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l. INTRODUCTION

1. In paragraph 3 of decision VIII/19 B, the Conferenaf the Parties requested the Executive
Secretary to collect and collate existing informati including peer-reviewed published literatune, i
order to allow the Subsidiary Body on Scientifi@chnical and Technological Advice (SBSTTA) to
consider and assess the potential environmentilralj and socio-economic impacts of genetically
modified trees on the conservation and sustainaddeof forest biological diversity, and to repartthe
ninth meeting of the Conference of the Parties.e Phesent note, which was previously issued as
UNEP/CBD/SBSTTA/13/INF/6, has been prepared in linavith these guidelines.

2. The Secretariat compiled the available informatmm the potential impacts of genetically
modified trees from Parties, relevant organizatioasd peer reviewed publications and obtained
comments from the International Union of Forest daesh (IUFRO) Task Force on Forests and
Genetically Modified Trees. A summary of this infation is contained herein. More information on
the views from Parties and relevant organizatioms the potential environmental, cultural and
socio-economic impacts of genetically modified $reis available as an information document
(UNEP/CBD/COP/9/INF/28, previously issued as UNEBBSTA/13/INF/7).

3. In order to facilitate the collation of informatiam genetically modified trees, the Secretariat
distributed a questionnaire on 4 May 2006 to Paudied relevant organizations inviting them to pdevi

information. Nine out of 35 Parties which had @sged by September 2007 indicated having
plantations of genetically modified trees, mostly fexperimental purposes. Twenty-three Parties
reported having platforms, committees or other ftsuo address genetically modified trees, generally
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taking the form of advisory and/or regulatory b@athd/or committees. Thirty of the respondingiBaurt
indicated that they had implemented guidelinesegulations to minimize the impacts of genetically
modified organisms. Though there were few referente the specific environmental, cultural or
socio-economic impacts of genetically modified $resome countries indicated that these potential
impacts could be considered under existing guidslior regulations. All views from Parties and ratgv
organizations that were received by September 2067compiled in the above-mentioned document
(UNEP/CBD/COP/9/INF/28).

4, Genetic manipulation is not a new practice. Histdly, agriculturalists have relied on
techniques, such as cross breeding and crosszegioh, to encourage the emergence of positivestia
plants and animals. However, with the rapid dgwelent of biotechnology over the last 30 years the
degree to which organisms can be manipulated hazdsed drastically, allowing natural species
boundaries to be crossed (CBD 2003). As a regaittetically modifying or engineering living orgamis
has become one of the most controversial and polgrissues related to biotechnology.

5. While biotechnology, as defined by the ConventienRiological Diversity, broadly refers to
“any technological application that uses biologisgstems, living organisms, or derivatives ther¢of,
make or modify products for specific use”, genatiodification specifically refers to “the use of
recombinant DNA and asexual gene transfer methmd#teér the structure or expression of specificegen
traits” (FAO 2004, p. 4). Given this distinctioncathe aforementioned decision the following docoime
will only address genetically modified organisms.

6. To date, the majority of the work on geneticallydiiied trees has focused on research to evolve
better tree development methods and to answer biadagical questions (FAO 2004). El-Lakany (2004)
suggests that this is the type of research whidhlikkeély be the most important result of biotechogy

and Finstad et al. (2007) highlight that genetjcathodified trees represent tools to further our
understanding of genetics. However, research celadethe development of trees with altered lignin
content, stress tolerance and insect, diseaseabitide resistance has also been conducted (FA9)20

It is these later areas of research which havergetmost of the concern on genetically modifreg$

as these modifications have both potentially pesiand negative impacts. Generally, these impacts
(summarized in annex I) can be classified into éhoategories: environmental, cultural and socio-
economic. However, it should be noted that thesmetspheres are innately linked, as what occuttsein
environmental realm will also have an impact orturels and socio-economic conditions (Mathews and
Campbell 2000). These potential impacts need twdleated on the basis of their actual effects as
compared to the effects of the comparative, curoemtiternative practices. As a result of these il
environmental, cultural and socio-economic impactd the lack of a definitive conclusion on thisitop
genetic engineering or modification has been thercs of much debate (van Frankenhuyzen and
Beardmore 2004).

7. The most commonly targeted tree genus for genedigipalation isPopulus though there has
been reported research on 19 other genera inclugiimgs, Liqguidambarand Eucalyptus(El-Lakany
2004; FAO 2004). The Food and Agriculture Orgamizabf the United Nations (FAO) reported that as
of 2004 there had been more than 210 field tridlgemetically modified trees with the majority diese
occurring in the United States (FAO 2004). Moreerdly, a review of the database of field trials
available at the Information Systems for Biotecloggl web site Hitp:/www.isb.vt.edy indicates that there
have now been over 360 approved field releasesmétigcally modified forest tree species in the Elhit
States alone, with almost 500 in total for all tspecies. Moreover, based on the information frizia f
trials, it appears that the amount of publicly feddesearch projects on genetically modified tises
decreasing while privately funded research is msireg (FAO 2004).

8. Many of the issues associated with genetically fiwdlicrops also apply to genetically modified
trees, as the modifications developed for crop isge@re similar to those being developed for trées.
addition, much of the research conducted on geibtianodified trees has utilized technologies
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developed for use in agriculture (Pefia and Sequ@iR While trees differ substantially from agricuhl
plants, the biosafety questions raised by genetdification are essentially the same across the two
domains and the debates in both fields have plrdllene another (Finstad et al. 2007; Merkle et al.
2007). However, the practicalities and constraifitsonducting research on genetically modifiedsrde
differ from those related to agriculture.

9. More than 20 years have passed since the intratuctithe first transgenic tree (Sederoff 2007).
However many issues related to genetically modifreds still need to be addressed and studied.nWhe
compared to agricultural crops, there have beeatively few experiments conducted to determine the
effects of genetically modified long-lived specissch as trees (Halpin et al. 2007). Unlike other
genetically modified plants which grow quickly andn reach reproductive maturity relatively early in
their development, trees require long periods wofetito complete their reproductive cycles (Farnum,
Lucier and Meilan 2007). For example, loblolly pi(Rinus taeda L) generally only begins to flower
after about 16 years while harvesting tends to oefter 20 to 35 years of growth depending on the
desired use of the tree (Farnum, Lucier and Me2@@7). Therefore, research on genetically modified
trees requires several years of monitoring, reqgithat trees remain in the environment for longer
periods than agricultural crops. In addition, thieiactions between forest trees and their enviemrare
generally less understood than those associatédhair agricultural counterparts (Finstad et a02). A
tree can be an ecosystem to a host of other spdeigthermore, the amount of molecular biology
research conducted on trees is much smaller, batrins of funding and the number of research teams
than that conducted on agricultural crops (Farnumcjer and Meilan 2007; Pefia and Séguin 2001). For
these reasons, the development of genetically meaddifrees and the research on their potential
environmental, socio-economic and cultural impaetsains in its infancy (Hayes 2001). As a result,
both proponents and detractors of genetically nedlifrees are currently operating without suffitien
scientific data to understand and characterize sdtbntific certitude the potential risks assodatath

the use of genetically modified trees (Campbell aisbnte-Owusu 2001). Moreover, different
interpretations of the available information make tdevelopment of any consensus on this issue a
challenge (Gartland and Oliver 2007).

