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OF ACIAR'S BIOLOGICAL CONTROL PROJECTS (1983-1996): SOME
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Abstract”
Keywords:  Biological control, research evaluation

ACIAR over the 10 year period from 1983 invested significantly in bmlogicél control rescarch. This paper
estimates the welfare benefits from completed biologicat control projects funded by ACIAR ovur this pmod Thc
projects dealt with the vontrol of the following:

Salvinia molesta in Sri Latka, Philippitics, Malaysia and Africa; :

Mimosa pigrzi in Australia, "hailand, Indonesia, Malaysia, and Vietnany;

Fruit piercing moths in Australia, Fiji, Westery Samoa, and Tonga;

Banana skipper in Australia and Papua New Guinca;

Bread fruit mealybug in Kiribati, Federated States of Microtiesia involving (he Island states of Yap, Truk,
Ponape, Kosrac in Caroline Tsland, Marshall Istand and Palau; , ‘
Banana aphids in Australia and Tonga;

Leucaena psyllld in Australia;

Mimosa invisa in Australia and Western Samoa;

Passion fruit white scale in Austratia and Western Samoa,

Banana wecvnl in Australia and Tong.t.
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The pnchminmy estimates mdxcalc the fellowmg F:ret the control of salvinia mnlesta was a major success and
generated benefits to ACIAR's pariner countries estimated at about $A27 million and a rate of réturn of 77
percent. This followed by the control of mimosa pigra which is estimated to generate, over a 30 year lime
horizon, benefits of about $A22 miltions and a rate of return of about 26 percént,

To datc there has been 10 complctcd projects in Papua New Guinca and the South Pacific region. These projeets
fall into the following three main groups;

(a) 4 projects made a quantifiable cconomic m\pac( with rates of rcmm rangmg from‘ 9-percent to 81
, percent;
®) 3 projects made unintended positive, but upquantifiable cconomic inipacts; and
{©) 3 projects did not make an impact. The most common cconomic explanation for the failure to make an
imp'lct was that the inﬁusmes targeted by the biological controls collapsed.

Overall, ACIAR’s expcriencc with bmloglcal control (1983-1996) las been a suceess, Outof a fotal of 15 discrete
research activities in the arca of biological control, only 3 failed to gencrate an economic impact,
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Economtc Evaluahon Umt, Australian Centre for International Agncullurm Research (ACIAR), ACIAR
House, Tracger Coutt, Fem Hill Park, Bruce, GPO Box 1571, Canberra, AC’I‘ 2601, :

We “ould like 10 thank Paul Ferra for the time he has spent with us dnscussmg the vatious projects and
us tapping his long memory with respect to these projects, The help of Dr Don Sands and MsVeronica.
Brancatini (CSIRO, Brisbane) ifi csumatmg costs of production in subsistence scctors in ‘Papkm New
Guinea and the South Pacific is gratefully ack nowlcdged. '




L INTRODUCTION

ACIAR, over the 10 year period from 1983, invested sugniﬁcantly in biological control research,
This paper estimates the welfare benefits from 15 biological control projects funded by ACIAR
over this period, Biological controls have attracted increased interest in the recent past because
of the inadequacies associated with these chemical controls - inadequacies which include the fact
that:

. chemical control has promoted resistant pests by killi, all but those resistant to the
pesticides and thus contributing to pesticide obsolescence; ,
. chemical controls affect non-target and target species - in some cases predator

populations have been reduced thereby leading to a reduction in elements of natural
control. However, the new chemical controls are more selective;
even when resistant predators survive, they face a reduced food supply;

. residues from some pesticides, particularly insecticides have spilled over into the
environment, leading to degradation in land and water quality,

. residues in food and feedstuffs have also led to human, livestock, and wild life health
problems; and

. there has been a tendency for overuse of chemicals - for example in those cases where

chemicals are applied on a schedule regardless of pest incidence.

There are two additional considerations which have been important to ACIAR in investing in
biological control research. First, while chemical controls often require outlays of funds foran
adopting farmer, this is not necessary for most biological controls, For many farmers in
ACIAR’s mandate regions, the requirement for cash outlays is a hindrance to the adoption of
even the best controls. Thus the cashless nature of the biological controls methods developed in
ACIAR projects was a particularly attractive attribute of the technologies.

Second, while many technologies requires conscious decisions by farmers to adopt or reject a
technrlogy, most of the biological control technologies developed under the ACIAR projecis do
not require a farmer to decide to adopt 71 not to adopt a technology. In many cases, once a
biological control agent is established in « region, the impacts follow automatically to producers
and consumers of the affected commoditice

The evaluation relies on economic surplus techniques to estimate the benefits to producers and
consume;s due to the biological control of the various pests (se¢ Davis et al (1987), Alston et al
(1995), and Auld, Menz and Tisdell (1987).

The rest of the paper is divided up as follows, Section 2 presents a brief description of the
research projects - the pbjectives, their achievement and the associated research costs,

Section 3 discusses the approach taken in estimating the benefits from research, the sources of
data for.key parameters required in the economic evaluation of the projects, and presents a
summary of the results on the realised and potential economia impacts of 15 compieted ACIAR—
funded biological control research activities. :

These results represent the base case or the most likely scenario, The esgi‘mates arebasedona
number of assumptions about key ezonomic variables, Section 4 undertakes a series of sensitivity



analyses to indicate how the estimates would change if values of selected economic variables
changed.

2 DESCRIPTION OF 15 ACIAR-SUPPORTED RESEARCH I’ROJ ECTS ON
BIOLOGICAL CONTROL

To-date ACIAR funded research on biological control has covered the following six main areas':

. * Salvinia (PN8340, and PN8340-extension into Africa and South East Asia);
. Mimosa pigra (PN8339, PN8722 and PN9319),
Biological control of pests and weeds in Papua New Guinea and the South Pacific
- fruit piercing moths (PN8802-A and PN9308);
- ~ banana skipper (PN8802-C);
- bread fruit mealybug (PN9111),
- banana aphids (PN&802-E and €S2-92-828);
- Leucaena psyllid (PN8802-D)
. mimosa invisa (PN8569);
- passion fruit white scale (PN8718),
- banana weevil (PN8302-B),
- preen vegetable bug in Papua New Guiriea (PN9307)
: Walur hyacinth (PN8918 and PN9320),
. Siam weed - Chromolaena odorata (PN9110, C82-96-91) and
. Use of naturally occurring fungi to control grassy weed in Vietham (C§2-9402)

*
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This paper estimates benefits from 15 completed projscts. I?’rojeccs which are completed, but
which still have ACIAR-supported, related projects active in other partner countries are not
evaluated in this paper. These projects will be evaluated at a later stage when all related activities
are completed. This decision was made for efficiency reasons. 1t is more efficient to evaluate
related projects as a package instead of as separate research activities. The rest of the paper
deals with the fifteen compleied activities indi‘catcd above.

Table 1 summarises key aspects of the selected projects. In table 1 the start date refers to the
date ACIAR started financial support for biological control of a given weed or pest, Where there
is more than one pro;cct the completion date refers to the last in the suite of pro,;ects The row
for estimated benefits in Table 1 provides a summary of the benefits estimated in this paper, The
benefits are estimated assuming a 30 year time horizon and an 8 percent rate of discount,

Research expenditure includes ACIARs invested funds, plus the financial contributions of the -
Australian research organisation commissioned to undertake the research, plus the ﬁﬂaﬁ'.iiﬂj
contribution of ACIAR's overseas partner countries collaborating in the research project.

The row for the number of‘pm ects ShOWS a count of discrete ﬁmdcd actwlt;es where t‘ac;h

An asterisk (#) denotes a project whose benefits are estimated in this paper,



Table 1: A summary of the research projects
1 ACIAR Project |PN8340; |PN8339; [PN8B02-A; [PN8802-C  [PN9111 |PNB8802-D  |PN8802-E; |PN8569 iPN8718  |PN8202-B |
" number {PN8340 1PN8722; |PNS308 , |CS2-92-828 ¢ ‘ i b ;
, - lexiension 1PNG319 ; o , , ; RTINS TR (e | Lk
{Control farget |Salvinia [Mimosa  [Fruit Piercing {Banana Breadfrut  |Leucaena  {Banana lMcmost ~ IPassion frut [Banana
4o jmolesia pigra {moth skipper mealybug  ipsyllid ~ laphids finvisa  [scale iweevil
|Datestarted | 1984 1883 | 1988 1988 1962 1988 | 1986 | April1936 | June 1987 | 1988
{Date completed} 1992 1 PN2319 | 1996 1992 I PME91t was | 1992 © 1994 1October1986| July1988 | 1992
: i | was still, | | stilf active in : 1 o R
} ‘activein | ‘ 1996
| . 1996 | | | 7
_|Estimated: 2772 23.06 0.66 22.50 257 {Project ied o Parasite 0 (1] 0
benefits overa | : jadecision not| tested did :
iperiod of 30 o introduce 2| not-work on |
lyears ($A, m, i biological | banana
11890) controis. | aphidsbut }
I | which'would | seemed to. |
' have led {0 {work ontaro)
| negative |and melons}
~ o ] impacis. | -} ; 1
Research 0.70 4.30 0.67 0.27 0.63 S 0.06 0.0589 0.03 008 | 0.07
jexpenditure
i$A, ‘000, 1990 e , S o o : od
Net benefit 27.02 2177 ~0.01 2223 1.94 Not . ‘Not -0.03 <0.08 007 |
{$A, m,1990) | N _ o 1 estimated | estimated | ~ ] , 1 o
Estimated rate | T1% 26% 7.9% - 81% 26% Not | Not | Negative | Negative | Negative |
{of return (per - | - estimated . } estimated | i B '
qjeent) o ) : : ) o
No of projects | 1 3 Zz 1 E] e 5 T 3 —3
{(Total projects | ~
=15) 1 ‘ e _ : : | | TR |
Countries Australia, So | Australia,|Australia, Fiji,} Australia-and| Australia Australial  Australia,]  Australia} Australia,}  Australis,
involvedin the {Lanka, ' Thailand Westem|{ PapuaNew| Kiribatiand ‘ Tongal Westem ‘Westem TOngal’
research Philippines, indonesia, Samoa,| Guinea FSM; ‘Samoa Samoat
project and Malaysia | Malaysia, Tonga Marshali |
Africa Vietnam islands,
Palau




° Biological control of Salvinia molesta (PNMM and its extensions to Africa and
South east Asm

Salvinia (Salvinia molesta) is a ﬂoat‘mg fern. Thick mats of salvinia halt the movement of boats,
block irrigation channels, stop nce-growmg and fishing and kill submerged plants and animals by
cutting off light and oxygen. Salvinia (Salvinia moievta) conies originally from south-eastern
Brazil, where specially adapted insects keep its growth in check. Because it grows so fast,
doublxng in less than 3 days under ideal conditions, control with herbicides or by physical removal
requires indefinite, frequent and expensive repetition, leaving biological control as the only viable
method. This project introduced the weevil, Cyrfobagous sp. to Sri Lanka, Malaysia, the
Philippines, and Africa (Kenya and Zambia).

. Mimosa pigra (PN8339, PN8722 and PN9319)

Mimosa pigra, or gmnt sensitive plant, is believed to be of Central American origin. Tt is a tall,
prickly, woody, perennial shrub that forms impenetrable thickets in paddy-fields, and along
watercourses, Mechanical control is totally ineffective; herbicidal methods can achieve partial
control for part of the year, but are ineffective overall. The most promising solution appears to be
biological control, combined with herbicidal applications to increase pressure on the plant.

The aim of this suite of three projects was to assist in the development of a long term sustainable
integrated weed managenient systent involving biological controi agents for Australia and '
ACIAR’s partner countries (Thailand, Malaysia, Indonesia and Vietnam).

