes and polilical systems - can significantly
affect human affairs. Also worth stressing is that penes and environments
may interact in the statistician's sense, namely, that the effects of one can
be exposed, multiplied, or reversed by the effects of the other, rather than
merely summed with them,”

However, recent theories of the biological dimensions of behavior and social
phenomenon underscore the need to fully appreciate the constraints that biology
imposes on behavior. In his book, Pinker (2002} has argued that we should stop
denying the biologica! nature of human and social phenomenon, and instead we
should come to terms with how biology actually interacts with social strictures
and the human will,

Removing the “vs.” from Nature-vs.-Nurture

Recent scholarship indicates that the most powerful and fruitful lines of
theorizing now seek to determine precisely how biology and social and cultural
experiences interact to produce human behaviors and social phenomena. One
specific area of study that has generated much new insights as well as controversies
is the study of the genetic bases of human fraits, such as intelligence and
personality. Scientific research now indicates that 2// human bebavioral traits are
heritable (Turkheimer, 2000). Heritability refers to the proportion of variance ina
trait that correlates with genetic difference. The rest of the variance in behavioral
traits is explained by what is referred to as the shared environment and the non-
shared or unique environment. Shared environment refers to the external
environment that impacts on a person and his/her siblings (e.g., parents, home life,
immediately community, etc.). Unique environment refers to anything in the external
environment that impacts on one person but not his/her siblings (e.g. specific
relationship with parents, presence of other siblings, experiences with peers, and
unique experiences like getting sick or meeting an accident, etc.). The most
authoritative measures indicate that the genes account for about 40-50% of the
variance in many behavioral traits, while the shared environment accounts for 0-
10%%, and the unique envirgnment accoumts for about 50% of the variance {Boucbard,
1994; Plomin & Daniels, 1987; Rowe, 1994; Turkheimer, 2000; Turkheimer & Waldron,
2000).

Note that even ifthe supposed influence of the shared environment is weak,
we find very compelling examples of the interaction between genes and the shared
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environment. For instance, studies {(e.g., Rowe, 1994; Rutter, 1997) indicate that
“[c|kildren who grow up in the same home tend to resemble each other in their
vulnerability to delinquency, regardless of how closely related they are™ (Pinker,
2002, p. 392), Gottfredson and Hirschi's {1990) study of adopted children in Denmark
revealed that biological children of convicted criminals were more susceptible to
criminal behaviors compared to biological children of law-abiding citizens — which
shows the effect of genes. But this susceptibility to criminal behavior is
significantly increased if the biological children of the criminals were adopted by
parents who were also criminals and who fived in a large city — which shows the
interactive cffects of the high-crime social environment.

There are also many gratifying lines of research that show the complex
interaction berween social psychological phenomenon that are now known to be
shaped by biological evolution and cultural environments. One social phenomenon
that has been explained using evolutionaty theory is social sharing. Kemedaetal.
(2003) have demonstrated that social sharing is an evojved human response when
resources are uncertain. In cross-cultural experiments, Kameda et al. (2003)
demonstrated that sharing was a more profitable and stable compared to other
ways of distributing resources., However, the studies also demonstrated that
cultural factors may also amplify or suppress the evolved disposition to share. For
example, pcople in higher social class contexts are less likely to share unexpected
gains, whereas those in lower social class contexts are more likely to do so.

The social phenomenon of mate selection is one of the most well researched
areas in evolutionary psychology. Extensive empirical research (Buss, 1998; Buss
& Schmitt, 1993; Kenrick & Keefe, 1992; Kenrick etal., 1996) has supported the
evolutionary theory prediction that older men are usually attracted to younger
women because they are more likely to produce more and healthier children, In
contrast, younger women prefer older men because they have more power and
resources io endow their children. But in some cultures like the Tiwi of Australia,
it is commeon for young men to marry older women, This is explained by referring
to the interaction between culture and evolutionary predispositions. Tiwi men
have several wives and all women have to be married all the time. The richer older
men marry the youngest women leaving the older widows to the poorer younger
men (Kenrick et al., 2003).

These are just a few among the growing number of scientific studies revealing
the intricate interaction berween nature and nurture (see e.g.. Moffit et al., 2006,
Nettle, 2006, for more discussion), Understanding the important role of the
biological nature of humans and the evolutionary bases of many social phenomena
does not imply denying the important effects of social and cultural experiences,
Indeed, the emergent scientific theories shown in these few examples are not just
biological theories, nor are they purely social theories (see e.g, Cacioppo et al.,
2000; Gottesman, 2001; Ochsner et al,, 2001; Plomin & Crabbe, 2000). The emergent
explanations of social phenomena truly embody the integrated processes that
shape behavioral and social pheaomena.
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Implications for Philippines Social Science:
Revising Assumptions about Humao Natore in Social Scieace Theories

In this regard, I think that the more important ideas posed by this line of
scholarship on the roles of biological constraints and socio-cultural processes in
shaping human and social phenomenon relate to how Filipino behavioral and
social scientists do our theorizing. And perhaps, also to bow our theorizing relates
to social discourses and processes, particularly those outside the academe.

It could be argued that social science theory and research in other countries
improved in specific ways when more scientific accounts about the genetic and
neurobiological dimensions of humans and the evolutionary basis of behavioral
and social phenomena were taken into consideration. In the field of economics, De
Dios (2006) noted how assumptions of evolutionary psychology that relate to the
human predisposition to reciprocity and cooperation can correct the limitations in
the core assumptions of game-theory, particularly as they apply to non-cooperative
games. Apparently, the prediction of evolutionary theory that human beings
would cooperate under certain conditions of reciprocity can better explain actual
data on how people behave in non-cooperative game situations (Fehr et al., 2002;
Fehr & Schmidt, 1999), compared to theories that assume that humans would act
on the basis of calculated, wealth-maximizing, self-interest. De Dios (2006) further
notes how some traditional assumptions about the rationality of human being in
economic decision making are actuelly false; instead, humans think and make
decisions based on heuristic strategies that are proposed to be biological
adaptations that scrver evolutionary goals {Gigerenzer & Selten, 2001 ; Kahneman
& Tversky, 1984; Tversky & Kahneman, 1974),

In the field of psychology, theory and practice has greatly improved when
scholars and professionals began acknowledging the important neurobiological
constraints that underlie many problematic psychological phenomena. For example,
an improved understanding of the interactions between genetic risks and
environmental risks in psychopathology has resulted in more rational and effective
forms of prevention and intervention for many times of psychological disorders
(Gottesman, 200 1; Moffitt et al., 2006, Neese, 2000; Siegert & Ward, 2002). Recent
discoveries related to the continued development of the human brain during the
adolescent years (Cesey et al., 2000) has also helped psychologists better
understand the beightened variability in cognitive development among teenagers,
particularly in various areas of reasoning and decision-making (Klaczynski, 2004).
More important, research in the field of adolescent cognitive development has
shown how the adolescent experiences’ and the activities that the teenager engages
shapsa the brain development processes (Kuhn, 2006; Luna et al., 2004).

Similar theoretical and scholarly advancements have been achieved in specific
fields such as medical anthropology and demography, where knowledge related to
the biolopical nature of human beings are wedded with personal, social, cuitural,
and historical constructs.
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But what about social science theorizing in the Philippines? My colleagues
in sociology (Cynthig Bautista) and political science (Antonio Contreras) noted
that the biological dimensions of human nature and of social life has not been
problematized in the main streams or threads of social science discourse in recent
and not-so-recent history (e.g., theoretical Marxism, structural functionalism, social
constructivism, post-structuralism, feminism, post-colonialism, post-modemism
to name a few). The varions big-theories have some minor presuppositions about
biology. but these suppositions are never in the foreground (perhaps with some
exceptions in some subfields within anthropology, demography. and psychology).

Is there anything wrong with this? My immediate answer is no, There is 50
much rich insight that can be drawn from the proper and intelligent use of personal,
social, political, and historical constructs and modes of analysis used by thoughtful
Filipino social scientists. The lack of references to biology should not limit the
useful insights that Filipino social scientists can generate. Indeed, as can be
gleaned from various eatises, many of the exciting evolutionary theories of buman
behavior actually draw from studies of linguists, anthropologisis, sociologists,
psychologists, and economists who hardly think of the neurobiological dimensions
of anything. And thus, I think that the Philippine social science community can
grow and thrive as long as thoughtful Filipino social scientists continue to properly
and intelligently use social science constructs and analysis.

However, advocates of evolitionary psychology take a very strong position
that I think is worth considering. Pinker (2002) for one, argues that by ignoring or
neglecting the neurobiological or evolutionary constraints in human and social
pheromenon, social and behaviora! scientists may be posing theories that are not
properly grounded or bounded. Denying the biological constraints and/or
affordances of social and cuitura] phenomenon is an act of gross misrepresentation,
just as saying that biology is destiny is another act of gross misrepresentation.
One challenge for Filipino social scientists, therefore, might be to determine how
to properly engage the biological (i.e., genetic and evolutionary) theories of
‘behavioral and social phenomena. In doing so, it would be important to aveid
knee-jerk responses that take extreme and totalizing positions (e.g., that biology is
destiny on the one hand or that this thread of scientific discourse has a strong
underfying conservative ideological agenda). Indeed, Filipino social scientists
should be mindful that totalizing theoretical positions regarding both nature and
nurture have been used to justify genocide (i.e., by Hiiler, Lenin, Stalin, Mao, Pol
Pot). Filipino social scientists should be careful about ignoring the ethical
implications of any form of scholarly discourse. Pinker (2002}, noted that all core
assumptions of the standard social science models carry their respective moral
burdens in the same token that application of biological and evolutionary theories
also entails ethical dilemmas. Thus, we should warn against unnecessarily
privileging either biology or social and cultural life in our attempts to appropriate
these threads of scientific and scholarly discourse in understanding and
transforming he personal, sociai, end cultural experiences of Filipinos.
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In this regard, it might be important for Filipino social scientists to clarify
their own conceptions about the role of biology or the bivlogical nature of humans
in their own theorizing. Is biology our destiny? Or does biology define the limits
of human and social achievement? In our second roundtable discussion on this
topic, Mational Scientist Gelia Castillo lamented the recent trend to use the
expression, “Pasensiya na, taa lang” apparently as a flippant excuse for various
forms of shortcomings. A social psychologist colleague reminded me that a more
benign version of the expression is found in the old romantic hallad, “Sapagkar
kami ay tao lamang” where again human nature is used as the defense for
inappropriate intimate relations. It seems that in popular social discourse, there is
the implicit notion that human nature is flawed and that this flawed nature may he
used to justify mistakes, poor performance, even misdemeanors and transgressions.
But Academician Lourdes Cruz reminded us that for the biochemist, genes define
the human potential that can be fully realized in appropriate environments, Thus,
the biological nature of humans is a definition of possibility, potentiality, and
workability. This view resonates with the Confucian tenet on the perfectibility of
all human beings, which underlies the moral notions of self-cultivation and self-
improvement in Chinese or Confucian-heritage cultures,

I use these examples to illustrate how some fundamenta! ideas about the
theoretical, social, and practical nature of human nature can have some influence
on how Filipino social scientists might want to engage and appropriate biological
theories, principles and concepts in social science theory and practice.

But we cdn raise another concern about how to go about engaging the
biological dimensions of behavior and social life in Philippine social science. In
our first roundtable discussion, psycbologist Emy Liwag raised concern about the
prospect that Filipino social scientists will just resd and talk about evolutionary,
biological and genetic theories of bebavior and social phenomenon instead of
actually doing research and theorizing about the same. She noted that there are
very rare opportunities for Filipino socia scientists to engage natural scientists in
theoretical and scholarly discussions, much less engage in multidisciplinary
research of the same level of sophistication az exemplified in the recent scholarship
we have been referring to. Perhaps a greater source of concem should be the
research environment within wbich Filipino social scientist undertake their
scholarship. Most Philippine universities do not have substantial financial
resources for research that would allow social scientists to undertake long-term
research proprams that would permit more sophisticated theorizing. Instead,
university-based social scientists have to contend with short-term research grants
that onty allow for diminutive theoretical advancements. Alternatively, they can
undertake research projects funded by national and jutemational development
agencies but doing s0 would require adopting the egencies’ theoreticat and
ideological positions in the research approach, Social scientists in the Philippines
will need to demonstrate extraordinary levels of creativity to thrive in these less
than ideal research environments.
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Conclusion

Perhaps the strongest motivation for Filipine social scientists is the desire to
see change in a social order that is perceived to be unjust and backward. The work
of social change or societal transformation inevitably presupposes certain
thearetical propositions regarding humen nature end the constitution of social
life. There is a growing body of evidence pointing to neurobiologicel constraints
and affordances to behavior and social phenomena, and some related ideas and
evidence may undermine certain core assumptions of traditional models in the
social and behavioral sciences. Filipino social scientists do not necessarily have
to incorporate these neurobiological and evolutionary discourses in their
scholarship and practice. Filipino social science can continue to make contrjbutions
to human knowledge and Philippine society by drawing from the standard constructs
and methods of the traditional social sciences, But there is probably a need fora
sector of the Filipino social science community to reexamine these standard social
science assumptions in light of these evidences. Doing so would require engaging
a sirange discourse, but it could point to more fruitful line of theorizing about
social and behavioral phenomenon, and might even lead to more realistic
interventions for social and behavioral change. Indeed, the most exciting prospects
for change would take full recognition of the biological censtraints in behavior
and the interventions are designed to help transcend, rise above, and even thrive
amidst these constraints,
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Abstract

Survival of societies largely depends on biological (bio) resources
management, which is the responsible use of living resources — plants and animals,
and the natural environment that support these, for both traditional and new
applications. Bioresources are of two levels — ecosystems and species.
Bioresources’ utility also vary temporally and spatially. In the early times, when
population growth was low and customary rules prevailed, bioresources were not
under threat, Collective action evolved in the villages to safeguard the land, water
and the biological resources for sustainable use. As countries developed, the
state became the more powerful steward of all resocurces. While protected areas in
forests and marine sanctuaries were set-up, the weak property rights, the lure of
commercialism and the seeming lack of collective action to protect these resources
have led to resource degradation in recent times.

{tis hypothesized that govemance through policies and institutions influence
bioresources conditions. At the ecosystem level, the four cases of best practices
cited in the paper showed that community participation, external support and local
government leadership were factors for sustainable bioresource management.
Species management practices have a dearth of documentation; and the paper
pofes some management strategies for this level. Among the recommendations is
the critical role of science and technology in the development of bicresource
management plans and in monitoring of desired outcomes.

! This paper is & synthesis of the discussions during the Roundtable Discussion (RTD) sponsored
by the National Academy of Science and Technology (NAST) Social Science Division, March
23, 2006, Philippine Social Science Council, Quezon City. Conrributions from the participanis
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Introduction

The theory that explains the causes of extinction of biological species is still
evolving. As a species, the dinosaurs were seen to have inhabited the earth for the
longest time, more than 175 million years. Then about 65 miflion years ago, they
became extinet. Scientists have many theories, e.g., due to climate change, others
thought that a huge meteorite hit the earth about 65 million years ago and this had
caused forest fires. So much smoke and dust filied the air that sunlight could not
reach the earth’s surface (The Golden Book Encylopedia, 1988), But that was a
“millions of years ago” story.

In the coniemporary world, about 137 species of animals go extinct everyday,
or about 50,000 species each year, a rate not seen since the age of the dinosaurs
(Sevin, 2000). Observed causes of such high rate of extinction inciude habijtas
degradation and fragmentation, hunting, human and animal conflict, competition
with domestic animals for food and water. Homo sapiens, to survive, became a
cause of lower species extinction.

Current thinkers, however. remind us that societies survive or collapse
depending upon how their inhabitants are able to manage the biological resources
{or bioresources) —plants, animals and the natural environment that sypport these
(Diamond, 2005). Bioresource management is at two levels: ecosystems and species.
Ecosystems management focuses on habitats such as forcst, coastal, marine,
sloping lands, etc. Species management includes plant and animal species, such
as rice and their wild relatives, tree species, animal species. There can also be
management of microorganisms and genetic resources now used as inputs in
biotechnology transformations.

In his book, Diamond (2005} identifies “ failures of group decision-making
on part of whole societies or other groups” as a major reason why societies
collapsed. According to him, throughout recorded history, actions and inactions
by self-absorbed kings, chiefs, and politicians bave been the regular causes of
societal collapses. As a result of lust for power, for instance, Ester Island chiefs
and Maya kings acted 50 as to accelerate deforestation rather than prevent it.

There were four factors that contributed to this failure of group decision-
making (Diamond, p.421). First, a group may fail to anticipatc a problem before the
problem actually arrives. But this is a constraint of illiterate societies with no
writing skills and'limited oral transmission. They did not anticipate the extinction
problem because they had no prior experience of these problems and may not have
thought about the possibilities.

Second, when the problem does arrive, the group may fail to perceive it. The
most cominon situation under which societies may fail o perceive a problem is
when it takes the form of a slow rend concealed by wide up-and-down Nuchuations,
such as global warming, in conteinporary times. According to Diamond, politicians
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call this “creeping normalcy", as it takes “a few decades of a long sequence of
such slight year- to- year changes before people realize, with a jolt, that conditions
used to be so much better several decades ago, and that what is accepted as
normalcy has crept downwards.” (p.425).

Third, after they perceive it, they may fail even to try to solve it. There are
several remsons for these, which according to social scientists are driven by the
theory of mtional behaviour, arising from clashes of interests between people.
Several of these concepts are well known in the economic and social science
literature— *tragedy of the commons™, the prisoners’ dilemma, and the “logic of
collective action™. This was the stage of what Diamond refers to as the ISEP— "it's
someone else’s problem”,

Finally, the fourth explanation to the failure in decision making is that societies
may try to solve it but may not succeed. The reasons given were quite obvious:
the problem may be beyond their capacities to solve, a solution may exist but can
be prehibitively expensive, or the efforts may be too little or too late.

On the flip side, Dizmond also cites successful decision-making on the part
of the whole that has brought ebout longer existence of other societies, and that
included societies of the current times. He attributed the survival to the attitudes
of the leaders of these societies.

Contemporary literature has not really developed a theory that may have
counter arguments to the point raised by Diamond (2005), but are mostly in support
of this. These are studies about incentives of socicties to manage their natural
resources. The work of Rasmussen and Meinzen-Dick (1995) on roles of local
organizations in natural resource management was supported by two major bodies
of literature: empinical analysis of forestry, fisheries, grazing, and irrigation
management and game theory literature. Resource management Jiterature highlights
the physical and technical characteristics of the resource, the characteristics of a
group of users, and the attributes of institutional arrangements as key factors
affecting the management capacity of organizations. Rasmussen and Meinzen-
Dick (1995) further used the simplistic game theory to predict a tragedy of the
commons for natural resources, although according to them, “more refined versions
provide insigbts into the role of communication, group size, time horizons, wust,
and social norms in supporting collective action”

This paper derives motivation from Diamond’s theory. Tt is hypothesized
that governance through policies and institutions influence bioresources
conditions.

The paper is structured as follows: Part 11 discusses the evolution of
bioresources management strategies in the country from the economic and political

! The current solution (o the tragedy of the commons wiil be for communities 1o desigrn, obey
and enforce their own rules.

