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ABSTRACT

This dissertation presents an agdmasedmodel (ABM) approach to Dutch elm

diseasg DEDXontrol on the Isle of MafioM).

A modelis described whichexplores the relationship between elevation and the
spread of DED. It uses a digital elevation model (DEM) ti@nJISC national
academic data centré€EDINA Digimgpand randomly generated data for elm trees,

beetles, foresters and bird$. K S Y 2 Rjif &n@ deve®pident are explained.

The existencen the Isle of Marof two ranges of hills exceeding the natural imits
of the elm may haven impact on the expansion ddEDfrom different originating
epidemic cluster centred.o investigate this, ithin the ABM environment StarLogo
TNG(MIT Media Laboratory (2@39)), a tree-line is set at the 160 metre contour,

and a ceiling for beetle flying set at 25% above this, at 200 metres.

On the basiof elevation and randomly generated populations,s shownthat
some parts of the island would appear to be more conducive to the expansion of

DED than others.

It is proposed that the modelf suitably modified and refined, could become a
useful analytical and resource management tool for the oM Forestrysibivi
especially if an upsurge in the disease means different outbreaks have to be

prioritised.



Appendicesinform the readerof the importance of the elmthe symbioticDED
system the two DED pandemic®lm regeneration the S f Yf@uie prospects
official responses in the UK and the IoM\ technicalappendx presents system

requirements for the Dissertation Model.

The dissertation iaccompanied by CBDROMcontaining:

{1 Full dissertation text;

1 StarLogo TNG v. 1sbftware;

9 Dissertation Model

1 All syntax files used in MapInfo (c) and SRS

1 Map and leydatasets in ArcGIS (c) format

1 All images used in the dissertation, Portable Network Graphics (PNG)
format;

1 Two BBC television reports and one radio interview.



Figurel: The landscape we losElms, elms everywhere, nor any one would live.

Badingham Suffolk 1984.
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CHAPTER ONE INTRODUCTION

The dissertation seeks to develop a prototype tool for identifying regions on the Isle
of Man that are exposed to particular risk of Dutch elm disease (DED). The principal
purpose of this is to help the Isle of Man Forestry Division to evaluate the eelativ

urgency of dealing with outbreaks in different parts of the island.

The precise research question is whether it is possiplesing an agenbased
model (ABM) and Geographic Information Science (@l&c)dentify, on the basis
of elevation, regionsof the oM where outbreaks might lead to the greatest

Y2NI I fAGe FY2y3a GKS LatsSQa Sty LRLz I GA2)

This dissertation provides a prototype tool which, within stated limitations, does
achieve this. The tool is based upon the Isle of Man DED Model, which Mitchell,
Markovic, Rotheray and Measho produced for an MSc assignment (2008). This has
been developedand extended into the Dissertation Model, with functionality well
beyond the earlier model, and which places elevation at centre stage and permits
data extraction and analysis in GIS and statistical packages. The Dissertation Version
must nevertheless beegn as a prototype in need of further development before

the Isle of Man Forestry Division can use it as an effective management tool.
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1.1 Justification for the Research

Until the advent ofDED, the elm was one of Europey R b2 NI K ! YSNX O}
important hardwood trees (Appendix A). But Dutch elm disease is one of the most
serious plant pathogens known, and has destroyed hundreds of millions of elms

globally and shows no sign of slowing down.

The Isle of Man (IoM) is home to one of the largest aerimg populations of
mature Elm in Europe, and perhaps in the world. Since DED first arrived in 1992, a
governmentsponsored and rigorousigpplied disease control campaign on Man
has so far been very successful, with 1% of the roughly 250,000 elmg Hxeen

lost since the disease arrived in 1992. Currently, the Manx campaign against DED is
very heavily reliant upon physical labour, experience, and a high degree of local
knowledge. It is crucial to acknowledge and maintain the central role that these
have played in the success story so far, which compares so well with mainland

Britain. It has also been assisted by the island location and local climatic conditions.

But either a warming of the climate, or cut in loM Government funding, or both,
could severely undermine the success achieved thud-tathermore, to date, only

the smaller two of the three varieties of beetle that transmit the disease have been
detectedon the island, and both populations have been kept at a very low level. If
the large European EIm bark beetle (Scolytus scolytus) arfieesthe mainland,
existing arrangements may prove unable to cope, as this species is far more

effective a carrier bthe disease, and a sudden upsurge in dead and dying elms

19



would lead to an explosion of beetle numbers. Total destruction of the mature elm
population on Man, and loss of habitat for dependent wildlife, might ensue, with

consequent financial cost to lohrestry, timber industry and tourism.