The two projects PN8339, PN8722 identified and released eight control agents of mimosa pigra -
in Australia and Thailand. The aim of Project PN9319 is to identify an appropriate subset of
these controls for release in Malaysia, Indonesia and Vietnam

, Fruit piercing moths in South Pacific (PN8802-A and PN9308)

Fru:t‘pnercmg moths (FPM) har 2 been recorded as attacking over 40 fruits worldwide. They are
serious pests of most tropical and subtropical fruit in the Pacific regmn Citrus varieties, mango,
papaya, lychee, stone fruit, carambola and kiwi fiuit as well as capsxcum and tomatoes are all
particularly susceptible. Moths (males and females) attack both unripe and ripe fruits but most
damage is caused at the ripening stage by puncturing the fruit and sucking the juice. Rots quickly
enter and destroy the whole fruit. A single moth can cause severe damage whilst several moths
can devastate a whole crop.

ACIAR project 8802-A sought a baologucal control of the moth in Western Samoa and two egg
parasites from Papua New Guinea (where FPM is not a problem to frit growers) were released,
Project PN9308 continued the research of Praject 8802-A in all three Pacific countries - Westem '
Sampa, Tonga and Fiji. , '

) Banana skipper (PN8802-C) ; ‘ ,
Banana skipper (Erionota lhrax) butlerﬁnee originated in the Tndo-Malayan region and feed on

the foliage of banana plants; severe infestations may strip the plant, and subsequently affect yield
depending on the extent of defolxat;on (Soon and Hill, 1992) In the caﬂy 1980:1, the buttcrﬂy i
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moved into Papua New Guinea, and in two years spread from the north coast to near Port
Moresby, from where it threatencd to spread across Torres Strait to Australia. In conjunction
with the PNG Depanmcnt of Agriculture and Livestock, the research team tested the suntabnhty
of known enemies for use in PNG, and also Australia as a precautionary measure, The program
ensured that the natural enemies of banana skipper do not also attack the particularly rich fauna
of non-pest skipper butterﬂxes present in Papua New Guinea and Austraha

° Breadfruit mealybug in the sonth Pacific (PN9 111)

Breadfruit (Arfocarpus spp.) is a staple food in smaller Pacific nations and one of the few crops
that grow well on island atolls. It has a greater nutritional value than imported substitutes such as
rice and wheat flour. Breadfruit is also a valuable source of timber the only alternative to coconut
on atolls and is used for boat-building in particular. However, supplies were jeopardised by the
introduced mealybug, /cerya aegyptiaca, Heavy infestations of the pest, which kzils young leaves
and stems, reduce fruit yields by 50% or more and may even kill mature trees.

During the first phase of PN9111, a predacious beetle (Rodolia limbata Blackburn) specific to
the meaiytug which bred easily and was suitable as a biological contral agent was introduced,
first to the Federated States of Micronesia, and then to Kiribati. In the second phase of the
project which is still active the project team will introduce the biological cantrol breadfruit
mealybug to other South Pacific Islands.

* Banang aphids (PN8802-E and CS2-92-828)

Sub-project PN8802-E aimed at controlli‘ng the banana aph’idﬁ (Penialonia nigronervosa) in
Tonga. While it does cause damage in its own right, its most 1mportam characteristic is that it is
the vector of banana bunchy top, one of this fruit's most serious virus diseases, The team used the
aphid's known parasites from Australia to reduce its numbers in Tonga.

The objecuves of CS$2-92-828 was to monitor the establishment of the aphnd parasitoid Aphidius
colemani in the Kingdom of Tonga.

. Leucaena "‘;iSyllid (I'N8802-D)

This project dealt aimed at controlling a Leucaena psyllid called Hererapsylla éubana, from its
native range in Central America, The psyllid is a sup-suckmg insect which concentrates on the
soft, growing tips of Lericaena leucocephala plants ~ a multi-purpose tree legume.

In the carly 1980s, Lencaena psyllid had spread to a number of Pacific islands ahd to Austtaha. '
In some places Leucaena is used as a fodder and ir: others as a shade for cocoa und other plants,
and its destruction had serious consequences. Under this sub-project scientists sought baseline
information on psyllid population dynamics and seasonal fluctuations in all regnons and on the
impact of natural enermes, and asscssed ways 10 amehorate the sntuatmn.

. Mimosa invisa in Western Samoa (PN8569)

The purpose of this project was to enable the Queénsland Lands Dcpanmcnt te continue for §ix
months to October 1986, a program seeking natural enernies of the weed Mimosa invisa in South
America, particularly Braznl Mimma invisa ;s among the worst pcsts in Westem Samm,



Vanuatu, Solomon Islands, Papua New Guinea, New Caledonia and French Polynesia, It also
occurs in several other Pacific Islands and various countries in South Bast Asia.

Under this project two biological control agents were rclcaSed in Western Samoa, but thcy du!
not get established (Dr Paul Ferrar, ACIAR, peis comm, Janumy 1997)

. Passion l”rml white scale in western Samoa (I’Nﬂ’?l 8)

Until 1984, passmn fruit pulp rankcd as third most important agricultura! export for Western
Samoa. Suddenly in late 1984, the passion fruit industry collapsed. Vines throughout the Island
were engulfed and destroyed by white scale insects (Psendaniacaspis pen tagona). This project
under the leadership of a CSTRO scientist, Dr Sands, identified a suituble parasite (Encarsia
dmp}duo(a), a wasp almost too small to sce with the naked eye) and arranged for its
importation into Western Samoa. Parasites multiplied rapidiy after their release in mid-1986, and
18 months later the population of scale insects showed a major decline

The biological control agent, a parasite (Lncarsia diaspiduwia) ¢ m only live on the passionfruit
scales. The female 1ys her eggs inside the scale insect, where the tarvs, feed, meanwhile killing
the pest, The laz * Hhv-lop inte & small wasp which in turn seek out other scales again for egg
laying, This process continue, keeping the pest under control The bistogisal control agent cannot
live on any other insect, animal, plant or human being,

. Banana weevil (I‘*‘N’asozah)

Banana weevil borer causes consideraple Uouble as & major pest of bananas in Tonga and
elsewhere in the tropics. It tunnels in the corm, producing physical damage and promoting fungal
and bacterial rot. Damaged banana pl:mts also blow over madxly during storms. Chemical control
is difficult, unsatisfactory and expensive, and no natural enemies are known. However, CSIRO
and NSW Departmem of Agriculture and Fisheries field trials have shown that entomopathogenic
nematodes attack and kill banana weevils very effectively. This sub-project conducted parallel
trial. in Tonga, adaptmg techniques for deepcn»pldmcd bananas as grown under Pacific
conditions.

3. THE ESTIMATION OF THE RESEARCH IMPACTS OF A(‘IAR PROJEC’I’S ;
ON BIOLOGICAL CONTROL

This section discusses the estimatmn of the research nmpacts oi’, and welfare benefits from the
different projects discussed in section 2. The following assumptions are overarcbmg The base
year is 1990, The time horizon is 30 years for all the projects. The discount factor is set at 8 per
cent per unnum in line with the recommendation of the Department of .Fmance (1991). '

A first step in the estimation of the ampact of agricultural research is an identification ofthe :

agricultural commodities likely to be affected by research. Table 2 shows the agricultural
commodities likely to b affected by the 15 ACIAR-supported research activitics on biological
control, In a nunber of cases » due to qcarcnty of data ~ it was ot posstble to includeall
commodities likely to be amactcd
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3.l Biological control of Salvinia (I’Nsm and PNB340 extension to Africa and
South east Asin)

The control of salvinia affected four niain commodities as indicated in Table 2, and these are
rice, fish, waterways, and human life  Not all these commodities were affected to the same
extent in all ACIAR’s mandate countries The impact of the control of salvinia on each one of
these commaditics is discussed in turn.

3.1.1 Rice

Rice production affected by salvinia molesta

Docleman (1990} notes that amongst agricultural crops only riee production appears to have
suffered from salvinia. The problem arises in the paddies and is commonly introduced by
salvinia-infested irrigation water Rainfed paddies may also be affected by salvinia but only in
wet periods.

When salvinia gets into the paddy it acts as a hindrance to production by its competition with
rice fo~ space and nutrients and by interference with drainage  The presence of salviniain a
paddy thus increases praduction costs per hectare of paddy rice and lowers yields of rice per
hectare. Better control of salvinia reduces fotal production costs while simultaneously
increasing yields of rice per hectare

In this analysis, salvinia only has an cffect on rice production in Sri Lanka, Plxmppmcs and
Malaysia. The key parameters deseribing this impact on rice are sumimarised in Table 3. The
data on production of rice in the different countrics is from FAO (1994a, b). The data on the
proportion of rice affected by salvinia is from Doeleman (1990) for 8ri Lanka, from Pablico et
al (1986) and Department of Agriculwire, Philippines (1993). Bakar ef al (1989) was the
source for estimates of the proportion of rice crop affected by salvinia it Malaysia. Yields
before research were for 1990 the base year and were obtained from IRRT (1995) for the
relevant countries, Docleman (1990) estimated that control of salvinia would reduce paddy
rice losses by 2 ta 3 percent. This result is used in estimating the yiclds of paddy rice aﬁer
research,

Cast of production before research - rice

A detailed cost analysis for the production of irrigated rice by the Bureau of Agricultural
Statistics was obtained from Dr John Bennet (IRRI, Mamla‘ pers comm, July 1996). This
data was used as a basis for estimating unit cBsts of rice production- before research - in the
Philippines. The cost of production of rice before research in Sri Lanka and Malaysia are
based on estimates in IRRT (1995), Unit costs of* productmn ($A/ton) were estimated by
dividing the total cost per hectare by the yield of rice per ton.

The research impact of the project with respect fo rice
A major regearch | impact of PN8340 is the reduction in the cost of cleaung salvinia. The cost
of clearing salvinia in Sri Lanks was csumaled f‘mm Doeleman (1990) who mdwated that:

“The Department of Agriculture, Sri Lanka, csumates that 2-3 hours of labour (ata
1987 agricultural wage per hour of 7.5 rupees) on average per ri nomh per hgctarc is allv



the affected farmer needs to keep mgaucn and drainage channels free and pumps
protected’ ;

This cost estimate in Sri Lankan rupees is converted to an estimate in $A 1990 dollars by
allowing for inflation at 11.2 percent per annum (Far Enstern Economic Review, 1994) and an
exchange rate of 46 Sri Lankan rupees to an Australian dollar. Tr- Philippines, Pablico et al
(1986) quoted a figure of pesos 800 to 1200 per hectare for the annual remaval of salvinia
molesta. before planting. The successful control of salvinia in these three countries led to a
reduction in the cost of producing rice as indicated in Table 3. The difference between the

cost per ton before and the cost after research gives the unit cost saving to rice producers as a
result of effective biological controls of salvinia introduced under PN8340. These estimates of
unit cost saving are introduced in the rc:acafch evaluation model to estimate monetary benefits
from research. :

Data on the price of rice per ton is from IRRI(1995). Estimates of the elasticity of demand of
demand and supply for rice are from ACTAR's Economic evaluation unit’s database. Rice is

an internationally traded commodity and thus a set of equations which takes into account
world trade in rice is used in the estimate of benefits from research (Davis et al, 1987).