¢ Part of the renson why some societics succeed and other fail invelves differgnce among
environmeals rather than among societics. But while environmental conditions certainly
make it more difficult to support human societies, in some environments than in others, that
still leaves much scope for society to save or doom fself by its own actions (Diamond, p 438).
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development. Part Il describes the status of bioresources in the country, using a
macro perspective. While the macro story appears discouraging, Part [V showcases
four of the current best practices in ecosystem level bioresource management,

These evolving good practices on ecosystem management were influenced
by participatory research studies and efforts of loca) development workers. The
RTD centered on discussion about species level bicresource management and
Part V tackies the challenges of designing bioresource management plan at the
species level. The paper ends with a brief section (Part Vi) on recommendation
highlighting in particuiar, the role ol science and technology in the development of
bioresource management plans and monitoring of desired outcomes.

Bioresource Management in the Philippines
A. Bioresoitrce management strategies in the early times

Historically, institutions influence resource use and meanagement (Rola and
Coxhead, 2005). Prior to colonization, tribes and communrities managed their
communal resources by customary law. Collective action evolved in the villages
to share responsibilities to safeguard the land, water and the biological resources
for sustainable use. As examples, forest and catchment areas were protected (o
minimize the processes ot erosion and sedimentation, hence, protecting soil
microorganisms, maintenance of embankments and water channels leading to paddy
lands was a shared responsibility. Riparian zones were observed and safeguarded,
Both local knowledge systems and community-based practices may have, in the
past, ensured the sustainable harvesting and conservation of bioresources, which
helped in the conservation of biological diversity over time. Long-rotation bush
farming fallow systems were widely regarded as ‘sustainable’,

Colonization created the elite and the masses’ division in Lhe Phiiippines,
and the start of clashes of interests in resource use. Customary law cannot
accommodate such conflicts. The state assumed the lead role in controlling resource
use and access, and new resource management institutions were imposed from
outside the community. But even as local offices of national resource management
sgencies may be established, these had no autonomy and little effective authority.
Because state power was low at the frontier; the resource base becomes, in effect,
open access. What followed was rapid deforestation, shortening of fallow periods
and general degradation o soil and water resources (Rola and Coxhead, 2005),

In the recent times, there is growing community demand for environmental
quality and resource conservation. This trend is complemented by a more general
decentralization of power and authority. In the best situations, decentralization
plus local demands for miore environment-friendly development are to be
complemented by national laws and policies. In the best outcomes, national
agencies, local governments and community groups coliaborate to design (and
more importantly, to implement) resource management policies that are compatible
with individual and community needs and aspirations.
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Figure 1. Three dimensions of resource governance (adapted from Malayang
2004)

shift, local povernments must assume accountability and responsibility in achieving
the sustainable development goals of the country. The local executives (mayors
and governors) are given the mandate to “adopt measures to safeguard and
conserve land, mineral. forest, marine and other resources of the municipality, city
or province™. The local legislative bodies are also mandated to protect the
environment and imposc appropriate sanctions/penalties for acts that endanger
the environment. Even the village chiefs (Barangay captain) are gives the
responsibility to “enforce the laws related to population control and protection of
the environment”. The LGC also invoked the participation of the civil society, and
the involvement of the private sector in providing opportunities for financing and
developing local enterprises, and provides for the due recognition of ancestral
domains and other customery rights in protected areas,

In general, the resource management planning process—from budgeting to
implementation, monitoring, and evaluation including the preparation of annual
investment plan, originates from the lowest level to the highest fevels of governance
up to the management plan of the Naticnal Economic and Development Authority

(NEDA).



Rola etal 233

Ofce of tha Prosiden

T S

Mational
Department | | Deapertmant Economic and
Coetral nfar Dopartment o of Agrarian Davslopment
Netiona Comorsfion | | Indigencus of Emdarananl Refom Authorty (NECIA}
i || 007 || e || (| R et
. ie R
Agendies | National OF {DENR)
Comoraton {oA) {PCSD)
{PNOC)
Natiorsal
Power
Comoraton
(NPC)
Sab- Regional Regional Regional | | Regiond Regional Regional
PROC and NP D DAR PCSD
mmioal . | NPT

Local Ofice of the Govemor
Aooncies /' \
e = PRI O .
Offco Reform Oftce
o
Community Ervironment and
Ratural Raspurces Offce
(CENRO} | Ofcocimemaor |
Mwnicipa
Mesicipal Enveonment | | Municipal Agicubure | | Nessicipnl Agrarian
o | andHaksal Resoumen Offics Reform Offce
Ofice ) (WARD)
(MENRO)
Bangay
Barangay Institutions

Figure 2. Resources governance in a decentralized system in the Philippines




234 Trams. Natl. Acad. Sci. Tech. Philippines 28 (2006)

Policy Instrumenis

The Philippines is one of the richest countries in terms of statutory
instruments. There are policy instruments for forests, lands and water. There are
laws such as the Clean Air Act, the Clear Water Act, the Waste Management and
Disposal Law, and other environmental laws. Most of these are ecosystem level
resource management instruments. The folfowing discussion concerns three policy
instruments that significantly influence bioresource habitats;

1. National Integrated Protected Area System of 1992 (NIPAS)-Republic Act
No.7586

The NIPAS law recognizes the critical importance of protecting and
maintaining the natural biological and physical diversity of the environment and
declares it the policy of the state to secure for the Filipino people of present and
future generations the “perpetual existence of all native plants and animals
through the establishments of a comprehensive system of integrated protected
areas within the classification of national park and provided for in the
Constitution™. It specifies areas with unique features for this purpose. It indeed
sets the tone for bioresource management in the country. It also recognizes thal
administration of these protected areas is possible only through cooperation among
nationai povernment, local government and concemed private organizations.

Protecting the country’s natural parks (protected areas) was first recognized
in 1932, when the US colonial government sponsored Republic Act 3915 establishing
the Philippines® first national parks. The law declared ail parks as game refuges
and bird sanctuaries, created advisory committees that assisted forestry officials
in managing each park and penalized illepal activities such as squatting and
poaching.

Currently, for each protected area in the country, there is an assigned Protected
Area Management Board (FAMB) that acts as the manager. This board is composed
of members of different sectors and coordinated locally, The Chair of the Board is
the regionat director of the DENR. PAMB also has local government units, civil
society, and indigenous communities since many of these protected areas are
actually in places where thete are indigenous communities. Funds for this
management usnally come from the national government. But resources are scarce,
and most PAMBs may not really be operational at the moment. The PAMB also
illustrates the fact that because environment is porous, it is not practical to assign
environmental management functions to political administrative units.

1. Indigenous People’s Right Act (IFRA)-Republic Act 8371
Hand in hand with the NIPAS law is the [PRA law which renders recognition

and protection of the rights of indigenous cultural communities to their ancestral
lands to ensure their economic, social and cultural well-being. The main instrument
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State of Bioresonrces in the Philippines

Increased demand for food, clothing and shelter due to rapid population
growth are the primary drivers of resource use. Depletion and extinction occur
because many resources are non-renewable. Therefore, population management
(the demand side) is directly related to bioresource management (the supply side).
Given the weaknesses of the institutions in the management of both sides of the
equation, the future state of the country’s bioresources could be in jeopardy.
Recent global assessments concluded that extractive behaviour of the cwrent
generation is not sustainable (MA, 2005). The following is a discussion of the
available evidences on the state of the Philippine bioresources such as forests,
coastal and marine resources, end plent end animal fife.

Forests

The land arca of the country is about 300,000 square kilometers, most of
which was originally forested. In the past, it supplied indigenous Philippirte peaple
food, drinks, spices, medicine and lumber. The forests yielded commercial products
as well, including the Manila hemp (abaca), used for making ropes, textites and
hats. Bamboo, cinnamon, cloves, and pepper plants, formed a valuable part of the
early economy. o

When the Spaniards came, there was 90% forest cover. Colonialists found
the forests lush, which were eventually used as a vehicle to attain economic
progress, Deforestation became rampant as forest products were the primary motor
of development. Most of these logs and lumber fed into the ship building of the
Spanish colonialists. When the Americens came in 1900, the forest cover was
down to 70%. Six (6) miilion hectares were lost during 300 years of Spanish rule.

The Americans {1901-1944) continued the regalian doctrine introduced by
the Spaniards, maintaining the state-coniroiled management of the forest resources.
The Americans’ demand for chesp timber was a motivation for formulating policies
during its colonial period. As a result of forest destruction, open access 10 the
deforested lands ensued. Absence of institutional arrangements, programs of
settiement, and weak property rights accelerated the degradation of forest
resources. _

*In 1944, during the Philippine independence from the Americans; mtother 6
million hectares were lost, There was a combined loss of 12 million hectares of
forest cover during the Spanisb and American periods. By 1990, about 40 years
after American rule, 14,2 million hectares of forest cover were lost. More forest was
lost under the Filipino rule than the combined colonial yule (Ong, 2606}, The
immediate reasons for the drastic reduction of the primary forest area are large-
scale logging and conversion to agriculture, and ere strongly associated with the
rapid increase in human population, reaching about 70 million m 1997. Over 15
million upland people (Ong, 2006) today threaten the survival of the remaining
forests, despite government effort at protection.
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Preservation of the primary ram forest should be a high priority for the
Filipino people to protect the remaining flors and fauna. The genes that these
resources contain can be the source of technofogical breakthroughs for the future.
The bad news is a large number of endemic species in the Philippine tropical rain
forest and the forest itself are now threatened with complete destruction, making
the country a “hot spot”, that is, an srea where there is a high probability of
species extinctions (Bengwayan, 2002). Already some 52 native vertebrate species
are in the critical or endangered categories, and a great many more are listed as
threatened. Most endemic land vertebrates {including birds, smail arboreai frogs,
and many mammals) require primary-forest habitats and fail to survive in highly
disturbed and secondary forests.

Coastal and Marine Resources

The islands are surrounded by coral reefs and have one of the richest
collection of coral reefs in the world, with ebout 500 species found in the surrounding
coral reefs. Fish of all kinds, shellfish and mollusks, are common and the Sulu
pearls are world famous. But the situation in our country as far as our marine
bioresources are concerned also looks rather grim. The coral reef ecasystem is a
support ecosysiem that produces a lot of bioresources in terms of fish, invertebrates,
seaweeds and so on. But like any natural systam, a coral reef ecosystem can only
preduce so much. Ifthe pressure on the reefs is beyond the carying capacity, then
degradation occurs. But these ecosystems ere resilient, If yogrelease the pressure,
then the resource is renewable afthough it takes a long time. A lot of pressure is
now being placed on the marine bioresources because of population pressure.
Analysis of marine hot spots in the world revealed that among the ten top marine
biodiversity hot spots in the world, the Philippines ranked as number ane.

Plant and Animals®

Both plant and animal species are abundant in the Philippines; the country
ranks twenty-third in the world in terms of the numbers of plants to be found in the
country; one-fourth of the 13,500 plant species are endemic to the country. Over
one hundred and seventy thousand animal species can be found in the Philippines,
ninety-eight of which are endemic, Rare species include the world's smallesi monkey,
the Phitippine Tarsier, the white-winged flying fox, one of the world’s rarest
mammals, and the Philippine Eagle, the world's largest eagle. The islands have
over one hundred ninety-six species of birds, including colorful parrots and many
birds found nowhere else.

The number of plant and animal species in the Philippine rain forest is
incompletely known, There are an estimated 13,500 plant species, of which about

* Source of data in this section is from Alcals (2002).
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8,000 are flowering plants; about 3,200 are endemic. Plant genetic resources for
ingtance, supply the raw materials that breeders and farmers nteed to attain food
security. Once upon a time, com wasn't corn and coffee wasn’t coffee. Farmers
created all our crops out of the wild plants, Many of these crops’ wild relatives
could be in existence, but could also be disappearing fast.

Pbilippine land vertebrate species number about a thousand: approximately
80 amphibians, some 240 reptiles, 556 birds (resident and migratory), and 174
mammais, It is the exceptionzally high level of endemism that is now attracting
international attentioo. Experts say that Philippine mammals have the highest
percentage of species endemism in the world on a hectare-for-hectare basis, and
this could be true for other proups as well. Seventy-five percent of the amphibians,
70 percent of reptiles, 44 percent of birds, and 64 percent of mammals are found
nowhere else in the world. We have an estimate of 11,000 species of wildlife, Half
of these are found only in the country, and about 16% are endangered or threstened.

In summery, in terms of bioresources status, the country is considered a hot
spot. This is further revealied by the findings of the Yale’s 2005 Environmental
Sustainability Index, which ranked the country as 125* of 146 countries studied, it
will be such an understatement to say that it is important to define strategies to
identify, conserve, and sustainably and equitably use and manage biorescurces
both at the ecosystem and the species level.

Initintives for Bioresonrces Management at the Ecosystem Level:
Four Cases in the Philippines

The following cases are examples of best practices for bioresource
managemeni at the ecosystem level. These mitiatives have geveral comunon elements
including the development of an ecosystem management plan, use of data in the
planning process, involvement of external groups in the plan intervention, and
collective action by the various stakeholders. The institutional arrangements of
decentralized govemnance and more secured property rights were also found to
affect the behavior of stakeholders in bioresource management.

We refer back to Diamond’s theory that societies fail to do proup decision-
makiog becausc they were an illiterate society and that cammunity members may
not have anticipated the extinction problem. Contemporary issues point to more
modem and science-based management approaches, through management plan
development, but with mostly external (to the communrity) support. These
“observers” could have some forecests of future scenarios based on their own
experiences, if no interventions were to take place in a particular community. The
natural reaction by community members to collectively solve the problem once
perceived is also noticeable in these examples. Among the four cases presented
below, a couple reveals that environmental degradation is reversible with good
bioresource management.

The first two cases are similar: they show that protected area management
is important to further the goals of systainability. The third example showcases
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community empowerment in monitoring its own bioresotrce and how these efforts
can be integrated in local water governance. The last case refers to the role that
community-based technology adoption had in bringing back to life aguatic
bioresources in the imrigated rice environment thus, improving the welfare espe-
cially of the poor rural folks. All of these cases revealed the importance of collective
action and how they sway institutions to achieve more sustainable bioresource
management at the ecosystem level. The relevance of the policy of decentralization
in bioresource management also becomes apparent.

1. Protected Area Management: The Mt Kitangiad Range Natural Park ?

Mit. Kitanglad Range Natural Park (MKRNTP) is the headwater source of sev-
eral major river systems draining North and Central Mindanao, including the Cotabato
province. Its creeks and rivers flow in & radial pattern and feed into three major
rivers in Mindanao. One of these rivers, the Manupali River is en important water
source that drains into the Pulangi River, a source of irrigation and electric hydro-
power in Bukidnon. In mrn, the Pulangi River drains into the [llana Bay, a major
waterway for the North and Central Mindanao. Therefore any destruction in the
Mt. Kitangled will affect to a preat extent the downstream portion of the Northern
and Central Mindanao.. The logging concessions grants that operated in the area
in the 1970s through the 1990s resulting in significant deforestation hed given
impetus for 2 more proactive protection of the Park by the locals.

The Park, primarily located in the province of Bukidnon encompasses 40, 176
hectares. Seven municipalities and one city of the province share the boundaries at
the summit. it is one of the country’s priority protected area as provided for in the
National Integrated Protected Areas System Law (NIPAS), In following the pro-
cesses of the NIPAS law, Mt. Kitanglad was proclaimed as a protected area under
the naturat park category through Presidential Proclamation No. 896 dated October
24, 1996. Republic Act 8978 is its enabling law signed on November 9, 2000.

The Mt. Kitanglad Protected Area Management Board (PAMB) started op-
erations as early as 1993, with the Protected Areas and Wildlife Bureau (PAWR) of
the DENR spearheading the effort. The PAMB serves as the in-situ policy-making
body ofthe park. It is composed of 59 members from government and non-govern-
ment sectors, and from local communities. The Regional Executive Director of the
DENR-Region 10 acts as the chair of the board, while the Provincia! Planning and
Development Coordinator of Bukidnon serves as an ex-officio member. Members of
the board are the municipal mayors of the eight towns sharing the boundary, 28
barangay captains of the village centers of the buffer zone, 9 tribal leaders, 8§ repre-

* Source of dain was from Rola et af {2004a),

* This could have been spurred by Lhe fact thet this silc was chosen as one of the ten priority
proteceed areas that would later on have extornal funds o start developing its mansgement
plan.
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by those seeking for agricultural and other economic opportunities had been
minimized during the past decade {1994-2004).

Financing the Plan

Financial support for the development of the management plan o protect the
MKRNP has had humble beginnings. In 1993, municipal mayors had to fund
meetings from their own pockets. Having been chosen to be one of the country’s
10 sites covered under the Conservation of Priority Protected Arces Project!
(CPPAF), it was able to have funding for seven years starting in 1994,

During the life of CPPAP, funds amounting to P6.9 million were provided to
the indigenous peoples for non-destructive livelihood activities (NDLA), mostiy
in terms of agro-forestry related projects; and PhP12 million for production related
livelihood activities *2. With the fermination of the CPPAP in June 2002, the LGUs
and their barangay counterparts took over funding the management of the plan.
Other entities such as the DENR and the NGOs, the local indigenous and migrant
communities who are directly dependent on the park continue to maintain their
stake. In the laier years, the local governments have also increased their funding
for watershed management activities to as much as P2.6 million for Calendar Year
2002. In March 2004, PAMB, by organizing a water policy forum, solfcited funds
from the private companies who are resource users of the watershed services,
especially water. One source of revenue of the Park comes from user fee charges
for the environmental services thet it offers.

Financing the plan was facilitated by several factors;

1. engagement of local communities in the activities end hence, some savings in
the protection and puarding of the park;

2  local governments committed funds as a result of mutual trust among the
membership of the management body, the PAMB; and

3. the trust and confidence given by the private sector to the PAMB in the
management of the protected area.

The management process institutionalizes the sustainable management
regime as exercised by the empowered communities (of both the IPs and the tenured
migrants). These empowered communities enjoy a firm tenure over the resources,
are actively involved in biodiversity conservation and protection activities, and
supported by the local povernment, the private sector, and other community
members who have internalized conservation values and the respect for cultural
ntegrity.

One lesson learned in this exercise is that the protected area management
can be implemented successfully by changing the locus of decision-making from
national to local agencies (Sumbalan, 2001). Decentralizing management does not
merely mean devolving responsibilitics previously concentrated with the national
burerucracy but also means accompanying devolution with decision-making
authority to various stakeholders, The experience in Mt. Kitanglad demonstrated
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fishing was contained, the current threat is the ability or inability of the Park
managers to maintain constant surveillance in Tubbatsha to deter the threat of
illegal entry of fishermen from the Philippines and other Asian countries. The Park
Navy personnel can take active role in park management,

Whereas MKRNP was managed predominantly by the locals, the management
model for the Tubbataha seems to be the predominance of external institutions in
its protection and care, With its status as a UNESCO World Heritage Site, Tubbataha
has acquired more sustained funding both from national and international sectors
possibly because of its environmental services not only to the Philippines but also
worldwide.

3. Community-based Water Monitoring in the Uplands™

Collective action by community members has made possible the monitoring
of water quality in an environment of rapid agricultural growth and urbenization,
and the perceived consequence— increased water degradation due to soil erosion
and bacterial {Escherichia coli) contamination,

The Water Watch Group (Tighantay Wahig in the Binukid dialect) started as
a volunteer group in early 1990s to support the community based water quality
monitoring project under the SANREM-CRSP SEA " that was being implemented
in Lantapan, Bukidnon, The objectives of the project were to facilitate the
development of water quality and watershed assessments by local communities,
and provide physicochemical data that would be used to improve water quality
and policy (Deutsch et al, 2001; Rola et al, 2004b), Local citizens, including the
native tribe (Talaandig) members and migrant farmers volunteered to receive
training in water quality monitoring and principles of watershed management.

