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Fall Armyworm: Life cycle and damage to Maize ¢

‘The Fall Armyworm lifecycle includes egg, & growth stages
of caterpillar development (instars), pupa and math. P
This diagram illustrates the lilecycle, showing where the groam caterpilar il rop to the ground. "
Fall Armyworm is usually found on maize planls at any i
gvenstage. 0 aeemsemmmmaal
....
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‘GROWTH STABES 4-6
By iage 3-6 it will have reaohed the proatie
region of e whorl, here it coes the most
damage,resuling in ragged holes inthe lsaves.
Feeding on young plarts can Kall he growing puint
resadting in o new lesves or cobs develoging,
‘Ot only 1 or 2 caterprs found in each whol,

DAY 6-14

Large quansiies of Fass {caterpllar poc) present
W i s fresembles sandit.

Hihe plant i alder and has veady devslaped
0ot then the casspillarwill eat 5 way though
e prosectve lef bravts o he sick of the
oob where i begins ta feed on the eveloging
emals {seads)

'GROWTH STAGES 1-3
s hatohing the young caterplars feed superfially, i i
wstally o the ndessides of Jeaves. Feeting reauts in &

samitansgzrant patznes on e beaves calsd wincows. . [70 Bareen land
ioung catergillas 2 spin silken freads which catch
1 winE e o e T 0 2 P I
The Jeat whorl & prefered in young planss, wheseas
1 et th o sl s i
aléerpiz.
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100-200 ege ae penerly laid on the underside

o ofthe leaves ypically near the base of the plant,

+-clos b fhe junclion of the leaf and e stem. These

T s covens n rotecive scalesrhed o om e

S mos abcomen ater aying.

3 nzn papulaions 2= high then the zggs may be
asd higher up the plants o on nearhy vegetation
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acier mass balance P@rmafrost and soil freeze/thaw
Evapotranspiration and sublimation
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Modelling scenarios -

, Global Forum on Biological Control and ™
/7 Training Workshop on Biological Control

|. Occurrence (presence) observations only

Species distribution models(SDM)
Ecological niche models (ENM)

Ocurrence data,

Distribution models = ¢
- A
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Maximum Entropy (MaxEnt) and other machine learning algorithms - .. —

= SDMs provide a pathway that statistically links the spatial variations £
in the biotic and abiotic variables to the distribution of a particular species
é é 3 £

Lakes
l:l Country boundary

Probability of occurrence
| IVery low (0 - 0.1}
[ Low (0.2 - D.3)

| Moderate (0.4 - 0.5)
[ High (0.6 - 0.7)

B Vvery high (0.8 - 1)
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Assumptions
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Environmental factors drive species distribution
Species are in equilibrium with their environment
Limiting variables — are they really limiting?
Coincidence with climate or climate shift

Evidence for species dying/not reproducing due to
climate

Collinearity of variables

Static vs dynamic approaches: data snapshot or time
series response?
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" Global Forum on Biological Control and
Training Workshop on Biological Control

Variable Description Units
Biol Annual Mean Temperature °C
Bio2 Mean Diurnal Range (Mean of monthly (max temp - °C
min temp))
Bio3 Isothermality (BIO2/BIO7) (><100) -
Bio4 Temperature Seasonality (standard deviation =100) -
Bio5 Max Temperature of Warmest Month °C
Bio6 Min Temperature of Coldest Month °C
Bio7 Temperature Annual Range (BIOS5-BIOG6) °C
Bio8 Mean Temperature of Wettest Quarter °C
Bio9 Mean Temperature of Driest Quarter °C
Biol0 Mean Temperature of Warmest Quarter °C
Bioll Mean Temperature of Coldest Quarter °C
Biol2 Annual Precipitation mm
Biol3 Precipitation of Wettest Month mm
FAO FA M EWS 9 Biol4 Preciplitation of Driest Month mm
Biol5s Precipitation Seasonality (Coefficient of Variation) -
Biol6 Precipitation of Wettest Quarter mm
Biol7 Precipitation of Driest Quarter mm
Biol8 Precipitation of Warmest Quarter mm
Biol9 Precipitation of Coldest Quarter mm
9 Land surface temperature Surface Temperature and Emissivity K
Landcover/Land use Land cover classes in the area -
Elevation Terrain of the land surface m