10. A major source of complexity in the genetically rifizdl tree debate is that the impacts of
transgenic trees are likely to vary depending arerse factors including the trait which is modified
introduced, the evolutionary history of the orgamibeing modified and the size and location of the
plantation (Hayes 2001; Peterson et al. 2000). M@e when several modified traits are introdugdd i
one tree, determining their synergistic impactifadlt, even if the impacts of the individual tta are
known (Johnson and Kirby 2001). As a result of ¢hesmplexities and given the infancy of the field,
Hayes (2001) noted that “Many of the potential bredsity issues raised to date may prove to be
unimportant and other issues that currently havéoybe hypothesized may emerge” (p. 172).

. POTENTIAL ENVIRONMENTAL IMPACTS

11. The potential environmental benefits derived froemefically modified trees vary with the type
of trait introduced. It is speculated that treeshwiduced lignin content will be easier to prociegs
paper as the need for chemicals and the amountesfyg required for processing the cellulose woud b
reduced (Halpin et al. 2007; van FrankenhuyzenBeatdmore 2004; Johnson and Kirby 2001; Mathews
and Campell 2000). Consequently, the amount ofupoft originating from pulp mills could be
decreased. Similarly, trees with increased lignisuld also confer environmental benefits. One of the
anticipated benefits of this type of modificatianthat fewer trees would need to be harvested &t me
consumption needs. Trees with increased lignin esdntvould have higher caloric value and would
therefore be a more efficient fuel source (Gartldtellison and Fenning 2002). Similarly, higher éés/

of lignin would increase timber strength theordticaallowing for the development of stronger
construction materials (Mathews and Campbell 2000)erefore, modifying lignin content could
potentially reduce the pressure on natural foregimber demand could be more easily met. However,
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Hayes (2001) notes that any offsite implicationgyehetically modified trees are largely dependamt o
how the lands freed from harvest pressures are gednar used.

12. While modifying the lignin content of trees woulcide a potential positive impact on the
environment, it also raises several environmentaicerns. For example, reduced lignin content may
decrease the fithess of trees (van FrankenhuyzdénBaardmore 2004; James et al. 1998). As lignin
makes it difficult for insects to digest plant mais, its reduction could make it easier for irseto
consume plant material and lead to larger populatiof tree defoliators (van Frankenhuyzen and
Beardmore 2004). It has also been hypothesizeddinaieased lignin content could render trees more
vulnerable to viral diseases (van FrankenhuyzenBmaddmore 2004). Furthermore, engineering trees to
have lower lignin levels may potentially affect Isetructure and chemistry by accelerating rates of
decomposition (Farnum, Lucier and Meilan 2007; ¥aankenhuyzen and Beardmore 2004; Campbell
and Asante-Owusu 2001). However, a four-year stugyHalpin et al. (2007), in which poplars were
modified to express antisense transgenes to generptove pulping efficiency, found that both maekif

and non-modified trees were subject to modest tndamage, that there was no change to disease
resistance and that there was no difference idhgon and nitrogen biomass of the soil below ithest
However, it was also observed that the geneticalbglified poplars emitted slightly more @@uring

root decomposition, especially during the first mprsuggesting that the poplars with modified Iigni
had a quicker decomposition rate than their nonifiatlcounterparts (Halpin et al. 2007). Although a
these features can be assumed and might be seesegrch trials, in practice, only transgenic ttbas
have desirable agronomic features, such as dispaseresistance, and form, and that meet theedesir
productivity over their life span until harvest,IMie planted commercially.

13. A further genetically modified tree trait which mdyave potential positive effects on the
environment is insect resistance. It is suggedtat by developing trees which produce toxic cheisic
affecting defoliators and other tree pests, thedrteeapply broad spectrum pesticides in foresteasar
would be decreased (Farnum, Lucier and Meilan 2@@impbell and Asante-Owusu 2001; Hayes 2001;
Mathews and Campbell 2000; James et al. 1998). dppsoach has already been applied to genetically
modified crops where, for example, toxins origingtfromBacillus thuringiensigBt) vars.kurstakiand
tenebrionis have been added to plants such as tomatoes,ctpbaarn, potatoes and poplars to confer
insect resistant properties (James et al. 1998gclnresistance, achieved through the expressibns o
endotoxins from Bt is already one of the most comimanduced traits in commercial agricultural crops
(O’Callaghan et al. 2005). As the insecticidal @ag&auld be targeted specifically to organisms fagdi

on tree tissues, only pest insects would be exptstt toxin, thereby reducing the exposure to-pest
insects (Mathews and Campbell 2000; James et 8B)1%s such, insect resistant traits might help to
preserve a greater insect diversity than if coneeat non-target pesticides were applied. Moreo¥er,
insect resistant traits were conferred into endesther threatened tree species, thereby increasing
resistance, restoration and conservation couldromgted. Parallel to this, trees could be engirceéve
resist or combat the impacts of invasive alien ggefvan Frankenhuyzen and Beardmore 2004). There
are cases where traditional pesticide treatmends nat effective and where genetically modified
approaches may provide a solution. For examplewtmrd boring insects such as the Emerald ash borer
(Agrilus planipennisor Agrilus marcopol), external application of pesticides is not aretife treatment
(USDA 2006) whereas engineering resistance intccélis of the tree itself could provide for effeeti
pest control. Similarly, transgenically inducededise resistance may allow for the restoration etisg
such as American chestnu€dgstanea dentajawhich have been greatly affected by disease (Hayes
2001).

