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 Drought and dieback by the shoot blight fungus Diplodia (Sphaeropsis) sapinea
* Drought and bark beetle spots

* Future perspectives in tree health
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Spring 1999: the first outbreak with total defoliation
by the pine processionary moth Thaumetopoea
pityocampa documented by Stefano Minerbi

e

Spring 1999: the start of the prolonged diapause
experiment by Klaus Hellrigl



Klaus and Stefano wisdom: looking into the future 1999 - 2007

Year Nr. of emergings (outcomings) of adults
1 VEZZANO 2 VEZZANO 3 CORCES Campo
Késchtenwaldele Gaiernegg Sportivo

1999 ) 2 0
2000 402 20 13
2001 100 25 87
2002 11 241 20
2003 it 406 70
2004 0 100 7
2005 0 38 1
2006 0 9 0
2007 0 0 0
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Nr. Falter aus UBERLIEGERPUPPEN
in Raupenzuchtkafigen

| NN

2001 2003 2005 2007

| would never stop to say THANKS to them and to the
foresters who collected the data with great care

Vetzan-Kostelewaldele
Vetzan-Gaiemegg
—a—Kortsch-Sportplatz




Cages repaired and the experiment restarted in 2013



Follow up by Andreas Klotz

wer ¢ upper ¢ year lower ¢ upper ¢ 50
0 3 2013 47 7]
20 2 2014 5 5
24 1 2015 14 11) 40
3 1 2016 0 2| 35
5 4 2017 0 0 30
0 1 2018 0 0 5
13 3 66 25!

1 8 20
0 2 15
0 0 10
0 0 | _l 5

D
(=}]
N
(5]

2013 2014 2015 2016 2017 2018

lowerc

upper ¢

2013 -2018: less intense and shorter diapause



Diapause in the pine processionary moth
(Thaumetopoea pityocampa):
ecological and applied significance

Salman MHR, University of Padova, Italy
Laparie M, INRA Orléans, France

Lehmann P, University of Stockholm, Sweden
Battisti A, University of Padova, ltaly

XXVI International
Congressof Entomology

HELSINKI, FINLAND, JULY 17-22, 2022




U-shaped response to Mortality cost of prolonged

temperature diapause
1001 e 100+ (b)
L ]

a?

Y

8 754

@©

Q

k]

o —_—

- =

) z

5 504 =

(=]

¢

a

£ =

0

(1]

_-E 25+

=

O

=]

L 3
L
[ &
D+ H o® { ".o B ® =
0 5 10 0 25 50 75 100
Mean temperature (°C) Individuals in prolonged diapause (%)
Subclade ¢ N/E Algeria and Morocco
* N/E Algeria and Tunisia * Rest of Europe

® lsrael, Lebanon and E Turkey * South Algeria, South Morocco



Agricultural and Forest Entomology

Agricultural and Forest Entomology (2018), DOI: 10.1111/afe.12291

Prepupal diapause synchronizes adult emergence in the pine

processionary moth Thaumetopoea pityocampa (Lepidoptera:
Notodontidae)

Md Habibur Rahman Salman*{®, Folco Giomi*, Mathieu Laparie’, Philipp Lehmann* and Andrea Battisti*

' Vinschgau 2015-2018 — 30 trees
9

Weekly collection of processions
with Ecopiege from March to May

Rearing under controlled conditions



Prepupal diapause buffers against winter and spring odds affecting individuals

Duration of

prepupal
diapause

Early Late : :
Procession time But not against prolonged diapause.....

April May June July August



Physiological Entomology

Physiological Entomology (2019) 44, 53—59 DOL: 10.1111/phen.12277

Termination of pupal diapause in the pine
processionary moth Thaumetopoea pityocampa

MD HABIBUR R. SALMAN!, FOLCO GIOMI!,
MATHIEU LAPARIEZ PHILIPP LEHMANN?,
ANDREA PITACCO'and ANDREA BATTISTI!

