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Large-Scale migration in insects are a major ecological phenomenon shaping good part of ecosystem services in many Earth habitats. From pollination and predation, passing through disease vector or seed dispersal, to relevant links with human activities such as possible

pest development, crop pollination or biological pest control. A key factorin phytophagous insect migratory movements is resoursce availability, which can be retrieved using remote sensing spectral indices. We conduct two analysis to explore the goodness of remote sensing
products in geospatial analysis of migratory patterns: The novel introdution of NDVI data in Vanessa cardui Ecosystem Niche Modelling, and the exploration of vegetation activity anomalies possible role in well documented Vanessa cardui population outbreak episodes.

A) Spatio-temporal Species Distribution Model (SDM)

How does green vegetation shape suitable
areas along migratory cycle?

immature records
between 2001 and 2021 in the Palearctic &

Afrotropic realms.

true absences.

biologically relevant variables at a monthly
temporal resolution: 5 climatic variables at 0.5°.
2 Vegetation variables: Enhanced Vegetation
Index to inform of 1) vegetation greeness and 2)
monthly changes in vegetation greeness.

Variable Units Source Symbol
Mean Temperature Celsius degrees TMP
Frost days N2 of days Climate FRS
Precipitation mm Research Unit PRE
Wet days N2 of days V 4.05 WET
Vapour pressure HPa VAP
Enhanced Vegetation Index - EVI
Monthly difference of Enhanced Npsr LIS EVId

Vegetation Index - MOD13C2

Model building

Monthly projections of Biomod2 package in R to
the model using climatic perfom modelling:
averages of variables 3 Modellling Ensembleing of GBM, GAM, RF
regions: Full range, and MARS algorithms
Palearctic realm &
Afrotropic realm

suitability

Monthly projections
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Afrotropic & Palearctic regional
models improve the estimation of

Large suitable habitat : L
african overwintering and

May - Septemb .

o\ mst shifts along the year mediterranean areas, while may
June November’ forces buttefly overestimate the northest
TR Qo ¥ popultions migration distribution suitability

Model output agrees with
previous research produced by
Menchetti et al. (2019) & data from

¢
tember - Fébruary

Q Nz Talavera et al. (2023)
Restricted EVI suitable
range in Afrotropic Temperature &
model Vapour Pressure et
0.25 0.45 are the main factors Limiting factors
Open areas with in both regional and forcing migratory
green vegetation full models movements:

- Low temperatures

Higher importance of ) .
in Palearctic

. Frost Days.in Palearctic than
Sharp changes in EVI in Afrotropic
are not tolerated by - Lack of foraging
breeding resources in
-0.15 +0.15 Higher importance of & Afrotropic
in Afrotropic than
Paleactic
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B) population outbreak origin inference through Vegetation Indices

Several massive arrival of

has been reported in Europe in recent years. Can

vegetation activity data inform about the breeding origin of such large-scale & highly
dispersive migratory insect?

i 20 year NDVI monthly time-series of MODIS
i MOD13C2 + 7 years of GIMMS NDVI
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Time-series analisys Enhanced Vegetation Index
enriched Vanessa cardui Species
Using npphen package in R (Estay et al, 2022), we estimated Distribution Model by introducing

pixel-wise anomalies as the outlier points in the time-NDVI space in
each step of the 27 phenological cycles available, applying a Kernel
Densitiy Estimation to produce confidence intervals. Together with the

resource availability information.
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total NDVI difference, confidence in anomalous growth is key to EVI suitability distribution pointed
discriminate anomalies between different vegetation coverage to medium coverage of green
habitats and non-normal distributed phenological responses. vegetation as the preferred areas for
breeding.
= Vegetation resources gain

e V.cardui density in Europe (BMS)

importance in Afrotropical realm.
There is good agreement between
regional models and global models
in terms of suitability along the
variable range.

@@ ® V.cardui counts in Europe (GBIF)
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2000 2002 2004 2006 2008 2000 2012 2014 206 2018 200 Vegetation resources fluctiations
might produce population flows in
. . . different parts of the cycle. NDVI
Close-focus in Arabian Peninsula . increase matching time and

place in modelled V. cardui

Higher than usual NDVI migratory cycles was found
detected in the Arabian preceeding massive observation of

Peninsula from november adult butterflies in Europe.

2018 to march 2019 , ,
Anomaly confidence Taking all together, remote sensing
. metric reveals large areas vegetation indices proved to be
North-east direction of ge ar J : P
; of anomalous vegetation relevant in th analisys of
NDVI anomalies, but not ] : :
P : : growth maintaned for se- phytophagous migratory insect
covering the whole penin- . 1 :
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o sula surface ) :
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