10




Table 3 Assumption made in the estimation of the annual benefits by the sommodities

affected by salvinia (PN’SMO and PNB340 extensions into Afiica and Suuth
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Unilt Cost (8/per ton) afier resvarch T Y ,35’8 $619{ -
Cost saving due (o rescarch (SR) T R R T e s szsao"j . nn
Price of fish perton. Taal T maea| 863l s363l  $363)
Eiulicily’nrmwly‘ T ool 080p o O080F (.80 RO 1ia
Elasticity of demand b wal o 008L 0 n6sE o 0851 068 ol
i R I O A R K 3, T T TR S A L PG YR LA "1 o
WATER WAYS o e
Arca afleeted (ha) om) spooo] o 1g220] Bl 209881 25.011)
Coxlol‘clcnnnglnﬁmrcsemin(SMm) b mal o $586] - 35.86 $5.86]  $5.86  $586]
'I‘Malcosiofclc»ringlwfnrﬁmmlw Ay anl 3292,004) ‘H()[:,R()ﬁ $4,370]  $122.974] 151,820
Cost of clearing aflar resecarch v (SAMW) | om0} 0f R | | )
Cost saving per annim (SA. 0005, 1990) | | §203 YT O TP 3152]
TTUMAN HEALVIT o ]
Expendinitre on health p¢rym($A. '0001 | $381,250] ,51‘.!0_3,75(! $l 573{7 0] $468,750] - $146,250]
l’;opmtionofcmmnduurcmﬂmdrmo‘lﬁsmm; el 053 0.3 053] 066l 0.606]
of age . C R
S?Ie?;lxjnfgo&childrmwwygmafagq.per i 52(12.?443;’15 3158(1.0‘11,&50 $835 661.250 3311,250,00 397,110,00
ear{ s \
Tnevease in vector dikcases dile (o salvinia S jj;t._skn“. ) “T.50%] 150%‘ “,“,IV.SO“/o 150%
Percentope of budgetspemton malarinele | pal . 00 JET YT N T R VY | 1|
Tuman health costs kaved peryear (5A; 0005, | nn|  $9.24 8122 ~$1.80 L 80.18) 3639
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3.2 Fish~Inland catch

Fish prodyetion affected by salvinia molesta

Salvinia only has an effect on inland fish cateh in Sri Lanka, Malaysia, thppmes and Kenya,
Pablico et al (1986) indicates that in the Philippines in salvinia molesta is used as a feed. Ina
survey of 46 farmers, Pablico et al (1986) found that 35 farmers fed salvinia molesta to tilapia.
The control of salvinia molesta may thus be neutral 1o producers of tilapia.

Doeleman (1990) no&c@ that:

'In practice it has been found that salvinia contributes o fishing losses in affected
reservoirs in two ways. Firstly, fish breeding is hampered thus reducing the stock of
fish. Secondly, the preferred melhad of gillnetting is rendered ineffective by the
weed'.

Salvinia molesta is likely to affect infand fish cateh. To estimate total inland fish cateh, use is
made of estimaies of inland water resources, and of fish yields per hectare of inland water
resource in Sri Lanka, Malaysm and Philippines published in De Silva (1987). Lake Naivasha,
in Kenya, has several species of Tilapia and black bass (introduced) which are the basis of
commercial and sport fishing (Encyclopaedia Britannica, 1989).

The presence of salvinia in a water reservoir increases production costs per hectare of water
resource and lowers yields of inland fish cutch. Better control of salvinia will reduce mtal
production costs while simultaneously increasing yields of fi sh

The key parameters describing the impact on infand fish catch are summatised in Table 3. The
data on the proporton of inland fish cateh affected by salvinia in Sri Lanka is from Doeleman
(1990). Baker et al (1989) indicated that in Malaysia the proportion of waterways affected by
salvinia was about 0.85 percent. Yields before research were obtained from De Silva (1987).
Daeleman (1990) estimated that control of salvinia would reduce fish losses by 20 1o 40
percent. This result is used in estimating the yields of fish afier research.

Cost of production before research - fish

Information on costs of production by small scale fishermen is not readily available. In this
paper the before reseamh cost of production is based on Agbayani et al (1989).

The research impact of the project with respect to fish

As for rice the successful cantrol of salvinia led to.a reduction in th«. cost of producing mland

catch fish (see Table 3), which in turn led to unit cost savings to fish producers. These
estimates of unit cost savings are Introduced in the research evaluation model to estimate

monetary benefits from ressarch. Information on the price of fish is obtained from

Amarasinghe {1987}, :

The annual benefils 10 fish prodm s and constuners

The fo! lowin& equation for a closed economy model (see McMeniman and Lubulwa, 1996) i TR
used to estimate total annual beneﬂw aceruing to fhe ﬁsh sector: :
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AES, = kidp + 0 5(QrJPr.;)[Lssdkw /(ss+ed)]

where ‘ , iy ‘
AES. is the change in economic surplus as a result of better control of Salvinia molesta
k. is the absolute value of the cost reduction in country ¢
Qg isthe quanmy of fish affected by Salvinia malesta before research

Py, is the price of fish

6g is the elasticity of supply
~gq is the elasticity of supply.

3.1.3 Waterways

Salvinia does impinge on activities other than rice producuon and fishing. Doeleman (1 990)
listed the following nuisance effects of the weed: (i) disruption to power generation, (i)
dlsruptton of water transport, and (iii) making washing and bathing more difficult. To avoid
these nuisance effects, waterways have to be cleaned. An estimate of the cost of cleaning
waterways is derived from Thomas and Room (1986) who claimed that:

‘~io reduce and keep the salvinia infestation of the Sepik flood p‘lain in Papua New
Guinea to less than 10 percent of the water surface would require an initial outlay of
$US 1 million followed mdeﬁmtely by an annual outlay of SUS 500,000°,

Tke annual cleaning cost per hectare is calculated by dnnuallsmg the initial outlay in Thomas
and Room (1986) over a 50 year lifespan at a 4 percent per annum rate of dlscoum

The annual welfare beneﬁts from havmg waterways (W) clear of éalwnm maleata are
estimated by the following equatic - ~

W, = ke *A
where

- W. isan estimate of the annual benefits from waterways clear of Salvinia molesta,
Kew is the reduction in the cost of cleaning water ways as a result of better control of
B Salvmla' e :
A is the surface area of‘water affected by salvinia before research.

3.1,4  Human health benefits

Salvinia molesta has the potential to increase the breeding opportunities of the mosquito. Of
particular concern are the mosquito-borne diseases of malaria, filariasis, dengue fever and
encephalitis, The extent of salvinia’s confribution to mosquito borne diseases is not known,
There are no field studies to provide guidance to the costs of salvinia in terms of mosquito-
borne diseases, With respect to these diseases we follow Doeleman (1990) and assume that
~ the monetary value of the human health benef ts can be esumated as a function of the national
budget spent on health services,

13



The annual human health beneﬁts to countrv ¢’ from the ccmrol of salvnma (H.) are thus
given by the following equation:

He = M AV RSB,
where
H. is the annual human health benetit accruing to country ¢ as a result of better control of

Salvinia molesta;

M. is the proportion of the health budget in country * ¢’ spent on mosqutto—bome
discases. The most important of the mosquito-borne diseases in the countries
involved in project PN8340 is malaria. Thus estimates by World Bank(1993) of the
disability adjusted life years (DALY) lost due to malaria as compared to other
diseases are used to estimate M. M= (DALY lost due to malaria)/ (DALY lost due
to all diseases)

AV, is the decrease in the incidence of mosquito-borne diseases as a result of better
control of Salvinia molesta. Estimates of this parameter are from Doeleman (1999).

R is the proportion of the health budget spent on children 0-15 years of age. World
Bank (l 993) suggests that the DALY lost due to malaria in the over 15 years of age
group is zera.

B. is the total health budget in country ¢. Data on health budgets is from World Bank
(1993),

Se is a measure of the prevalence of Salvinia molesta in country c.

Table 3 shows a summary of the annual human health benefits from better control of Salvinia
molesta in the countries that collaborated in PN8340. The benefits to Australia from the
control of salvinia are excluded from this analysis, Most of these benefits had already been
realised in Australia before the formation of ACIAR.

Table 4 summarises the flows of benefits from research, and the research costs, on Salvinia
molesta. An important factor in the estimation of the flow of benefits from biological control
of Salvinia molesta is the weed damage matrix.. A weed damage matrix reflects the extent to
which a biologital control has spread in the target area since its establishment and the level of
control the agent is providing against the weed. A zero in the weed damage matrix indicates
that either the biological control has not yet been established, or the biological contrel has no
impact on the weed or both. In the Salvinia molesta damage matrix, zeroes represent the time
when research was still under way in a country to determine host specificity of the weevil and
other parameters before the weevil is introduced, A number of 1 indicates that the biological
control has spread to the whole of the target area and provided effective contml ag,amst the

" weed. ,

%(he control agent once estabhshed warks very rapldly The benefits from control dart

accmmg from the pomt the control agent is established, The benefits from research started
* accruing at different pomts in time in the different countries, Sri Lanka was the earhest



beneficiary since the ACIAR project in question started in Sri Lanka The countnes in south
east Asia and Afiica started later because the control agents from the ACIAR project were
introduced later in those countries.

A matrix showmg thc proportron of Salvima r)_:(ole‘sm damaged by t!w biolugxcal controls [

Year TSRILANKA MALAYSIA [PHILIPPINES [KENYA (Lake Naivasha) |ZAMBIA (Ndola) |
s o of o o] o

1985] oo 0 0

1es6t 0 o o) ol 0

o870 o o 0 0

tos8] ) o 0 0] 0

1989 A} R 0f )

T DT M - - =
199 1 K 0 0

1992 1} 1) RN 1

1993 4 1 O 1
19940nwards | 1l 1} 1 1 1

Most of the benefits accrue to producers and consumers of rice in the countries that
collaborated on the project. The next highest benefit accrued to users of waterways without
salvinia, and fish. A small proportion of the total benefits is attributed to human health as a
result of reduced incidence of mosquita-borne diseases.

Project PN8340 (control of salvinia) is estimated to have generated a total of $27.72 million
over a thirty year time horizon with a rate of return of 77 percent. This estimated rate of
return is lower than that (287% to 651%) estimated by Doeleman (1990). The possible
explanations for this difference include:

(a)

()

(c)

this study is using a discount rate of 8 percent per annum whereas Daeleman (1990)
used a rate of discount of § percent per annum. This study used a rate of 8 percent
partly to be consistent with the guidelines of the Departiment of Finance (1991, ps7),
and to be in line with ACIAR's Economic Evaluation Unit practice of using a rate of
discount of 8 percent;

this study uses a 30 ycar thne honzon whereas Doeleman (1990) used a time horizon
of 25 years, A time horzon of 30 years is now routinely apphed i all evaluations by
ACIAR's Economic Evaluation Unit;