14. Modifying trees for insect resistance is not withdsk. One concern is that insect resistant traits
in trees may lead to the increased developmenesfigide resistant species (van Farnum, Lucier and
Meiland 2007; Frankenhuyzen and Beardmore 2004;pBath and Asante-Owusu 2001; Pefa and
Séguin 2001; Mathews and Campbell 2000). James$. €1398) note that the likelihood of pesticide
resistant biotypes evolving increases the longet ggecies are exposed to toxins and the largeartdee
over which genetically modified trees are plantedhi¢ch increases the likelihood of exposure). The
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development of resistance has already been sebnthégtuse of more traditional pesticide application
techniques such as with Bt sprays (Royal SocietyfCafada 2001). A further concern is that insect
resistance in trees would reduce the number ofopimnggous and pollen-feeding insects present in a
forest; this is a particular concern for speciaigécies (Johnson and Kirby 2001). Reductions saedn
numbers could have larger effects throughout thed fohain and potentially modify predator-prey
relationships and biodiversity more broadly (Farpubucier and Meilan 2007; Hayes 2001).
Furthermore, as most plants are subject to predsome multiple herbivores, there is a potential for
non-target herbivores (minor pest species) to fextafd as well (Royal Society of Canada 2001). Thou
genetically modified trees with insect resistaatt$ronly directly affect herbivores, there is agmtial for
insectivores or carnivores to ingest these toxingbding on herbivore tissues (Royal Society ah&tin
2001). However, in their research, O’Callaghanle{2005) found no evidence that toxins conferring
insect resistant traits accumulated in the foodrchid has also been noted that the effects ofdinse
resistant transgenic plants depend on severalr&atmluding the potential for predators to beasqu to
the toxin and its inherent susceptibility to it (Cdllaghan et al. 2005).

15. While insect resistance traits in trees may suppoeg insect pest, it has been suggested that
these traits may result in increased numbers afrslry pests (Johnson and Kirby 2001). For example,
in their examination of food biotechnology, the Bb$ociety of Canada (2001) notes that while the us
of Bt transgenic crops decreased the applicatiopest-targeted insecticide sprays, it also increkase
problems with secondary pests. A further concemr anvsect resistance is the potential adverse tefiec
soil structure if detrital plant material retairts toxicity thereby affecting decomposition by icise
(Johnson and Kirby 2001). There has also been cormeer the potential leaching of toxic materials
from insect resistant trees into forest soils thfowoot systems (O’Callaghan et al. 2005). The Roya
Society of Canada (2001) mentions two studies wegee two processes have been observed. First, it
was found that the transgenic corn cultivar NK4640Bodified to express the Bt toxin gene crylAB,
exudes the toxin through its roots into the rhizmsp. Second, cotton var. Coker line 81 (crylABJ an
line 249 (crylAC) were found to release measurabh®unts of the Bt toxin into the soil when plant
material decomposed. However, it was unclear as/hat the impact of this would be because, as
mentioned above, the insecticidal proteins whictehaeen utilized thus far degrade rapidly and have
restricted spectrum of toxicity (Campbell and Asa@wusu 2001). Johnson and Kirby (2001) also note
that without comparative research it is difficudt determine the impacts of genetically modifiedeits
resistance on the environment compared to mordtitnaal methods of insect control. Moreover,
O’Callaghan et al. (2005) highlight that the effedif insect resistant crops on non-targeted species
particularly those living in soil systems, are kElsggunknown, and that research examining the effett
insect resistance on entire ecosystems is lackingddition, there has been little research coretlion

the effects of genetically modified plants on paliors feeding on nectar or pollen (Royal Socidty o
Canada 2001). This is particularly problematicteese¢ may be diverse guilds of pollinators for aegiv
species (Royal Society of Canada 2001).

16. Herbicide resistance has been one of the maindbtie work on genetically modified plants
(Johnson and Kirby 2001). The development of habicesistant traits in trees could result in salver
environmental advantages. In particular, herbicetestance could allow for the application of neely
benign broad spectrum herbicides in plantationstsrehus reducing the need to apply multiple logtbi
treatments (van Frankenhuyzen and Beardmore 20@4hdws and Campbell 2000). Furthermore, the
application of broad spectrum herbicides in plaotest could reduce soil erosion by decreasing weed
removal through tilling (Mathews and Campbell 200@mes et al. 1998). A specific advantage in forest
systems, as compared to agricultural systemsaishigrbicide applications would likely be limitealthe
first few years during forest establishment, ratifi@n on an ongoing annual basis. Herbicide remista
would allow more cost-effective and successfulldstament of highly productive industrial plantate

17. Herbicide resistant trees also represent severdtommental risks. By promoting the use of
specific herbicides, herbicide resistant trees teag to increased selection pressure for resistaet]
biotypes as well as reinforce the use of broadtsp@cherbicides (van Frankenhuyzen and Beardmore
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2004; Johnson and Kirby 2001; Thomas 2001; Jamed. €1998). Furthermore, Johnson and Kirby
(2001) note that as broad spectrum weed contrgéierally used at the early stages of the developme
of plantations, when a variety of forest and foredge species are present. Therefore, until there i
canopy closure, there could be a negative impacbiotogical diversity in a forest tree plantation
(including insect and bird species which depena@ @ariety of habitat and food sourcdsastly, as with
insect resistant trees, there is a possibility ttheg application of broad spectrum herbicides will
eventually result in the development of plant bpaty which are resistant to herbicides (Farnum,druci
and Meilan 2007; Thomas 2001). However, in ordartderstand what the overall impacts of genetically
modified herbicide resistance will be, a betterensthnding of current herbicide use and its impants
biodiversity is required (Campbell and Asante-OwR601).

18. A further area of research with potential dividerfids the environment is the development of
stress tolerant trees. By promoting or adding draihich make trees resilient to abiotic stress, the
viability of trees can not only be increased, ldumay also become possible to use these treesin th
phytoremediation of contaminated soils (van Frahiggmen and Beardmore 2004; Pefia and Séguin 2001
Mathews and Campbell 2000). Pefia and Séguin (2@6mjion one example where poplar was modified
to remediate soil containing chlorophenols. Thangé root system, long lifespan and ability to draw
water from the soil make trees ideal tools for phginodiation (Pefia and Séguin 2001). Similarly, by
modifying trees for increased productivity, it ssamed that high yield plantations could reducentred

for old growth logging, thereby allowing biodivetgstonservation in these areas (van Frankenhuyzén a
Beardmore 2004; Hayes 2001). Furthermore, as mooeliibre could be harvested from a given area of
land, some of the land used for natural tree hargesld potentially be taken out of production,
increasing the land available for biodiversity ress.