In 1995, the core group of water monitors proceeded to form a people’s
organization (The Tighantay Wahig, Inc.) and incorporated themselves as an
officially recognized non government organization, The menitoring results of the
Tighantay Wuhig were disseminated to community members, educators and local
policy makers, resulting in more serious actions by the local government for the
need to develop 2 municipal watershed inanagement plan and its implementation
strategies. The mandate of this group is ideal in the monitoring and evaluation
scheme of the municipal level plan, as long as they can be recognized as such in
the formal governance siructure,

The group was able to generate support from the local! government to
continue with their water quality monitoring work making them formal partners in

1* Source of data was from Rela et al (2004b).

" SANREM CRSP brings together rescarchers from uaiversities and specialist institutes in lLhe
Philippines, the 1.5.. and other countries as well as the Internativnel Agricultural Research
Cemters (TARCS) ta work with farmers and other naturel resource menagers, communities,
civil sociely institutions, and government agencics at local and national levels in the search
for the means by which upland communities will be enabled to make better natural resource
management decisions. The projecl funded primarily by the US Agency for luternational
Development wes implemented in Bukidnon from 1994 to 2004. Field activities of che third
phese (2006-2010) are on going.
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the management of natural resources at the municipal level. This move is also in
consonance with the local government code provisions to involve communities in
the management of resources. But in this case, civil society groups partnering with
local governments could have been facilitated by their good mutual relations. This
is of course true if the society is culturally and ethnically homogenous. Lantapan
is populated by two groups: native Talaandips and migrants mostly of Cebuano

origin.
4, Community-based pest management and the irrigated rice énvirooment '

To minimize the social costs to farmers’ bealth and environment of too much
pesticide use in rice, the technology called integrated pest management (TPM} was
developed and launched in Asia in the 1980s, TPM is defined by the UN Food and
Agriculture Orgenization (UNFAQ) Panel of Experts as *“a pest management system,
that in the context of the associated environmental and population dynamics of
the pest species, utilizes all suitable techniques and methods in as a compatible
manner a5 possible and maintain the pest population at levels below the economic
injury”. IPM uses varfous techniques such as cultural control, plant resistance,
biological and chemical control metheds for the management of weeds, insects,
radents, and diseases. It uses pesticide as the lest resort in preventing crop losses.
Adoption of [PM in the 1980s was not very quick. In the 1990s, 1PM extension was
transformed: (a) from an individual to 2 community concem; (b) from an insect pest
control to an ecology wide concern, (c) from a linear top down approach io 2
participatory method of technology delivery, and (d) from a traditional fecture
teaching method to experiential leamning (Palis, 2002). This was done through the
season long farmer field school (FFS).

FFS is a nop-formal education approach to IPM extension. It is referred to as
“school without walls”, where farmers leam together by undergoing an intensive
training on [PM over the entire life cycle of the crop. Farmers meet 14—16 weeks,
consisting of weekly meetings that last hall a day and facilitated by the village
agricultural technician. It also has an agro-ecosystem perspective where it builds
on biological control as its ecological foundation and it anchored on four principles:

I. prow ahealthy crop through the use of resistant varieties, better seed selection
processes, and efficient nuirient, water and weed management;

2. conserve natural enemies-beneficial predators and parasites;

3. observe the field weekly to determine management actions necessary to
produce a profitable crop; and

4, farmers become IPM experts and trainers.

Farmers who attended the FFS were found to improve their scientific
knowledge of the rice ecosystem {Rola et al, 2002).

The study conducted by Palis (2002) in the village of Matingkis, Munoz,
Nueva Ecija in both the wet and dry seasons of 1992-95 and 1999 aimed to

% Source of case study data was from Palis (2002).
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determine the adoption and spread of IPM through the FFS, and assess the impact
of [PM on farmer’s livelihood and on the development of the community as a
whole, The study’s results showed that there was a dramatic decline in the proportion
of the FFS farmers who were applying insecticides before and during the FFS and
the seasons thereafter. Since then, the proportion of insecticide users had dropped
considerably. Similarly, the proportion of non-PFS insecticide users dropped from
more than 95% for both seasons in 1992 to 35% in the 1995 dry season and 29% in
the 1995 wel season, It remained at 30% in both seasons of 1999,

Environmenlal impacts included the reappearance and perceived abundance
of natural paddy foods such as fish of different varieties, native frogs, native
snails, and others. Farmers claimed that the government's Masagana 99 program
in the 1970s, which brought about intensive use of pesticides, had destroyed the
aquatic Jife in the rice paddy ecosystem, Fishes, even in small streams, died. Fish
such as the native hito, dalag, and silap, native shells, and shrimps diseppeared
shortly after the intensive use of pesticides in the 70s until the early 1990s, before
IPM was practiced. Farmers in the study mentioned that they did not eat previously
few avaijlable foods like tilapia because of the belief that toxic elements from the
pesticides may have accumulated in the fish. Dead fish floating in the irrigation
canals was an ordinary sight.

Lately, farrners had generally ohserved increase in the paddy food since the
introduction of IPM in the village. Some of the paddy foods that disappeared
during the 1970s and the 80s like native snails, smail crebs called tatangka, and
some native species such as sulib, silap, ayungi, gurami and biya are now
reappearing in increasing volumes especially the wet season. Most of these foods,
found in the irrigation canals and paddy fields, augment the village food supply
and anyone can gather them freely, IPM when adopted by all community members
has generated benefits for everyone. Without the farmers’ collective action to
minimize pesticide use in rice, the resurgence of native food species in the paddy
fields may not have occurred.

The cases above dernonstrated that it is possible to manage ecosystem level
bioresources with local participation, with external support, and witk local
government leadership. The common thread is that the stakeholders agreed that
the resource was an important one for the survival of communities and thevefore
collective action was not difficult to attain,

Challenges of Bioresource Management at the Species Levef*

So far, the subject of bioresource management has focused on ecosystems
management, mainly due to the available documentation of the cases. As a country,
there is a need to look into the species level management needs, where we cansider
bioresources as inputs to production of goods and services for the satisfaction of
human wants and needs. But bicresonrces (i.e. biological specimens such as plants,
animals, microorganisms, etc) are global public goods whose benefits are

'* With contributions from Macaranas (2006).
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indivisively spread among the entire community. Because of this “publicness”,
markets fail in their allocation and governments have the natural role to provide for
these goods.

Policy on Bioresources Management at the Species Level

In an earlier section, data showed that the Philippines is in danger of losing
its bioresources diversity, and this loss is shared by the whole world, because of
the large number of endemic species in the country. Initiatives for institutional and
legislative framework for bioresource management at the specie level have been
very limited, if not nil.

The Philippines needs a more aggressive bioresource management policy,
As a nation, we are party to international laws and treaties on bioresources
conservetion and other related issues, but we do not have our own local initiatives.

For instance, the International Treaty on Plant Genetic Resources for Food
and Agriculture is a legally-binding Treaty covering all plant genetic resources
relevant for food and agriculture. The Treaty is vital in ensuring the continued
availability of the plant genetic resources that countries will need to feed their
people. Its objectives are the conservation and sustainable use of plant penetic
resowrces for food and agriculture and the fair and equitable sharing of benefits
derived from their use, in harmony with the Convention on Biological Diversity, for
sustainable agriculture and food security. Through the Treaty, countries agree to
establish an efficient, effective and transparent Multilateral System to facilitate
access to plant penetic resources for food and agriculture,

Another important international agreement is the trade related aspects of
intellectual properties (TRIPS) agreement which was piggybacked with the World
Trade Organization Agreement. This means that countries signatory to WTO like
the Philippines are now beholden to accept the trade related aspect of Intellectual
Property Rights (IPR), TRIPS noted that national governments have the sovereign
right over the biological resources, But increasingly, the implementing rules and
regulations that defined these rights are in question by many countries.

To address these concems, the Philippines issued an Executive Order 247
which states that it is the policy of the siate to regulate prospacting of biclogical
and genetic resources so that these resources are protected and conserved.
Moreover, it requires the consent of indigenous cultural communities, thus,
prospecting will be allowed within ancestral lands and domains of indigenous
cultural communities only with prior informed consent of those affected
comimunities.

Development of a Bioresources Management Plan

The foliowing are the suggested steps in developing management plan for
bioresources at the species level:

* Bui implemenintion of these intermational laws at the local level has been constirained
mainly by lack of capacitiez end resources.
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Define inputs to the plan

The three inputs needed for this plan are the data bases of the inventory
of the bioresources in the country, the database of the skills that are needed in
this exercise and tbe traditional know!ledge that connects bioresources to
their origins and use.

"The more important information for management is the existing inventory
rather than the losses because this is where action can be initiated. The
absolute figure for bioresource inventory is not known. To start with, activities
should involve preparation of an inventory of flora and fauna wealth and their
genelic makeup. It will be useless to plan if we do not know the stock, i.e. the
number if species we have, and where they are located.

Moreover, we need a database of a worldwide network of Filipino
scientists who can help in this inventory work, There were programs to entice
scientists to work in the Philippines, but these were not sustained. The
contribution of many of these scientists deployed overseas have vastly
improved the state of the art of knowledge in many disciplines.

Likewise, the knowledge connected to the bioresources is continuously
uncovered or developed by various scientists and are transformed into goods
and services throngh indigenous or imported technologies by business, yet it
seems that the Philippines i3 unsble to manage this knowledge bage for its
own development. It is equally important to document the traditional
knowledge that accompany community-based bioresource use and
management. Aside from data for planning, there are needs for maps of rural
areas,

Design strategies for bioresource management

Bioresources management system should be concerned with the vision/
mission of what it is we wish to be known for in that area and how we intend
to go about achieving that (Macaranas 2006). The Philippines has signed
many muitilateral environmental agreements and conventions that have shaped
respenses to the issues of bioresources management at the global and national
levels. As discussed previously, we are also known for legislating national
laws and developing excellent plans to implement the commitments, crafting
programs where civil society plays the central roles, and devising some
management processes that are recognized as best practices though not
properly scaled up or implemented on a wider scale, to make any dent on the
severe envirenmental problems facing the country.

{(a) Participatory Models: Role of institutions and innovative parinerships
Communities have the starring role in the managing bioresources.
They can pariner with the LGU in this activity, The private sector can also
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practice their corporate social responsibility by soliciting partnerships
with the local communities. But despite some cases of best practices
shown by the case studies, there is still fundamentally a lack of
collaboration at the local level. This can be caused by Iack of trust among
the stakeholders.

On the other hand, some of the community-based practices in
bioresource management have gone beyond the scope of what is
statutory, as provided under the Local Government Code (LGC). For
example, innovations like the bamtay dagar or baniay gubar programs
are not in the LGC. But they are actually being done. The cases above
show that this cooperation is possibie but with the right mix of elements.
Therefore there is 4 need to understand the incentives for communities to
behave so that they become stewards and managers of their bioresources.
Maybe a study of the system of governance of the IPs can explgin some
of these differences in bebavior.

Financing the Plan: Investment needs and fund generation strategies

The big question is, “How do we generate the kind of resources to
manage our depleted bioresources, conserve them, perhaps rehabilitate
and grow the base from which our economic growth may come from?

A couple of ideas come to light One is to be familiar with how we can
vse imtellectual property rights of the bioresources, and thus, generate
some benefits from its future commercial use. For instance, the ayahuasca
plant used as medicine by the Amazon indigenous people, and anti-dia-
betic herbal concoction used for centuries in India, have been patented in
the US, depriving the countries from which they originated the right to use
them or an equitable share of royalties. There are similar cases for the
MNeem free, the Basmati rice, and the Andean root crop maca (Macaranas
2006). Thus, a major policy issue in resource management is, “bow do we
really share in the benefits of our own resources, and thus fund their
management”?

Second, is the traditional strategy, i.e. to tap the various stakeholders
inside and outside of the country. Among these are the public sector, the
private sector, the external donors, and the other communities of stake-
holders. The public sector can allocate a percentage of our GDP for
bioresource management. Trust funds are needed for many of these pro-
tected areas.

On the private sector side, it is very clear, that in terms of investments
in conservation and in science and technology areas in general, our cor-
porations have a very poor record. There are only very few corporations
that make it to the list of those who have some ecological consciousness.
These corporations are convinced that we not only share a common fu-
ture with them but their destiny is in the public’s hands.
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External donors have been actively supporting us in bioresource
management. From 1978 to 2003 or a total of 25 years, available record of
inflow of funds for environment was 1.2 billion dotlers. External donor can
be tapped because the country holds species that are globally useful (as
in Tubbataha Reef Marine Natural Park). One way to entice the rich do-
nors or philanthropists will be to name new found organisms after these
donors. In other countries, bids to name newly found organisms are
offered to interested wealthy persons who can provide the needed finan-
cial resources to manage the newly discovered species. Filipinos working
abroad, roughly 10% of our population can also be sponsors of
bioresources inventory, and conservation programs.

{c) Global trade and bioresources management
Macaranas (2006) summarizes the issues as follows:

“TRIPS agreement is the major policy area that bears watching since
global markets for bioresources will grow increasingly end it is not
clear how poor countries may share equitably as their own resources
are accessed by both domestic and outside businesses, and
traditional knowledge holders may not be properly recognized. These
are issues at the heart of its implementation. Rural livelihoods,
biotechnology for new products and IPRs eventually converge from
these issues.”

Furthermore, Macaranas (2006) reminds us that the main concemn that
must be raised in bioresource management is whether the Philippines has
enough skilled human and financial resources to properly implement for its
own benefits the WTC and the TRIPS, among cther international agreements.

3 Outputs and Outcomes of Bioresources Management Strategies

There is also a need for a scheme of monitoring and evaluation of the plan
implementation; i.e. an evidence that there are improvements in the
sustainability of bioresources, by establishing indicators. The indicators will
assess the benefits and costs of biaresources exploitation, development and
utilization, Multidisciplinary research by biologists, govemnance and
management experts, and social scientists will be needed in the monitoring of

impacts.
Some Complementary Measures for Bioresource Management

Bioresources management needs macro level policies, other sectoral
initiatives and changes in society's attitndes and mindsets in resource use and
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conservation. The following ideas from the RTD participants are complementary
measures for local leve! bioresource management.

L

Structural changes

If the economy shifts to more indusiry or service oriented jobs, then
perhaps there will be less damage to our natural ecosystem, Growth of industry
and service sectors can relieve pressure in the use of natural resources. To do
this, human capacities for industrial or service type jobs will be needed.

Uze of market instruments

Markets influence consumption behaviour of people, Prices reflect scarcity.
At the species level, bioresources are public and, hence, non-market goeds.
Therefore, valuation especially of genetic resources will have to be done.

At the ecosystem level, a strategy is the conservation, protection and
restorative (CPR) economics. Messive natural reforestation o restore the
required 50% forest cover of the country’s Jand mass and converting it into 8
business establishment; and 2 national network of marine sanctuaries to
restore marine life will showcase the wealth ofthe country and wil] be attractive
for ecotourism. Other CPR- like activities include cleaning of rivers, restoring
aquatic organisms, establishing urban vegetable farms and herbal gardens.
This can be done with private sector participation.

3. Population management

The following is an illustration ofthe practical impact of population numbers

alone on bioresources as discussed by Ong (2006).

If we use 1.2 billion as & number of peopie in China, with a one-chiid
policy, then there are 400 million households in China, If one household
will consume one chicken a night, that means 400 million chickens. So the
first question is how big is the cage for 400 million chickens? The astimata
is ten times the campus of Diliman, just to house the 400 million chickens
for one night’s consumption, And how much feed do you need for the
chickens? So farms will have to produce for chickens, not just humans.
And how big a farm do you need to produce feeds? How much waste will
be produced? And how much feathers will be produced, in case you
develop a pillow industry? And remember this is only for ane night’
consumption; imagine how much China would need in one year.

—Ong (2006)

This point shows that population management is just as important as

bioresources management. Population programs have to be seen as complementary
measures, Many believe that a vigorous population management effort is essential
for the sustainable development of the country.
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4. Changing MAPs and bridging GAPs

As discussed by Ong (2006):

MAP refcrs to mind set, attitude and practices. GAP is Goaj,
aspiration, promise. No single individual or organization can be successful
in the campaign to save the Philippines from being a biodiversity hotspot.
To change mindsets, for instance, one can shifi to CPR. Our attitude
towards consumer products and our practices will have to change. There
is also a need to set goals that will serve as the target, something to
aspire, a promise. Changing maps and bridging gaps could be the key to
ensure our common futuere and survive as a people.

This needs group think, social structures and collective action. This means
anticipating and working for the common good.

Conclusions and Recommendations

Based on the empirical evidence at the ecosysterm level, institutions such as
the PAMB and policies such as decentralized governance could potentially have
an important impact on bioresource management. While the ecosystems serve as
habitats of species, what is perceived to be urgently needed are measures to
assure that species are themselves managed properly, in as much as loss of species
qualify the country as “hot spots” in terms of internationally crafted biodiversity
indicators. Participants to the roundtable discussion had severa! innovative ideas
to make this happen as summarized in the previous section.

From the discussions, recommendations can be drawn as follows:

l. Institutionalize bioresource management planning.
The major recommendation from the discussions was to make bioresources
management an integral part of the development plens. This planning exercise
starts at the lowest level of governance.

2  Capacity building will be needed.
The science community can build capacities at various levels, such as creating
database for inventories of species, introducing participatory approaches
and defining good povernance indicators. Fund management skills by local
officials are also to be developed.

3. Science-based bioresource management planning is ideal.
It was revealed that science contributed to the protected area management
planning by supplying the necessary data to the decision makers. In ideal
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situations, scientists ghall continue to work with the other sectors including
governnent especially in developing monitoring and evaluation techniques
to monitor outcomes and evatuate the performance of these management
strategies.

4,  Multidiscipiinary teamwork is imperative.
Bioresource indicators are biological veriables; management and governance
concerns are social sciences, therefore, a multidisciplinary team is needed to
work with the implementers of the management plan. Researchers and
development workers can also help in evolving community-based institutions
that would be relevant for bioresource management.

5.  Develop a policy on benefit sharing.
The question of benefit sharing in the commercial use of bioresources should
be studied rigorously, to have potential sources of funds for management.

6. Thereis aneed to study the indigenous peoples’ governance and management
practices, considered as having sustainable outeomes.
Most of the studies in the past focused on resource management practices,
including anthropologic and cultural norms of [Ps, Studies can also include
their governance sanctions, norms, and incentives,

7. Identify ways to integrate information and communication technology in
bioresource governance.
Maps will be needed, so use of GIS can be handy. Mapping will not only be
an exercise of identifying and locating the species, but also of knowing its
value or use,

8  More efforts on theory development 1o support empirical work on bioresaurce
management will be needed.
Theoretical underpinnings of meso-leve! analysis of factors that condition
governments, the private sector, local orgenizations and other stakeholders
to work together to support a more sustainable, equitable and efficient
bioresources management decisions need more study. Understanding these
factors may create a more significant dent to achieve sustainable development,
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Abstract

The Philippine National Science and Technology Plan {2002-2020) states
that the development priorities in biotechnology are its applications in agriculture,
forestry and natural resources, health/medical sciences, environment, energy and
manufacturing and process engineering. Applications have been identified in these
sectors as follows:

For agriculture and fisheries — varietal improvement and sustainabie
production for food security; for forestry — maintenance and maximization of
forestry resources; for health/medical sciences — prevention, diagnosis and
weatment of diseases; for marine sciences — development of marine bioindustries;
for energy — development of renewable energy resources; for manufacturing and
process engineering — development of novel processes of manufacture using life
forms as miniature factories to produce the desired products and for environment
—bioremediation,

The plan also indicates that the priority research and development areas for
biotechnology processes and technologies are in the following: plant tissue culture;
immuno-based diagnostics, protein and DNA markers; microbial transformations;
plant transformations; genome mapping; cloning single genes; and mammalian
tissue culture.