Variable Correlation Clusters

3)
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Ocurrence data,
specimen-observation

data Y e __EEE
Environmental layers A 5 % an
< S
Climate suitability
+ [ Unsuitable
v — [ Low
Modelling algorithm === s [ Moderate
4 b A [ High

y ot s w0 s v
Distribution models & i

A correlation coefficient
of |r| > 0.7 was set
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Modelling scenario |

Variable Description Units
Biol Annual Mean Temperature °C
Bio2 Mean Diurnal Range (Mean of monthly (max temp - °C
min temp))
Bio3 Isothermality (BIO2/BIO7) (><100) -
Bio4 Temperature Seasonality (standard deviation =100) -
Bio5 Max Temperature of Warmest Month °C
Bio6 Min Temperature of Coldest Month °C
Bio7 Temperature Annual Range (BIOS5-BIOG6) °C
Bio8 Mean Temperature of Wettest Quarter °C
Bio9 Mean Temperature of Driest Quarter °C
Biol0 Mean Temperature of Warmest Quarter °C
Bioll Mean Temperature of Coldest Quarter °C
Biol2 Annual Precipitation mm
Biol3 Precipitation of Wettest Month mm
FAO FA M EWS Biol4 Preciplitation of Driest Month mm
Biol5s Precipitation Seasonality (Coefficient of Variation) -
Biol6 Precipitation of Wettest Quarter mm
Biol7 Precipitation of Driest Quarter mm
Biol8 Precipitation of Warmest Quarter mm
Biol9 Precipitation of Coldest Quarter mm
9 Land surface temperature Surface Temperature and Emissivity K
Landcover/Land use Land cover classes in the area -
Elevation Terrain of the land surface m

Variable Correlation Clusters

(3) DL i Ocurrence data, - - 2

c
(O]
k)
Y = specimen-observation
[43) 8 data p,
o @ ,
c g Environmental layers A
=N~ +
C_U o Modelling algorithm 1 Gountry boundary

Lakes
9 A Habitat suitability probability
- ] Unsuitable (0 - 0.2)
o — [ JLow(02-04)

| Moderate (0.4 - 0.6)
o — [ High 06 -0.8)
< ) ind £ B very high (0.8 - 1) 4

I T T Distribution models >
$ : o/ 0125 250 500 750 1.000
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" Global Forum on Biological Control and “
Training Workshop on Biological Control

Climate suitability Climate suitability Climate suitability

[T Unsuitable El Unsuitable E’ Unsuitable
- Low - Low - Low
[ Moderate [ | Moderate [ Moderate
I High I i i

0 1500 3000 6000 9000 12K9n00
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Climate suitability of FAW at a Climate suitability of Telenomus Climate suitability of Trichogramma
global scale remus at a global scale pretiosum at a global scale

3 other parasitoids
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Modelling scenario |

Climate suitability

[ | Unsutable ‘
[ Low Current to RCP 8.5 change
D Moderate - Decreasing
- High \:l No change
. \ Increasin;
A %‘ + Global population 3 = ? .
\‘ + Northern US and Canada population Jﬁ

0 1500 3000 6000 5000 12000

0 1500 3000 6000 9000 1%(9:)0
L =_= _____=—— |

Locations of FAW and habitat Habitat suitability range shift for
suitability of its parasitoids 5 parasitoids from current to 2050
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30"0I'0"E 40°0I'0“E Dl.
Area coverage (km?) of the predicted
habitat suitability
Very low (0-0.2) 900,302 566,847 1,739 72,506 782,289
(68%)  (83%)  (6%) (26%) (71%)
Low (0.2 - 0.4) 254,795 43,076 4,462 75,979 236,885
(19%)  (6%) (15%) (27%) (21.5%)
Moderate (0.4 - 0.6) 110,444 20,378 4,811 38,834 58,288
(8%) (3%) (17%) (14%) (5.3%) = e
High (0.6 - 0.8) 38,785 19,626 5,358 63,822 18,920
(3%)  (3%)  (19%)  (23%) (1.7%) R e i
g Very high (0.8-1) 22,127 34,998 12,557 28,501 4,771 I %‘Z‘ mulabily prabaily
I (2%) (5%) (43%) (10%) (0.4%) : —— e
e e e :] oaderate (0.4 - 0.
<@ |
6((\ P\\(\ O‘\ g B Very high (0.8 - 1) k>
AL 2 2
(e At o ¥
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Area under curve Variable contribution

Average Sensitivity vs. 1 - Specificity for Spodoptera_frugiperda

1 Mo o et @ Precipitation of Warmest...
Random Prediction ® —

08y 1 o [

i .g Precipitation Seasonality |
o © '
w07y = Mean Diurnal Range B
40 = »
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5 c N et
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l | 0 10 20 30 40 50

ol ] Variable contribution (%)

