


bioRxiv preprint doi: https://doi.org/10.1101/2020.11.04.367995; this version posted November 5, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

(b)

Figure 3: a- (a) and [-diversity (b) maps obtained by the spectral species
algorithm. (a) The a-diversity map, based on Shannon’s H®index (ranging
from blue [low values| to light green [high values]) calculated in a 10x10
pixels local neighbourhood, corresponds to the local entropy of clusters, so
that each location is independent from the others; (b) The S-diversity map
- Bray-Curtis dissimilarity reduced to 3 dimensions with NMDS - provides
information about the dissimilarity a2fong any location in the image. Here,
the distance between pairs of spatial units is expressed as a 3 colour code.
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Figure 4: European Environmental Agency ecoregions map redrawn by
Mucher et al. | (2009). Similar maps at a coarser grain are provided by
Mouchet et al| (2015) and Dinerstein et al.| (2017)).
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- Box 1 - Steps composing the spectral species
=~ algorithm

773 1. A Principal Component Analysis (PCA) is applied to the spectral data.

774 PCA is not performed on the whole image, but only on a large subset
775 of pixels randomly selected from the image. Due to the high dimen-
776 sionality of the data, the reduction of the dataset is not altering the
777 result. Those principal components explaining most of the variance of
778 the original set are then retained for further steps.

779 2. A subset of pixels is then randomly selected across the entire map and
780 the spectral space containing such a subset is partitioned into spectral
781 species using k-means clustering with the number of k clusters being
782 decided a priori. Then the centroids defining the spectral species are
783 located.

784 3. The spectral dataset is divided into final mapping units. Each pixel

785 is assigned to a given spectral species based on the minimal Euclidean
786 distance between pixels (Peuquet, 1992)) and the previously defined
787 centroids.

788 4. A spectral species distribution is obtained for each mapping unit from
789 which the a- and (-diversity indices are computed as previously stated.
790 5. Since the spectral species distribution is obtained by a subset of pixels,
791 in order to avoid under-representation of some small-scaled ecological
792 classes (e.g. small scale vegetation patterns), steps 4 and 5 are repeated
793 100 times, and the indicators obtained for each repetition are averaged.
704 In particular the Bray-Curtis dissimilarity matrix is computed for each
795 pair of spatial units, based on their spectral species distribution at each
796 iteration; then the final matrix corresponds to the BC dissimilarity
797 averaged over all the iterations.

798 6. Non metric Multidimensional Scaling (NMDS) (e.g. Borg and Groenen

799 (2005))) is applied to the matrices in order to obtain a visual representa-
800 tion of the results. NMDS is an ordination technique usually applied in
801 ecology that differs from other ordination techniques as PCA, since in
802 NMDS a small number of axes are chosen prior to the analysis and then
803 the data are fitted into the chosen dimensions. Furthermore, NMDS
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804 is not an analytical but numerical technique, seeking for the right so-
805 lution (convergence) iteratively. Finally, NMDS is not an eigenvector-
806 eigenvalue technique, hence a NMDS ordination can be rotated among
807 the axes. NMDS is mostly used in ecology for its versatility since it
808 accepts any distance measure of the samples. In this case the Bray-
809 Curtis matrix was used. In the applied NMDS approach, the first step
810 is generally to decide the number of reduced dimensions; in this case
811 3 dimensions were chosen. The algorithm starts with the construction
812 of initial random arrangements of the pixels. Then the Euclidean dis-
813 tances among the samples is calculated in this first configuration; those
814 distances are regressed against the original distance matrix, and the
815 predicted ordination distances are calculated. Finally, the regression is
816 fitted by the least-squares method. The goodness of fit is measured by
817 the sum of squared differences between ordination-based distances and
818 the predicted distances. The goodness of fit is calculated through the
819 Kruskal’s Stress index:

(1] (s — )2

Stress = (3)
P12 i

820 where dj,; is the ordinated distance between pixels h and 4, and c?hi is the
821 distance predicted from the regression. Then, a new configuration is
822 computed moving in the direction in which stress changes most rapidly.
823 The entire procedure is repeated until convergence. A Stress value
824 that provides an excellent representation in the reduced dimensions is
825 considered to be lower than 0.05; nevertheless a value of Stress < 0.2
826 is still considered a good representation |Borg and Groenen| (2005)).
827 Basically, the algorithm provides both single spectral species maps and

g8 the a- and [-diversity maps. The algorithm input file needs to be in ENVI
20 binary format with the corresponding header file. The file should be in Band
s Interleave by Line (BIL) format and 2-byte signed integer, and should not
g1 have extension. A further masking file in the same format is necessary in
sz order to mask clouds and water surfaces.
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= Box 2 - Packages used in this manuscript to
= handle and analyse spatial data in R

835 e raster: It provides classes and functions to manipulate geographic
836 data in raster format. Raster data divides space into cells (as pixels) of
837 equal size (in units of the coordinate reference system). Along with the
838 raster package, the sp package is also loaded, which provides spatial
839 object classes and methods to retrieve coordinates.

840 e rgdal: It provides functions to import ad export spatial data in differ-
841 ent formats.

842 e RStoolbox: A toolbox for remote sensing image processing and analy-
843 sis.

844 e rasterdiv: It provides algorithms for measuring diversity from spatial
845 matrices.
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