19. While there are several environmental benefits @asal with genetically modified trees with
traits for greater resilience to abiotic stressjesal concerns associated with their use have lzdem
identified. Hayes (2001) notes that increased prthdty would not necessarily result in more forasta
being protected. Moreover, allowing trees to betpe with environmental stress will increase e
and may lead to some trees becoming invasive, paligrresulting in a loss of biodiversity (Jamdsaé
1998). In addition, if the genes conferring incexhsesilience were to escape through horizontaé gen
flow or other vectors, affected wild species coptidentially become invasive (van Frankenhuyzen and
Beardmore 2004; Campbell and Asante-Owusu 2001h&et and Campbell 2000). However, when
long lived perennial species like trees are corexrdetermining potential invasiveness is probl@mnat
(Johnson and Kirby 2001).

20. As previously noted, some experts have raised coaaaver the effect of genetically modified
trees on soil quality. Soils are some of the mostgex habitats on earth, with one gram of agricalt

or forest soil from temperate regions containingudands of species (Royal Society of Canada 2001).
Given this complexity, the impact of genetically dgifeed plants on soil systems is not well underdtoo
This fact is illustrated by the inconsistenciesne studies on the interactions between soil anétgsally
modified plants (O’Callaghan et al. 2005). O’Calag et al. (2005) report that only a small quantity
research has been devoted to understanding thectsnpBigenetically modified organisms on soils and
that it has tended to focus on Bt in cotton andzmai The persistence of other transgene-related
substances has generally not been addressed (@j@afi et al. 2005). However, Lilley et al. (2006)
refer to a study in which 25 peer-reviewed articke@mining the effects of 9 different species of
genetically modified plants was conducted. In 16ha&f cases minor changes to the soil community or
structure were observed. These changes includedt®fon the diversity of bacteria and nematodes,
fungal counts, the number of protozoa and woodticetality. However, for the most part, these stadie
were only conducted over one growing season anthjerity of the impacts were found to be transient
Furthermore, O’Callaghan et al. (2005) refer t@alaolatory study in which the Bt endotoxin origingti
from genetically modified maize was rapidly degihdad where no detectable levels of the toxin was
found after 14 days. Another study examining deitroyrucleic acid (DNA) persistence found that the
genetically modified DNA originating from genetiaimodified poplar leaves under natural conditions
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was not present in soils for more than four morfttay et al. 2002). Although only one of the above
studies specifically examined genetically modifiexks, these studies can be used as examplestgpthe

of potential impacts that genetically modified semight generate as many of the expressed traits
examined are the same as those currently beindagpegkin trees.

21. One of the most frequently cited environmental eosns in discussions related to genetically
modified trees, or genetically modified organisresgrally, is the potential for novel genetic matisrio
escape into wild gene pools (Merkle et al. 200y Feankenhuyzen and Beardmore 2004; Campbell and
Asante-Owusu 2001; Johnson and Kirby 2001; MatreavadsCampbell 2000; James et al. 1998). This can
occur in several ways including the transfer ohsgenes through pollination or the hybridization of
genetically modified organisms with wild relativér reasons such as this, James et al. (1998)th&it
“Once genetically modified trees become reprodeciivs nearly impossible to guarantee high lewdls
gene containment because of the extreme mobilitgasds and pollen and the proximity of wild
interfertile relatives” (p. 410). Furthermore, altlgh not exclusive to genetically modified tre¢dhas
been postulated that bacteria may serve as veoiotise transfer of transgenic genes between osgasi
which are phylogenetically unrelated (Mathews aram@bell 2000). It is assumed that if transgenic
traits, such as increased resilience or insecthembicide resistance, were to enter wild gene ptiws
potential environmental implications could be siigaint, although this is dependent on the persisteri

this single allele in the entire gene pool of intessing plants. If the gene confers a much grexdiidity

to compete, the trees with the transgenic traitccbhave an impact on the overall diversity of atipatar
ecological system or landscape (Brunner et al. PG@6wever, predicting the outcome of transgenes in
wild plant populations is more difficult than detgning if gene flow is likely to occur. This is dte the
absence of empirical data explaining the fitnessebts and costs of transgenic traits in non-taget
species (Royal Society of Canada 2001). Determifiingss, even in targeted tree species, is diffaue

to the generation interval, the lengthy juvenileig#s and the large size of many trees (Farnumietuc
and Meilan 2007). Ultimately, the spread of tramegewill be dependant on the manner in which they
affect the survivability and reproductive succefshe affected species. For these reasons, thelRoya
Society of Canada (2001) notes that “To fully uisteend the dynamics of transgenic escape, large-scal
demographic studies are required in which the cetaplife histories of populations are monitoredrove
several successful years” (p. 129). To date, therkttle data elucidating the persistence of DNA
originating from genetically modified trees in thatural environment (Hay et al. 2002).

22. In an attempt to reduce the risks of transgeniamscseveral methods of mitigation have been
proposed. These methods are similar to the genetcrestriction technologies (GURTS) which have
already been proposed for use in agricultural crdpg either disrupting pollen production or by
preventing trees from flowering, it is argued thfa@ spread of genetically modified material couéd b
prevented. Another method for controlling the sdreftransgenic material is engineering trees &ehie
sexual maturity later in their life cycle, so theges can be harvested before they begin to prooloiéen
(Mathews and Campbell 2000). According to Brunrteale(2007), the methods to prevent the escape of
transgenes from modified trees can be divided Snioajor approaches: mitigation (linking any surViva
benefits from transgenes to genes which are ontefimal under farm or plantation settings), exaisi
(the removal of transgenes from gametes prior ® rtlease of the tree), gene suppression (the
impairment, at the protein, DNA, or ribonucleic @¢RNA) levels, of genes essential to reproduction)
ablation (the destruction of floral tissues witke tise of a cytotoxin) and repression (the postpenéwf
flowering). However, these methods are not witremrtcern.