while Daeleman (1990) used the value of output model in detcrmxmng the rcsearch
lmpacts, this study has, in line with Davis et al (1987) used a welfare based model in
the estimation of the benefits associated with agricultural commodities - rice and fish.
In the estimation of the human health and other benefits from research which are
associated with non-agricultural commodities - human health and water waya we
have used the same method as Doeleman (1990).
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Table 4 Summary of benefits, by commodnty, from controlling Salvinia molesta
((PN8340 and PN8340 extensions into Africa and South ant Asm)
Vearno| Calender Rlce “IFish 'Waterway “[Reduced [Total Total “Tet benefits|
yoar related incldence [benefits |researchand|
benefits of ‘ related costs
, mosquito- :
« borne
o . __|disease | - -1 - IR
1 1984 | SO SO __$0 $0| S0l sa74| _ (s274)
2 1985 | 80|  $0f $0]  s0] 80|  $155]  (§155)
3 1086 | $O|  $Of $0 ~s0| so| “$88| _(s86)
3 1887 | $425] $65|  s203l  $5[ 3788 $144] _$644
5 1988 | $425] $65 $293] $5]  s78B| $101] $686
6 1989 | $484] 76| $297 87 %864 $38f  $826
7 1890 | $484] $76} $297} $7) - s8e4] 823 $Ba1
8 1991 | 484 §76 $297 87 $864| §54] $810
) 1992 | $3,301| $551] $670]  $21|  $4.552 _$0[ %4552
10 1993 [ $3,301] $551] $679]  $21| $45552|  §O] §4,552
11 1994 | $3,301] $351] $679 _ $21]  %$4,552] _$0 84552
12 1995 | $3,301] $551 $679] s21]  $4552] "so|  $4,552
13 1996 | $3.301] $551 $679 $21]  $4552]  $0]  $4,552
14 1997 | $3,301] $551 _§579 $21]  $4,552)  $0f  §4.552
15 1098 | $3,301| $551 $679]  s21] $4552] $0]  $4,552
16 1999 | $3,301] $551 $679 _§21]  $4,552] $0]  $4552
17 2000 | $3,301] $551 $679] s21] 34,552 $0[  $4,552
18 2001 | $3,301] $551 s679] $21]  $4,552| 80|  $4,552
19 2002 | $3,301] $551 $679]  %21] 84,552  $0|  $4,552
20 | 2003 | $3,301] $551 96701  $21]  $4.552 50 $4,552
21 2004 | $3301] $551 $679 $21] %4652 __$0 $4,552
22 2005 | $3,301] $551| $679 $21]  $4,552 —s0| s4.852]
23 2006 | $3,301] $551]  $679| $21]  §4,552] $0] 84,552}
24 2007 | $3,301] $551 8679 $21]  $4552] %0 $4,552|
25 2008 | $3,301] $551 %679 $21]  $4,552]  §0]  $4,552
26 2009 | $3,301] $551 3679 _$29f  $4552) 80| 84,552
27 2010 | $3,901] $551 $679 8§21 "$4.5521 80| 84,552
28 2011 | $3,301] $551 %679 $21]  $4.852] $0|  $4,552|
29 1 2012 183,301 $551 %679 _$211  $4,552|  80] 54,552
30 2013 | $3,301] $551 ~ $679 $211  $4,552] $0{  §4,552|
Present $19.64 $2.26 84,68 $0.43  $27.72 $0.70  $27.02!
value of :
benefits
and costs
( $AM,
1990)
Accruingto
Australia | $0.00f $0.00f  $0.00]  $0.00]  $0.00
Srilanka| $3.60] $0.56] ~  $2.54|  $0.05]  $6.84]
Philippine | §15,53] $2,58] - $0.59]  $0.04/  $18.73|
“Malaysia | $0.43] $0.08 ~ $0.03]  $0.01] ~ $0.55
_Keanya | $0.00] $0.04]  $0.68]  $0.00; _ §$0.72)
“Zambia | $0.00[ $0.00;  $n84]  $0.04]  s087}
N I $19.64] 3043 sa72
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32  MIMOSA PIG. RA (PN8339, PN8722 AND PN9319)

Forno (1992) summarised available control agents from ACIAR projects PN8339, PN8722
and PN9319 for biological control of Mimosa pigra as follows:

Species lested Plant partattacked | Established - 1 Stius
i X 32 BRI I : ,
Bruchidae ; o R R A
Acanthoscelides | mature sceds In Austrafia, Yes. 1% wature seed destroyed
punicess j e ‘ |
— , L In Thailand, Yes 1%-20% mature seed dcstmycd ‘
Acanthoscelides | matureseed | In Australia, Yes. <1% mature sced destroyed
quadridentatis 1 S y : :
1 | In Thailand. Yes “19%-20% mature seed destroyed
Chrysomelidag N O e e |
Chlamisus mimosae | pinnacand stems | In-Australia, Yes. | Nosignificanteffect
N 1 InThaland, Yes | Nosignificanteffect
Curculionidae | . : ‘ 4
Apton aculeatnm | Nowerbuds | Released in Thailand and
N | | Australia
Gracillariidae e R
Newrostrota | pinnules and stetis Australia, Yes 1 Spreading rapidiy; wxdcspread
gunniella L ip damape 3 ,
Thailand. not released |
Sesiidae ) » ) e | )
Carmenta migioya | stems | Australia, released | Established and sprcddinh
I | Thailand has approved its
| release ~
Fungal pathogens | | — | "7
Phlocospora sp, nov | stems, leaves, and seed | Anstralin, released Released in Australia at the
pods end of 1994 (Dr Jim Cullen,
CSIRO, pers commy, Tanuary
o . B L
Diabole cubensis | leaves “[Australia, soon o be | Nol yol released in Australia,
released | Waiting for the approptiate

. clinvite conditions (D Jim

Cullen, CSIRO, pers conm,

s 'Jnmmr‘va?) R

There is 2 large set of! b;ologmal control agents whmh have already been released in Australia
and Thailand. The purpose of PN9319 was to extend these biological control to Indonesia,
Malaysia and Vietnam, The project PN9319 is not yet completed. However, sirce it is a
technology transfer project, transferring the téchnologu,s developed in the projects PN8339
and PN8722 to the other countries, this paper provides some preliminary estimates of benefits

from the project.

Data on the extent of the spread of Mimosa pigrain Australua is readily available ( see for
example, Day and Parsons (1986), Miller (1988), Beckmann (1990), Pitt and Miller (1989),
and Forno (1993) Robert (1982) describes the extent of the problem in Thmland While
Mimosa pigra is acknowledgf»d as a problem weed, potentsally at least, in Indonesia, Malaysia
and Vietnam, quantitative data on the extent of its spread is not available. One of the
objectives of a current project PN9319 is to undertake surveys of these countries to establish
the extent of the problem. The current preliminary estimates are based the best documentalmn
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available at the time of this study. A more detailed evaluation including some site visits and
surveys of some locations infested with Mimosa pigra in Thailand is to be undertaken by a
group of economists based in Thailand under a collaborative project between the Economic
Evaluation Unit of ACIAR and Thailand (ACIAR, 1996). This collaborative prcut:ct is
planned to start in July 1997.

In this preliminary cvaluation, the conteol of Mimosa pigra affected five main commodities as
indicated in Table 2, and these are rice, beel and buffalo, palm oil, water ways (rescrvoirs,
canals, and rivers), and tourism  Not all these commodities were affected to the same extent
in all ACTAR's mandate countries. The impact the control of Mimosa pigra on each one of
these commodities is discussed in turn

3.2.1 Rice

Rice production affecied by Mimosa pigra

Waterhouse(1993) indicates that rice is one of the commadities that is affected by Mimosa
pigra in South east Asia. Table 5 summarises the key assumptions made in the estimation of
the benefits to rice producers and consumers derived from better control of Mimosa pigra,
The data on rice production is from FAO(1994b). The estithates of the proportion of irrigated
rice are from IRRI (19%95). The percentage of rice affccted by Mimosa pigra is based on
estimates by Robert (1982) on the importance of Mimosa pigra in erop production and on
indications of degree of importance of Mimosa pigra in South east Asia in Waterhouse(1993).
In the case of Indonesia some indicative data was obtained from Tiitrosoedirdjo et al
(undated). In addition Swapragaqam et al (undated) provided some qualitative data on the
importance of Mimosa pigra in Malaysia. Yields before research were for 1990 the base year,
obtained from IRRI (1995) for the relevant countries. The cost of produmm for rice before
research is based on IRRI (1995)..

The price of rice is the rice export price quotatxon in the base year (1 990) in Thailand as
published in ABARE (1996). The estimates of elasticity of demand and supply are from a
database in ACIAR’S Econamic Evaluation Unit.

Rice is an internationally traded commodity and so the benefits in Table 6 are based on a
general model which atlows for trade in rice and for changes in the world price of rice as the
cost of producing rice changes in the countries that were mvolved in the ACI AR—supportcd
projects on Mimosa pigra.

The research impact of the project with respm lo rice

The cost of controlling Mimosa pigra - before research, in rice productton is based on the
estimate by Robert (1982) of the cost controlling Mimosa pigra in irrigation systems in
Thailand managed by the Royal Imgatmn Dcpartment of the Ministry of Agriculture. The
most common method of control is mechanical - involving cutting and destroymg the mimosa
plants. There isa cost of mntrollmgMimosa pigra after research, This is also basedon
Robert (1982) whose estimate is based on interviews with Dr Banpot Napompeth (Dircctor of
the National Biological Control Research Centre) - the Thai project leader of the two ACIAR.
projects, PN8339 and PN8722, on mimosa based in Thailand, The cost of control after '
research relates to the cost raising and releasing the biological controls, |
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Table §

contmllmg Mimaosa pigra (PN8339, PN8722, and PN9319) are based.

Assumptions on which the pmhmumry ostimates of the nial benefits of‘

Base yoar 1080 TAusiralla ~ [Thailan lndones Malaysta Vi
(Northern  |d la m
I, ‘#Temum,_, § = 1
?;gg:’) PRODUCTION - TOTAL (000&. m, Avuragu 1088 naj 12,727 28,509 1,123] 11
Imigated rice__ ' el 891 20527]  741] ¢
Percentage of rice affecied by Mimosa pigra nal__020f 007  0.02]
Quantily of rice affected by Mimosa pigra nal 176.18{1436.86 14,82/ 1¢
Yield before research (/ha) ave 1980 . hal 302 438  3.10]
Cost of producing rice before Tesearch ($/ha)_ ~_nal_1,083] 1,083 1,083] 1
Cost of controlling Mimosa pigra (S/ha) - before research _ hal Tl b 1500
Unit cost of praducing rice before research. $/mb) na| 382 265] 308
Cost of controlling Mimosa pigra ($/ha) - with biological a4l 4 4
control RO T AR §
Uniit cost of producing rice after research (i " ha|__360[ 250 3s1]
grlm r;ost saving in the producﬁon of rice after research na 2 15 47|
Price of rice S " naj__408] 408 408
Elasticity of supply ~nal 0,300 0.30  0.30]
Elasticity of demand o I _hal 0400 0491  0.40]
BEEF AND BUFFALO MEAT PRODUCTION (D00s, 100 230[ 298]  na|
Average 198-1990, Mt) SRRV AR R § I
Percentage of beef and buffalo production affecied by 0.05 0,02/ 001 naj {
Mimosa pigra L e SRR SR
Beef and but!ato prcducllon nffected by Mimbsa p/gra b 502 AB0| 207 na|
(000s, 1990, MI)_ R R M RO
Beef and buffalo produced per ha (mi) 055 0,55 _0.65] __ na|
Cost of producing beef and buffalo befora Tesearch (slmt) 800} 600 600l  naj
Cost of controlling Mimosa pigra ($/mt) - before research | A8 A3p 481 nal
?S?u r;ost of producing beef and buffalo before fesearch 73 Tat 73 ~ naj
int ” N A SRNEIRTI T
Cost o{contromnu Mimosa pigra (slna) “with btologicnl 44 4 naj
control ) T DRI RO MR
wlt cos! of producing beef and buffalo “affer research 604|  604| 604]  nal
Unit cost saving In the production of beef and buffalo after 127 127 127) naj
research ($/mt) e RS DUIREI SRR | o
IPrice of beef and bulfam (SAlmt) 982|662 9862 - nal
[Elasticity of supply _ e 040 o040[ 040[  nal
[Elusticily ofdemand__— 40] _0AD[ 040 nal _
P?)LM Qsl. Quamny p!oduccd 1988»90 Averages ('0005 : nal 185, 2,071 5727}
Pementnqe affected by Mimosa plg(g ; __nal 002 001 0.0 i
Quantity affected by Mimosa pigra (000s) _oohat 4 4 18]
Cost saving due to research ($A) hel 22 221 15
Price of palm oll SA/MY) . L..hal 495 495  405[
Elasticty of supply . . . .hal _016] 016f  016]
{Elastichy of demand - Lo hal  044] 044  0.44]
(Estimate of the annuai wel{are gain ($A, 1000, 1990) _hal i\i”q?r A4 ,776
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Table § cont.  Assumptions on which the preliminary estimates of the annual benefits of

commllmg Mimosa pigra (PN8339, PN8722, and PN9319) are based.