The sectoral R&D councils have formulated their medium term plans
consistent with the NSTP priorities. In agriculture R&D in biotechnology is geared
to generate breekthroughs such as fertilizer substitutes, genetically engineered
plants and animals, biological control of pests and diseases, and plant and animal
diagnostics. In industry R&D will be focused in the production on specialty
chemicals which includes food additives and intermediate chemicals used in food
and chemical processing more particularly enzymes, organic acids, pelymers for
films, coatings and flavoring agents. In health diagnostics which aid in the treatment
of disesses as well as development of vaccines especizally on emerging diseases
and other infectious diseases have been identified.
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Consistent with the above priorities and pursuing the strategy of niching
and clustering the Department of Agriculture, Department of Trade and Industry
and the Department of Science and Technology pushed the creation of a
Biotechnology Cluster under the Export Development Council. This is seen as a
boost to the development and growth of the biotechnology industry in the country.
The two subsectors identifled with the their corresponding lines of products and
services considered to offer good opportunities are the agricultural and health
bioindustry subseciors.

Keywords: biotechnology, agriculture, bioindusiry, health, clusters

One of the most important and critical interagency bodics in the country
loday is the Philippine Export Development Council. 1t is chaired by the Secretary
of the Department of Trade and Indusiry and therc is an cquat representation in
membership from government depariments and from the private sector. The
Secretary of the Department of Science and Technology is onie of the members of
the council and she is officially represented in the council by the Undersecretary
for Scientific and Technological Services. One of the tasks of this council is to
regularly prepare the Philippine Export Development Plan to define the country’s
export strategies and programs that shall be implemented by the government and
the private sector within the framewark of the Medium Term Philippine Development
Plan or MTPDF. For instance, the current MTPDP for 2004—2010 rolls out a three-
year Philippine Export Development Plan covering the period 2005-2007. This
plan referred to as PEDP serves as the blueprint for the goverament in forming
conecerted action plans on export development and for private businesses in crafting
their industry-and-firm level exporting strategics.

One of the strategic innovations adopted by the Export Development Council
is the clustering strategy on the identilied export priority sectors and one of the
more significant development in sector prioritization is the inclusion of some sectors
where the country has potentials even if the production or services sectors are still
in their development stages. One such seetor is the Biotechnology Sector which
is now included in the list of what we may describe as 2 predominantly “traditional®
listing. Food, Wearables, Aquatic Products and Organic and Natural Products
have been very traditional items. In the last two to three decades, however, the
Electronics, Motor Vehicle Pants and Construction Materials sectors have become
very significant itemns, In fact, exports in the Electronics and Semiconductor Industry
Sector now constitute close to 70% of our manufactured exports, How and why
then has Biotechnology entered the picture?

The market for biotechnology products and services worldwide has grown
in an exponential fashion. The Philippines, on the other hand, has great potentials
in this sector. PCARRD repotts that there are more than 300 experts in the feld.
This may not be a large number but they can do much to elevate the sector into a
significant contributor in terms of economic output. Ofthis number, PCARRD also
reports that a third of them are involved in modern biotechnology and the rest are
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Market Trends Potentlal Niches

What trends does this Biotechnology Cluster see as far as the global market
is concerned? The Cluster sees a growing demand for agri-biotech products such
as marine products }ike carageenan, AP] and fluorescent smerkers; derivatives from
medicinal plants like anti-oxidants, enzymes, flavanoids and tannins; oils like those
from fish, jesmine, ylang-~ylang and coconut (¥ CO); GMO products like edible
vaccines, fortified rice and pesticide free crops; biotech seeds, feed additives and
biofertilizers like nitrogen fixation fertilizers and vermicompost. The cluster also
sees a lot of opportunities in niche bioindustry products like natural ingredients,
herbs/botanicals, and cosmetics and toiletries. And of course medical
biotechnology, which is taken as part of the bioindustry subsector, is the largest
biotechnology sector worldwide where there are promising niche markets in
therapeutics like EPO, insulin and other hiogeneric drugs, as well as nutraceuticals,
diagnotic kits and validated traditional medicines. As far as vaccines are concerned
domestic requirements are currently met by imports both for animal vaccines and
buman vaccines. Some statistics on DOH vaccine requirements for new bom
babies annually gives us an idea of local demand:

DPT - 14.98M doses/year PhP 979 M
Inj. Polio - 14.98M doges/year 54.67TM
Tetanus Toxoids - 11.65 doses/year {747TM
HB - 12.3M doses/year 1.045B
Measles - 5.98M doses/year 3647TM
MMR - 5.98M doses/year 897 M
HepatitisB - 10.77M doses/year 2154M

The total amount is PhP2.31 Billion and this does not inctude BCG which is
currently being produced locally.

Biotechnology R&D Plan

How does the R&D program in the $&T community maich these demand
projections?

The Philippine National Science and Technology Plan (2002-2020) states
that the development priorities in biotechnology are its applications in agriculture,
forestry and namral resources, health/medical sciences, environment, energy and
manufacturing and process engineering. Applications have been identified in
these sectors as follows: Foragriculture and fisheries—varietal improvement and
sustainable production for food security; for forestry-—meintenance and
maximization of forestry rezources; for health/medical sciences—prevention,
diagnosis and treatment of diseeses; for marine sciences—development of marine
bioindustries; for energy—development of renewable energy resources; for
manufacturing and process engimeering—development of novel processes of
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manufacture using life forms as miniature factaries to produce the desired products
and far environment —bioremediation.

The plan also indicates that the priority research and development areas for
biotechnology processes and technologies are in the following: piant tissue
culture; immuno-based diagnostics, protein and DNA markers; microbial
transformations; plant transformations, genome mapping; cloning single genes;
and mammalian tissue culture.

Agriculture and Natural Resources R&D

The sectoral R&D councils have formulated their medium term plans
congistent with the NSTP priorities. The Philippine Council for Agriculture, Foresiry
and Natural Resources Research end Development (PCARRD) presents their
Biotechnology Agenda np to 2010 as follows:

The Philippine Agriculture and Forestry Biotechnology Agenda had been
crafted starting 1995--2000 (PAFBA T) and the second phase from 2001 -2010
(PAFBA II). The R&D thrusts are geared to generate breakthroughs such as
crop disease and animal product diagnostics, animal veccines, novel genes
and proteins, genetically modified crops, biofertilizers, biopesticides, disease
free planting materials, molecular markers for useful plant and animal traits
and plant varieties developed through marker-assisted breeding. Scientific
priority R&D are defined for crops, livestock, foresiry, agricultural resources
and crosscutting concerns.

The crop biotechnology R&D activities focus on nine-major crops namely
—coconut, papaya, mango, banana, corn, sweet potato, rice, abaca and
endemic plants. Genetic engineering and mutation breeding and employed
to develop wansgenic varieties of papaya resistant to papaya ringspot virus
and with prolonged shelf life, banana resistant to banana bunchy top virus,
coconut with high lauric acid content, sweet potato resistant to feathery
moitle virus, rice enriched with Vilamin A and resistant to bacterial blight and
tungro virus, and abaca resistant to abace bunchy top and mosaic viruses.
Comn varieties resistant to downy mildew and stalk rot complex will be
developed through merker-assisted breeding. Organ culture and transformed
root of endemic plants is also being pursued for secondury metabolite
production. Novel genes are being identified from coconut through molecular
cloning and functional genomics. Other R& D areas are DNA fingerprinting
for sex determination and diversity analysis, genome mapping, disease
diagnosis, proteomics and bioinformatics.

The livestock bictechnology R&D program focuses on the use of
advanced reproductive biotechniques like in vitro oocyte fertilization (IVF),
in virro cocyte maturation (TYM), embryo cropreservation and manipulation,
superovulation and embryo transfer (SOET), and somatic cell nuclear tansfer
for genetic resource copservation, improvement, and utilization.
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1. Devciopment of genetic markers for the proper management of aquatic and
marine resources.

2 Screening of novel and bioactive compounds for the development of new
drugs, pharmaceuticals and therapeutic agenis.

3. Bioremediation technologies for the biodegradation of pollutants in pond
Systems.

4 Development of diagnostics/vaccines for aquaculture and mariculture.

5. Development of genetically improved strains of cultivable species.

6. Establishment of germplasm center of economically important seaweeds and

other commercially important aquatic species.

This R&D Plan includes priority R&D activitics in Merine Science and in
Fisheries and Aquaculture. For Marine Science the pricrity R&D areas are those
on carrageenases and agarases and the isolation and characterization of nove!
metabolites, enzymes, and bjoactive compounds [immunosuppresant, antimalarial,
antimicrobial {includes antitubercular, anti-bird fha, anti-rabies, anti-hepatitis etc.),
anticancer, anti-asthma, bad cholestero} elimination, cardiovascular disease
prevention/cure, anti-arthritis, anti-diabetes, anti-obesity, anti-depressant/
narcoleptics] from microbial associates of marine invertebrates,

In this R& D Plan also, the priority R&D areas in Fisheries and Aquaculture
have been identified. These are in stock management and improvement of cultivable
strains, diagnostics, disease control, bioremediation and feed formulation
improvement. For stock management and improvement of cultivable strains the

specific programs are:

1. Development of genetic markers for species identification, stock monitoring
and management, genetic enhancement and selective breeding.

2  Establishment of germplasm center for economically important seaweeds and
other commercially important aquatic species.

1. Strein improvement of economically important finfishes for rapid growth and
enhanced environmental tolerance.

4. Decvelopment of improved cultivable strains of high yield and high quality
pbycocolloid (agar and carrageenan) producing seaweeds.

5. Development of disease registant strains of economically important seaweeds.

6. Development of recombinant hormones for growth enhancement and
controlled reproduction,

In diagnostics the plan is to develop a Denaturing Gradient Gel
Electrophoresis (DGGE) map for aquatic and marine organisms and to develop
antibody and DNA — based probes for pathogen detection and identification e.g.
for ice-ice disease and other diseases of seaweeds. In the area of disease control
the planned programs are the development of vaccines, immunostimulants and
probiotics for disease control and water quality management, e.g. for White Spot
Syndrome Virus (WSSV) and the evaluation of cormmercially developed probiotics.
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in the area of feed formulation the concem is for improved nutritive value of feed
substitutes through microbial inoculants and exogenous enzymes. For
Bioremediation the following are the priorities:

. Development of bioremediation technologies for the biodegradation of
pollutants in pond systems.

2 Development of anti-red tide agents including depuration apents.

3. Development of bioweedicides to control weed infestation in economically
impartant seaweeds.

4. Development of biopesticides to control microbial infestation in economicaily
important seaweeds.

Health/Medical Sciences R&D Plan

In health and medical sciences, R&D in biotechnology will focus on the
development of vaccines, diagnostic kits and drugs.

Vaccine Development will focus on the development of a local vaccine against
schistosomiasis, diarrheal diseases, mbies, HIV and avian flu. Vaccines hold
enormous potential for the control of infectious diseases and have global market
prospects. The development of a local schistosomiasis vaccine will involve
candidate molecules developed by local researchers from the Research Institute
for Tropical Medicine with their collaborative parmers and the establishment of a
current good manufacturing practice (¢cGMP) pilot plant. This plant serves a
multipuspose facility for future R&D work, bench scale production and cater to the
distribution needs of the Department of Health’s Expanded Program on
Immunization. Edible vaccines will be also developed against diarrhea causing
agents (Sulmonella typhi and S. paratyphi), rabies and HIV. Edible vaccines use
transgenic plants, such as tomatoes or bananas whose genome has been altered
and that express the vaccine antigen. The proposed avian flu vaccine will use
recombinant iechnology.

Diagnostics development will focus on the detection of priority diseases
(like dengue, schistosomiasis and colorectel cancer). Large-scale production of
dengue viral antigen for the dengue detection kit will be continued. Enhancement
of a monoclonal based immunoblot assay for the field diagnosis of schistosomiasis
will be pursued. The presence of TAG-72 is a useful and specific cell surface tumor
antigen marker.

Drug development will focus on essential drugs (off-patent and soon-to-be
patent free) and anti-infectives needed by the population. The Ré& D witl focus on
bioactive molecules derived from marine (Jike sponges) or terrestrial sources (like
piants) that can be used in drug development. Marine microbisl extracts will be
tested for its anti-infective activity for TB, nosocomial infections and other viral
diseases. Techno-transfer activities will also be pursued for the recent!y completed
AMOR program (Antibody Biotechnology and Liposome Drug Delivery
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Technology for Experimental Therapeutics of Breast Cancer) which has proof of
principle that its novel drug isolated from local marine and terrestrial sources, and
conjugated with a humanized antibody in a liposome delivery system works for
breasi cancer.

Other Biotechnology Related R&D Priorities

The other R&D Councils of DOST namely the Phitippine Council for Industry
and Energy Research and Development {(PCIERD), the Philippine Council for
Advanced Science and Technology Research and Development (PCASTRD) and
the collegial body, the National Research Council of the Philippines (NRCP) have
also formulated their R&D Agenda for Biotechnology. PCIERD is focusing on two
major areas; fupctiona) food and biofuels (coconut methy] ester, bioethanol and
biodiesel). These will be done in collaboration with PCHRD in the case of functional
foods and health protection products., A number of health protection foods are in
the market teday such as: immunity modulation food, blood fat modulation food,
blood super modulation food, anti-aging food, radiation biocking food, weight
loss food, intestinal modulation food, etc, PCARRD will necessarily be involved
in both functional foods and biofuels.

PCASTRD plans te focus on Bioinformatics and in providing support in
general to Biotechnology R&D. PCASTRD will also provide support to the
Philippine Mational Collection of Microorganisms (FNCM) —~ BIOTECH-UPLB and
other well-established culture collections in characterizing their microbial collections
at the molecular level, especially those that will be developed as commercial
products. The molecular markers will be very useful in protecting the intellectual
property claims in these microorganisms. PCASTRD will also help facilitate the
submission of proposals to different international funding agencies to make the
PNCM-UPLB an International Depository Authority (IDA) for microorganisms
which is recognized to handle patented microorganisms under the Budapest
Convention,

NRCP shall focus on basic biotechnology research such as screening and
taxonomic studies and the development of techniques for molecular analysis.
PCASTRDs basic research priorities shall complement NRCP’s efforts. These are,
in addition to bioinformatics, in the analysis of gene sequences and protein analysis.

The R&D Agenda is fong and comprehensive even as there is a deliberate
effort to focus and prioritize, It is because biotechnology has applications in many
sectors and areas, There are also many potential niches m the market, both locai
and global, and perhaps the wisest thing to do is to consider the market trends in
the time plan for the R&D activities, It is also very timely to consider some macro-
level recommendations made by two active members of the Biotechnology Cluster
Core Group members — Ms. Maoi Armoyo, CEO and President of Hybridigm
Consulting, Inc, and Dr. Evelyn Mae Mendoza ofthe Institute of Plant Breeding at
UP Los Bafios, a member of the NAST. ‘Ms. Arroyo, in emphasizing the need to
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provide Return-on-Investment {ROI), suggests the training of scientists in
fundamentels of technology entrepreneurship and in Intellectual Property
Protection (IPP), the maintenance of industrial linisons and close collegial contact,
the mitigation of technical risk in R&D as much as possible, doing effective science
communication, and the establishment of central laboratories, incubators and
innovation centess. She sums it up by saying that any initiative to cawlyze Philippine
Biotech must be market-based and market validated and it must provide sustainable
competitive advantage to early edoptors, Dr. Mendoza, on the other hand, pushes
for the adoption of the clustering management approach for Philippine Biotech,
the coordination and orchestration of a unified Biotechnology Agenda, the
selection and prioritization of appropriatc technologies for commercialization, and
the implementation of enabling policies for R&D, financing, education and
[ntellectual Property Rights.

There is really one more basic thing to do: to identify clear targets and
milestones and to focus all actions towards the realization of these targets and
milestones.

In closing the contributions of PCARRD, PCAMRD, PCHRD, PCIERD and
PCASTRD are gratefully acknowledged. Likewise, the outputs of the Biotechnology
Cluster with very significant contributions coming from Mr. Danilo Manayaga of
Secura International Corporation, Dr. Francis Gomez of Altetmed Corporatien, Dr.
Saturnina Halos of Amichem Corporation, Dr. Corazon de Ungtia of the Natural
Sciences Rescarch Institute of UP Diliman, and Dr. Ceferino Follosco of NAST
have been used az major inputs to this presentatian.
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Abstract

The muin objective of this paper is to assess the leading edges of today's
knowledge in agricullural biotechnology at the global scale, and offer some
recommendations on the possible niches of the Philippines. Until recently,
biotechnology is neatly classified as agricultural (including forestry and
aquaculture), health, industrial and environmental. Presently, however, a great
revolution is going on. Agricultural biotechnology is invading the other fields of
biotechnology! We can call this the third agricultural revolution, The first revolution
started the process we now call civilization 10000 years ago; the second (the Green
Revolution) saved civilization from hunger about 40 years ago. The third hopes to
save us from the probicms created by the first and second revolutions and provide
the material needs of future generations in a sustainable manner.

The scope of agriculture is now being extended from provision of basic
needs, namely, food, fiber and clothing to include needs of modem civilization
such as energy, materials, drugs, and industrial products such as enzymes. The
definition of agricultural crops is being extended to include not only higher plants,
but all photosynthesizing organisms. Technigues traditionally used for industrial
scale culture of bacteria and fungi are being applied for single cell, tissue and
organ cuitures of higher plants and other photosynthesizing orgunisms, Thus, we
are looking forward to a new generation of biofactaries and production systems
using photosynthesis as the main engine. These biofactories will produce traditional
and non-traditional products cheaper, faster, safer and better. It is an exciting
future with a lot of promises but many challenges and unknown perils, too.

The niche for the Philippines is dictated by the reality that its land area, the
traditional basis of agriculture is limited. In addition, its climate is generally less
favorable for traditional agriculture than many other environments. On the other

' Plenary paper presented during the Annual Scientific Meeting of the National Academy of
Sciences, Philippincs, held in the Manila Hotel, July 12, 2006.
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hand, the Philippines has a huge surplus of unemployed manpower, sunshine and
water. Review of recent literature suggests the following leading edges suitable
for the Philippines for scientific and technological development in the field of
conventional and modern agricuitural biolechnology: 1) new agricultural crops
that are less susceptible to the vagaries of local climate and limitations of arable
land, 2) new approaches for recombinant DNA tecbnology, specifically plastid
engineering; and 3) bioreactors and less sophisticated production systems using
higher plant cells and organ cultures, and other photosynthesizing orgenisms
such as mosses and algae.

Scientific literacy is a prerequisite for the third agricultural revolution. A
scientifically literate nation will formulate policies that will encourage innovation,
deploy its best minds to the service of science and technology, and create a public
that is receptive to new ideas. Even as we look to the future, the struggle for public
acceptance of the third agricultural revolution is taking place today. There are
existing biotechnologies waiting to be used, such as transgenic crops, livestock,
forest trees and fishes. These will not prosper if public reaction and corresponding
government regulation is guided by imagined risks rather than demonstrated
benefits. The paper argues for a system of regulation that will achieve an appropriate
balance between the need to assure the public of the safety of agricultural
biotechnology and the imperative to explore new technology for solving the
problems of modermn living.