23. Specifically, with regards to planned sterility,hids been postulated that by eliminating pollen
and flowers, a large portion of the food web wdoéddisrupted as the production of fruits and nuialad/

be prevented (Farnum, Lucier and Meilan 2007; Sohrand Kirby 2001). For example, more than half
of the brownheaded nuthatch'Sitta pusilla Lathamdiet is composed of seeds from pine trees such as
the loblolly pine Pinus taeda (Farnum, Lucier and Meilan 2007). Should theseds no longer be
available, species such as the brownheaded nutkaiald be deprived of an important food source.
Moreover, while planned sterility or harvestingesebefore they are reproductive may guard agéaiest t
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spread of transgenes, these techniques would lwagteatt on non-sexual transfers of transgenic rizte
such as vegetative reproduction (Fanum, Lucier edan 2007; Mathews and Campbell 2000). For
instance, some members of thepulusgenus can reproduce from broken branches and {(Weysium,
Lucier, Meilan 2007). Perhaps most worrisome, haweis that if genes for planned sterility (so edll
terminator genes) escape into wild gene poolsptitential consequences on the environment could be
severe. Furthermore, given the current level ofeustdinding of genetically modified trees and the
genomic and technological studies which have beesmucted, it is not yet possible to determine the
most effective containment method for transgergedrnor the reliability of the methods developethso
(Brunner et al. 2007). Therefore, according to Bemet al. (2007), it would be ill-advised to trtisat
transgenes could be completely contained withoutenstudies on the subject. The effectiveness of any
method in preventing total gene flow might be difft to evaluate precisely. However, the recent
discovery of the genetically modified-gene-deletechnology, which was proven to be effective in
providing 100 per cent containment in tobacco (ketial. 2007), suggests that gene flow through dexua
reproduction (pollen and/or seed) could be prewente

24, A further environmental concern on the use of geaky modified trees is the general
uncertainty surrounding their impacts. Van Franksuzien and Beardmore (2004) note that somaclonal
variation can result in the manifestation of tree@malities and Matthews and Campbell (2000) ssigge
that there is a possibility that the new genetiitdrentering the ecosystem could affect the lipktic
processes in their host ecosystem. However, treksted for commercial use will presumably be
selected not only on the performance of the intcedutrait, but also on other assessed traits ssch a
growth, form and disease resistance. Matthews amchpBell (2000) go on to state that “There is
widespread uncertainty with genetically engineetegks and their interaction in the environment”
(p.377). To date, the information regarding thegléerm impacts of genetically modified trees argdty
confined to hypotheses presented by both detraataigroponents of genetically modified trees (IUCN
2004).

1. POTENTIAL CULTURAL IMPACTS

25. The cultural impacts of genetically modified trege difficult to quantify since little research has
been carried out in this area and determining wbastitutes a positive or negative impact can dftea
subjective issue. For these reasons, only speeglatipacts can be highlighted. One potential positi
impact of genetically modified trees is the pratatiand conservation of culturally important treeces
such as the American chestnGiaétanea dentajaor American elm{imus americanpwhich have been
in decline as a result of disease (Farnum, Lucanet leilan 2007; Merkle et al. 2007; Hayes 2001).
Traditional breeding methods used to develop deseawl insect resistance in agricultural crops are
difficult to apply in forests due to the long lifeen of trees (Merkle et al. 2007). Therefore, f@et
species that are in decline, the incorporatiomeéct or disease resistant traits can increaseidbdity

of selected species. Similarly, increasing the petide potential of genetically modified trees abul
reduce the harvest pressure that many culturajiprtant species now face.

26. There are also several cultural concerns with cegdo the genetic manipulation of trees.
Transgenic escape in particular has the potentialntpact the natural landscape by altering its
composition and consequently affecting local celsur A loss of culturally important species coutdur

as a result of increased competition between nemliaind non-modified organisms. If the use of
genetically modified trees becomes widespread)] pea species might be displaced. The uninteation
development of insect and herbicide resistant sge@sulting from the escape of insect and hembicid
genes could alter species compositions and redheceumber of species present in a given locatfors t
forcing cultures to adapt to changing biodiverginditions. Peterson et al. (2000) note that genet
modification will potentially reduce the “local spficity and adaptation of agricultural processehjch
increases both social dependency on external inputsgriculture and decreases the ability of local
agroecosystems to adapt to local environmentalestsit Therefore, the use of genetically modified
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trees could result in the marginalization of certgioups in the short term and in the loss of tiawatal
ecological knowledge in the long term.

V. POTENTIAL SOCIO-ECONOMIC IMPACTS

27. Genetically modified trees have the potential tdoval for the development of several
economically beneficial traits. These economic ativges are summarized by Thomas (2000) who states
that “GM trees offer the opportunity to domestictitees, to tailor characteristics more closelyhe t
requirement of commercial forestry and the end-udefiorest products” (p.93). However, genetically
modified trees also present several potential secamomic drawbacks.

28. Using genetic engineering to alter the lignin cantef trees could be socio-economically
beneficial in several ways. Lignin makes up betw#&B and 35 per cent of the dry weight of trees and
removing this lignin is a costly process (Pefia 8&duin 2001). By reducing the lignin content inodp
fewer chemicals and less energy would be requioedt$ processing, thereby increasing its pulping
efficiency (Halpin et al 2007; van Frankenhuyzen &eardmore 2004; Campbell and Asante-Owusu
2001; James et al. 1998). Research conductedlwidipoplar suggests this possibility (Pefia anduég
2001). The need for fewer inputs and greater tyuafithe end product would result in economic gain
Conversely, increasing the lignin content of treesild lead to a higher lumber density and consettyuen
a better quality of timber and a higher value patdEor example, Mathews and Campbell (2000) refer

a study conducted in 1997 by Dickson and Walkewlvich it was estimated that a 25 to 50 per cent
increase in the stiffness of the corewood of MatePine Pinus radiata would translate into an
increase of $250 million in New Zealand’s timbempests (Mathews and Campbell 2000). Similarly,
engineering trees to have desired physical charstits, such as increased timber uniformity, could
increase the overall market value of geneticallydified timber (Mathews and Campbell 2000). It has
also been hypothesized that trees could be modifiexiit different management regimes (Johnson and
Kirby 2001). For example, fruit trees could be eleped to grow to a limited size and height allayvin
for more trees to be planted in an orchard andwallp for more efficient and cost effective fruit
harvesting (Pefia and Séguin 2001).

29. However, the potential socio-economic consequeatesing trees with modified lignin content
are not all positive. Mathews and Campbell (20€8)tion that since trees have been naturally salect
through evolutionary processes to provide stabidityd effective nutrients transport (as opposed to
improved pulping efficiency), attempts to manipalétee lignin may have adverse impacts on tredtheal
leading to productivity losses. Van Frankenhuyaad Beardmore (2004) present a similar perspective
and suggest that trees with altered levels of tigmay be less viable than their non-modified
counterparts. As a consequence, trees enginedttethig trait may have adverse economic impact as
result of higher tree mortality.