Base year 1900 ~[Australia (Nonhem Thalland Indonesia|Malaysia _ |Vietnan
e TETOY) PR S SN
VOLUME OF RESERVOIRS INA '800" o ‘110 12,5301 . A58] a7
COUNTRY ¢ublc km) b ; o] ,
Cost of controlling Mimosa pfgm before. 0.0374] 0.0374} 0.0374]  D0,0374] 0,037
research (000s $A/Gubic km) L D LR, I L
Cost of controlling Mimosa p(gra after ~ 0.0041] 0,004]{ D.0041  0.0041] 0,004
rosearch (000s $A/cubic km). , e T -
Annual benefit per cubic km as a rasull of conb‘d[ L o
Ln‘ic};aﬁon waler benefils (000s $A/cublc 516 400 $16 400 516‘400 316 400 3’16.@10
m , e .
Aquaculture and fresh waler fish culture T$0.013] $0, 013 $0.013] 30,013 $0.01
benefits(000s $Alcubic km) ‘ ) . N : .
:o»;:ergcsneration benefits (0008 SA/CUDIC. TTT80.000] $0.532]  $0.637]  $0.632] $0.53
Flood conirol benefits (000s SAJCUDIC. hn) - ~ 80.205] $0.205] $0,205]  $0.205| $0.20
Wier repair benefits (000s SAfcubic km) | /$0.000] $0.008] $0.009]  $0,008] 50,00
Annual benefit due to research freeing 164 82| 1,887]  340F 28
reservolrs of Mimosa pigra (onos SA/cubic ‘ ‘
km) e ; _

3.2.2  Beef and byffalo meat

Beef and buffalo meat production affecied by Mimosa pigra
Mimosa pigra affects beef and buffalo production in two ways  First, the spread of Mmmsa
pigra reduces the area used for pasture and for grazing of animals Secondly, growth of
Mimosa pigra along rivers, canals and other water ways, restricts access of livestock to water.

Table 5 summarises the key assumptions made in the estimation of the benefits to producers

and consumers of beef

and buffalo meat derived from betrer control of Mimosa pigra, The

data on beef and buffalo production is from FAO(1994b) The percentage of beef and buffalo
affected by mimosa is small. Robert (1982) commented that

‘Current Miniosa pigra control efforts already provide n weed «free area greater than

that demanded for pasture”.

The impacis of Mimosa pigra on beef production are included in this analysis despite the
comments in Robert (1982) because it is now 14 years since the study and in that period
Mimosa pigra has been spreading and covering larger and larger areas in Thailand.

323  Palmoil

Sivapragasam (undated) states that;

‘Mimosa pigra's recent encroachment into immature n il palm p!antatmns has caused
significant concern to the government’.

Table 5 summarises the key assumptions made in the estimation of the be:neﬁts 1o producers .
and consumers of pa!m oil derived from better comrol ptMimma ptgrak :

[
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3.2.4  Reservoirs
Day and Parsons (1986) note that:

‘Miniasa pigra chokes waterwuys including i smgatmn titches, changes tha flow of
rivers, has invaded a number of reservoirs and is accelerating their siltation (which it is
believed will reduce effective life of some reservairs by abowt 75 percent).

In this preliminary assessment an estimate of benefits associated with reservoirs due to better
control of Mimoy pigra is based on Robert (1982). Robert (1982) assumed that without
Mimosa pigra a reservoir could last for about 100 years However, if there is Mimiosa pigra,
then the life of a reservoir is reduced to only 25 years. The difference between the flow of
benefits from a reservoir without Mimosa pigra and a flaw of benefits with Mimaosa pigra
provides an estimate of the benefit achievable from better control of Mimosa pigra. Tn Table
6 the estimates by Robert(1982) are used to estimate the benefit per cubic metre of reservoir
derived from better control of Mimosa pigra “Table 5 shows the categories of reservoir
related benefits included in the analysis ,

Data on reservoir capacity in the different countries is obtained from World Resource Institute
(1994) Estimates of the cost of confrol before and after research are based on Robiert (1982).

The annual welfare benefits from having reservairs (R,) elear of“Mnnom pigra are estimated
by the following equation:

Rc = bm *A
where

R, is the annual welfare benefits from reservoirs clear of Mimosu pigrd;

bew is the is the annual benefit per cubic metre of reservair, based on Robert (1982), as a
result of better control of Mimosa pigra,

A is the total capacity of reservoirs in a country.

Table 6 shows the total benefits from the control of Mimosa pigres over a period of 30 years,
These preliminary estimates indicate that the three projects are associated w;th a benefit of
about 23 million dollars ($A). Most of those benefits are associated with rice pmducnon,
followed i in magnitude by the benefits to the different countries due to extensions in the lives
of reservoirs as a result of better control of Mimosa pigra, then the palm oil sector, and the
beef and buffalo sector. The threz projccts on the control of Mimosa pigra have a rate of
return of 26 percent. i e : ' N

A major assumption which determines the size of the benefits Is the matrix which indicates he
extent to which the biological contrals hiave spx’ead in the target area and the extent to which
they are causing damage to Mimosu pigra. A major difference between the control of Mimosa
pigra and the control of Salvinia molesta is that the biological controls for mimosa take a long
time to have an impact on the stock of Mimosa pigra weeds. For Mimosa pigra, it is assumed
that it will take some time before the speed at which Mimosa pigra spreads is overtaken by the
rate of destruction of the wecd by the controla in questmn“ '

21



The fallowing Mimosa pigra “spread and damage’ matrix is used in this study.

A matrix showing the proportion of Mimiosa pigra damaged by the biological

controls o

Yearno| Year |MALAYSIA [THAILAND [VIETNAM [AUSTRALIA
1-15 |1684-1998] o of o 0@
16 | 1999 | ol 005 0 0 05|
17 | 2000 | 0 T
18 | 2000 | 00§ 015 005 015
19 | 2002 | 01 G2 bl 0.2
20 | 2003 | 018 D2s]  ols 025
21 | 2004 | 02 03 02 03
22 | 2005 028 03] 0’?‘5,]'].. D3
23 | 2006 | 03 03 03 03
24 | 2007 | 03 03 03 D3
T T e o
26 | 2009 | 03 031 03 03
27 {2010 | 03] 03 03 03
N R B iy - Iaeaeer T ppcasmanes
155 N T IR R

B A ) N R T |

The entries in the Mimosa pigra damage matrix embody the following assumptions. Furst
Mimosa pigra is very different from salvinia The control agent for salvinia damaged the
salvinia weed as soon as the agent was established. With Mimosa pigra, even when the
control agents are well established it is Ilkcly to take time before the agent makes visible
impact on the weed. An estimate when this is likely to happen is indicated by the first time a
non-zero entry appcau s in the damage miatrix. Second, implicit in the Mimosa pigm damage
matrix is an assumption that over the 15 years the coverage of Miniosa pigra in the countries
that collaborated on the Mimosa pigra projects could be reduced by up to 30 percent.
However, this may be an optimistic assumption. Other scenarios as examined in section 4 of
the paper where sensitivity analyses on selected variables are dxscussed
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Table 6 The flow of benefits and costs aver time as a réqult of better control of Mimosa
pigra in Australia, Thailand, Indonesia, Malaysin and Vietnam. (l’N8339,
PNB722, and PN9319)

Year no |Calender |Rice Beefand TPaim oll |Reservoirs [Total  [Total . Net
yoar Buftalo bonefits  |research and |benefits
N ; | R T . [relaled costs |
1084  $0| 80|  s0 sol %ol $130]_ (5130)
—{oB5|  sol __ so| __ sol S0l so| 36| ($316)
) ) S0l sof  sof . 80)  $280]  ($280)
~1o87] sol  sof  sof sof 80|  $193]  ($163)
1es8] sof  s0l  Sof  sOf 80l $140]  ($140)}
- 1088l $O|  s0]  s0) _Usor 80 15256{ ~($256
_19g0] 80}  $O| S0 $0 0| s2770 T (8277
10911 sol s0l  sof " sol T sol T s1671  ($157)
1992]  sof  s0| g0} %0j g0 - $58]  ($58)
18031 $0| $0| Y g0l T w2l ($22)
1904]  $0] - $0l g0l 80 $0| - s0l . %0
10950  s0p 0 s0f 80l sOf 50 R -
1006/  $0[  80; %0 50| $0] _$0] %0
1997 sof }so _sol — “so” " s0f " sof 80
foe8] 30l - sD[ %0 $0{ g0 g0/ 80

el | |
OO IIID I DL N -

.

—

—

“1o08|  $109] _ $30|  $12|  ®2.753| 2,082 80|  $2.082
2000 gagal  s64]  B25]  §2.757 $3214] " s0l  $3.214|
2001] $1,950] ~ $80]  $85]  $2,753]  §4,782 0] 54,782

19] - 2002] $3,603] - $112] $448] §2.7531 §6,3671 80| - $6,387

20(  2003] $5,057]  $170{ $214]  $2,753] 87,979 ~$0|  $7.079]

211 2004] $6.612]  $216] 5283  $2,753]  $9,581 80| $9,681

22 2005 $7,888] $220]  g341| $2,753] 910,049 50| __$10,849

23] 2008| $6,326]  $242] $402]  $2,763; $12320]  $0  $12,320

24| 2007] $9,3261  $247] 34021 2753  $123200 &0 512320‘

SO~ O DN

ententen

25| 2008| $0,326]  $242  $403|  $2,753] $12,320  $0| 12,320
26) 2009 $9,328]  $242) $402]  $2,753| $12,320] 80|  $12,320|
271 2010] $9,326]  $242| §402|  $2.753] $12,320 80|  $12,320
28] 2011} $0,326| 8242 $402| $2,763| $12,320]  $0| $12,320
20|  ?012| $6,326]  $242| $402]  $2753] $12.320[  $0| $12,320
30l 2013] $0.326  s242] $402| $2753] $12320] 80|  $12,320
Present  $16.18  $0.45  $0.66  STA3  $23.06  $1.00  $24.77|
value of ‘

benefits

and costs

(SAM,

19890) A ]
_Benefitsto e ___IRateof return]  26%j
Australia | $0.001 §0.25| S0.00]  g044|  soel ]
Thailand | $2.43]  $0.10] 3$0.45]  $0.22]  $2.01
Indonesia | $10.48]  $0,08; $044]  $5.08)  $16.09
Malaysia | $0.33| _ $0.00] 80,06 §0.82]  31.81
Vietnam | "s7.04] " 50.02] _$0.00] _s0.76] _ $2.72]

i emlem
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33 BIOLOGICAL CONTROL OF PESTS AND WEEDS IN THE SOUTH
PACIFIC; FOUR PROJECTS THAT SUCCEEDED AND MADE AN
ECONOMIC IMPACT S B ‘

3.3.1  Fruit piercing moths (PN8802-A & PN9308)
Soon and Hill (1992) in their review of ACIAR pmject 8802-A concluded as follows;

Four of the five objectives concerning the fruit-piercing moth sub-project have been
satisfactorily achieved. The fifth objective to measure the impact on numbers of fruit-
piercing moths and their damage to fruit could not be fully fulfilled because of & variety
of reasons. ‘

Sub-project 8802-A introduced into Tonga twa parasites (Qoencyrius crassulus and
Qoencyrtus sp. LL1.531) of the fiult piercing moth. The project also introduced and
established parasites of the moth to Fiji and Samoa. However, because of the lack of crop lnss
and damage data relating to the activity of the parasites, Soon and Hill (1992) could not
determine the real impact and benefit contributed by the parasites. PN9308 completed the
research started under PN8802-A.