Keywords: agricultura! biotechnology, bistechnology, green revolution, transgenic
crops, recombinant DNA

Introduction

The future of agricultural biotechnology is not likely to be limited to transgenic
crops grown in the field for clothing, feed and foad. Energy, fuels, chemicals and
fibers, products that have been traditionally obtained from the petrochemical
industry, are likely to be an equally important objective for agricultural
biotechnology in the near future, and transgenic crops are expected to meke an
important input to these goals,

Transgenic crops will not necessarily be grown only in the field, and it will
not necessarily involve culture of field and borticultural erops by conventional
farmers. Cell and tissue cultures of higher and lower plant farma will find novel
uses in pharmaceutical, industrial and environmental applications. Plants are simply
more flexible, faster and safer as “biofactories” of useful molecules that were
traditionally produced using chemical processes, or biological processes using
microarganisms and animal cell systems as platforms. Transgenic livestock and
fish will take a little more time to reach acceptance, but lessons leamed from the
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transgenic crops will contribute to the understanding and solution of unique
problems in these products,

There will be less controversy in the future ps science clarifies the various
safely and environmental concerns that dominate today’s debate, technology
becomes mare predictable and less prone to unintended effects, and superstition
becomes less of a factor in policy making. Purther, the sheer magnitude of problems
associated with improving the quality of life of a growing world populstion will
finally convince the world that the imagined risk of genetic engineering is greatly
outweighed by its demonstrated benefiiz.

There were initial concerns that the benefits of agricultural genetic
engineering would not bemefit the poor and disadvantaged sector of saciety, We
had the same concero when such common devices as the motor vehicle, rdio,
television, computers, and cell phones first came to commerce, Only the rich could
afford them then. But it took less than 50 years for the motorcycles and automobiles
to become available for mass consumption, less than 30 years for the computer to
reach the farthest end of the planet, and less than 10 years for the cell phone to
reach the hands of the poorest sector of society. Today, transgenic com, soybeans
and cotton are grown hy more poor fanmers worldwide than rich fanmers, only 10
years since their first introduction in the USA. It is only a matier of time before the
benefit of transgenesis spreads to other crops, livestock, forest irees and fish.
Improved technology will be a crucial factor, as it was in the case of cell phones
and other modern gadgets.

In this paper, we are going to show where science and industry are leading
agricultural biotechnology and agricuiture in general, and how much safer, more
predictable, faster and cheaper the basic needs of man are being met hy genetic
engineering. Towards the end, we are going toc show how a poor country such as
the Philippines can benefit from agricultural genetic engineering biotechnology.

Scope of Agricultural Biotechnology

Not toc long ago, sgriculture was so simple. It simply meant production of
agronomic and horticultural crops, on one hand, and poultry and livestock on the
other hand. Agriculture includes to some extent, primary processing such as making
copra ot drying of coffee beans. Then sgroforestry came along, together with the
concept of industrial tree plantations. The confusion started. Is this agriculture or
forestry? Then came aquaculture and integration of farming and fishery, seaweeds.
Are “weeds” not supposed to be the concern of plant agriculture? Are not the
principles of aquaculture the same as agriculture? After all, fish also need to be fed
and protected from pests and diseases, like livestock and plents. Fish breeding is
also selection and generation of variability, in the same way that plant breeding is.
Government aolved this confusion neatly by putting fishery in the Department of
Agriculture, but the status of agroforestry and industrial tree plantations remain
contentious.
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At the basic level, there is less confusion. Take courses in basic agriculture,
forestry and fishery today and you will likely get the same lessons in physiology,
biochemistry, ecology and genetics; as well as nutrition, health care, and breeding.
The case studies will be different but the principles will be essentially the same.

At the most basic level, there is no confusion, Life is chemistry, guessed Jan
Batisia van Helmont in 1648. Today we imow that this is not only true, but in
addition we know that the chemistries of all living things are essentiglly the same.
This has been the fundamental assumption, repeatedly proven, in gemetic
engineering. Take a gene from a bacterium, and with only a few tricks, it will
function in plants, or any other living form for that matter. This is because bacteria
and other living forms share many biochemical processes in common. When the
human genome was completed, one of the surprises was the discovery of some
100 or so DNA sequences that look like bacterial genes. We share about 40% of
our genes with plants; and 98,5% with chimpanzee.

Genetics is a great simplifying discipline, but gemetic engineering does the
exact opposite. It adds a different level of confusion to that caused by new
disciplines such as agroforestry or seaweed farming. When you genetically
engineer & com plant using a bacterial gene and techniques in microbiology, is this
microbiology or agriculture? At least on this point, there seems to be a consensus.
It is agricultural biotechnology, perhaps because the use of corn is not altered. It
is still used for food or feed. Or perhaps it is because one gene from a bacterium
does not convert the com into a bacterium. But when you genetically enginecr a
com plant to produce a drug, is this biopharma or agricultural biotechnology?
When you genetically engineer a pig to produce organs that can be used for
people, is this health biotechnology or agricultural biotechnology?

These questions may sound trivial, but they raise serious challenges to the
way we see the biological world, orpanize, and transmit knowledge today. In the
same manner that genomic information has challenged classical taxonomy, genetic
engineering poses a challenge to raditiona! ways of orpanizing knowledge md
technology. This obviously is not a problein for industry, which does not recognize
boundaries; but it is 2 great problem for academe and govemment; especially for
academne, which must reflect new ways of organizing knowledge in its academic
programs and organizational structure,

Beyond all these confusions is the fact that traditional agricultural crops and
livestock are now expected not only to produce food, feed and fiber; but also
energy, fucls, chemicals and materials; even drugs. The need for new crops species
to supply sufficient quantities of these needs in a sustainable manner has led to
cultivation of traditional forest species. Principles and practices in modemn
agriculture are heing applied to industrial tree plantations and aquaculture..
Agriculture is expanding end so is agricultural biotecbnology. We do not know
where it will end. I have no doubt that many of you will disagree, but this is the
premise of my subsequent presentations.
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Masking Agricultural Biotechnology Vore Predictable and Safer

1. New tools for documenting the impact of genetic engineering at the
molecular level

As a new technology, geneﬁéally modified crops understandably create
anxiety and fear to the average person. This fear is encouraged by popular movies
such as geneticaily modified fish, snakes, and even ants that eat people. Indeed,
fear of the unknown is the element that is being exploited by those who would like
to discredit GMOs for whatever reason,

Research has developed new tools that serve to illuminate many of the
uncertainties and so-called wnintended consequences of genetic modification,
One of these tools is molecular profiling, which aliows comparison of gene
expression of GMOs with non-GMOs at the global {(entire genome) level, unlike
before when it was only possible to look at the action of one or a few genes at g
time. The products examined may be RNA, proteins or secondary metabolites, The
limitation of the old methad is that it is not possible to determine if the transgene
has influenced other genes. It is also not possible to determine in a direct way if
novel proteins (in addition to the transgene product) are somehow produced.
This limitation gave way to speculations that genctic modification could alter
genes that are not meant to be altered, or otherwise result in unspecified interactions
among genes leading to the production of new molecules that can be harmful to
the environment or human health,

Molecular profiling and microarray analysis have been done with
Arabidopsis, a model plant, wheat, and potato in recent literature. In the case of
Arahidopsis, the ATH1 GeneChip from Affymetrix was used to search for
transcriptome changes associated with the strong expression of transgenes. From
this work, no change in the transcription pattern of approximately 24000 penes
could be associated with the transgene expression. The authors concluded that
the transgenic and non-transgenic plants were equivalent in their globat patterns
of transcription. '

In the case of wheal, comparison was made between wheat that has been
transformed of 2 phytase gene, and the untransformed version of the same line. A
9K wheat cDNA microarray was hybridized to fluorescently iabeled cDNA from
devcloping seeds of the experimental materials. Results of this comparison were
validated using real time PCR. The conclusion was that the phytase gene had no
significant effects on the overall gene expression patterns, 2

[n the case of potato, a comparison was made in the pattem of proteins
among eight GM lines, the parent cultivar Desiree. and a line that had undergone
tissue culture only. Only nine out of 750 proteins showed statistically significant
differences among the GM lines and the controls. No new proteins unique to the
GM lines were observed and there was no cvidence for any major change in
protein patterns. In addition, the study showed that the differences among non-
GM cultivars were much greater than the differences among the GM lines, >
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Melecuiar profiling has its own limitation. First, it is not possible to cover all
the products of gene action. While present technology now allows a fairly
exhaustive coverage of DNA and RNA, a similar coverage of proteins and metabolites
is not yet practically possible. In the first place, the profiles of proteins and
metabolites, like that of cDNA and mRNA, can be altered by environmental and
developmental factors, Secondiy, the total number of chemical substances
produced by plants is simply so enormous (estimated to be 100,000-200,000), and
any single plants would have 5,000—10,000'. There is not one analytical method
today that can identify and quantify this diversity of substances. But the most
important limitation of molecular profiling is the difficulty in interpreting the
biological significance of differences in molecular profiles.

2.  New tools reduce the element of uncertainty and pereeption of risk in genetic
engineering

B Selectable markers

The most common mérker used in production of current commercial transgenic
crops is the antibiotic resistance gene. Although this method has been exhaustively
studied and believed to be relatively safe, there is a persistent fear of the antibiotic
gene being samehow transferred to human pathogenic bacteria.* The following
alternative selectable marker genes can be used in future constructs:

Antibiotic resistance gene of plant origin as an alternative to the npt/f gene
from E. coli which is popularly used. This concept was demonsirated using Atwhc
19, a gene obtained from A. thaliana, and used as a selectable marker in transgenic
tobecco.$

Many more nove! selectable marker genes that do not involve antibiotic
resistance were described by Bajaj and Mohanty 2005."

b. Promoicrs

Another commonly raised concern regarding the current set of commercial
transgenic crops is the use of 358 CaMY promoter, whicb was obtained from the
cauliflower mosaic virus. This type of promoter results in gene expression in
practically every tissue of the plant all the time. The leve! of gene expression is
determined partly by the promoter used in the construct, In the case 0f 358 CaMV
promoter, duplication of some sequences and addition of enbancer regions were
done 1o improve gene expression. Critics fear that this promoter may somehow be
integrated in cells of the human intestine if the transgenic crop is used for food,
end cause unintended effects.! However, the more important issue regarding
constitutive promoters, in general, is that their use is theoretically a waste of the
plant’s energy. The ideal promoter is one that will be active only when and where
itis needed, and will result in optimum level of gene expression.

Concemns about the “foreign™ nature of first generation promoters motivated
the use of constitutive promoters obtained from plants such as rice actin/ and
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maize wbiquitin promoters, which are widely used in monocot transformation.’In
dicots, a number of endogenous constitutive promoters have been reported but
they are not yet widely used. Lately, a new constitutive promoter from Medicago
frunctulata, designated M:HP, was claimed to direct higher levels of gene
expression than 358 CaMV,"®

A truly “clean™ tramsformation system could be visualized as one that uses
only DNA of plant origin, One approach is to use a plant-derived (P-} DNA fragment
to replace the universally employed Agrobacterium transfer (T-) DNA , coupled
with 2 method for negative selection against marker gene integration. This was
used to produce marker-free and backbone free potato, which was claimed to be
the first transgenic plants that only contain native DNA." To complement this
technique, the desired genes can be obtained from other species of plants of the
same or different genera instead of obtaining them from other Kingdoms. Examples
of these are Xa2| gene, which was transferred from a wild to cultivated species of
rice and ferritin gene, which was transferred from soybeans to rice.

¢. ioplanta transformation

Embryogenic and meristematic tissues are the usuat materials nsed in plant
transformation. They have the advantage of ease io handiing large number of
potential plants, ease in selection and they facilitate recovery of hundreds of
transformed plants. However, they have one serious probtem: they have to pass
through tissue culture stage, including dedifferentiation and embryogenesis. This
limits the scope of transformation because many species and varieties are
recalcitrant to tissue culture. Further, the tissue culture process often produces
mutations that may not onty affect the transferred DNA, but give other undesirable
plant cbaracteristics leading to the rejection of the lines derived from mutants, In
addition, significant epigenetic changes can also occur.'? The net result is that a
plant breeder needs to screen a large population of plants transformed with the
same construct to find one that has the desired combination of simple DN A insertion,
desired level and stability of gene expression and minimal mutation from tissue
culture,

To avoid the problems associated with tissue cuiture, work on in planta
transformation started with the model plant Arabidopsis in the late 1980s." Work
in the 1990s demonstrated the possibility of transforming seeds, seedlings and
flowers of this model piant and subsequently in other species of Brassica such as
pakchoi'* and radish.'* The technique was as simple as dipping, spraying, or pricking
the seeds, seedlings or flowers with the Agrobacterium inoculum, growing the
plant to maturity, and screening for ransformants in the next generation. However,
it was not until 2000 that the technique was successfully used in another non-
Brassica plant species, Medicago truncatula * Recently, in planta transformation
of the model monocot species rice!” was reported. All of these methods relied on
the use of Agrobacterium as a vector.
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d. Plastid transformation

DNA in plants is not solely found in the nucleus. It is also found in the
mitochondria and in the plastids {such as chloroplasts, amylopiasts, and
elaioplasts). Thus, the possibility of plastid trensformation has been recognized
and demonstrated in the case of algae in 1988", and subsequently in tobacco in
[m.n

Plastid genome ransformation provides a solution to mamy of the difficulties
associated with miclear genome transformation. Among these are the problems of
site-specificity, gene silencing because of high transgene copy nunbers, and low
expression levels or conversely, pleiotropic effects due to very high concentrations
of foreign proteins in the cytoplasm resulting from the expression of the nuclear
transgene (Dhaniell et al 2002). Plastid tansformation benefits from a high frequency
of homologous recombination, absence of gene silencing even at very high
transgene expression levels, ebility to introduce blocks of foreign genes in a single
operon, and maternal inheritance (plastid genes are not present in the pollen).*
The high levels of protein products that could be produced in the plastids, as well
as the high quality of these proteins make plastid transformation ideal for many
purposes, such as production of phermaceutical products. The possibility for
introduction of multiple genes in a single block simplifies the modification of
biochemical pathways. Indeed, the use of plastid transformation for enabling plants
to fix N and improving photosynthetic CO, fixation have been mentioned as
possibilities in early literature #

Nevertheless, the practical application of plastid transformation is fairly recent.
A 2000 review by Bogorad noted that tobacco was the only crop in which fertile
plants with plastid transgenes have been described. This is partly because many
crop plants could only be regenerated using non-green embryonic cells {containing
proplastids) rather than leaf cells {containing chloroplasts).” Problems such as
retentibn of transgenes in the presence of uniransformed plastids, and limitations
such as lack of information on genome sequences have slowed progress. Moreover,
there are problems associated with post-translational modification of chloroplast-
derivad proteins, thus this technology is limited to products that are active without
modifications (Joshi and Lopez 2005). Lastly, emong the methods used to transform
plant chloroplasts, only particle bombardment (with its known limitations) has
proven to be efficient.

Taken together, the new knowledpe and tools would tend to reduce the
element of uncertainty in the ransformation process as well as on the quality and
safety of the product. The in planta transformation systems could reduce the
background mutation effects that tissue cuiture-based transformation gystems
used before are associated with, making the transformation process less disruptive
to the plant genome. The discovery of plant genes, promoters, regulatory elements
and selectable markers provides future biotechnologists the option to use these
instead of “foreign” DNA. The availability of inducible and tissue specific promoters
will he an added assurance that the gene products will only be expressed when
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and where it ts needed, unlike in the first generation GMOs. Gene targeting
technology will reduce the uncertainty of the integration site of transgenes among
other benefits. Finally, technologies such as plastid transformation provides a
degree ol assurance that pollen trom transgenic crops will be free of transgenes,
Indeed, the toolbox for plant genetic engineering has greatly enlarged as a
consequence of persistent research.

3.  New phatforms for transgene expression
a.  From microorpanisms and animal cells to planis

Plant genetic engineering biotechnology is described today as having three
phases. The first phase refers to engincering of input traits; those that benefit the
farmer, such as insect resistance and herbicide tolerance. The second phase refers
to engineering of output traits: those that benefit the consumers, such as Golden
Rice and Vestive™ soybeans that contains a reduced level of linolenic acid. The
third phase refers to the production of high value products such as antibodies,
vaccines, therapeutic proteins, as well as industrial enzymes and secondary
metabolites. This phase is sometimes referred to in literature as molecular farming.
Products targeied for molecular farming were traditionally produced using either
microorganisms or animal cell culture However, the bacterial system, while having
the advantage of low cost, does not always produce the quality of protein that is
required. The bacterial protein synthesis machinery does not have the means to
perform post-translationa| modifications necessary for some protein products such
as foiding, glycosylation, phosphorylation, acylation and the like. On the other
hand, animal cell systems are expensive and may pose dangers to human health as
they could carry viruses and other pathogens.

Plants are able to perform the post-transiational modifications for many
proteins and unlike animal cell systems, are less expensive lo grow since they
utilize cheap inputs such as sunlight, soil and water. Data presented by Hood and
Woodard 2002 show that plants can produce recombinant protein at a raw material
cost of USS$0.10 per gram. In comparison, transgenic chickerveggs, goat's milk,
end microbial fermentation cost US$2.00, 1S$2.00, and US$1.00, respectively. If
the current standard for biomanufacturing, the Chinese Hamster Qvary (CHQ), is
used, the cost will be US$300 per gram. Ln addition, it costs more than US$250
million to put up 8 CHO-based biomanufzcturing facility™. The first plant species
used as a platform for recombinant protein production was tobacco since it was
easy to transform and regenerate from tissue culture, but tobacco has the
disadvantage of being associated with production of human toxins such as
alkaloids®. Later studies also showed that tobacco is an expensive crop to grow
and has a low protein yield*.

! Finanzen, January 31, 2006
! Fields of hioengincered dreams. New York Times. August 16, 2005
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Plants for molecular farming can be prown the traditional way in the field.
This technique has already given three commercial producis: avidin, o-
glucoronidase, and trypsin. Other techniques being explored are the use of hairy
root cubhures and cell cultures.

Halry root culture

Plent roots have traditionally been used for various purposes other than
food such as pharmaceuticals and cosmetics. Roots such as ginseng are highly
valued Extraction and purificaticn of the active principles in roots had been a
challenge to hiochemists, Usually the yields are Jow and the active molecules
could be altered by the extraction procedure. The cost of isolation and purification
of proteins, for example, can be a high as 90% of total production cost®. Thus, it
would be an advantage if the high value organic molecules can be secreted by the
roots in 2 hydroponic medium, extracted from the liquid medium (an easier procedure
than extraction from the root tissues) and subzequently purified. This process is
non-destructive to the roots and the roots can continue secretion as the product
is being harvested. It will resuit in a much higher yield of the product over time,

Plants have the natural ebility to secrete substances. Phenomena such as
guttation and root exodation are well known. Amang various plant organs, secretion
is especially well-developed in roots™. As much as 10% of photosyntheticelly
fixed carbon can be secreted by roots # Root exudates are known to have a natural
roie in plant protection and in symbiotic interactions with soil biota. Indeed there
is a bewildering diversity of primary and secondary metabolites that the roots
secroie to the rhizosphere. This capacity for biochemisiry offers interesting
possibilities for utilization if only roots can be made to grow fasier so that it can
produce enough quantities of secreted product to make a production system
viable. This is made possible through Agrobacterium rhirogenes-mediated
transformation, giving plants that produce an excess of “hairy roots”, which can
then be used intact or the roots cultured. A. rhizogenes acts in the same manner as
A. tumefaciens, the workhorse of plant biotechnology. However, instead of inducing
tumors, R. rhizogenes induces production of so-called “hairy roots”. Its plasmid is
therefore designated as Ri (root inducing), which contrasts with the Ti (tumor-
inducing) plasmid of A. tumefaciens.

