Supplementary Materials
Laboratory-Based Hyperspectral Reflectance Analysis for Phytoplankton

Species Identification

Bentivogli R.2*, Pezzolesi L.**", Caputo N.P<, Casarotto B.9, Silvestri S.2°

@ Department of Biological, Geological and Environmental Sciences (BiGeA), University of Bologna, P.za Porta
S. Donato 1, 40126 Bologna (BO), Italy

® Interdepartmental Centre for Research in Environmental Sciences (CIRSA), University of Bologna, Via
Sant'Alberto 163, 48123 Ravenna (RA), Italy

¢Marine and Freshwater Research Centre, Atlantic Technological University, Dublin Road, H91 T8NW,
Galway, Ireland.

4Department of Geosciences, University of Padua, Via Gradenigo 6, 35131 Padova, (PD), Italy

Corresponding Author
*Riccardo Bentivogli

Email: riccardo.bentivogli4d@unibo.it

Corresponding Author:
*Laura Pezzolesi

Email: laura.pezzolesi@unibo.it

Author emails:
N. Caputo — nicole.caputo@research.atu.ie

B. Casarotto - bruno.casarotto@phd.unipd.it

S. Silvestri - sonia.silvestriS@unibo.it



mailto:riccardo.bentivogli4@unibo.it
mailto:laura.pezzolesi@unibo.it
mailto:bruno.casarotto@phd.unipd.it
mailto:sonia.silvestri5@unibo.it

Table S1. Cell concentration (cells per liter) of the five species tested in this study. Starting from
concentration c1 (stock culture), concentrations c2—c6 were prepared through serial dilutions.

Concentration A. minutum Chattonella sp. Heterocapsa sp.  P. tricornutum  Synechococcus sp.
cl 2.9x10° 9.3 x10* 9.3x10° 4.3 x10° 3.2x107
c2 5.7 x 10* 1.9 x 10* 1.9x10° 8.6x10° 6.5 x 10°
c3 2.9x 10 9.3x10? 9.3x10* 43x10° 3.2x10°
c4 2.9x 103 9.3 x 10? 9.3 x 103 4.3 x10* 3.2x10°
c5 1.1x 103 3.7 x 10? 3.7x10? 1.7 x 10* 1.3x10°
c6 5.7 x 10? 1.9 x 102 1.9x 103 8.6 x10° 6.5 x 10*




Figure S1. Image showing the dilution scheme performed for algal cultures.
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Figure S2. Fourth derivative of smoothed reflectance spectra for the five algal species across six
concentrations. Spectral smoothing was performed using the Savitzky-Golay filter (window size = 16,
polynomial order = 3), followed by numerical calculation of the fourth derivative using repeated gradient
operations. Each panel (a—e) shows a different species at six concentration levels (C1-C6). The fourth
derivative emphasizes spectral peculiar points and helps to highlight finer-scale differences in spectral shape
across species and concentrations.
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Table S2. Importance of spectral bands in the LDA performed after PCA. Bands are sorted in descending
order based on mean discriminant importance calculated from the absolute values of LDA coefficients.

Wavelength (nm) Importance
630 21.246
627 21.231
632 21.135
625 20.808
634 20.763
623 20.630
636 20.598
638 20.314
621 20.165
618 19.922
641 19.631
616 19.407
643 19.275
614 19.232
612 18.868
610 18.807
645 18.449
607 18.140
605 18.088
603 17.501
647 17.469
649 16.855
601 16.380
543 16.085
541 15.832
545 15.767
548 15.744
599 15.602
652 15.496
539 15.167
550 15.031
537 14.652
596 14.630
552 14.321
654 13.971
594 13.826
534 13.746
592 13.277
532 13.028
554 12.835
590 12.184
530 12.020
656 11.654
587 11.485
556 11.433
528 11.081
585 10.936
583 10.470
525 9.902
581 9.647
559 9.488
658 9.157
523 9.098
579 8.667
521 8.071

576 7.524



519
561
517
661
574
514
676
791
674
771
787
782
784
512
672
789
762
758
767
563
780
778
678
751
510
663
572
753
773
669
769
680
776
765
738
756
734
747
729
508
745
722
760
727
731
736
749
683
565
490
720
742
488
725
492
486
495
506
667
716

7.198
7.140
6.349
6.178
5.943
5.551
5.002
4.939
4.912
4.908
4.903
4.859
4.768
4.690
4.681
4.616
4.613
4.579
4.555
4.521
4.431
4.418
4.384
4.301
4.270
4.233
4.201
4.179
4.096
3.940
3.916
3.782
3.742
3.661
3.585
3.518
3.489
3.420
3.385
3.278
3.163
3.163
3.147
3.066
3.029
3.016
2.998
2.867
2.867
2.829
2.821
2.783
2.771
2.676
2.645
2.597
2.564
2.524
2.472
2.452



470
472
718
483
740
481
499
497
665
570
685
691
503
501
714
711
689
709
477
475
479
696
694
687
568
707
698
700
703
705

2.382
2.240
2.239
2.204
2.194
2.176
2.145
2.142
2.129
2.120
2.071
2.040
2.008
1.989
1.934
1.930
1.930
1.919
1.902
1.863
1.787
1.704
1.682
1.592
1.159
1.154
0.963
0.640
0.429
0.311



Table S3. Composition of algal mixtures (Mix 1-3) used in the experiments. Algal biovolume values
(expressed in um?3) represent the average biovolume occupied by each algal species in the mixture.

Mixture Algal species Algal biovolume (um3)
Mix 1 Alexandrium minutum 1.69x10°
Heterocapsa sp. 7.74 x 103
Mix 2 Heterocapsa sp. 7.74 x 103
Phaeodactylum tricornutum 1.25x10°
Synechococcus sp. 1.50x 103
Mix 3 Alexandrium minutum 1.46 x 10°
Chattonella sp. 1.46 x 10°
Phaeodactylum tricornutum 1.05x10°

Synechococcus sp. 1.25x 103




Figure S3. Normalized reflectance spectra (left panels) and their second derivatives (right panels) for the
tested species at C1. Reflectance data were smoothed with a Savitzky—Golay filter, and the main spectral
features are indicated by peaks (red) and troughs (blue), with the corresponding wavelengths labeled. The
second derivative plots help confirm and localize absorption bands by highlighting inflection points in the
reflectance spectra.
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