30. With regards to pest resistance, the use of geaigticnodified trees may provide several
economic advantages. For example, it was found dpate, poplar, spruce and larch engineered to
express the Bt toxin experienced fewer larval fegsli(Pefia and Séguin 2001). Similarly, Lachance et
al. (2007) report that several lines of white sprRicea glauca engineered to express the crylAb gene
from Bt were lethal to spruce budwor@Horistoneura fumiferarjalarvae. Aside from increasing the
viability of trees and reducing losses to folivoresgi and bacteria, these types of modificatioosld
also decrease the need for pesticides and condgqueduce the input costs associated with tree
production (Mathews and Campbell 2000). The Unii¢ates Department of Agriculture estimates that
there are billions of dollars of forest productgisk from the Emerald ash borekdrilus planipennisor
Agrilus marcopoli)alone, for which the only currently effective tie&nt is to destroy infected trees and
those in the surrounding area (USDA 200&imilarly, the use of herbicide-resistant treed ailow
producers to apply broad-spectrum herbicides tdrabweeds, thus reducing the need for traditicrad
costly methods of weed control such as multiplebicéte applications and tilling (Mathews and
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Campbell 2000). Furthermore, with fewer weeds gme plantations there will be less competition f
resources, and trees will be able to grow moreiefitly (Johnson and Kirby 2001).

31. Trees modified to express disease-resistant traittd also result in increased productivity and
the development of safer and/or more nutritiousdfowvith longer shelf lives (Thomas 2000). For
example, through genetic engineering, scientist leeen able to develop varieties of papaya whieh a
resistant to the papaya ring spot virus (Gonsaeteal. 2007). SimilarlyPrunus plants have been
modified to be resistant to the plum pox virus &rashsgenic apple and pear have been modified to be
resistant to the bacteri@rwinia amylovora which leads to the development of fire blight fReand
Séguin 2001). Therefore, genetically modified drdeave the potential to influence the financial
well-being of fruit producers and to impact foodsety.

32. Increased resistance of genetically modified tteeabiotic stress could mean a more efficient
growth, consequently improving productivity (Johmsand Kirby 2001). Moreover, by engineering
species to be more resilient to adverse growinglitions, trees could be planted on soils where they
have not previously been able to survive. This Walso allow the use of trees in the phytoremealiati
of contaminated soils, creating a cost effectiveéhme of restoring land that could not be used oty
(Farnum, Lucier and Meilan 2007; Pefia and Ségu@riR@urthermore, Gartland, Kellison and Fenning
(2002) note that forestry initiatives using air asdil pollution tolerant trees promise to generate
investment returns, especially when used in urbarirenments. In addition, economically valuable
species could be modified to be grown in variousiimns outside their traditional range, allowirg f
greater production areas (Mathews and Campbell)2000

33. Another positive economic impact related to theegienmodification of trees is the reduced
amount of time required to develop improved phepesy Rather than relying on standard cross breeding
methods, which have traditionally been lengthy ttgsment processes, genetic engineering allows for
much quicker phenotype development and for breegoads to be met rapidly (Mathews and Campbell
2000). For example, it was shown that the floweoh@ variety of transgenic aspen was possible @fte
months of vegetative growth, whereas this wouldehaaquired between 8 and 20 years under normal
circumstances (Pefia and Séguin 2001). Thereforendiing the breeding results observable more
rapidly and reducing development times, geneticalbydified trees can potentially generate economic
benefits.

34. Genetically modified trees represent numerous piadeeconomic advantages. However, experts
have raised several general economic concernsiagsbavith their use. For example, Hayes (2001)
suggests that the use of high productivity plaategicould lead to a decrease in the perceived|sauia
economic value of non-modified trees or naturaé$pras the economic gains from these types oftfores
would not be as large as those received from gaaigtimodified forest plantations. Hayes (2001) gjoe
on to suggest that this change in people’s pemeptcould lead to an increase in the conversion of
natural forests to transgenic plantations. If tihéd develops, it would most likely result in @doof
forest biodiversity. A further economic concertates to the fact that poor wood producers will bet
able to have access to genetically modified tregengtheir relatively high cost (Thomas 2000).
Therefore, producers who lack economic resourckkdevidenied access to new tree species and markets
For this reason, Thomas (2000) raises the conbatngenetically modified trees will generate prédit
certain actors in the private sector while poommmunities will be further marginalized.

35. One of the economic concerns related to the udadige and pest resistant trees is the potential
evolution of resistant pest species. Should pestiep become resistant to currently effective chami
and biological control methods, the cost of cofitigl pest outbreaks would increase (Mathews and
Campbell 2000).

36. In monetary figures, Farnum, Lucier and Meilan (206ite a report by Sedjo where the use of
herbicide resistant trees is estimated to reducdyation costs by approximately US$ 1 billion peay
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and that trees modified to have lower lignin levedsild generate between US$ 7.5 and US$ 11 billion
per year worldwide. However, while there could beoremic advantages associated with the
development and use of genetically modified tre@#) exceptions such as the papaya example cited
above, these advantages have yet to be clearlyrdgrated and quantified (El-Lakany 2004). Moreover,
since implementing improved silviculture practicamtinue to offer significant potential for econami
gains, the economic rational for introducing geraétimodification technology is unclear (El-Lakany
2004). The long time period between the beginningesearch projects on genetically modified treas a
when benefits begin to accrue makes tree engirgeariisky economic proposition (van Frankenhuyzen
and Beardmore 2004).

V. INFORMATION FROM GOVERNMENTS

37. In paragraph 4 of decision VIII/19 B, the Conferenof the Parties invited Parties, other
Governments and relevant organizations, includiatigienous and local communities, as well as retevan
stakeholders, to provide views and information e Secretariat for inclusion in the assessment on
genetically modified trees. To facilitate this teér of information, the Secretariat distributed a
guestionnaire to the parties in which they wereitégavto report on their current use of genetically
modified trees, the presence of any platforms.onaticommittees or other forums to address theesssu
associated with genetically modified trees andguigelines or regulations for minimizing the impsof
generically modified trees. As of 30 September 2@%/countries had responded. All views from Partie
and relevant organizations that were received bys8ptember 2007 are presented as an information
document (UNEP/CBD/SBSTTA/13/INF/7).

38. The majority of responses received originated fEumopean countries, with a few from Asia and
the Pacific, the Caribbean and North and South AraemNo responses were received from African
countries. Given the relatively limited number eSponses, it is not currently possible to discem a

global trends on the use of genetically modifiezk$ from this data; however the information prodide

does allow for a foray into the issue.

39. Twenty-six per cent of countries answering the tjoesaire indicated that they currently had
plantations of genetically modified trees withirithborders. Moreover, in all cases with the exoepof

the United States, these plantations were for éxgettal purposes. Most of the responding countfids

not indicate the purpose of their research aatisitiHowever, Belgium indicated that it was workorg
improving wood production and quality, while Unit&dates research activities appear to be related to
augmenting the disease resistance of certain spediee species grown in these plantations vaviéd,

both fruit- and wood-trees being planted. While thajority of plantations were established outside,
Belgium indicated that their trees were grown idaar facilities as were a portion of those present
Finland.