The current low level of disease has long been effectively controlled by the
resources currently available, butracent major upsurggBBC 2008nay indicate
that we are moving beyond containment to a new phase aftml (Doug Chalk,

loM Arboriculture Officer, personal communication).

Hitherto separate beetle populations appear to be expanding their zones of
habitation and may within a few years merge into a single larger breeding mass
(Figure 2) This is in itséla growing challenge for Forestry Division. Coupled with
the dual threats of a warming climate and the impending arrival of S. scolytus, there
is imminent risk of a major crisis. If this were to happen, it would become essential
to be able to judge casem a scale of priorities, such as the potential for any given
outbreak to spread to other elm populations. This would permit the Forestry

Division to form a scale of control priorities.
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CHAPTER TW(; DUTCH ELM DISEASE (DED)

In the immediate aftermath of the First World War, a new elm disease was
observed in France. Dutch research determined that the condition was caused by a
fungus, carried by a beetle vector (species of the gestmlytus)."Dutch elm
disease" was soon ideified across Europe and by 1937 had killed 10% of the elms
of southern Britain (Peace, 1932, 1960). Before its method of transmission was
properly understood, it was transported over to America on infected logs, and

began a trail of destruction there (Appelix B).

A fungus Qphiostoma ulmijiiscarried, in spore form, from tree to tree by any of

several species of Scolytus bedffégure 3)

\ £ N

Figure3: Smaller European elm bark beetle Scolytus multistriatus (Marsham)

The tree's response to the fungal invasion (Yamada, 2001) is to proyloses(or
plugs)in an effort to isolate it by locally blocking the tree's vascular system. This
blocks the flow of nutrients from root to leaf, which causes the leaves to turn
yellow, curl, and shrivel to desiccated brown in rsidmmer. When an infected

branch is cut across, a brown stain is vis{bligure 4. SeAppendix C)
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Figure4: Damaged elm twig from Hungary

The disease became endemic, but by 1930 had beguweaken. Many, locally
even most, trees began to recover. Peace (1960, p.41) claimed that, e
disease may long continue as a minor nuisance, unless it completely changes its
present trend of behasur, it will never bring about the disaster once considered

imminent".

However,a new and vastly more destructive varia@phiostoma novalmi, had
already ariser{Brasier 1990, Brasier and Mehrotra 1995jeachedBritainin 1965
with devastating consequencesy 1977there were more than 11 milliordead,

dying and dangerous elms in southern Britgéiverrist Wood Appendix D)

The key to the spread @EDis the availability of healthy, dying and recently dead
elm wood, all of vich are essential to the beetles' hfgcle. Thus the first
pandemic, where the fungus was insufficiently virulent to kill large numbers of
elms, and where many elms appeared to gradually develop a certain resistance,
gradually died back for want of brdag material for the principal vectorO nove

ulmi, on the other hand, was lethal to most trees which it encountered. This
created a mass of feeding and nesting material for the beetles, whose populations

consequently exploded, carrying the fungus onwaatth new elm population.
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2.1 Potential Control Strategies

Restricting the supply of dead and dying wood is consequently key to control of the
outbreak.The vectors of the diseasgthe beetlesg are rooted to their hostg the
trees ¢ during their larval stage. During this period the disease is confined to trees
already infected (although the disease can also be transmitted between
neighbouring trees byused roots). If such 'brood' treesthose harbouring, or with

the potential to harbour beetleg can be identified and destroyed before the new
generation of beetles emerge, the forester has a good chance or keeping the

disease at bay.

But the mostobvious symptom of an infected elm is premature yellowing and
shrivelling of the leaves or babranches; as though autumn hadome early. The
time between the appearance of the spring leaves, their shrivelling and the
emergence of the beetles is very &fii and dependent upon weather conditions. It
may not become obvious which trees are infected until after the beetles have
flown. For any control campaign to be effective, it is therefore vital to get early

intelligence on where the disease is establishet] to act upon it very promptly.

