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Planted forest health: The need for a
global strategy

M. J. Wingfield,'* E. G. Brockerhoff,” B. D. Wingfield,' B. Slippers"
21 AUGUST 2015 « VOL 349 ISSUE 6250

TOOLS FOR DEALING WITH FOREST POTENTIAL GLOBAL
PESTS IMPACT*

FPest research tools
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Pest risk assessment
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Pathway risk management
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MNational quarantine
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surveillance tools
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Incursion response/eradication
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Genetic resources/breeding
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Genetic engineering
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Classical Biological Control

Introduction of natural enemies
in order to control pest insects (most often exotic)

Avatable orfing al waw sciencadivect com

"2 ScienceDirect

Biological
Control

ELSEVIER

Recent advances in conservation biological control
of arthropods by arthropods

Mattizss Jonsson ™", Steve D, Wratten *, Doug A, Landis”, Geof M, Gurr*

Conservation Biological Control

Manipulating the environment in order to enhance natural processes
of biotic regulation

- bottom up = interactions insects — non host plants

- top down = interactions insects — native natural enemies

k' Manipulation through change of forest composition



Positive relationships between forest diversity and health

Effect sizes + 95% CI

Ecology Letters, (2007) 10; 835-343

dai: 10,1111/, 1461-0248.2007.01073.x
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Tree diversity reduces herbivory by forest insects

Abstract
HWerve Jactel™ and Eckehard G, Busdiversmy lnss
Br:nu.'.l:l:lhlmﬁ:I
"IRA, LIMRI IO Blodiversity,
Genes & Communities,

prosductogy bar ek

2 4 (a) Monophagous
AS
1_/[
o
0_ ________________________ —
| SQ(TT‘}OO(I:)QOGC
_1_¢ 000°
AR
2 o
-3
ITTTTTTTTTTTTTTTTTTTTTTTTTTI
YER8E2 85888 ST AE sy TRy

Case studies

-42%

i ._ilil'lr CONMMUmmes s

Effect sizes + 95% CI

i knovwn abour effecrs om herbivores, We

often acknowledeed o affecr primn

COMWICTS 4 mera

analyses of a woeldwide dara ser of 119 smudies o COMTIPraTE herbivory i single sperics

anc I X l\.:. moresTs. .. |1I"'\- shirvacd o syrrrhizand roc II.II. non -r' ne FI'\II viery im moere dverse

(b) Oligophagous

L ____3fpoo00’

Doooooﬂu
o @

[+]

Case studies

- 15%

Associational

resistance

2 4 (c) Polyphagous °
[+]
O 14 0 ©
33 oo®
w [*]
ORI - —— —————————— P e
-+l
oo
@ o
_ o]
N oo°
w o
e
g -2-
i o
-3
T 17T T T T T T T T T T T T T T T T T T
DD DT DDA~ O — 00W P~ oW
T OO00O0DN0NOMODHITOOONNMDODMM

Case studies

0%



Associational resistance in forests

Limits:

- tested in experimental conditions

- on young trees

- comparisons pure vs. mixed stands (no gradient of diversity)
- focus on particular pest species, mostly native

Oikas 000 001-012, 2015

dok: 10,111 Hoik 02000
© 2015 The Aurhors. Oikas © 2015 Nondic Sociery Oikos
Subject Editor: Ulrich Brose, Editor-in-Chief: Chrissopher Lorrie. Acceprad 5 March 2015

Contrasting effects of tree diversity on young tree growth and
resistance to insect herbivores across three biodiversity experiments

Josephine Haase, Bastien Caslagneyrol, . Hans C. Cornelissen, Jaboury Ghazoul, Jens Kaltge,
Julia Koricheva, Michael Scherer-Lorenzen, Simon Morath and Hervé Jactel

=» Lack of global pattern
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A novel comparative research platform designed to determine the @c“m
functional significance of tree species diversity in European forests

6 exploratory sites in g o
Mediterranean, temperate and boreal forests d

Main European tree species

olline Metallifere



Effects of forest diversity on tree defoliation by insects

Defoliation

Gradient of tree species richness

ABCDE

30 x 30m

214 forest plots
13 609 trees

3 trees observed/species

1 670 sampled trees



Effects of forest diversity on defoliation

on leaves on tree crowns “%

60 - 100/tree = 81 908 leaves ICP Forest protocol

= 1670 trees LL




Effects of forest diversity on defoliation

100 — ’

mean % crown defoliation

mean % leaf area removed by chewers



Effects of forest diversity on defoliation
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Effects of forest diversity on defoliation in broadleaves

o © 11 broadleaves species

F1,328 = 1601, P <0.001
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Effects of forest diversity on defoliation in broadleaves
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Effects of forest diversity on defoliation in broadleaves
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A focus on chestnut forests in Italy

| I— |
200km Asian chestnut gall wasp
ACGW
Dryocosmus kuriphilus

Colline Metallifere



A focus on chestnut forests in Italy

Agncuttura and Forast Entamaology (2013), DO 10,111 1/ale 12066

Invasion by the chestnut gall wasp in Italy causes significant yield
loss in Castanea sativa nut production

Andrea Battisti*, Isadora Benvegni®?, Fernanda Colombari® and Robert A. Haack?



Effect of tree diversity on resistance to ACGW

100% chestnuts damaged
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. . Citation: Guyot V, Castagneyrol B, Vialatte A,
Tree s pecies ric h ness Deconchat M, Selvi F, Bussotti F, etal. (2015) Tree
Diversity Limits the Impact of an Invasive Forest Pest.
PLoS ONE 10(9): e0136469. doi:10.1371/journal.



Effect of tree diversity on resistance to ACGW

30

20
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Mean % defoliation per plot

Tree apparency



Conclusions

Global pattern of associational resistance in European forests
= lower defoliation in mixed forests

large array of 11 main broadleaved species

in mature forests

irrespective of the insect species

incl. alien invasive pest

across tree diversity gradient (# pure vs. mixed)
crown defoliation = relevant to forest productivity
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Conclusions

Mechanisms remain to be addressed

1. Diversity causes resource dilution
e reduced abundance of host trees

2. Diversity reduces “host apparency”
* reduced physical detectability of host
* interference with host finding by non-host odours

3. Diversity enhances activity of natural enemies of pests
* more insect predators, parasitoids, insectivorous birds




Conclusions

2 avenues for implementation in forestry

|
v v

1. Heterospecific hedgerows 2. Two-species plantations

25-75 50-50 75-25
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Mean % of crown defoliation (£ 95% Cl)
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Tree diversity reduces herbivory by forest insects
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