40. Sixty-six per cent of the reporting countries irsded that they have developed platforms,
committees or other forums to deal with geneticailydified organisms. However, it appears that most
of these platforms have been developed to deal gatietically modified organisms broadly rather than
genetically modified trees specifically. Furthermowith the exception of one country, all countries
reported that they had platforms, committees ocudision forums to address the use of genetically
modified trees.

41. The majority of the platforms used by the respogdinuntries were boards and committees.
However the frequency with which these platformeraped varied. In some instances, these committees
are continuous while in other instances, they regety one or two years or as situations dictatsome
instances, these platforms are primarily adviserynature in that they make recommendations and
suggestions but no legally binding decisions, whil@ther instances they have legal authority. Sdve
countries, including Finland, Australia and the tgdiStates, reported that they had a combinatidoibf
advisory and regulatory platforms in regards toegeally modified organisms. Moreover, several

/...
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countries, including Belgium, Finland and Francedi¢ated that they use Internet-based tools as
platforms to address genetically modified organisms

42. Eighty-six per cent of responding countries indéchthat they had guidelines or regulations for
minimizing the impacts of genetically modified onjsms. However, the majority of these guidelines
related to genetically modified organisms broadid did not specifically focus on genetically moegi
trees. In most countries, trees were treated thee seay as other genetically modified organisms and
were not given a separate or special consideration.

43. As the majority of countries which responded to guestionnaire sent by the Secretariat were
from Europe, countries made frequent referencenéoguidelines of the European Union as being an
influencing factor in the shaping of domestic gliies. Moreover, there were few references to the
environmental, cultural or socio-economic impadtg@netically modified trees, though some countries
indicated that these potential impacts could besiclened under existing guidelines or regulations.

VI. CONCLUSION

44, Considerable uncertainty on the use of genetiqalbgified trees exists and the scientific data
needed to assess the potential impacts of thess teenot currently available. The research on
genetically modified tree development has outpatterl research on the potential impacts of such
technologies (Farnum, Lucier and Meilan 2007). Mot the needed data must come from medium to
large field releases with monitoring occurring oeae full rotation (van Frankenhuyzen and Beardmore
2004). As the pollen of some species can travegjelalistances (pine pollen for instance can travel
distances of up to 600 km, though the averagerdistés likely to be between 50 and 100 metres), the
monitoring used in studies must also cover larggadces (Farnum, Lucier and Meilan 2007; Gartland,
Kellison and Fenning 2002). To date, such stud#és not occurred, and in many countries they ate n
permitted (van Frankenhuyzen and Beardmore 2004)rthermore, the potential impact of products
originating from transgenic trees on the human fobdin has generally been ignored, despite the fact
that a number of food, cosmetic and pharmaceugicaducts originate from trees (Merkle et al. 2007).
The potential impacts of genetically modified tree®d to be quantified according to the specied use
and to the context of their use (Peterson et alOPOFor these reason, coming to any definitive
conclusion on the potential environmental, cultushlsocio-economic impacts related to the use of
genetically modified trees is not possible.

45, Writing on genetically modified organisms more lallya Peterson et al. (2000) state that: “[T]he
balance of evidence suggests that genetically neaddrganisms have the potential to both degrade an
improve the functioning of agroecosystems. Depsmddon which genetically modified crops are
developed and how they are used, genetically nemtidrops could lead to either increases or decsease
pesticide use, the enhancement or degradatiorecédblogical services provided by agroecosystems, o
the loss or conservation of biodiversity”(p. 4).ivéh the scientific uncertainties surrounding tlse of
genetically modified trees, many, including Camplagld Asante-Owusu (2001), echo the guidance of
the Conference of the Parties in paragraph 2 aswecVI11/19 B by emphasizing that the precautigha
approach should be applied when considering thefugenetically modified trees.
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Annex |

POTENTIAL POSITIVE AND NEGATIVE IMPACTS 1/ OF THE USE OF GENETICALLY MODIFIED TREES

1. Potential environmental impacts

Positive a) Reduced lignin content might re(_juce the need femibals and the amount of energy required for msiog cellulose (Halpin et al. 2007; van Frankezleayand

Beardmore 2004; Johnson and Kirby 2001; MathewsCardpell 2000)

b) Pollution originating from pulp mills might be deased and fewer trees would need to be harvestedgbconsumption needs (Johnson and Kirby 2001)

c) The need to apply broad spectrum pesticides insfedeareas might be decreased because of insetamedraits (Farnum, Lucier and Meilan 2007; Hapg®01,;
Campbell and Asante-Owusu 2001; Mathews and Campb@0d; James et al. 1998)

d) Exposure of non-pest insects to pesticides mighteldeiced as the insecticidal agent would be tadgepecifically to pests feeding on tree tissuest(ias and
Campbell 2000; James et al. 1998)

e) Endangered or threatened tree species could befietbdd resist or combat the impacts of invasivieralspecies by introducing insect resistance tr@itm
Frankenhuyzen and Beardmore 2004)

f)  Herbicide resistance would allow for the applicatif relatively benign broad spectrum herbicideplantations, thus reducing the need to apply mleltherbicide
treatments (van Frankenhuyzen and Beardmore 208theéws and Campbell 2000)

g) Trees with increased stress tolerance could be mséte phytoremediation of contaminated soils (Fankenhuyzen and Beardmore 2004; Pefia and S2g0ih
Mathews and Campbell 2000)

h)  Modifying trees for increased productivity mightitese the need for old growth logging as high yj@lhtations could be used to fulfil timber needsn(¥rankenhuyze
and Beardmore 2004; Hayes 2001; Strauss et al) 2001

Negative a) Ats Iliggigngsm)akes it difficult for insects to diggstant materials, reduced lignin content may de@éhs fitness of trees (van Frankenhuyzen and Beael2004; Jame

etal.