Methods:

* Direct calorimetry by
continuous temperature
measurement with
thermocouples

* Respirometry by discontinuous
measurement of oxygen
consumption in stop-flow




One individual pupa can go through several termination cycles until eclosion

Matabolic activity

== Univoltine

r\ ___ Prolonged

Termination

diapause

Time
Démolin hypothesis on the ‘key period’ is confirmed



4. Follow up of pupal cohorts

Trade-off between body size, temperature, and prolonged diapause

7 1220 m
13.0+5.7 °C

6.7+0.4°C

44+0.0°C $1a0m

Open-top cave reproducing natural fluctuating temperatures
experienced by pupae of 7 populations in the soil 2015-2022



Emergence from prolonged diapause extended over 6 years
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Pupal weight decreased about 40% - energy limitation



2. The earlier management approach (2001)

LOTTA AUTUNNALE E INVERNALE ALLA PROCESSIONARIA DEL
PINO CON BACILLUS THURINGIENSIS IN ALTO ADIGE

di S. Minerbi, K. Hellrigl e A. Batisti

NEGU ULTIMI ANNI IN TALUNE AREE DELUALTO ADIGE — SPECIALMENTE NELLE PINETE DELLA VAL VrNU)li\
DOMINATE DA RIMBOSCHIMENTI DI PINUS NIGRA V. AUSTRIACA — SI SONO VEPFHCA
ATTACCHI DI PROCESSIONARIA {THAUMETOPOEA PITYOCAMPA DEN, E SCHIFF),
TROMISURE TEMPESTIVE E DI SICURA EFFICACIA. PER IL FUTURO LE STRATEGIE DI LO
DEL PINO IN ALTO ADIGE PREVEDONO TUTTAVIA NEL MEDIOLUNGO PERIODO
MIRATI ED INFORMATI A CRITERI DI RIEQUILIBRIO BIOECOLOGICO DEI POPOLAM
LOTTA ATTIVA CON BACILUS THURINGIENSIS S| CONFIGURA QUALE MISURA Lin
ED AL CONTROUO DEGLI ATTACCHI IN PARTICOLARI SITUAZIONI DI EMERGENZA




The forcing associated with prolonged diapause
Andrea Aimi PhD 2008
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Fig.2: Attacked and treated area in Venosta/Vinschgau during 1999-2006,
compared with the total number of moths emerged from 3 cages where colo-
nies of the 1998-99 cohort were allowed to pupate.



The costs and benefits of the integrated pest management

Paola Gatto UNIPD 2008

Tab.2: Output of the Extended Economic Analysis 1 — EAA1, with additional items to FA.

Step of | Benefit + | ltem being Physical Monetary Annual value for the  case-
CBA Cost - valued Indicator indicator stucy ares (Buro
“ with IPM without IPM
50,300-
50-100 €/ha 78,800
. Soil protection depending 93.800 depending on
from erosion on forest ! progressive
functionality expansion of
the moth
EEA1 Carbon Net C |ncremgnt Shadow price of 1,500—6‘,000 110—6,QOO
+ sequestration sequestered in Carbon : 13 €1C depending on depending on
forest biomass ) forest growth forest growth
1,900-5,500
Risk of dermatitis | Days of hospital COSt‘Of daily dependlrjg on
- for visi hospital 0 progressive
for visitors treatment .
treatment expansion of
the moth

Tab.3: Output of the Extended Economic Analysis 2 — EAA2, , with additional items to FA and EAA1.

healthy forest:
0.5 €/year

Step of | Benefit + | ltem being Physical Monetary Annual Value/ha
CBA Cost - valued Indicator indicator with IPM without IPM
150,000 day- Willingness to pay
visits per for 1 day-visit :
; year in the 1.5 €in the with-
+ Recreation with-situation, St 225,000 € 120,000 €
120,000 in the 1.0 €in the
EEA2 without situation | without situation
Annual willingness
to pay by each
+ Landscape 32,000 residents | resident for an 16,000 0




Btk and the non-target Lepidoptera

No effects on the total number of species and individuals, Minerbi and Huemer 2000
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+ 350
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3. The range expansion

Gernot Hoch
Sigrid Netherer
Axel Schopf

T
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Feces (mg/larva)

From data to
model

0.30 4
0.25 4 :
A +129/+3°C
0.20 - —8—=  +9°/+3°C
) —0—  .eo/43°C
0.15 4
0.10 +
0.05 +
0 0= 3

+6°/9°/12°C +6°/9°/12°C

12:00 15:00 18:00 21:00 0:00 3:00 6:00 900

Time

Feeding activity

Winter larval feeding

Summer adult dispersal

li Elevation/latitude
Climate range expansion
change



4. The take over of natural enemies

forest observer  vol.2/3 2006 81-88

Egg parasitoids of the pine processionary moth
and their occurrence in Venosta/Vinschgau