Plant cell cullure

Regulatory approval of the world’s first plant-produced recombinant vaccine
was recently announced by DOW Agrosciences?. It is an injectihle vaccine against
Newcastle disease of chicken that is produced using tobacco cell cultures. This
news moved plant cell culture one step ahead of organ culture (such as hairy root
culture} and intact plants in the race for commercial production of recombinant
vaccines using plants as a platform. While hairy root culture js still in the realm of
proof of concept and scaling up problems, and intact plant culture in the field is
struggling with environmental controversies®, plant cell culture already has a
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product. Yet, it will not take very long before the next approvals come, because
more than 100 field trials for large-scale production of plant-derived recombinant
molecules are currently awaiting approval by regulatory agencies (Joshi and Lopez
2005).

However, the DOW product is not the first commercial product derived from
piant cell culture. Plant cell cultures have been used commervially to produce
secondary metabolites that ure procuced naturally by plants. Two are in the market
today: shikonin and paclitaxel (Texol}. Shikonin is an anticancer, wound-healing
and anti-inflammatory, which is extracted from Lithospermum erythrorhizon.”
Paclitaxel, one of the most active chemotherapeutic agents for the treatment of
petients with breast cancer, is extracted from Tioeus spp™. Research on plant cell
culture leading to these two products became a convenient foundation on whbich
application of recombinant DNA technology was built.

Plant cell cuftures have the folfowing advantages compared to whole plants;
shorter development cycle, lower variation in yield and quality, and ease in applying
good management practice (GMP).” It combines the ease and low cost of culture
of microorganisms with the ability of higher eukaryotes (such as animal cells} to
produce the quality of protein that is required in biomedical applications. Unlike
animat cell cultures, plant cells do not harbor human pathogens; they also do not
produce endotoxins. When the product is secreted into the culture medium, the
cost of extraction and purification is much lower than that of whole plants, wbere
downstream processing accounts for as much as 80-94% of total production
costs®. Thus, the focus of plant cell culture R and D has been on suspension
cultures which secrete the product into the medium, from which it is extracted.

b. From higher plants to other photosynthetic organisms

Successful utilization of higher plents for molecular farming has stimulated
interest in exploring the simpler plants and phowautotrophs such as the mosses
and algae as altemative platforms, These organjsms are believed to require simpler
{and cheaper) transformation and production systems and they can produce similar
or better quality recombinant products. [ndeed, Lhere is an increasing intensity of
research on these organisms over the last 10 years, particularly in developed
countries. A cursory survey of literature in the Web of Science database gave a
total of 1983 and 521 tities for the keyword algae and moss, respectively, for the
year 2005. In contrast, for the keyword rice, a crop of global importance, a total of
only 3793 titles came out.

The moss as a source of important genes and a platform for recombinant DNA.

The moss is hardly a plant in the traditional sense of the word, It does not
have a vascular system, it does not flower end produces no seed. But it is capable
of photosynthesis, hence it does not require an extemal carbon source. [t shares
many physiological and developmental traits with the higher plants. Indeed, when
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its transcriptome was compared with the model plant Arohidopsis, more than 66%
homology was found*.

Approximately 10,000 species of mosses are known to exist™, colonizing
diverse habitats including harsh environments such as the deserts and the polar
regions, where they are the most abundant plants. The Sphagrum peat moss can
absorb up to 25 times its weight of water and are valuable commercially as nursery
media and as a fuel when dry™*.

Mosses are useful to science as model systems for the study of biological
processes because of their simpie developmental partern and their similarity to
plants in many respects. Plant physiologists have focused on three species: Fungria
hygrometrica, Ceratodan purpureus and Physcomitrella patens. The best studied
among the mosses, P patens, is a potential source of important genes for
improvemnent of higher plants®, It is highly tolerant to salt, osmetic and dehydration
stresses. While 4. rhaliana suffers from severe impairment of physiological
functions at 160mM of NaCl, P parens can grow at salt concentrations up to
600mM?*, Plants that had lost 92% of their fresh weight during dehydration were
still able te recover upon rehydration.

As a platform for recombinant DNA expression, the moss combines the
advantages of microorganisms and higher plants. Like bacteria and yeasts, it
integrates foreign genes mainly hy homologous recombination’. It is unique among
plants in this capability, This creates the possibility of targeted integration of
foreign DNA which is very useful not only for the study of pene function but also
for genetic engineering. This advantage is further enhanced by the fact that the
gametophytic phase dominates its life cycle and it is self-fertile.

Tts haploid tissue can be propagated vegetatively*. Cultivation of the
juvenile protonemal stage in a bioreactor system makes it possible to easily recover
secreted metabolites and avoid regulatory burdles that are now facing transgenic
higher plants. Taken together, the moss bioreactor system can produce producis
of recombinant DNA cheaper than higher planis. Its main disadvantage compared
to microorganisms is its relatively slow growth rate.

Algae as a plaiform for recombinant DNA

Like plants, algae are capable of photosynthesis. In fact, algae are responsible
for about half of the total photosynthesis on earth'* Algae thrive in diverse aquatie
environments, such as the sea, freshwater, in hot springs and even in highly
polluted water. They are used as food, fertilizers, animal feed, biofuel, as an agent
for bioremediation, and a source of high value products such as pigments,
cosmetics and food supplernents. Algae are a highly diverse group of organisms —
some are related to bacteria, but others are closer to higher plants. They are relatively
unexplored. Approximately 36,000 known species represent only 17% of the total
number of species that actually exist*!, Of these, only very few are used in industrial
scale.
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There are two classes of algae; the macroalgae and microalgae. Between the
two, the latter is the favored object of genetic engineering research. The popular
species of microalgae include Chlorella, Spirulina and Dunaliella. Aggregately
at present, microalgae are economically less important than macroalgae which
include seaweeds. Microalgae are used as whole cells or for extraction of cellular
products such as B-carotene, phycobiliproteins, astaxanthin and polyunsaturated
fatty acids {(PUFA). B-carotene extracted from Dunaliella saling grown in saline
ponds represent more than 80% of the world's supply of natural -carotene.* The
main constraint to increased utilization of microalgae for industrial scale production
of cellular products is the high production cost. Therefore, there is great research
interest in overexpression of desired molecules from endogenous genes or
expression of beterologous genes.

As a platform for expression of recombinant proteins, microalgae bave the
advantage of shorter production time, lower production and scale up costs
compared to higher plants®. Species such as Dunalfella and Chiorella grow in
saline waters, thus their large scale culture does not compete with conventicnal
agriculture for tbe use of land and water, In the case of bioreactor systems, the
requirements ere simple since many algae are pholoautotrophs. It is possible to
develop culture systems that utilize secretory mechanisms through geaetic
engineering so that the recombinant proteins can be released directly into the
culture medium, where these can be extracted with relative ease.

Making Agricultural Biotechrology Work for the Philippines
Trauslating Policy into Programs

So far, agriculral biotechnology has enjoyed good support from various
sectors of Philippine society. These include a bighly supportive govemment,
industry and science community. Particularly encouraging is the recent report of a
survey*, which involved middle class youth (average age is 20 years), the fuiure
leaders of this country. The survey showed that 80% of the respondents were
interested to highly interested in science and technology, and 82% belioved that
biotechnology will improve their lives, Surprisingly, pest resistant crops were
among the products of biotechnology that obtained the highest approval ratings
(78%). These are the products, specifically Bt com, that had the most negative
publicity becanse these are the first producis to be released for local cultivation.
The Philippines can build on this reservoir of goodwill to develop a program that
will not only generate support for biotech products that are being exported to this
country, as current short term efforts tend to achieve, but also one that will make
biotechnology a creator of local jobs and wealth. A 2004 series of case studies on
health biotechnology** enumerates the ingredients needed to create suecessful
innovationys in biotechnology. We highlight some of the recommendations below.

Political will. This means more than passing a law or formulating a set of
guideiines supporting biotechnology; we already have these. It also means policy
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coherence; we cannot have the Department of Agriculture and the Department of
Science and Technology saying yes to biotechnology and the Department of
Environment, and various local government units saying no. We cannot have a
govermmment saying that biotechnology should move forward, and the same
government putting the brakes by imposing stricter regulations that are justified
more by politics than science. It also means giving priority to biotecb R and D in
the national budget as Vietnam has done. It also means responding to the brain
drain by creating incentives for scientists not to leave and for those who have left
to return as China hes done. One such incentive is salary and the prestige that
goes with it. Samething has to be done about the current situation where knowledge-
oriented professions are in the bottom quarter of the salary ladder.

Individnal leadership. Historically, leadership is a key element in every ficld
of human endeavor, The leader provides the vision, the direction, and inspiration.
This is true for Singapore, whose Deputy Prime Minister Dr. Go Keng Swee dreamed
of establishing an institution that is equivalent to the Weizmann Institute of Israel,
a state-funded center for scientific excellence. Professors in Malaysia take pride in
recilling that one of the first acts that the former Prime Minister Mahathir did when
he was new in the office was to elevate the privileges of Professors to the level of
Ministers.

Close linkages. This may seem odd for the field of science and technology.
People on the streets associate great discoveries with the heroic efforts or genius
of one man such as Darwin, Newton, Galileo and Einstein. But these are exceptions
rather then the rule. In recent years, great discoveries are products of coordinated
work among tens if not hundreds of geniuses. In the field of pbysics, one is
reminded of the Manhattan project in the 1940s that led to the production of the
waorld’s first atomic bomb, In the field of biotogy, one is reminded of the Human
Genome Project, which involved five major and fifteen smaller centers in five
countries representing three continents*. The birth of the science of molecular
biology is a product of collaboration between an American (James Watson, a
biologist) and an Englishman (Francis Crick, 8 physicist).

Collaboration among scientists can be done at many levels. It may be as
simple as coilaboration between two individuals working in the same laboratory or
the same department. Or it may extend to collaboration among research institutes
crossing national borders. The value of collaboration is repeatedly iliustrated in
recent literature. [ndeed, the 2001 UNDP report on Technology and Development
emphasized the need for collaboration. Inspired by the double helix of DNA, the
UNDP report proposed a triple helix model of collaboration among acaderne, industry
and government.

To assist researchers in negotiating scientific collaborations, a set of
guidelines was proposed by Smalheiser et al 200547, Covered by the guidelines are
seven major concerns: 1) sharing of reagents and data, 2) design of experiments, 3)
division of labor, 4) publication of results, 5) co-authorship order, 6) access to
unpublished data and 7) inteltectual property issues.
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Enterprise creation. Collaboration between government and the academe in
the field of biotechnology is fairly well established in the Philippines. This is partly
because of 8 very strong presence of former university professors in various
government departments, either in advisory capacity or a5 part of the bureaucracy.
But this kind of collaboration is not enough to bring the products of researchb to
the consumers. At best, this kind of collaboration will produce *proofs of concept’
that can be published in prestigious journals or eam best paper awards in scientific
conferences, Indeed, out of thousands of public sector research projects on plant
biotecbnology worldwide, there are only two snccessful transgenic crops that
were developed through public sector efforts®. What seems to be the missing
ingredient? The study by Thorsteinsdottir (2004) sums it up: “private firms were
essential for integrating various sources of knowledge in health biotechnology
and turning them into products and services”.

Delmer 2005 describes the predicament of the public sector: * There are
plenty of public-sector scientists wbo can create transgenic plants in their
laboratories. What has been sadly lacking in the public sector is an understanding
of how to make strategic assessments of which projects can have the highest
impact; how to choose the best varietics for transformation and to design the best
constructs to ensure the freedom to operate and gain regulatory approval; the
recognition of the need to generate very large numbers of wansformants to ensure
high levels of expression and the stability of the inserts and to determine the
optimal promoter; and a clear plian for the stewardship, uptake, and dissemination
of new varieties.”

The failure by government and academe to bring products of research to the
consumer is not for lack of irying. Recent history in the Philippines is full of heroic
efforts by the scademe and government working independently or together to
bring products of public sector research to the farmers’ field. This includes such
products as improved varieties of crops, biofertilizers, and biopesticides. The
government spent a lot of money training government technicians and putting up
seed farms and production laboratories such as insect rearing houses and tissue
culture facilities. Many of these did not last very long. When subsidy ran out so
did the projecis. In many cascs, the products were simply not marketable to begin
with,

How can the government and acaderne work with private industry to bring
products of biotechnology to the consumers? In developed countries, this is
simpler, because private industry exists, In the developing world, it is much more
compiex, because in many cases, private indusiry dedicated to biotechnology
does not even exist.

There are many models of government- or academe-initiated enterprise
creation. Thorsteinsdottir (2004) described some of these. South Korea allows
university professors to set up private firms or spin-off companies, China, converted
some existing research institutions into companies that manufacture medicine.
Favorable policies are essential for private sector participation.
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But favorable policy apparently is not sufficient®, Private funding is an
elusive factor for success. Without money from investors who have faith and
experience in the biotech business, it is impossible to support the biotech industry
considering the cost not only of R and D but &lso of complying with regulations,
use of intellectuai property and neutralizing negative publicity. In India, venture
capital is emerging from various sources, including state povernments, insurance
companies and banking institutions. These, in tumn, help encourage foreign
investors, In the Philippines, there is really no shortage of capital but what is
lacking is the faith in the business prospects of biotechnology; this, at the present
time, needs to be imported, in the same manner that we bad to import faith in the
business prospects of a seed industry in the 1930s.

Inteliectual property. The indusirial revolution, the predecessor of the current
biomndustry revolution, started in Europe in the beginning of the modemn erz because
it was in Europe where inteliectual property was first recognized and protected by
law through patents and other forms of lega! protection, Innovation was promoted
by this policy. Deveioping countries in Asia that were able to develop domestic
industries initially favored lenient patent legislation that allowed them to “reverse
engineer” existing technologies, Otherwisc, they waited for patents to expire and
then they manufactured generic products. This is best illustrated in recent years
by generic drugs and agricultural chemicals. But today, these approaches are no
longer tenable because of the strengthening global intellectual property regime
and the diversity of means for enforcement. In addition, the rapid tumover of
technology creates a highly competitive field, where technology serves as the
competitive edge. By the time patents expire, the technology would be obsolete.
This was true in the computer industry; this is clearly true also for bioindustry.
The recognition of this trend has convinced many poor countries to invest heavily
on R and D on biotechnology.

The heavy public sector investment in biotechnology now serves as &
powerful motivation for developing country governments to strengthen their
intellectua) property regimes. After all, they need to protect their own technologies
from piracy. But even without a sizeable government investmient in R and D, the
need for an effective intellectual property regime is dictated by the need for private
investment.

The real challenge is not how to creatively avoid 1P regimes but how to
creatively operate within the IP environment. Facing this chailenge has been the
experiise of private industry thet has o deal with [P issues almost on a day to day
basis, Unfortunately, to most public R and D institutions IP is an unfamiliar ground.

There are basically two levels of IP concem for the public R and D institutions;
how to access privately developed technology for R 2nd D use, and how to bring
publicly developed technologies to the consumers via the private sector. There
are no clear answers to questions associated with both concerns. However, there
are models already in operation”. On one hand, access to private sector technologies
is being facilitated by such organization as the African Agriculturaj Technology
Foundation, which was established to negotiate access to private sector
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technologies and assist with stewardship issues. A local example is the recent
signing of a license agreement among the Maharasthra Hybrid Seed Company
(MAHYCO), a technology donor, the Sathguru Management Consultants Private
Limited, as technology facilitator, and the University of the Philippines in Los
Banos (UPLB), as technology user. Under this agreement, UPLB will use Bt eggplant
parental lines of MAHY CO in a backcross program with slite Philippine eggplant
varieties. On the other hand, access to public sector technologies are being
facilitated by new models of licensing such as that being developed by the Public
Intellectual Property Resource for Agriculture (PIPRA) and by the Biological
Innovation for an Open Society (BIOS). Under the open-source licensing promated
by this program, users of technology have frec access to technology on condition
that improvements that result from this use are placed in the public domain.

Improving literacy in biotechnology

The generally low level of public understanding of the science behind genstic
engineering possibly contributes to negative perception and rejection of its
products, In a 2002 street interviews in Metro Manila, Jekarta, Beijing, Shanghai
and Guangzhou, respondents were asked if they had eaten DNA. Only two of five
people gave the correct answer®, Only one in three correctly recognized as false
the statement “Ordinary soybeans do not contain genes while genetically modified
ones do.”

Indicators of local public support for science in general are not very positive.
The Department of Science and Technology, the national government’s arm for R
and D and promotion of science has one of the lowest budgets among the major
units of the government. College enrollment in natural science programs in 2000-
2001 was only 0.89% of the total college population®®. Salaries of scientists and
researcherz are in bottom quarter of the list of occupations.”

A public that has a low regard for scieace and does not value innovation is
an easy prey for critics of biotechnology who portray the product as a hazardous
piece of junk being shoved into their throat by profit hungry businessmen. [n the
final analysis, this is the root of the controversies regarding biotechnology in this
country, If one combines negative public attitude with excessive regulation, the
result is & very bleak future for biotechnology. Biotechnotogy will be selling an
expensive product that nobody wants,

The effects of low public appreciation for science and technology include
gusceptibility to negative propagands, consumer rejection and excessively
restrictive regulations not anly of scientific research, but also of technological
applications. This cause-and-effect relationship could make a vicious cycle that
result in further reduction of scientific literacy and even more restrictive regulations.
‘To break this cycie, the logical approach is to improve scientific literacy.

1 Biotechnology Education Websites. 2002, The Agriculiural Education Magazine, March
April 2002, p2E.
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Among many fields of science, those associated with biotechnology are
most susceptible to misunderstanding today partly because of the negative
publicity that has been sustained globally and locally for atmost 10 years now. The
interested sector of the public has been polarized into those who strongly oppose
and those who strongly support biotechnology. Lack of scientific understanding
compromises the quality of debates, and argumentation invariably leads to political
and ideological domains, which are even more complicated than science itself,
Issues become muddled and the outcome could range from extremes to the “safer”
no-decision type of decision as postponement (moratorium) or let-the-public decide
type of decision as labeling. Yet, these “safe” decisions are not "safe” at all. Even
labeling, which sounds so neutral, can cause confusion contrary to what it purports
to do, as well as increase the cost of biotech producis relative to conventional
counterparts®, If biotechnology is truly beneficial, as advocates contend, then
even the “safe” decisions could deprive the public by default of an important
solution to their problems. Thus, any decision about biotechnology cerries a risk,
which is best assessed on the background of knowledge.

On another vein, literacy on biotechnology is essential today as its impact is
so imtimate. it is in the food we eat, in hurnan health and integrity of the environment.
No technology is more idtimately connected to our day-to-day existence.