This economic evaluation is largely based on the fullowing assessments by Sands (1995) and
Muniappan and Fay (1995):

Western Samon: , ‘

Sands (1995, p.4) indicated tha’ frait 'n Western Samoa continues to suffer from appreciable
levels of moth damage. This is interprew: to mean that the biological controls against the -
moth have not worked well in Western Samoa. Muniappah and Fay (1995) while not as
negative, do not indicate significant impact at this stage, and say that:

“The introduced parasitoids appear to be contributing to some reduction in moth
populations in Western Samoa. Further time js required to detail increased parasitism
levels and to undertake further crop loss assessment and moth population decline
confirmation - the affected countries might then have the confidence to engage in
additional fruit production’ |

Tonga ~

The three parasites of the moth = Telenomus sp., Qoencyrius sp and O, crassulus have
established. However, parasitoids have only recently began fo have an impact on moth
populations in Tonga, Sands (1995). Muniappan and Fay (1995) confirm this assessment.

Fiji ‘

Progress towards biological control has been achieved following establishment of the two.
exotic parasitoids from PNG - Telenomius sp., Ooeneyrins sp. This has been followed by a
decrease in unmarketable fruit at Batiri Orchard from about 40% to less than 5% with record
quality fruit marketed in 1994, Muniappan and Fay (1995) confirm this assessment,

Australia ’ S , = : R e T
While fruit-piercing moths oceur in Australia, and while there are potential benefits producess
of most tropical and subtropical fruit in eastern Australia, no benefits have accrued to




Austrana as yet, {1515 beCauss prMitasiva tu: MOPOsw bl M dfdlieT Dibaia - e g
these two ACIAR projects has not yet been granted by the Australian Quarantine Inspection
- Service and the Australian Nature conservation Agency (Dr Don Sands, CSIRO, personal
cummunication, January 1997). :

The fruit piercing moth a{fects many fiuits. However, the benefits in this paper are based on
~ the following four fiuits: Orange, Pineapple, and Papaya (see Table 2). ACIAR (1993) lists
these fruits as among those which are affected by the fruit piercing moth, nut it was not
possible to get production and other data on these fruits.

The data on citrus production is from FAO(1994b). Yields for citrus fruit are based on
Turkington and Revelant (1.994) for Australia and ACIAR (1993) for the South Pacific
countries.

The cost of productton per ton are estimated from Asmn DeVelOpment Bank (1996). The
project is assumed to increase marketed output of citrus fruit by upto 35 % (Sands (1995).
This result is used to estimate after rescarch yields. Data on price of oranges is from ABARE
(1996). Other prices are from Asian Development Bank (1996). :

Table 7 lists the assumptions used in estimating a farm-level cost saving as a result of the
- technologies developed under this project.

Ta”bi_e 8 shows that this project, over a period of 30 yeats, is likely to gmerate total benefits of
$A 0.6 millions and a rate of refurn of just over 7 per cent per annum. However, this estimate
“is based on only three susceptible fruits for which some data was available. - Tnclusion of all

sugceptible fruits would lead to a higher rate of return. Nonetheless, this estimate coneurs
with the assessment by Muniappan and Fay (1995) who noted that

*At current levels of {m(t pmducuon the impact in dollar !erms is ot great’,
The estimate in Table 8 has allowed for a posmble 1 percent per annun growth in the

production of the selected fruits from the point the bmloglcal controls are establishedina
collaborating country.

*
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Table 7 Asstimptions used in estimating the annual benefits from flie biological control of fruit piercing moth

Base year 1990 Australia {Fiji ~ |Western  [Tonga |
; i Samoa |
ORANGES I A o
Quantity of o_rgzlgas produced | 496.925] - 0.541 _ 133 2700
Proportion of oranges affected by fruit piercmg moth na|  1.00 _1.00f  1.00
Quantity of oranges affected by fruit pierciag moth naj 0544f 0] 2700
Yield before research (/ha) ave 1890 o 45|  23.48 23.48] 2343
Cost of producing oranges before research ($/ha) nal . 376 3768} . 376
Unit cost of producmg oranges before research (SImt) ~nal 16.011 . 16.01] . 16.01
Yield after research (/ha) ave 1990 ndl 32l 23] a2
Unit cost of producing oranges after research ($/mY) naj 11,86 16.01]  11.86
Unit cost saving in the production of oranges after na 415 0.00f 415
research ($/mt) ‘ s , . SRR
Price of oranges nal 1151 115 115
Elasticity of supply ~naj 220 2.20[ . 2,20
Elasticity of demand “pal 040 0.,40] ~ 0.40] .
PINEAPPLES ' N D I
Quantity of pineapples aifected by fruit piercing moth nal 408 3 1.52
Percentage of pineapples affected by fruit piercing moth nal  1.000  1.00 1.00]
Yield before research (/ha) ave 1990 nal - 3597] 3597 35.97
Cost of producing pineapples before research Ginay___ naj 1258.00 1258,00] 1258,00
Unit cost of producing pineapples before research ($/mt) nal 34.98] 3498 35
Yield after research (t/ha) ave 1990 « nal 55331  5533] 5533
Unit cost of producing pineapples affer research ($/mt) nal 23 23] 23
Unit cost saving in the product;on of pineapplcs after nal 12 12 12
research ($/m{) = _ , ;L R SRS
Price of pineapples - nal 200 2001 200
Elasticity of supply __na 0,40} 0,40 0.40
Elasticity of demand _ _nal 040 0.40] 0.40
PAPAYA , o ' _ o o
Quantity produced 1988-90 Averages ('000s. ml) na 0.26{na na_
Quantity of papaya affected by fruit plercing moth na 0.26lna na
Percentage of papaya affected by fruit piercing moth na| _1na__ na__
Yield before research (Vha) ave 1990 nal  10.08{na na_
Cost of praducing papaya before research ($/ha) na 1,203|na_ na_
Unit cost of producing papaya before research ($/mt) “nal 119, 35t'na R
Yield afier research (Uha) ave 1996 nal _ 12.60[na_ na
Unit cost of producing papaya afler research (Slmt) nal - 95ing ~ ~  na__
Unit cost saving in the pmduntlon of papaya after na 24|na |na
research ($/mt) : . N o
Price of papaya __nal 150.00{na a7}
Elasticity of supply __nal _040/na na |
Elasticity of demand _na| _ 040na Jna_
na  denotes that the technology has not yet had an impact in the country. In the ease of

Australia the vanous controls have not been cleared for importation into the country.
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Table 8 A summary of benefits, by selected commodity, from controlling fruit piercing -
moth , ‘ :
Year no [Calender year [Oranges{Pineapple |Papaya | [Total ~  |Total research |Net benefits
; benefits and related
L N gosts . f o}
1 1988  $0f S0 SO _$0]  s103] ($103)
2 1989 $0 $0{ $0| 1 $0] . 81220 (5122
3 1890} 801 S0l $0f $0|  $42] - (542
4 1981 -~ $0 ~sof T s0 g0 30 %0
5] 1092} $0 ) $0j] - s0] $0
6 1993 $0} - 80| $0) 80| " s3aetl  (s391)
7 1994  $0j 30|  $0] . $0 _$319{ " ($319)
8 ~1995] 80| $0| — s0; | o] ~80f %0
9 1006] 82|  $50] 83| $53 80f  ss3)
10 fe97] 82 $51 84| $53 _80] $53
11 1998/ $20 $106 _$4] $126] - $0 $126]
12 1909g]  $20 $107 $4 $127 $0| 3127
13 2000 $20 $108] 84 3128 $0 $128
14] 2001  s20f $109] Ss4 | %129 $0 $129
15 ~2002] 20 st10]  s4| $130 ~$0 $130
16 2003 21}  $111 $4] | $132] $0 $132|
17] 2004]  $21 $112] - 4] | $133 $0 $133]
18 2005 821} $113] $4 $134 $0 $134]
19 2006 $21| %114 $4 §135] $01 $135
200 20071 - $21 $115] 84 $137 %0 3137
21 ~__2008f 21 $116]  $4] | 5138 so} $138|
22 - 2000 $221 8117 $40 1 $139 80 $139
23] 2010 $220 3118 %4 $140 $0 $140
24 2011]  $22|  s119] sS4} $144 "$0/ $141]
25 2012]  s22]  $120] %4 $143 80| $143
26 __po13] s221 - $124] $4] $144 30} _ $144
27] 2014 $23 $122] $4 3145 . $0 8145
28| 2015 $23] $123] 34| $146 _gof 3146
20 2016  $23l 51241 34| - $147] 80 - $147
30f 2017 $23]  $125] 54 $149] S0l s149]
Present vaiue | $0,10]  $0.56| $0.02 -$0.66 $0.67]  ($0.00)
of benefits
and costs
(. AM, 1990) R [
Benefits fo o o ~IRateofreturn|  7.94%
Australia | $0.00f  $0.00 $0.00 ~$0.00 o ~
Fiji ] "$0.01}  $0.30] $0.02] 8033
Western "$0,03 $0.17| $0.00 ~$0,20
_{Tonga _ $0.06]  $0.09] $0.00] $048f




332  Banana skipper (PN8802-C)
Sub-project 8802-C had the following objectives:

. monitor banana sklpper populations and damagc at selected sites in Papua New
Guinea before introduction of exotic natural enemies;

. identify natural enemies attacking banana skipper life stages in Papua New Guinea at
present;

. arrange host specificity testing of relevant exotic parasites against appropriate
Hesperiidai, and clearance for release of any that are adequately host specific against
banana skipper;
arrange mass production and release of parasites approved for liberation and;
monitor effects on banana skipper populations after release of exotic natural ene‘mi”c‘s

Soon and Hill (1992) in their review of ACIAR project 8802 C concluded that all objectlves
of the original project had been met.

An evaluation of the benefits accruing to Papua New Guinea was undertaken using the
assumptions in Table 9. A key assumption is the extent weight loss attributable the skipper.
Waterhouse and Norris (1989) state that:

The banana plant produces leaves in excuss of its needs for fiuit production.
Defoliation at 0, 10, 20, 30 and 40 percent at 35 day intervals for four years showed
that there was no sigmﬁcant loss in fruit weight until 20% or more leaf area had been
removed. Defoliatior at the time of a appearance of the fruiting bud caused the greatest
reduction in fruit weight. Fifty percent defoliation at this time caused 28 percent loss
in fruit weight.’

Table 9 lists the assumptions on which the estimates of research benefits from this project are
based. Production data is from FAO(1994a, b). An estimate of the proportion of bananas
affected by banana skipper is based on two pieces of information: (i) Waterhouse and Norris
(1989) who indicate that some parts of Papua New Guinea was not affected by the banana
skipper; and (i) information indicating that in the wet season in PNG mainland, between
January and April of each year, the banana skipper was controlled by the rain since the skipper
was sensitive to rain (Dr Don Sands, CSIRO, Brisbane, pers comm, January 1997), Estimates
of the cost of production of bananas were based on PCCARD (1986). The yields of bananas
in subsistence farming in Papua New Guinea are from Densley (1978, p. 48).

Soon and Hill (1992) note that bananas are not a significant commercxal crop in Papua New
Guinea. However, bananas is a major commodity for subsistence use in PNG. In assessments
hy ACIAR’s Economic Evaluation Unit (sec for e\;ample, Davis and Lubulwa, 1995), bananas
is a high priority commodity and is ranked in priority group 1. This high ranking is partly due
to the high level of production of bananas in PNG, over 1 million tons are produced every yeor
(see Table 9). ,

In this analysis it is assumed that the biological is currently affecting about 70 percent of

banana production in Papua New Guinea, since there are still occasional outbreaks of the '
skipper (Dr Don Sands, CSIRO, pers comm, January 1997). '
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Thus the banana skipper damage matrix in Papua New is assunted to be as follows:

Year {Damage matnix for PNG
1988] o
1989] 0y
1950] 0
1991] 008
992 oy
993] 018
1998 02}
199s| 0.25]
1996 03l
97 035
1998] e
1999] D45
2000 )
2001 R, )
2002 06
2003 0.65}

2004-2017] 07

Table 9: Asswmptions used in the estimates of the annual benefits on bananas aflected by banana

skipper (PN8802-C)

tlems

—{Papia New Gilea

Base year 1990

BANANA PRODUCTION - TOTAL (000s, mi, Aveg 1989- wm)

___1150]

Proportion of banana production affected by banana skipper. 0.5}
Quantity of banana production affecled by banana skiper 578}
Farm inputs in tlie production of bananas (per 13 kg carton) « Scmrce (PCOARD 1986 p. 22) o
SN ‘ . land preparation; ~7$0.02
C “Weed control] ______ $6.03
o Proppingortyinq,,, o S0.08
S Labour] —  $1.31)
' S ) Sundry| $0,02]
Toial t:ost per13 kg canon ($A) 8144

Number of 13 kﬂ cartons produced in PNG perha (m!xed crogping) S asmeener B
Total production per hectare (mt) , RN ,'10 03]
Total production cost per hectare ($A) 332
Yield decrease due {o banana skfp‘ er.__ e
Yield before research (tonstha) K
Yield after research (tons/ha) ~ ' .0
Cost of production before research (SA/ha) .