Daniel Zovi', Andrea Battisti', Klaus Hellrigl?, Stefano Minerbi®

% of egg mortality
[45]
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PhD student

The vertebrate predators
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 Davide Luigi Gilioli
Biology student

Pine processionary moth
remains in bird fecal samples




The role of density-dependence

Climatic Change (2013) 121:701-712
DOI 10.1007/510584-013-0966-2

Effects of climate and density-dependent factors

on population dynamics of the pine processionary
moth in the Southern Alps

Giovanni Tamburini - Lorenzo Marini - Klaus Hellrig] -
Cristina Salvadori - Andrea Battisti

704 Climatic Change (2013) 121:701-712
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5. The current management options
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The technological innovation for surveillance 2025
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6. The origin of the pine processionary moth in South Tyrol

An old story

- Theophrastos of Eresos (314-313 BC) Historia Plantarum. Chiron’s panacée
(Inula helenium) used mixed with wine and oil “against... pityocampes ...”

- Dioscoride Il (53 AD) Pinorum erucae: vis omnium communis erodere,
ulcerare

- Justinianus’s law or Pandectes (534 AD) pityocampes
in its Title VIII of the Cornelia law on murderers and poisoners

Difcor{i del Matthiol1

CANTARELLE, BVPRESTI, ET BRYCHI DE PINI,




Denis & Schiffermuller 1776: Fichtenspinner Bombyx pityocampa

Pini sylvestris et Piceae.
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(pityocampa Discorid.)
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Novak et al. 1987

Reaumur 1733 La chenille du pin

Démolin 1994



Neotype:
Schlanders
South Tyrol

() Den@pinmet Sefigen i jwar nod -
aiht; e8 fat ibn aber fhon Reaurmiie (Me-
moires des Inf. Tom. 2, Menu. :'3 Jenau bes
fdrieben, und it haben bucliruﬁﬂffnungr!;.n balty
[ fehen. Dex gelefgﬂtmumfunbtgt@} Epns.

© Powitfch hae uns neulidy einige FRaupen biefes
Are mutgetfcilet, die er durdh ben Trenheren

Hon ﬁpﬂggﬁ einen SNann, der alle nigliden I,

Renntuiffe mie patviotifhem Sifer befdrberr, aus
- Tgrol exhalcen Batte, Sie ndbren fich febe gue

Joseph Freiherr von Sperges (1725-1791)
South Tyrol
http://worldcat.org/identities/lccn-
n80040576/

Denis & Schiffermuller 1776



/. The wonderful things
Thaumetopoea pityocampa: the caterpillar with the compass
(o) B L& < (b) (c) 204°

121°

83° 180°

59°




Thaumetopoea pityocampa: the caterpillar with the compass

Stemma 1

Biol Lett 2021



Thaumetopoea pityocampa social architect

Older (13-4) QUSRS
B
Winter tent % -

L4-5

Egg batch orientation

(=2 VR L -]
T

SESE R O

K=3.13, N=44,P<0.01

Younger (L1-2)

Colonies that survived until final instar (L5), made an average of 3.6 tents (SE + 0.25, N = 44),
K=1.83, N=90, P<0.05

Entomol Gen 2021



 Drought and dieback by the shoot blight fungus Diplodia (Sphaeropsis) sapinea




Frequency of Diplodia across elevation as proxy of drought, exercise done with Forest
Sciences international students on May 12th 2026 from Schlanders to Patsch
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tus, Ips sexdentatus, Tomicus spp.)

ina

Drought and bark beetle spots (Ips acum




* Future perspectives in tree health

1 Resource 4 Resource A 1 Resource A
heterogeneity quantity isolation

% T 7

Increasing tree diversity

R P
i [ L
F [ et

Monoculture of resource A

Jactel et al. Curr Forestry Rep. 2017

Higher forest diversity - associational resistance
heterospecific neighbours reduce the risk of a focal tree

being attacked by herbivores

Pest management objective concurs with insect

conservation

Higher forest diversity = increase in species diversity



>

Pest outbreak risk

Design protected areas targeting insects

h B 3
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|:| Large %
uncertainty %
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Landscape diversity

Tree diversity
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LEGEND
Forest types ] Effect size of protected areas Gazzea et al. Curr Forestry Rep. 2024
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