There are existing global and local programs for public education on
biotechnology. These range from industry-supported, which are strongly pro-
biotechnology; to those that are supported by known anti-biotech advocates
such as Friends of the Earth and Greenpeace. Branches of the Philippine
govermment, such as the Department of Agriculture and the Department of Science
and Technology, had been engaged in public information activities which involve
multi-media as well as face-to-face seminars since the introduction of the first GM
crop (Bt corn) in the Philippines in 2002, The main limitation of these public
information activities is that they lack the depth of treatment that is needed for
understanding of biotechnology. Typically, the message ia 80 simplified that it
crestes misunderstanding. For exampie, powerful images sucb as Frankenstein-
type muonsters are being fed to the public imagination by anti-biotech campaigners.
Advocates, on the other hand, are tempted to present exaggernted estimates of
benefits, extrapolating limited research data, to generate sympathy. Another sericus
limitation of the current public information approach is that they have very limited
reach. ln many seminars, for example, it is usual to see the same faces —those who
have already made up their mind to oppose or support biotechnology. They attend
the seminar not to leam but to push their preconceived ideas; otherwise, 1o show
their support for the organizers of the seminar or amuse themselves with the
theatrics of seminar speakers. But the most serious limitation is that current
campaigns are fund-driven, and therefore, short-term in nature. At its best, the
motives of campaigners are suspect, as they could be perceived as mercenaries
working for interest groups. Indeed, in some public debates, opposing camps so
successfully picture their opponents as paid lackeys that they end up both
discredited in a contest where everyone loses, including the audience.
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There is a need for & more sustained, in-depth, far-reaching, and credible
pubtic education. This is the key to responsible decisions about biotechnology.
The logical venue for this type of education is the classroom~— formal education.
Unfortunately, classroom coverage of biotechnology i3 very limited at present.
Interest in classroom coverage of biotechnology can be traced to the first
Biotechnology Education Council meeting in the University of lowa in the USA
1994, which was convened to help teachers integrate biotechnology in various
school curricula®. During that meeting, three major hurdles were recognized: 1)
educators lacked the content and technical knowledge to feel comfortable about
integrating biotechnology in their curricula; 2) there was a serious shortage of
money for supplies, equipment and release time for educators to obtain training;
and 3) there was little time during the day and in classrooms to prepare and present
biotechnology. Since then, the hurdles have been progressively eliminated. Today,
there are many internet sites* offering free course resources such as course
outlines, laboretory manuals, movie clips, graphics and even powerpoint
presentations. The initial problem of lack of textbooks in biotechnology has been
addressed with publications by such authors as Watson*, Micklos®, and Glick™
in North America and S{ater” in the United Kingdom. A series of methods oriented
books was also published by the Humana Press®, CRC Press® and Oxford
University Press® among others. E-mail groups of instructors share ideas as well
as laboratory techniques. For Science and Society type of courses, books written
by scientists include Mendel in the Kitchen by Fedoroff and Brown®,
Biotechnology and Safety Assessment by Thomas and Fuchs* and Genetically
Modified Planet by Stewart®. A number of books written in popular style was
written by journalists. Among them is the Biotech Century written by Rifkins®,
which has served as the inspiration of the anti-biotech movement. The Genomics
Age written by Smith*’, More than Human by Naam® and Genome by Ridley®* are
well received by readers.

In the Philippines, a systematic effort to encourage intepration of
biotechnology in the undergraduate curricula of state universities nationwide was
initiated by the author in 2005. Activities include workshops on biotech course
proposal preparation, as well as sharing of teaching resources and experience.
Filipino teachers are faced with similar constraints that educators in the USA faced
in the early 1990s. But unlike American teachers who heve to develop materials
from scratch, Filipinos have the advantage of access to many of the resources
developed by their American counterpart, What is lacking today is active support
from unjversity administrations to develop biotech oriented courses and provide
funding for training of teachers, development of libraries and laboratories. it is niot
as simple as adding one or two courses, because biotechnology covers a broad
range of human thought. Its science is rooted in biochemistry, computer science,
microbiology among others. Its politics and business is rooted in philosophy,
ethics, economics, and religion among others. Full integration of biotechnology in
the school curricula may mean =o less than an overhaul of the curriculum, a task
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Detniled field experiments on seversl GM crops, in a range of environments
have demonstrated that they are very unlikely to invade our countryside
or become problematic plants, nor are they likely to be toxic to wildlife or
to perturb soil structure in such a way that the functioning of soil
communities is substantially affected.

Field studies indicate that there is very little gene flow from transgenic
crops to wild relatives.

The few studies that have been carried out 30 far have been unable to
detect evidence for horizontal gene flow between GM plants and either
bacteria in the soil or viruses.

To date, in countries that have the experience of growing GM crops, there
have been no reports of their causing any significant environmental
demage,

2 A study conducted by the World Health Organization, the results of which
were released in 2005™ , The report concluded that GM foods currently
available in the international market have undergone risk assessments and are
not likely to present risks for human health in any other form than their
conventional counterpart,

3. A study on the adequacy of USA regulation of GM crops, conducted by the
National Academy of Sciences™. The highlights follow:

B

It is generally assumed that the risk associated with the introduction of
genetic novelty is related to the number of genetic changes and ihe
origin of the novel genes. The committee found no general support for
this assumption. A priori there is no strict dichotomy between the
possibility of environmenta{ hazard associated with releases of cultivated
plants with novel traits and introduction of nonindigenous plant species.
However, the highly domesticated characteristics of many cultivated
plants decrease the potential of certain hazards.

Both transgenic and conventional approaches for adding genetic variation
to crops can cause changes in the plant genome that result in unintended
effects on crop traits. A comparison of unintended effects caused by
various breeding methods is presented in NAS (2004).™

The committee finds that the transgenic process presents no new
categories of risk compared to conventional methods of crop improvement
but that specific traits introduced by both approaches can pose unigue
risks.

4. A study on the global socio~economic impact of GM crops, published in
20057, Highlights of the results follow:

a,

There has been about 8 14% net reduction in the environmental footprint
on the cropping area devoted to GM crops since 1996. The total volume
of active ingredients applied to crops has also fallen by 6%.
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b. Reduced fue] use from less frequent herbicide or insecticide applications
and a reduction in the energy use in soil cultivation. In 2004, about 1,082
million kg reduction of carbon dioxide emissions arising from reduced
fuel use of 400 million ljters.

¢ InNorth and South America, 2,568 million kg of soil carbon sequestered
in 2004.

d. The combined GM crop-related carbon dioxide emission savings from
reduced fuel use and edditional carbon sequestration in 2004 were
equivalent 1o the remova! from the roads of nearly 4.7 million cars.

5  Areport of the National Academy of Sciences (USA} on the safety of genetically
modified foods, published in 2004™. Highlight: The policy to assess products
based exclusively on their method of breeding is scientifically unjustified.

In addition to challenging the fundamental assumption of the Carlagena
protocol, the above studies clearly show that the current distinction in the
Philippines hetween GM and non-GM as far a5 regulation has a shaky scientific
basis. On the basis of our long cxperience with plant breeding, experience with
biotechnology crops, new knowledge from genomics, and new knowiledge about
the consequences of transgenesis at the genomic level as presented in this paper,
we can support a proposal made last year by a group of authors from different
universities in the USA™, The principle behind this proposal is stated as: “if &
gene ar trait is safe, the genetic engineering process itself presents little potentizl
for unexpected consequences that would not be identified or eliminated in the
variety development process befora commercialization”. We have a long history
of the safe use of novel varieties using an array of methods, many of which are
more disruptive of genomes than genetic engineering. The safe use had been
based on an approval process that is based on evaluation of the phenotypes or
traits rather than on the process that gave the phenotype.

We quote some of the saiient features of the proposal:

. Some genes presently assumed to be unsafe by the regulatory process should
be exempt:

'+ Agrobacterium DNA. This bacterium transfers DNA naturally to plant
genomes. Some plants, notably tobacco, have native genes that are
originally from Agrobacterium rhizogenes.

Plant vira! DNA, specifically those used as promoters or terminators, or
used to suppress other viral DNA, such as those used in PRSV resistant
papaya. These sequences, by themselves, do not pose any hazard. We
have been consuming viral sequences in the food we eat long before
genetic engineering.

Well-known markers that impart antibiotic resistance. During the
derepulation process of Flayr Savr tomato, the product of npt/f gene has
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been classified as general recognized as safe (GRAS). Other studies
supported this position.

Selected marker genes that impart reporter phenotypes, such as &-
glucuronidase reporter gene and the green fluorescent protein, There are
strong evidences supporting the safety of these genes from the point of
view of human health and environmental safety.

2 Create regulatory classes in proportion fo potential risk.

3.

Low risk — where the imparted traits are functionzlly equivalent o those
manipulated in conventional breeding and where no novel biochemical or
enzymatic functions are imparted, such es “domesticating genes”
(sterility, dwarfism, seed retention, modified lignin).

Moderate risk — plant-made pharmaceuticals and industriai proteins, plants
with nove! products that have very low human and environmental toxicity,
or that are grown in non-food crops and low nontarget ecological effects.
High risk -~ careful regulation of plants producing plant-made
phammaceuticals/industrial proteins is needed during field testing and
commercial production where transgene products have a documented
likelihood to cause significant harm to humans or environment.

Eliminate event-specific basis of transgenic regulation. The assumption of
this rule is that the uncertainties associated with transgenesis exceed those of
conventional breeding methods such as wide crosses and mutagenesis and
they create safety concerns that are not adequately addressed during
subsequent steps in variety development. This assumption is not supported
by our experience with mutagenesis, a more disruptive procedure than
transgenesis, which has produced more than 2000 commercial varieties.

Another assumption is that the location of a transgene can significantly
influence its function or that of endogenous genes. This is not supported by
new knowledge about genomes, which shows that genomes are highly
dynamic, Total DNA coatent, the number of genes, and gene order can vary
significantly among varieties of the same species. Significant differences in
colinearity occur among varieties while retaining phenotypic functions.
Transposable elements routinely move into and out of genes, where they can
alter gene expression or site of chromosome breakage or rearrangement. It is
futile to attemnpt to define a standard genome for a species or even a variety
against which to compare changes due to transgene insertion.

The use of eveni-specific regulation has adverse consequences, among
which is the use of the same event over and over in a backcross program,
rather than direct transformation of elite varieties. This reduces the response
time in making useful varieties for farmers and increases the cost of variety
creation. For erops that have long life cycles such Bs fruit trees, the
backcrossing approach is practically impossible.

Lestly, event-specific regulation unnecessarily increases the cost of
obtaining regulatory approval.
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Summary

The world is ripe for a third agricultural revolution, which is more challenging
than the first, the beginning of agriculture itsetf, and the second, the Green
Revolution, because of the limitations in natural resources that we face today.
Technology, specifically genetic engineering among others, will be needed fo
overcome these constraints. Agricultural biotechnology will be neaded to provide
a growing population not only with the traditional products of agriculture (food,
feed and fiber), but also energy, fuels, materials and drugs.

Current concerns about the predictability and safety of plant biotechnology
are being addressed by new technologies such as molecular profifing that allow a
more comprehensive analysis of the consequences of transgenesis. New
technologies such as selectable markers and promoters of plant origin, plastid
transformation, cell and organ cultures provide an assurance of safety, There is a
clear shift in interest from higher to Jower plants such as moases and algae, as
platforms for production ofhigh value industrial and biopharmaceutical products.

To make the third agricultural revolution happen in the Philippines, the paper
enunierated three requirements. The first is iranslating favorable policy into
programs. This will require political will, leadership, close linkages, enterprise
creation, and ahility to function even in the regime of intellectual property rights.
The second is improving literacy in biotechnology in order to break the vicious
cycle of low literacy, restrictive policies and consumer rejection. The author argued
for integration of biotechnology in formal education cerricula as a sustainable
approach to literacy enhancement, Lastly, the author proposed a rationelization of
biotech regulations, observing that the fundamental assumptions regarding safety
of GM crops that provided the basis for existing regulations are no longer tenable
considering the body of scientific knowledge generated during the first 10 years of
GM crop commercialization.
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Sequencing of the human genome was completed in 2001', a few years ahead
of schedule, one of the implicit aims of which was to identify disease markers.
However, to date, we still grapple with the elusive causes of many diseases and the
bunt for biomarkers is still on. This is rooted in the fundamental problem that the
genome is a mere blueprint for a vastly complex network of interactions orchestrated
principally by proteins. The protein complement of the genome is what we refer to
as the proteome and the variety of disciplines aiming to survey and understand
the proteome fall under the umbrella of proteomics. In this talk I wish to explore the
state of the field and the varicus applications of mass spectrometry in-this actively
growing area.

The complexity of studying the proteome arises from the fact that proteins
encoded by genes can undergo a number of processing events that are regulated
in space and time. Although a particular organism is endowed with a single genome,
there are several corresponding proteomes for each cell population at a certain
time and under specific environmental influences. At the molecular level, a single
gene encoding a protein yields a product that is then processed (e.g. glycosylation,
phosphorylation) amplifying the variants. Considering mature forms, degradation
products and processed forms, numbers could easily reach 10,000, Complex
biotogical fluids like plasma? not only contain resident proteins but may be invaded
by extraneous proteins through tissue leakage. This can represent all the products
of the genome, which can increase the 500 or so plasma proteins to about 500,000
products. Because the plasma reflects acquired immunity, the 10, 000, 000 or so
immunoglobulins present further increases the complexity we have to deal with.

Given the above numbers, it seems daunting and almost impossible to make
sense of the proteome. Fortunately, the methods used to address issues in
proteomics simplifies the existing variation into magnitudes more manageable
because the techniques offer the possibility for efficient profiling. There is no
immediate need to account for all minor differences allowing a survey of relevant
protein groups the levels of which change, for example as a reflection of a disease
state.
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The techniques involved in proteomics include those which can be used for
protein separation, identification and quantification. More advanced applications
allow for struchural analysis, mapping modifications, defining complex interactions
and even tracking protein regulation in the cellular context. One of the most common
strategies include, iD and 2D gel electrophoresis; various types of chromatogrephy
and mass spectrometry (MS). The lafter is powerful as a stand-alone technique in
proteomics research but maximal effectiveness is achieved when it is coupled to
the above-mentioned separation techniques.

Mass spectrometry (MS) as its name implies basically measures the
“weight” of molecules. It is amazing to realise how much information one can get
by merely weighing things. However, when one realises that MS offers resolution
enough to distinguish a mass difference of a single proton (1 Da) and in some
cases even as much as resolving a mass difference in the millidalton range then it
is not surprising why this technique is so powerful.

Most of the variations we try to track as indicators of abnormal physiology
can be related to a mass change. When two molecules interact or are ransformed,
there is a corresponding change in mass (except rearrangement reactions). When
peptides or proteins are modified chemically, there would also be a change in mass
sech as an increase attributed to the moiety added. Because MS allows directed
fragmentation, even isomers can be distinguished based on the differeat fragments
generated as a function of siructure hence products of different messes are obtained
giving insight into chemical structure.

Analytes or samples to be studied by MS can be solid, liquid or gas as
starting materials as long as charged analytes can be generated from them because
MS depends on gas-phase mass separation and detection of. ions (charged
molecules). Early methods of ionization were limited to analysis of small molecules.
With the introduction of fast atom bombardment (FABY it became possible to
ionize intact peptides. However, it was not until soft-~ionizalion methods namely
electrospray ionization (ESU)* and matrix-assisted laser desorption ionization
(MALDI)® were developed, that repid and facile applications to large biomolecules
was made routinely possible. These developments in MS were so important it lead
to its recognition with a Nobel Prize in Chemistry in 20027,

MALDI coupled to the time of flight (ToF) analyzer has been a workhorse
for the strategy called peptide mass fingerprinting (PMF)*. This is based on the
fact that proteins having unique sequences also often have distinct patterns of
cleavape sites for a given enzyme. The cleaved protein therefore yield peptides
that reflect this unique distribution (distinct sequence) allowing the matching of
the experimental digest with a theoretical digest stored in databases, thus, aiding
the identification of a protein. However, this is not a very high-resolution method
which often fails when you are looking at related proteins or isoforms. Therefore it
is still important to get actual sequence information which can be obtained through
de novo sequencing'®,

De novo sequencing can be achieved when powerful mass analyzers for
example the quadrupole time of flight (Q-ToF) is used (Figure 1). The Q-ToF is
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Figure 2. Most common fragments produced by MS/MS are those along the peptide
backbone as shown above. To be visible in the mass spectrometer, the frapments
must carry at least a single charge. Fragment ions are referred to as a,b,c or their
complement x,y,z jons according to convention. The mass differences between
fragments should correspond to & perticular aminoacid defined by its unique R
group or its modified form allowing for sequence information to be derived.
(Adaptad with permissicn from Matrix Science)
hitp://www,matrixscience.com/help/fragmentation_help.html

also set the stage for comparing relative binding strengths of complexes opening
avenues for screening of drug binding for example'**, One shouid bear in mind
however that in any MS analysis, the interactions being studied are gas-phase
interactions. Though ineractions existing in solution may still be reflected in the
gas phase, one should not assume that one is still looking at native solution
structures or interactions.

In recent times, the application of MS has moved into the realm of MS-
imaging"”. This principally uses MA LDI-ToF instrumentation wherein the laser is
used to raster over a whole tissue sample {usually mounted on conductive glass).
Each spectrum collected over time not only encodes the chemical entities present
but also the spatial distribution of those entities over the tissue sample. Through
a simple algorithm it becomes possible to display the distribution of specific
biomolecules e.g. peptides (at a particular m/z} of choice thus monitoring
fluctuations that may be correlated with disease or any abnormal physiology. This
is an excellent approach for obtaining global difference maps without previous
knowledge of what exact chemical species is of interest.

Mass spectrometry indeed is a powerful technique not limited to mere
mass measurements for small motecules but could be powerfully employed for the
identification, characterization and structural analysis of any biomaolecule
particularly proteins. By weighing molecules and their fragments we could weigh
the evidences for potential hiomarkers related to discase and understanding
molecular and cellular nerworks.
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Abstract

About twenty years ago, bioremediation, the arl and science of hamessing
the natural metabolic processes of everything from simple microorganisms to plants,
to destroy or sequester contaminants, became a real option. The polentia} to
engineer these processes created a new alternative to capital and management
intecnsive mechanically-driven protocols and a thriving industry arose to serve
this new strategic approach. We are now experiencing a maturation of this “era of
bicremediation”, which is further being accessorized with in-situ thermal and
chemical oxidation processes for more rapid initial site impacts. Taken all together
we are moving into an “era of in-situ treatment”, but regardless of how one
intervenes with thermal or chemical energy in a contaminated area, biological
processes ultimately are needed to finish the operation. Further, there have been
many exciting new developments in molecular biology that are now enhancing the
science of bioremediation, such that with a more refined understanding of key
biological players and processes we can better design and manage bioremediation
engineering.

The Republic of the Philippines is like any other with a modemn economy- it
has severe environnentaf problems that have reached crisis proportions. However,
as an island nation with timited territory, these problems have a special insidious
feature; there is no place to run. Fortunately, with the help of powerful natural
processes like bioremediation that work around the clock without supervision we
have the tools to heal the environment cost-effectively. Consequently, the National
Academy of Science and Technology formed a Bioremediation Research Team
(BRT), which, afier a series of meetings, decided to focus on unattended sources
of hazardous wastes, with a special emphasis on the problems of the mining industry.
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The issuance of Executive Order No. 270 — the National Policy Agenda on
Revitalizing Mining in the Philippines, (January 16, 2004), and the favorable Supreme
Court decision on the Philippine Mining Act 7942 of 1995, have led to the
revitalization of the local minerals industry, which had become nearly dormant
prior to the decision. Such decisions elicited hope in both public and private
sectors thet a revitalized mining industry could boost the economy; however,
there are iwo main issues attached to the mining industry: abandoned mimes and
the managemem of mine wastes, How can bioremediation help? Wel), from the top
down, we have phytoremediation which harnesses the healing aspects of plants
for the more surficial aspects of these abandoned mines while subsurface
engineered biological barriers, which rely on microorganism activity, address
contaminated aquifers.

The BRT proposes to conduct a project on Field Test Applications of
Phytoremediation and Microbial Technologies for the Rehabilitation of
Contaminated Mine Sites. This project will utilize established heavy metal resistant
plants. Jatropha curcas, commonly known as “tubang hakod”, is a prime candidate
as it thrives in marginalized land and the nuts can be used as source of biodiesel,

Other projects on “The Use of Local Bioremediation-based Technologies for
the Management of Wastes from the Miming Industry” are also being proposed.
The BRT, compased of microbiologists, chemists, botanists, foresters, and plant
biologists, believes that bioremediation projects are worlh pursuing should funds
become available.