Unit cost of production befare research (SMcn) $142.01}
Unit cost of production afler research ($A/ton) $127.81
Cost saving ($A/ton) ' i $14.20]
Ceiling ievel of enlries in the banana skipper spread and damaqa matrixﬁ e _0.70]
Price of bananas ($Afton) e e N $275.00/
Elasticityofsupply v 0.4}
Elasticity ofdemand . . 0.4
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The benefits from this project are estimated using a closed economy model since all the
benefits are assumed to have actruzd to the subsistence sector in PNG where there is limited
trade, if'ax all, in bananas.

Table 10 shows the snnual benefits accruing to PNG. This pmjec& is estimated to generate
benefits equal to about $A23 millions over a 30 year time horizon, with a rate of returm of 81

percent.

Table 10 Summ.\xy of Beticlits from cmnmlluu, banana skipper (ACIAR praject PN8§02-C)

“TAusicalia

Papua New Total benefits
1Guinea

“TResearch costs

[Nel Benefits

~|Banana

Banana

“[Bariana

“T$A, 000s, 1990

I$A, 000S,
1990

“Yoms| %

—100,08]

. {8100)

L .

,7j%

_{3156)

4900

52,

(353

1991

__$214

T

8450

1993

" $708

"$082

1
1994]
1095

31 279

— 1086

“qee7l

dccbccp@

1898}

1999

2000]

~ 2001

—o002]

,‘
A fmd fomf 2wk fock

2003

o004]

_.2008

ol Nnlniniaivisiololelwolnlsivinta

o008

20 2007

31| 2008]

8T8 s 8Te

221 2008 .

Y

23] 2010y

T Tsa870  sa@re

o4l 2011

sag79l s4eel

_..25] 2012]

sagrel ~$4.870]

26 2013]

SO wasrel

27 2014

4,879 s48m8]

—o8] 2015 %

" s4879  $4.879]

28] 2016] 1

30 _2017]

—sag7el sa@7el
870 T sam7el

“INet
presant.

and
costs in
$AM,

{value of |
benefits |

495 -~ $22.50]

Soﬁ
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Soon and Hill (1992) indicated that them were various other unquantxﬁable positive lmpacts of
the project which included: :

o the restoration of “normaley” to village banana production; and :
e the opportunity to educate members of the general public in a very practical way about the
potential benefits to biological control of pests as an alternative to pesticides.

Australia 310 benefited in that the advance of the pest towards Australia was retarded.,
Australian scientists now have the knowledge of the insect and itn enemies to deal with it
promptly.

3.3.3  Bread fruit mealybug (PN9111);

This project was a great success. The reviewers of the project, Macfarlane and Waterhouse
(1995) summed up their assessment of the project as follows:

“The review team considered that good progress has been made towards all four
objectives. A thorough survey of natural enemies in Australia revealed potential
controf agents. A predacious beetle (Rodolia limbata Blackburn) specific to the
mealybug bred easily and was suitable as a biological control agent. Introductions
were made ﬁrst to the Federated Smtcs of eronesm A shxpment was planned to
multxphed and spread within the Federated states oancmnesm because only one
istand has severe mealybug problems, Monitoring in FSM has shown rapid and
spectacular control of the meaiybug, to the extent that members of the public there
have commented on the success.’

While the project refers to breadfruit mealybug, Sands aﬁd Brancatini (l 994), pomt out that‘
Icerya aegyptiaca infests a wide range of plants including cucurbits, banana, taro, coconut,
and citrus. Since the focus of PN9111 was bread fruit mealybug, the evaluation of the
projects’ impact is restricted to breadfruit.

Unfortunately, dcspitc the importance of bread fruit in the South Pacific, bread fruit
production data is not readily available In this analysis production of bread fruit in the
collaborating countries is estimated based on the following data shown in Table 1.

@ data on population in the South Pacific countries, the proportion of households in
rural areas, and the average famxly size was obtained from Norman and Nga:re
(1994),

(i) the number of bread fruit trees per hcusehalds were estimated by Sands and
Brancatini ( CSIRO, pers comm, January 1997),

(i)  the number of fruits per tree, th¢ yields per hectare, and the Wezght ot‘ 8 brcad frult :
are from Verheij and Coronel (1991) , ‘ '

Estimates of the cost of production were based on ANZDEC (1994). Bread frwt isa
subsistence staplc foodin the South Paciﬁc and is generally not traded, not even in wllage
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markets (D‘r Sands, CSIRO, pers comm, Jaﬁumy 1997). vAn apfumxxmatlon of the price of
bread fruit is based on the prices of staple foods in the region (Asian Dwelopms;nt Bank,

1996).

Table 11 shows the assumptions made in estimating the annual benefit from the biological
control of bread fruit mealybug in the countries that collaborated in the project. Table 12
shows the estimate of benefits from project PN9111

Table 11: The assumptions made in estimating the annual benefit from the bxoiogmal
control of bread fruit mtalybug([’N‘?l 1)

Base year 1990 ' Federated IKiriball {Marshall ~ [Palay |
States of Islarid
Micronesia

BREADFRUlT PRODUCT!DN TOTAL (ODOS mt Aveg 1989-1990) i
Population (1990) ; _ 100, 520 Y25298 o 49,969 16,386
Familysize , 7 7 7 7
Estimate of aumber of households , ' 14 360 10 328 ? 138 2,341}
Number of househoids per village cluster , 12| 12 12]  12)
Number of village clusters___ _Aa97] 861 o5 1es|
Proportion of households in the ruraf areas 060l 060f 0.60f 0.0
Fumber of breadfruil (rees per village cluster (low | 12 12 12 12
estimate) ] e . o

Number of breadfruil irees pervillage cluslerhugh" ' 200 20 20 20
estimate) JUNRE ENUIIN A ;

Total number breadfruit frees(low estimate) v 8,616} 10,328] 7,138/ 2,341

Total number breadfrult trees(high estimate) 14,360 17,214 11,867 3,001}
Number of fruils per tree (low estimate) _200f 2001 2000 200
Number of {ruits per tree high estimate) 700 700 700[ 700
Weight per {ruit (low estimate, kg) 4l 04 0.4 0.4
Weight per fruit (high estimate. kg) ] R I
Total anpual Smducuon(ow estlmate mt) o b 069 083 OS? - 0.49]
Teotal annual production (hiﬂh eslimate; '000, mt) b __ 12 14‘" D __g‘
Yield before research (Vha)ave 1890 | __16.00 18. ) 16.00 ~ (8,00
imputed cost of production before research (s/ha) JA24]  424] 424 424
}g}put;ed unit cost of production before research a2 27 27

m ‘ ST 00 TN RO SR

Yield afler research (Uha) ave 1890 1 241 24} 241 Q4]
Impuled unit cost of production after. research (slmt) T 17.68] 17.68]  17.68] 17.68|
Unit cost saving in the cost of productlon after ~ 884] 8B4 884 B84
research (&/mt) , TR TS I S |
Price of breadfri - $Afion _ 650 650 650 850
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Table 12 Flow of benefits from the control of bread fruit mealybug (PN9111)
Australia[Fiji ~ |Western  [Tonga Tolal  |Research  |Net
: Samoa {benefits  |costs Benefits
~ |Breadfru Breadfrui Breadfrult Breadfrui|  [Breadfruit $A, 0005. $A. 9005‘ 1
I L L Lo ..11990 1090
1 19920 %0 $6| €0.00  $0 80 77‘1658].;,. ($77}
2 1993 so|  sol 000 s0| | $0|  168.42]  ($158)
3] 1904]  $0| 80| 0.00f — "sof I $0|  136.5006]  ($137)
4 1998 sol - $nl $0.00 ) .50 114.0328] (8115
5 1906  $0| - $107)  $0.00] S0l | 8107 143.88605]  ($37
6 1997 s0l 8107  so.00f o sol 1 s107 213.21 ($106)
7 1908]  s0|  st107]  $12796]  sof | “$2as5] 0 8235
8 1996  $o| " s$107[  s127.86]  $1170 $352| 0] - $3s2
9 2000] $0|  s108]  3129.24] - $119] $356 0] $356
10 20010 8D $109]  $130.52 $120{ $359 0  $359
11 20020  sol  s$110]  $131.79 $121 $363 0 $383
12 2003] s0;  s111]  $133.07]  $122 $366] 0] %366
13 2004]  SO[  $112]  $134.35]  $128 $370 of  $370]
14 2005] 80| $113]  $13563]  §124| $a731 0 _$373)
15 2008 " sol  $114l  $136.91} $126 $3771 0 8377
16 2007) $Ol  S115]  $138.19]  $127| $380] 0] $330|
17 2008] 50| $118]  $139.47]  $128 5384 0 $384|
18] 200G[ 80| ~ $117]  $14074|  $128] $387 of __ $387
19]  2010[ "$0l 148t $142.021  $180| $301 o]  $301)
20 2014 TS0l $420{  $143.300 $182] T $a04| 0 %394
21 20121 7 $0|  $121]  $144.58]  $133 %398 O] $398
22 2013 S0l 8122 $145.86]  $134 U s401] 0] %409
23 2014] S0l  $123] $147.14]  $135 ~_$405] 0] $405
24 2015] " S0|  §124] $148.41]  $136 $408] 0l  $408
25 2016]  $0]  $125]  §149.69]  $137] _ $412] 0] $412
260 20170 " $0|  $126i $15007]  $139] $415 0] $415
271 2018 80|  $127  $152.25] ~ $140| $419 0] s419)
28] 2019  $0|  $128]  $15353]  $141| $423] 0] $423]
20]  2020] s0f 8129 ~ $154.81]  $142 TUUS4260 0 ,‘,..‘;5426
30 2021} $0|  $130|  $156.08[  $143] __.$430! 0o s430|
Pressnt  $0.00  0.898 $0.91 ~ $0.77 $2.57 $0,63 mmi
values
of
Benefits
and
costs
( $AM,
1990) S o
HRate of - 26%
i e B L 11 S RO

EB



34 BIOLOGICAL CONTROL OF PESTS AND WEEDS IN THE SOUTH
PACIFIC: THREE PROJECTS TIi.1 LED TO UNINTENDED BUT
UNQUANTIFIABLE ECONOMIC IMPACT

3.4.1  Leucaena psyllid (PN8802-D)

Soon and Hill (1992) in their end of project review, indicated that the project successfully
developed a quick samphng mhniqua to estimate psyilid abundance and plant damage. But
over all, Soon and Hill (1992) found that: *1he results of this sub-project do not rav sur the
potential for biological control of Heteropsylla cubana in Australia. The parasites tested
(Psyllaephagus yaseeni and Tamarixia lencaenae) by the project were not host-specific
enough and seemed to feed on Ilc’rempsylin spimlosa which was introduced in Australia an.)
Western Samoa to control mimasa invisa . Furthermore, Lencaena lencocephala is regarded
as a weed in some countries (Western Samoa included) in the South Pacifie, and as a useful
plant in other countries.