b) Decreased lignin might render trees more vulnerablaral diseases (van Frankenhuyzen and Beard&aié)

c) Trees with lower lignin levels may potentially affesoil structure and chemistry by allowing for @elecated rates of decomposition (Farnum, Lucier ldedan 2007;
van Frankenhuyzen and Beardmoe 2004; Campbell aadté-Owusu 2001)

d) Insect resistant traits may lead to the increass@ldpment of pesticide resistant species (Farmutier and Meiland 2007; van Frankenhuyzen and dware 2004;
Campbell and Asante-Owusu 2001; Pefia and Séguily 20ithews and Campbell 2000)

e) Insect resistance might reduce the number of plwggpus and pollen-feeding insects present in atf@dehnson and Kirby 2001)

f)  Non-targeted herbivores (minor pest species) nbghaffected by insect resistant traits (Royal Sga@é&Canada 2001)

g) There is a potential for insectivores to acquiseérts through the ingestion of herbivores which hiageon insect resistant species (Royal Socieyasfada 2001)

h)  While insect resistance traits may suppress oreefest, these traits may result in secondang jiesteasing in numbers (Johnson and Kirby 2001)

i) If detrital plant materials retain their insect itty, it might have adverse effects on soil stawetand decomposition as insects play crucial risiehese processe
(Johnson and Kirby 2001)

j)  The leaching of toxic materials from insect resistaees into forest soils through root systemshinégfect soil communities (O’Callaghan et al. 2p05

k) By promoting the use of specific herbicides, hadgiaesistant trees may lead to increased seleptiessure for resistant weed biotypes as well iaforee the use of

oy

Yy

The potential impact was considered “positive’ewht would presumably result in one or more bésdfir human or ecosystem health or well-being, ‘aredjative”

when it pFesumany would result in a disadvantagiieat for human or ecosystem health or well-pein
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broad spectrum herbicides (Farnum, Lucier and Metlgz07; van Frankenhuyzen and Beardmore 2004; dotarsd Kirby 2001; Thomas 2001; James et al. 1998)
) Traits increasing resilience may lead to some toeesming invasive, potentially resulting in a lo$diodiversity (James et al. 1998)
m) If transgenes, conferring increased resilience werscape into wild species, these species migitdrbe invasive (van Frankenhuyzen and Beardmoré; Zdmpbell
and Asante-Owusu 2001; Mathews and Campbell 2000)
n) The potential for novel genetic materials escajing wild gene pools carries unforeseeable riskridiéeet al. 2007; van Frankenhuyzen and Beardmodd 2Campbell
and Asante-Owusu 2001; Johnson and Kirby 2001; &edtand Campbell 2000; James et al. 1998)
0) There is a possibility that the new genetic traitgering the ecosystem might affect the bio-tropinéresses of the host ecosystem (Matthews and IG4h2900)
p) Somaclonal variation can result in the manifestatibtree abnormalities (van Frankenhuyzen and deare 2004)
q) Adaptability of forest stands and plantations ftibior abiotic stressors might decrease due t@ased use of clones (Carnus et al. 2006)
2. Potential socio-economic impacts
Positive a) By reducing the lignin content in wood its pulpiefficiency might be increased as fewer chemicatslass energy would be required for its proceséitalpin et al.
2007; van Frankenhuyzen and Beardmore 2004; CatgieAsante-Owusu 2001; James et al. 1998)
b) Increasing the lignin content of trees would leaa higher lumber density and consequently a begttelity of timber and a higher value product (Matis and Campbell
2000)
c) Trees with increased lignin content would have bigtaloric value and might therefore serve as raffieient fuel sources, and would theoreticallyrese timber
strength allowing for the development of strongamstruction materials (Gartland, Kellison and Fagr2002; Mathews and Campbell 2000)
d) Increased timber uniformity might increase the aitenarket value of genetically modified timber (tlaws and Campbell 2000)
e) Trees could be modified to suit different managetnegimes (Johnson and Kirby 2001)
f)  Aside from increasing the viability of trees andueing losses to folivores, fungi and bacteriatipiele resistant trees might also decrease the foegubsticides and
consequently reduce the input costs associatedtmeighproduction (Mathews and Campbell 2000)
g) The use of herbicide resistant trees will allovetpeoducers to apply broad spectrum herbicidesmntral weeds thus reducing the need for more iratit and costly
methods of weed control such as multiple herbiejgiglications and tilling (Mathews and Campbell 2000
h) With fewer weeds present in plantations, as are$dleing able to apply herbicides, there mightdss competition for resources and trees willlile & grow more
efficiently (Johnson and Kirby 2001)
i)  Trees modified to express disease resistant trégt also result in increased productivity and dieeelopment of safer and or more nutritious foeik longer shelf
lives (Thomas 2000)
i) The increased resilience of trees would mean ket would be able to grow with greater efficienopsequently improving productivity (Johnson andoii2001)
k) Trees modified to be more resilient to adverse grgwonditions could be planted on soils where thaye not traditionally been able to survive allogvirees to be use
in the phytoremidiation of contaminated soils, tirepa cost effective means of restoring land ttherwise could not be used (Farnum, Lucier anddvi€2007; Pefia
and Séguin 2001)
I)  If economically valuable species could be engingsteh that they could be grown in various locationtside their traditional home range, it mighdwlfor greater
production (Mathews and Campbell 2000)
m) The amount of time required to develop improvednplitygpes could be reduced (Mathews and Campbell)2000
Negative a) Trees _vvith altered levels of lignin may be les$igahan their non-modified counterparts and tleeemight have adverse economic impacts as a reshigher tree
mortality (van Frankenhuyzen and Beardmore 2004hkas and Campbell 2000)
b) The use of high productivity plantations might léad decrease in the perceived social and econaahie of non-modified or natural forest as theneeoic gains from
these types of forests would not be as large aethexeived from genetically modified forest pléiotes (Hayes 2001)
c) Poor producers of primary commodities in developingntries may not be able to have access to gafigtmodified trees given their relatively highstdhereby
excluding these producers from certain marketsdmmpdiving them of access to new seed types (ThQD@8)
d) Should pest species become resistant to curreffigtiee chemical and biological control methode tost of controlling pest outbreaks would inceeddathews and
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Campbell 2000)

e) The long time period between the commencementssafarch projects on genetically modified treesveimeh benefits begin to accrue makes tree engirgeariisky
economic proposition (van Frankenhuyzen and Bearel2004)

3. Potential cultural impacts

Positive [a) Genetic modification might contribute to the priten and conservation of culturally important tegecies which have been in decline as a resdisefse (Farnum,
Lucier and Meilan 2007; Merkle et al. 2007; Hayé8D)

a) The unintentional development of insect and hedeiciesistant species as a result of transgenee=saigpt alter species compositions and reduce tingbar of species
present in a given location thus forcing cultueadapt to changing biodiversity conditions (Peterst al. 2000)

b) Genetic modification might reduce the effectiveneksontext specific adaptations in | agricultunathods, make local systems less adaptable and swake societie
dependant on outside inputs (Peterson et al. 2000)

Negative
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