2.2 Local Control Campaigns

In a few Local Authorities, this became the mantra for control measures funded
from their own resources. East Sussex, favoured by onshore breezes and the line of
the South Downs, succeedead limiting the disease (Ridley et al (20003pse

(2000), and their success has continued to this day: there are more elm in the
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county now than there were when the disease arri(&BCC, 2009)heir example,
attributable to the Council's EIm DiseasefiGr, Tony Denyer (Wilkinsori978,
p.147), showed thatgiven sufficient authority, financial support and beneficial
climatic conditions, it was possible to control the disease. Edinburgh and Aberdeen,
along with Blackpool, have also enjoyed success s@scessful outcomes in a few
other Local Authorities showed that such initiatives required all three conditions to
be true, plus consistent lonaggrm commitment. Guernsey, for example, brought
the disease down to a very low level, but then relaxed tivegrlance and lost the
battle (Dr David Ros&orest Research.gpsonal communicationElsewhere in the

UK and in Ireland, the disease wiped out the great majority @ftune elm

practically unchecked (Appendix E).

But despite between 20 and 30 million trees having been destroyed, and DED
having extended its reach to north of Inverness, the elm has not been eradicated.

See Appendices F and G for elm regeneration and future prospects.

2.3 Dutch elm disease andt helsle of Man

Observers on the Isle of Man had been watching developments on the mainland
and began planning for the arrival of the disease, perhaps encouraged by the
example of East Sussex. As a result of academic consultations (Appendix H) and the
adoption oftheir recommendations, the Isle now has a very effective government
funded DED control mechanism. A DED contrebrciinator operates out of the

Dept of Agriculture, Fisheries and Forestry, Forestry Division HQ based at St John's.

26



£ MMOBILE .

TCAN SEE WERE GOING 70 NEED A
RERES S THE HELP WE CAN GET, ELM-MAN

-m

C/TIZENS/
YOU CAN HELF/

E IF YOU CAN SR

WHERE OUR ENEMY
\ THE ELM-BARK BEETLE ‘==
HAS BEEN. WHEN YOUVE “yl 4
MADE A FIND_CALLUS ON'§!
LEWES 5400

Figure6: Part of a pamphlet published by East Sussex County Council

(Wilkinson, 1978)
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The programmegsee AppendiX) has been very successful so far, due in no small
part to the enthusiasm and dedication of a small but expert team with a passion for
their job. The total losses so féFable 1number just under 1,2000f which fewer

than 700 were actually diseased. The balance comprised brood or potential brood
trees. It is to be noted when the numbers of Brood/PB trees culled fell, the

following yearsaw an upsurge in the diseagadure 7.

2008 was a particularly bad year, with an unparalleled 116 diseased and 123 brood
or potential brood trees having to be felldBBC 2008)Unfortunately, full data for
2009 has not yet been supplied (only upJduly available) so it is not clear whether
2008 was an outlier in the series, or the beginning of a serious-tknng
deterioration. It is hoped that the greatly increased number of B/PBT fellings in

2008 will have brought about at least a stabilisation

The Isle of Man Forestry Division has published leaflets on the threat of DED, and at

least two of these (Figur8Z dzy Rl 1 SR0O Ay Of dzZRS YI LJA &AK26A
to be noted that the two illustrated differ significantly from each other. These
differences might reflect differing situations in different years, but it may also

reflect uncertainty. Forestry Division state that the zones were designedNA Y | NRA f &
(as) an aid to managing the surveyorsh ®S o (2 3IAA GBS GLG&ESY G
GU2LR AINYVRBIKRAOISKA@K | NE St ai SNDoug2ChaA & dzi £ 2
personal communication). Unfortunately, Mr Lee has been on vacation and

unavailable for comment.

28



Tablel

Diseased, brood or potential brood trees
Felled and destroyed, 2003 - 2009*

Year Diseased Total Brood/PBT Total Overall Total
1992 11 11 - 11
1993 13 24 - 24
1994 19 43 - 43
1995 12 55 - 55
1996 8 63 - 63
1997 9 72 - 72
1998 13 85 - 85
1999 64 149 - 149
2000 24 173 - 173
2001 31 204 a5 45 249
2002 68 272 31 76 348
2003 86 358 71 147 505
2004 27 385 57 204 589
2005 32 417 65 269 686
2006 27 444 17 286 730
2007 82 526 72 358 884
2008 116 642 123 481 1123
2009 (to July) 46 688 27 508 1196

Source: Isle of Man Forestry Division
* Note: 2009 figure to July only
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Figure7: Numbers of diseased anldrood / potential brood elms felled, 2002009
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Figure8: Two lIoM Assessments of High Risk Areas
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