Keywords: bioremediation, waste management, mining, BRT, Philippine Mining
Act 7942

At the wrn of the millepnium, there was a human interest feature in the
presence of centagenarians who were now traversing three centuries of existence.
A parallel is drawn to environmental professionals who if present in the 1990s
would have traversed three decade-long eras in groundwater remediation. In the
19905, we were at the twilight of the first “era of mechanical intervention™ and this
transitioned to the “‘era of bioremediation”. Now we are experiencing the advent of
a third era that emphasizes a long overdue hybrid of advanced diagnostic tools
that help in the desigo and management of in-situ remediation processes that
employ physical and biological oxidative or reductive processes in “treatment
trains”. Further we are also starting to hamness the power of plants as well as
microbes as agents of remediation,

In the “era of mechanical intervention”, engineers practiced the art and science
of digging and hauling or pumping and treating essentially to the exclesion of all
else. Environmental engineering wes a design, capital and operationally intensive
affair. It was in the moment a logical starting point, and while these methods are
well preserved and certainly have their place in the pantheon of treatment options,
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by force of necessity practitioners began te develop more refined in situ approaches,
The power of natural biological processes in remediation was recognized and the
potential to engineer them created a new pathway; an industry arose to form and
serve the new thinking. Arguably, we are now experiencing 2 maturation of this
“era of bioremediation”, and are further witnessing that it is being accessorized
with thermal and chemical oxidation processes for a kick start on palpable sources.
Perhaps reference should be made to an “era of in-situ treatment”, bt it is more
comforiable to use the first characterization featuring bioremediation, because
regardless of how one begins in situ treatment, biological processes ultimately are
the closing act.

Bioremediation is a technology that uses organisms (i.e., microbes and plants)
1o reduce, eliminate, contain or transform to benign products contaminants present
in s0il, sediments, water and air. Bijoremediation is an excellent technological
solution to environmental problems and associated impacts to human heelth and
the ecology in general. The nature of the contaminant determines the bioremediai
process and it is good to know that there is no compound, whether anthropogenic
or natural, that microorganisma cannot degrade. Aerobic bioremediation wbich
requires oxygen is applicable to petroleurn hydrocarbons and other aerobically
degradatile compounds. On the other hand, anaerobic bioremediation can be used
for chlorinated solvents and other anaerobically degradable compounds and both
processes can be employed for the transformation and precipitation of metals

A concrete example of a bioremediation technology for field application is
the use of various solutions of fermentable carbon (organic acids, sugers, efc.)
which can be easily injected into the aquifer using direct-push technologies. in
one specific example, a time-release lactic acid product was used in treating a (4-
acre manufacturing site in Southern California contaminated with chlorinated
solvents dominated by perchloroethylene (PCE). An existing pump and treat
system was ineffective and caused problematic migration of PCE and so the lactic
acid polymer was applied by injection. Ahaerobic conditions which support
organisms that metabolize chlorinated solvents were created and a substantial
decrease in PCE from greater than 20,000 mg/L to 261 mg/L was achieved. The rest
was left to natural attenuation and the pump and treat system was shutdown for a
cost savings of over $1M.

There are other methods of bioremediation that are “ex-situ” in nature. This
modality involves the use of “biopiles” or “land farming”, the latter used in
conjunction with the use of plants, i.e., phytoremediation. Biopiles involve the
biological treatment of above ground mounds of excavated soils by addition of
moisture, nutrients, air, or organisms. Land farming is a process of biologically
treating uncontained surface soil, usually by aeration of the soil (tilling) and addition
of fertilizer or organisms, hence the term farming. Phytoremediation involves the
use of selected plants to metabolize and destroy contaminanss either in an
undisturbed system or as a polishing step to land farming.

[n the Philippines, a Bioremediation Research Team (BRT) has been
established under the auspices ol the National Academy of Science and Technology.
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The issuance of Executive Order No. 270 ~ the National Policv Agenda on
Revitalizing Mining in the Philippines last 16 January 2004 and the favorable
Supreme Cowrt decision on the Philippine Mining Act 7942 of 1995 have led to the
revitalization of the local minerals industry, which was nearly dormant prior to the
decision. Such decisions elicited hope in both public and private sectors that a
revilalized mining industry could boost our economy. There arc two main issues
attached to the mining industry: abandoned mines and the management of mine
wastes. Although some sectors of the mining industry claim they do not pollute
the environment, still environmental and heaith issues persist, The BRT contends
that a balance between industrielization and preservation of the environment is
possible and advocates bioremediation as the appropriate approach to meet the
challenge posed by these pollutants.

To help resolve these impending problems, a project on Field Tests of
Phytoremediation and Microbial Technologies for the Rehabilitation of
Contaminated Mine Sites is being proposed. An inventory of heavy metal resisiant
plants that can be used for phytoremediation and of technologies to ensure higher
survival rate of seedlings (microbial inoculation) is currently available. Species
that can be planted in abandoncd mines have been identified and research on how
to increase the survival rates of plants for phytoremediation, such as the use of
microbes to promote rapid plant growth, consequently increasing the survival rate
of planis even under stressed conditions are being undenaken. Jatropha curcas,
locally known as “tubang bakod”, is a prime candidate as it thrives in marginal land
and its nuts can be used as source of biodiesel. Research programs for Jatrophe
production and utilization as alternative energy source are being undertaken.. The
potential of the Jatropha plant as a phytoremediation species is enhanced with
microbial inoculation.

A microbial-based bioremediation technology is being developed for heavy
metal contaminated waste water by Drs. Fidel Rey Nayve Jr. and Catalino Alfafara
using bacterial cell component (eps)malunggay (Aforinga oleifera) seed complex.
This involves growing the bacterium, Rhizobium, in an indigenous medium like
coconut water. The bacterium grows and produces the extrapolysaccharide
compound, EPS, which will then be extracted and introduced into the effluent. EPS
will bind the metals and the complex will remain suspended in the effluent. With
the addition of malunggay seeds extract, a complex is formed between the extract
and the heavy metal-EPS which will flocculate and can be collected. The effluent
will become a clear liguid devoid of heavy metal contaminants, which can then be
released inio a body of water, Other microbial based techniologies are also being
proposed.

Bioremediation, as a field, is relatively new in the Philippines. With the
continuing degradation of the environsment on account of pollution, it is imperative
that bioremediation, as a cost-effective mitigating measure, be seriously considered.
Established technologies have to be tried 1o ascertain their applicability to local
conditions. We hope that such kind of research, aimed at managing pollution in
otlr country, can receive the necessary support.
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Introduction

The purpose of this paper is to contribute to the curremt discussions on how
to enhance the prospects for Philippine engineers to provide prefessional
engineering services in the global marketplace. The enterprise of producing goods
from research and development, product design, manufacturing, sales, maintenance,
to disposal, has been a global operation for decades, This has been the case in
recent years for information technology systems and software systems. The United
States and other countries are starting to outsource engineering services that are
tightly specified, These arc usually close to manufacturing and minimally involve
professional enginecring. Aithough this type of service could provide a new market
for Philippine engineering services, the sector of professional engineering that
requires a high level of creativity could provide greater economic return for the
Phifippines. This latter category of professional engineering will require quality
assurance commensnrate with the capabilities expected of creetive professional
enginecrs. This paper focuses on the quality assurance process for engineering
education designed to achieve levels of competencies of cngineering professionals
for the international marketplace.

Quality assurance of competencies of engineers to practice globally demands
quality assurance in engineering education that could be regarded as equivalent
to those established in countries such as the United States, United Kingdom,
Ausiralia, and Japan, Although each country has its own system of accrediting
enginecring programs at degree granting institutions of higher leamning, there is a
need 10 refate the various systems for comiparison purposes. There are countries
that have mutual recognition agreements (MRA) for substantial equivalency of
their engineering education accreditation systems and engineering programs that
each accredits, These MRAs are de facto standards. The Philippines is not a
signatory to any MRA, placing it at a substantial disadvantage.
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Desired Goals

A key to the competitiveness of Philippine engineers in the global marketplace
is the positianing of Philippine engineering education to be comparsble in substance
and in quality assurance to those in countries that havs reached mutual recognition
agreemants among themselves with respect to the substantial equivalence of their
sccreditation processes. Global acceptance of the comperability of Philippine
engineering ecucation and its system of quality assurance could he deemed as
accomplished when a Philippine orgenization representing engineering
accreditation becomes a signatory to a mutual recognition agreement. Thus a
second goal is to seek such a mutual recognition agreement with respect to
engineering education accreditation processes,

Courses of Action: Near-term Strategy

There are three groups of MRAS for engineering which we will be described
later. [n all cases, each signatory represents the single accreditation body for the
whole country. Furthermore, the accreditation body is usually an umbrefla
organization of professional engineering societies. This is not the case for the
Philippines at this time. We need to realign our processes if we seek to join one of
them,

Restrecturing Accreditation of Engineering Programs in the Philippines

Currently, there are several engineering accreditation systems in the
Phikippines; each system is administered through an pssociation of universities,
The evaluators are all from academe in the same association. Aside from a Jack of
uniform standards for the entire country, there are no representations, direct or
indirect, from groups such as employers and professionsal societies. There is a
aeed to broaden the set of stakeholders to include employers of engineers and
professional engineering eocieties. The following courses of action are suggested:

(a) Unify the several separate accreditation systems in the Philippines under a
single organization with a single set of accreditation criteria, Develop 2 unified
accreditation process. The single argenization could be the Philippine Technological
Council (PTC). PTC could convene a meeting of representstives of varicus
engineering education accreditation bodies and propose to have a single body for
accreditation for all engineering schools in the Philippines. This has been suggested
by the Fpundation for Engineering Educsation Development (FEED). Define the
new stakeholders. This needs to be widely discussed by all stake holders,

(b) Review the accreditation processes of other countries. It will be noted that a
common feature is the use of principles of continuous quality improvement,
including the primary importance of engineering educational objectives, the need
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to relate all processes to the objectives, the need to have performance metrics, and
the focus on outcomes. This might be a major shift in philozophy compared to the
existing accreditation systems. The formulation of new criteria is a critical step and
it needs to be widely discussed and accepted.

(c) Decide what body will conduct the accreditation. For example, FEED could be
the accreditation organization for PTC, as FEED suggested. All stakeholders should
have an influence on how the processes would be structured. This needs wide
discussion,

{d) All existing accredited programs should continue to be eccredited under the
new system for the same period as indicated in the previcus zccreditation.

(e) Provide a transition process.
Application to the Washington Accord for Provisiona) Status

Caoncurrent with the near-term sirategy, some attention should be devoted to
preparing to apply for provisional status to the Washington Accord {1]. Of the
three MRA groups, the Washington Accord is the only one appropriate for the
Philippines. The Bologna Declaration is for European countries only. The Western
Hemisphere partnership is for North America and South America only. The Sydney
Accord is for engineering technology programs only, and the Dublin Accord is for
engineering technician programs only. The following are suggested action items:

(a) Develop a time table for implementing the new accreditation process.

(b) Complete at least one cycle of program evaluation under the new system
before submitting an application to the Washington Accord.

(c) Establish an arrangement with the Washington Accord group to assist in the
preparation for application,

(d) Apply for provisional status. FEED suggests that PTC be the proposed signatory.

Massive Training Program for Accreditation Evaluators

Even without a restructuring of engineering accreditation, it ia important to
introduce new evaluators to the system. New evaluators provide a fresh perspective,
but it is extremely important for the evaluators to understand the goals of
accreditation, details of various criteria, avoiding inconsistencies in the evaluation,
and rules of behavior for evaluators, Secondly, in the new systems there will be
evaluators from industry who will need to understand the application of the criteria
s they relate to the missions of the universities. Evaluation teams will include
representatives from academin and representatives from industry. Listed below are
suggested action items:
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(a) Start with a small core of experienced evaluators who will plan and develop
workshops in the Philippines,

(b} Develop a time table for training a cadre of evaluators to include practicing
engineers from industry.

(c} Consider hiring consultants to assist in the program planning and execution.

Courses of Action: Long-term Strategy

The time scale involved in the near term strategies discussed previously
could be of the order of two o five years, particularly in terms of gaining full
signatory status in the Washington Accord. Since provisional status will take a
minimum of two years after application, this means an estimated time of three years
between now and approval of provisionary status, There is much to be done and
perhaps the burden is on FEED and PTC to convene a meeting as described
previously.

Even as plans are being developed for near term strategies, it is not too early
to think of long term strategies. It would take sustained effort to obtain some
consensus on what to plan for the long term. Furthermore, as ideas for long term
strategies are discussed, some implications for the near term could deveiop and
these might be the basis for some changes in near term strategies.

We need to develop a vision for the Philippines to be a leader in some areas
of engineering and not be content with catching up. This s possible with a judicious
choice of unexplored territory, potential economic impact, and matching with our
own unique talents, This might be coupled with developing some inteliectual

property.
Preparing for Engineers of 2020

About four years ago, the U.S. National Academy of Engineering established
a steering committee to conduct a study of what engineering might or should be
like in 2020 and how might the engineers be educated in an effective manner. The
concern then was whether the education of engineering students then was
appropriate for the practice of engineering twenty years hence. Phase | of the
study focused on developing a vision of enginecring in the new century. This led
to 2 report, “The Engineer of 2020 {7]. Phase 11 of the project focused on what
engineering education might be, based on the vision in Phase I. This led to a
report, “Educating the Engineer of 2020™ [8]. Although the recommendations are
intended for the U.S., the study involved the global nature of engineering. Many
of the recommendations are appropriate world-wide. For example from [7]:

Engineering is about design under constraint (technical, econornic, business,
political, social, and ethical issues).
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the development of workshops to prepare to offer the services ahead of others
couid be a good long term strategy.

Educational Programs in the Philtppines for Global Engineering Practice

lntensive English training for global business. In the development of
engineering programs, one of the thrusis is to educate students to gain good
communication skills, in both verbal and written form. Engineers need to express
ideas tlearly. In both the national and global arenas, engineers need to present
proposals and reports with clarity and brevity. In terms of language, English is the
preferred medium for communication for global business. It is important to reiterate
the importance of communication skills in the curricula. In addition it may be
beneficial to provide post graduate short courses in communications for global
business.

Courses in world cultures and customs. The global practice of engineering
might take Philippine engineers to various countries in the world. It would be an
adventage for Philippine engineers to understand local customs and mores in their
temporary places of work. Broad education of engineers should include more
humanities and social sciences, and particularly world cultures. Both western
civilization and eastetn civilization should be incjuded,

Courses in global business practices, It would be good for Philippine
engineers to leam global business practices as they relate to engineering, It would
not hurt for them to learn Fhilippine business practices as well. This could be part
of some course.

Graduate Degree Programs tn Global Enginesring Practice

Within the Master of Engineering Program (MEP), it is possible to design a
program emphasizing global practice. This could involve adding some courses
from a selection in world cultures, global business practices, foreign languages,
and a global engineering project. This might be anractive to graduate students
from neighboring countries as well.

Restructuring Engineering Degree Programs

In the Philippines there is a strong coupling between Jicensing through the
Professional Regniations Commission (PRC), and the engineering curricula as
approved by the Commission on Higher Education (CHED). This situation has
both advantages and disadvantages. One of the disadvantages of such a tight
coupling is the difficulty of proposing changes in the curricula. One issue is the
changing nature of emerging sub-disciplines in engineering. Many of the sub-
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disciplines are cross-disciplinary, In the Philippine context, they could be covered
by two or more ficensing boards. For example the field of mechatronix is based on
clectrical engineering, electronics and communications engineering, computer
engineering, and mechanical engineering. In the Philippines, practicing in this field
would require three licenses. Teaching a course in this field in the Philippines
would require the instructor to be licensed in 1hree professional engineering arcas
at the present time, Adding such a course with an instructor licensed in only one
discipline might entail the concurrence of three licensing boards, Other examples:
solar energy engineering which involves electrical engineering, and electronies
and communications engineering; intelligent transportation systems engineering,
requiring knowledge of electrical engineering, electronics and communications
engineering, mechanical engineering, and civil engineering. Philippine engineers
are probably not sufficiently educated and experienced in these fields through no
faul of their own, and most likely they would not be able to compete successfully
in the global marketplace. This points a need for universities and PTC to work with
PRC and CHED to allow greater flexibility in the curricula, and enable the teaching
of cross-disciplinary subjects. In contrast, engineering programs accredited by
ABET and other signatories to the Washington Accord encourage depth in a
discipline and breadth in several engineering disciplines. A related feature of ABET
accredited engineering programs is a provision for students to work in teams, and
opportunity to work in cross-disciplinary projecis,

Another characteristic of Washington Accord signatories is the broader
science base that is permitted. For example, the life sciences are now permitted to
be acceptable science courses. The Massachusetts Institute of Technology has
required biology for all engineering curricula for more than 20 years. This is the
century of biology and there are numerous connections to engineering, It would
be wise to anticipate emerging engineering technologies, based on a wider scope
of sciences including biclogy.

Directly relevent to the global practice of engineering, it would be beneficial
to allow some engineering students to study abroad for a year. This could
accomplish the objective of leaming world culteres and gaining knowledge of
foreign Janguages at the same time. Numerous engineering programs allow and
even encourage students to study abroad for a vear. Coordination with CHED and
PRC would be needed here. One action item for universities might be to develop
relationships with universities abroad to establish exchange programs.

Mutuai Recogunltion Agreements for Engineering Programs

The Washington Accord (1988)

The Washington Accord Agreement [1] is a mutual recognition agreement among
engineering accreditation bodies of different nations. Originally signed in 1989 by
six organizations (from North America, Europe, Africa, Australia, New Zealand,
and Asia), there are now nine signatories, and three provisional signatories. The



312 Tranw Natl, Acad Sci. Tech. Philippines 28 (2006)

agreement recognizes the substential equivalence of the sccreditation systems
and the engineering programs accredited by them.

Bologna Declaration (1999)
This is an agreement among 29 European coumiries regarding the comparability of
thoir engineering degrees,

Western Hemisphere Parinership

This is an agreement among the United States of America, Canada, Mexico, and
Latin American countries regarding the equivalency of their professional engineering
programs.

Internstional Acereditation

ABET Substantial Equivalency

The Accreditation Board for Engineering and Technology (ABET) {2], which i the
US signatory to the Washington Accord, directly conducts evalustions of
engineering programs cutside the United Siates. An ABET Evaluation Team visits
an institution and evaluates one or more engineering programs. Although it does
not accredit any engineering program outside the United States, it certifies that
certain programs are substantiaily equivalent to those in the United States that are
accredited, The ABET criteria are outcomes based (3, 4].

The ABET criteria follow the principles of continuous quality improvement (CQI).
CQI transcends its role in accreditation, and we believe that it is a key to the
globalization of engineering education [5].

ABET International Accreditation Plan

ABET is at an initial stage of developing plans for international accreditation that
will meet standards for full accreditation [6]. The Task Group on International
Accreditation appointed by the President of ABET in late 2005 will present a
progress report to the ABET Board at its meeting in October 2006. It is expected
that ABET will conduct a piiot study involving three institutions outside the
United States in the aurumn of 2007, ABET will continue to honor its commitment
of mutual recognition (Washington Accord and others) with other nations, Very
recently, ABET placed a moratorium on further evaluations for Substantiai
Equivalence. Evaluations in progress and already planned will be completed. It is
anticipated that ABET would repiace the current “Substantial Equivaience”
certifications with International Accreditation when this is fully established.
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