Despite these problems, Soon and Hill (1992) concluded as follows:

“The research outputs of this project have now enabled Australia to gauge the
potential threat of Psllaephagus yaseeni and Tomarivia leneacnae (the two parasites
tested in the project) to the biological control of mimosa invisa in Australia and
Western Samoa. This is a tremendous-hienefit. By having this information to decide
apgainst their introduction, the pntcnhal negative impact of these parasites have been
avoided. What this will relate to in terms of cost=beriefits can only be speculative
since the real impact will not be known because the parasites are hot introduced. The
lack of economic data associated with the non-introduction makes the return on
investment difficult to assess.’

3.42  Banana aphids (PN8802-E and CS2-92-828)
Soon and Hill (1992) conc‘luded that :

‘Had the parasite (Aphidius colemani) not established on melon aphid (and tare), the
returns on this sub«pro,;em would be minimal, since the banana apmd seems to have
remained unaffected by its release.’

Soon and Hill (1992) recommended an extension to determing exactly what the parasite
(Aphidius co‘lemam) is doing in Tonga.. This was done under CS$2-92-828. The conclusion
that the parasite does not have any impact oh banana aphids was confirmed by Wellings, Hart
and Kami (19¢4). On the unintended positive impacts, Wellings, Hart: and Kami (1994), also
conclude that:

“When number of Aphis gossypii were high in the field the parasatoxd (Aphzdm
colemani) was easily found and parasitism rates reached 60%. The reduction in
populations of this aphid may well be mgmfmant in future attempts to control the
damage caused by plant virus disease in pumpkin squash crops, Further research is
needed fo look at all the aspcats associated with control of plant virus duseasc in
Tonga, :
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However, biological control of disease vectors is usually ineffective, since a small number of
vectors can spread  large amount of disease, and biological control rarely pets near a hundred
percent of the target (Dr Paul Ferrar, ACIAR, pers comm. January 1997). Tn this paper this
project is put in the category of projects which imay have positive impacts but which are
unquantifiable at this stage. Before economic impact can be estimated, it is necessary to
establish the extent of damage Aphiy gossypii causes in Taro and curcubits and what level of
control (Aphidius colemani) provides.

35 RIOLOGICAL CONTROL OF PESTS AND WEEDS IN THE SOUTH
PACIFIC: THREE PROJECTS THAT FAILED TO MAKE AN ECONOMIC
IMPACT

This section briefly discusses three ACIAR-supported biological control projects which failed

to deliver significant benefits to countries in the South Pacific. The tuble below summarises
the reasons why these projects failed to generate economic benefits.

Reason why three biological control projects that did not generate positive economic benefits

Control Mimosa invisa Passion fruit scale |Banana weevil
target

An appropriate technology was An appropriate| An appropriate
not found in the duration of the technology was technology was|
project discovered.| discovered. However
 However the passion] the banana industry in
fruit industry in Tonga collapsed
Western Sumonf (Soon and Hill, 1992,
~collapsed (Soon and p3z)
Hill, 1992, p32)|

fo—

2 Not enough funding was
o provided to the activity
3. Control agents were introduced]
| under funding from otherseurces) -
Countries | Australia, Western Samoal  Australia, Western Australia, Tonga
affected by ~ Sumoal
research | ,

3.5.1  Mimosa invisa (PN8569)

The purpose of this project was to enable the Queensland Lands Depariment to continue for
six months to October 1986, a prograim secking natural enemies of the weed Mimosa invisa in
South America, particularly Brazil, Mimosa invisa is among the worst pests in Western.
Samoa, Vanuatu, Solomon Islands, Papua New Guinea, New Caledonia and French Polynesia,
It also oceurs in several other Pacific Islands and various countries in South east Asia,
Unfortunately this small project did not generate any documented results and consequently o
research benefits flowed from the activity. & :
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Under this project two biological control agents against mimosa invisa were released in
Western Samoa. Neither of the two control agents prospered; ong failed to establish
altogether; one becarne established but failed to build up numbers that could have an effect in
Western Samoa, even though the same biological control had had a major impact on mimosa
invisa in Papua New Guinea under an non-ACIAR project (Dr Paul Ferrar, ACIAR, pers
comm. January 1997). ; '

3.52  Passion fruit scale (PN8718)

The aim of this project was to test parasitic insects that may control passion fiit scale and a
successful parasite i, diaspidicola was found. However, due to the collapse of the passion
fruit industry in Samoa the benefits aceruing to the project are zero.

3.53  Bavana weevil (PN8802-B)
Soon and H'™ (1992) in their review of ACIAR project 8802-B concluded as follows:

“From the brief and scanty reporting given to the reviewers the conclusion is that
most of the original proposed objectives have not been achieved, particularly with
respect to their fulfilment in the stated country, Tonga. Only the evaluation and
selection of nematode strains and determination of the efficacy of nematode treatment
have been completed, The development of the delivery technology has been achieved
within Australia but not transferred to Tonga as proposed in the objectives. ‘

Part of the reason for this was because of the failing Tongan banana industry that
resulted in the view that there was little point in doing more work in that country,

At this point in time growers in Australia are still awaiting the technology (Paul Ferrar -pers
comm, January 1997). The benefits to this sub-project are therefore zero,




4 SENS{HIVITY ANALYSiS

This section briefly discusses sensitivity analyses which were undertaken on the p‘rojeéts ~
generating quantifiable economic impacts.

4.1  Salvinia molesia (PN8340)

Table 13: Sensitivity analysis - PN8340 - Salvinia molesta

Total Net Presem Va!ue
L e e (A$Mlllion) L
BaseCase ; L 27.02
Increase unit c:osl reduction by 46.79
100% . AR e
Decrease unit cost reduction by 50%| AvAr
Increase % rice affected by palvmla ‘ 48.97
by100% Gt
Decrease % rice affected by saivuma ‘ 17.26
by50% PR I LR Y
lncrease vectordlaease to 3% , _27.16 _

' Table 13 shows that changmg the cost reduction and the area of rice af‘r‘éctcd'by salyinia has a
major impact on the total NPV, Increasing the percentage of vector diseases however, only
increases the NPV from $27.02 M to $27.16M.

42  Mimosa pigra

Table 14: Sensitivity analysis - PN8339, PN 8722, PN9319 - Mimosa pig,@a‘

Total Net Dresent Va!ue
o e |(AS Million)
Base Case ' ! 21 77‘, »
Increase unil cost reduction by - 37.07
[100% I e
Decrease unit cost reduction by 50%| _____ 13.84___
Increase % rice affected by Mimosa | 37.15
|pigra by 100% A :
|Decrease % rice affectad by Mlmosay 14.07
|pigrabys0% |
Increase % beef & buffalo. ~ 2237
production affected by Mimosa pigra
by 100% e
Decreass % beef & buffalo | 2158
|production affected by Mimosa pigra |
by 50% RS |
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Table 14 illustrates that changing the unit cost reduction and the area of rice affectéd by
mimosa has a sagmf cant effect on the total NPV. Changing the production of beef & buf’falo
affected by mimosa does not have any significant eﬂ‘ect

4.3  Fruit piercing moth

Table 15: Sensitivity analysis - PN8802-A, 1’N9’308 Fruit Piercing Moth

Total Net Present Value

e ____l(A$ Million) :
BaseCase 000
Increase unit cost reduction by | 0.09
100% e
Decrease unit cost reduction by 50%  __ -0.05
Increase growthrateto2% | 005
Increase growth rate to 3% o1

Once again it can be seen that changing the cost reductici has a significant 1mpac§ on total
NPV. Given in this analysis that there are various other fruits ‘which would bui, fit from tee
fruit piercing moth but have not been included in the analysis, a growt: rate factwr hus been
introduced into the analysis for the crops that are included. By increasing this fastor from 1%
to 2% and 3% increases the NPV from $A0.00 million to $0.05 million and $A0.1? miltion -
respectively.

4.4  Banana skipper

Table 16: Sensitivity analySIS PN8802-C - Banana Skipper -

[Total Net Present Value

: e . (A$ Million)
Base Case S R
Yield decrease due to skipper 5% b 1037
Yield decrease due to skipper 20% 56058 ,
Increase maximum spread and damage to 80% ; 2429 |
Decrease maximum spread and damage to 30% _ 1070
80% total production affected by skipper | 3572
30% total pr;ioducﬁon affected by skipper | =~ 1323

In the base case analysis it is assumed that the yield decrease due to banana skipper is 10%,
By increasing the percentage yield loss to 20% the NPV increases from $A22.23 mto
$A50.58M, By decreasing the percentage to 5% decreases the NPV to $A10, 37M.A In the
base case it is assumed that the skipper will spread to 70% of the total affected area, By
increasing this area to 80% increases the NPV to $A24.29M, Similarly if the area of spread is
decreased to 30% the NPV decreases to $A10,70M, Changing the total area of productlon
also has an impact on «.ie NPV as shown in Tabl 16,
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4.5  Bread Fruit Mealybug

Table 17: Sensitivity analysis - PN9111-C -« Breadfruit Mealybug

Total Net Present Value
. |(AS Million)

BaseCase =~~~ I = 194
Increase unit cost reductionby | 4.46

100% BRI T Y ) .
Decrease unit cost reduction by 50%| 066
Average weightof fruit0O8kg | 109
Average no. trees pervillagecluster| ~~~ ~ 1.43 :
Average no. fruitspertree | 102

Once again the unit cost reduction has a major impact on Total NPV. In the base case analysis
the high estimates were used for weight of fruit, number of trees per village cluster and
number of fruits per tree. The sensitivity used an average of the low and high estimates for all
3 parameters which reduced the NPV from $A1.94 M to $A1.09M, $A1.43M and $A1.02M
respectively. ‘
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5.  CONCLUDING REMARKS

This paper has discussed economic evaluations of 15 completed ACIAR-supported research
activities funded between 1983 and 1996. 'The model used in these evaluations is the
economic surplus model as developed by Davis et al (1987) and Alston et al (1995). Where
the commtodity affected by research is a non-traded subsistence commodity, a closed economy
variation of the model is used. Where a commodity affected by research is a traded one, then
an open economy, traded good variation of the model is applied.

The preliminary estimates indicate the following, First, the control of Salvinia molesta was a
major success and generated benefits to ACIAR’s partner countries estimated at about $A27
million and a rate of return of 77 percent. This followed by the control of Mimosa pigra
which is estimated to generate, over a 30 year time horizon, benefits of about $A22 millions
and a rate of return of about 26 percent.

To date there have been 10 completed projects in Papua New Guinea and the South Pacific
region. These projects fall into the following three main groups:

(a3} 4 projects made a quant;fablc economic impact with rates of return ranging f‘mm 8
percent to 81 percent;

(b) 3 projects made unintended positive, but unquantifiable economic impacts; and

(c) 3 projects did not make an impact. The most common economic explanation for the
failure to make an impact was that the industries targeted by the biological controls
collapsed.

Section 4 presented some sensitivity analyses on selected key variable.

Overall, ACIAR’s expenence with biological control has been a success. Out of a total of 15
discrete research activities in the area of biological control, only 3 failed to generate an
economic impact, Those which failed involved very small investments of ACIAR funds. Two
of those which failed did so not because the projects did not discaver appropnate control
agents. Rather the targeted industries collapsed after the start of the project. It is appropriate
to end with a quotation from Soon and Hilt (1992) who reviewed many of the pmjects
evaluated in this paper. Soon and Hill (1992) concluded as follows when summing up one of
the failed projects:

“It is noted that the actual economic impact of this work has so far besn limited
because passion fruit is no longer an important crop in Western Samoa, However, it is
one of the advantages of classical biological control that it is a permanent solution,
should the industry be revived, Western Samoan farmers can be confident that the
scale will not be a constraining facton :
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