UTU 0?1 0?2 0?3 Uj4 0?5 0?6 UT? 018 019 1?0
1 - Specificity (Fractional Predicted Area)
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Variable relative relevance Response curves

[ Without variable I With only variable o a) Land cover 100 b) Maize area c) Elevation
. . T ‘ : 05 0.5 _095
Elevation - 08 0.90 % 0.90
LST : 507 50285 088
2 80.80 %5 0.80
Land cover 1 g 086 £ 2075
Maize area R 5 05 5078 % 0.70
- £ 04 2070 5
Solar radiation . = 5065 £0.65
) £ 03 &= 0.60
Wind speed 1 © g2 ©0.60 ‘
o o 0.55
Bio1 . 01 0.55
Bio10 1 T2 3 4 5 6 7 8 9 10 0 4000 8000 12000 16000 0 1000 2000 3000 4000 5000
o Bio12 i Land cover class Area (ha) Altitude (m)
ﬁ Bio15 8 d) Bio3 08 e) Bio17 10 f) Solar radiation
5 ) )
> Bio16 8 08l osl
Bio17 . g ’
47 §0.8
Bio2 - 8 2
Bio3 E 08 E 0.7-
0 | g 50.5-
Biod ' 3%° Los
Bio5 - 8 g
004 0.4
. & c0.4
Bio6 1 o
. 0.3] 0.3
Bio2 1 | | -
All variables 0 45 50 55 60 65 70 75 80 85 90 95 50 100 200 300 400 12000 140C0 16000 18000 20000 22000
Isothermality (BIO2/BIO7) (x100) Precipitation of the driest quarter (mm) Solar radiation (kJm? day")
0.55 0.60 0.65 0.70 0.75 0.80 0.85
) . * 1. Trees 3. Grassland 5. Aquatic vegetation 7. Bare areas 9. Snow/ ice
Variable importance (AUC) 2.Shrubs 4. Cropland 6. Lichen mosses/ sparse vegetation 8. Built up areas  10. Open water
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Il. Abundance (population/ density) data

Data Science and rule-based models

Breakinfg of

Annual number of

generations
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Number of
generations increase

Geographical invasion

! Insect pest density of
infestation and

 change | crop domage increase
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Modelling scenario Il "

, Global Forum on Biological Control and ™
/7 Training Workshop on Biological Control

FAW density (FAMEWS) methodology

Biotic and abiotic variables:
1. Date of the survey (Date)
2. Cropping system (CropSystem)
3. Crop stage (CropStage)
4. Main crop (CropMain)
5. lrrigation, yes or no (Croplrrigation)
6. Wind speed (WindSpeed)
7. Solar radiation (Radiation)
8. Temperature
9. Rainfall (RainValue) e oy S

10. Elevation f

mixedModell < lme(FawDensity ~ WindSpeed + Radiationt+ Temperature + RainValue +Elevation +
cropSystem +cropStaget+ cropMain + monthOfYr + croplrriga + cropFiel, random = ~1|date, data =

AN AN AN A A AN AN A A AN AN A A AN AN A A AN A A A A A A AV AV A ZA AV AV q@@ o e s
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lll. Predict parasitoids dispersal at a landscape scale

~1Km
A

Sampling direction

Sampling direction . Sampling direction
Parasitoid
~1Km <« ) » ~1Km
release point 0.5km

Sampling direction
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V. Predict suitable sites for deploying biopesticides and releasing
parasitoids using a data science Al approach

/ FAW population from \
FAMEWS

Environmental and soil
variables

\ Al rule-base model /

15°0'0"W 000" 15°0'0"E  30°0'0"E 45”0I'0"E 60°0'0"E
1 1 1 I 1

15°0'0"W 0°0'0" 15°0'0"E  30°0'0"E  45°0'0"E  60°0'0'E
1 L L 1 1 1

T T T T T T
15°0'0"W 0°00" 15°0'0"E  30°0'0"E  45°0°'0"E  60°0'0"E

T T T T T T
156°0'0"W 0°00" 16°0'0"E  30°0'0"E  45°00"E  60°0'0"E

Legend
l:| Africa N
[ Low (0-04)
[ | Moderate (0.4-0.6)
I High 0.6-1)
0 1,200 2,400 4,800
Km

CX3 CX3
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