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Table S1. Distribution of test images and annotations across the three scenarios.

Test images Test annotations
Scenario 1
Combined dataset 277 2642
Scenario 2 and Scenario 3
Lumo 537 6211
THWS 356 3106

Choke 423 2966




Genetic evolution algorithm

We used a genetic evolution algorithm to tune hyperparameters for YOLOvVS on the training
dataset. The best values were attained after 56 generation of ten epochs and with a batch size
of eight. Table S2 shows the new tuned hyperparameters and the definition of these parameters
can be found at the URL'

Table S1. Fine-tuned YOLOVS hyperparameters values attained from generic evolution.

Parameter Initial Evolved  Parameter Initial Evolve
Learningrate (Ir)  0.01 0.01131  HSV-H Augment 0.015 001598
Final Ir 0.01 0.01139  HSV-S Augment 0.7 0.75931
Momentum 0.937 0.94372  HSV-V Augment 0.4 0.58615
Weight Decay 0.0005  0.00036  Translation Augment 0.1 0.0726
Warmup Epochs 3.0 2.5532 Scale Augment 0.5 0.34732
Warmup 0.8 0.92029  Mosaic Augment 1.0 0.97171
Momentum
Warmup Bias Ir 0.1 0.0957  Object Loss Gain 1.0 0.83949
Box Loss Gain 0.05 0.0413 Object BCE Loss 1.0 0.82926
Class Loss Gain 0.5 0.42629  Anchor-Multiple 4.0 3.743
Threshold
Class BCE Loss 1.0 1.1091

! https://github.com/ultralytics/yolov5



Table S3. Comparison of accuracy metrics for YOLOVS5 on scenario 2 on test dataset when the models are trained on raw dataset, raw and
augmented dataset, and combination of raw, augmented and background images. Models trained with Choke dataset had the highest gains in AP
(AP 05-095). Inclusion of background data (negative images) had a slight improvement with exception to model trained on Choke and tested on
Lumo, where the AP decreased.

Raw dataset Raw + Augmented dataset Raw + Augmented + Background data
Training  Test P R APos AP P R APos AP P R APos AP
Lumo THWS v5s 88.6 79.8 84.7 334 86.6 80.5 844 322 90.1 81.8 88.2 35.8
vSm 86.8 80.8 83.9 32.8 85.1 819 859 330 90.1 82.4 88.4 35.7
v5l  84.0 79.1 819 314 88.3 77.1 845 32.7 90.4 82.5 88.6 36.2
v5x  86.7 794 82.6 32.1 86.1 823 86.4 337 90.6 82.6 89.1 36.4
Choke v5s 83.8 66.1 729 26.3 85.3 72.7 804  29.6 84.9 72.5 81.2 322
vSm 84.4 683 74.0 27.1 83.0 795 836 313 85.6 73.9 81.9 32.0
v51  81.6 68.7 72.6 25.7 86.1 76.3  82.5 30.3 88.4 73.2 83.1 33.0
v5x  81.8 704 739 27.5 86.3 77.5 82.5 30.6 84.6 72.9 80.4 31.7
THWS Choke v5s 82.8 719 772 27.2 859 774 820  29.7 87.4 73.5 80.8 31.1
vim 825 714 769 28.1 84.8 79.1 827 300 84.7 72.7 79.8 31.2
v5l 822 69.7 738 26.4 844 781 825 30.2 85.9 71.7 80.6 32.1
vSx 832 734 76.8 28.1 832 79.0 820  30.0 85.5 75.1 81.8 32.1
Lumo v5s 798 735 779 28.8 81.8 78.7 82.6 320 85.3 76.3 82.2 324
vSm 79.7 749 773 28.3 814 798 838 325 84.4 77.9 83.8 332
v5l 792 741 76.8 28.4 829 792 839 334 85.7 76.2 83.6 33.0
vSx 804 744 78.7 29.8 825 788 83.8 326 86.0 77.0 85.0 33.8
Choke Lumo v5s 645 52.0 532 16.2 782 662 73.0 259 76.5 65.6 71.6 25.5
vSm  71.7 619 67.2 232 794 720 77.6 282 77.5 67.2 73.3 25.7
v5l  69.0 59.2 62.0 21.1 76.7  69.0 73.8  27.1 76.5 65.7 71.0 253
v5x 624 524 533 17.6 78.3 67.8 737 269 79.5 63.9 71.8 25.8
THWS v5s 732 594 624 19.7 824 739 776 275 85.6 74.0 80.7 29.8
vim 782 684 73.1 25.5 84.3 75.0 80.2  28.6 84.6 76.1 81.3 29.6
v5l 739 639 685 233 8.0 759 79.6 279 83.1 74.0 79.7 29.6
vSx 712 58.5 63.7 21.9 83.8 747 799 @ 28.7 85.6 75.6 81.9 30.7

P-Precision, R-Recall, AP ¢.5- Average precision with loU @ 0.5; AP- Average precision with loU @0.5-0.95



Table S4. Accuracy metrics for YOLOV8 on scenario 2 test datasets when the models are trained on raw dataset, raw and augmented dataset,
and combination of raw, augmented and background images.

Raw dataset Raw + Augmented dataset Raw + Augmented + Background data
Training  Test P R APos AP P R APos AP P R APos AP
Lumo THWS +v8s 86.0 758 82.7 36.9 88.6 78.3 84.1 36.2 90.6 826 87.6  38.7
v8m 87.6 769 833 36.4 89.3 78.6 848 364 90.3 819 876 387
v8l 857 782 845 36.6 884 78.0 837 364 90.4 82.6 879  39.6
v8x 849 77.7 83.1 36.3 87.8 78.6 8&4.1 36.6 90.0 82.1 874 392
Choke v8s 874 645 772 33.7 86.8 76.1 82.0 343 90.9 69.7 809 359
v8m 86.8 59.8 739 32.1 86.4 72.5 803 33.9 90.2 70.6  81.0  35.1
v8l  82.6 682 769 32.6 879 756 828 348 89.9 69.3 80.5 35.8
v8x  87.1 59.9 742 31.1 87.8 773 83.6 357 90.6 712 81.6  36.0
THWS Choke Vv8s 854 672 774 32.7 82.7 79.2 83.1 34.1 87.7 729  81.7 357
v8m 832 644 745 30.7 824 76.6 8.5 32.6 88.8 69.8 80.7  36.5
v8l  84.0 642 754 31.0 85.1 759 812 328 87.9 734 822  36.6
v8x 879 63.7 764 32.6 84.7 763 823 34.0 87.9 74.8 82.8 363
Lumo v8s 789 72.1 778 32.1 804 79.8 834 352 84.1 777 836 364
v8m 764 72.0 772 31.7 80.3 769 824 347 86.5 744 828  37.1
v8l 788 69.1 76.8 31.9 79.9 795 834 359 84.4 764  83.1 36.8
v8x 78.6 T71.8 78.6 335 80.5 77.5 826 349 84.7 747 820  36.1
Choke Lumo v8s 61.5 499 545 19.4 77.1 66.1 749 298 76.8 604 715 289
v8m 60.5 46.5 524 18.7 76.7 673 753 30.7 78.5 62.8 734 293
v8l  53.8 429 464 16.0 76.0 659 745 30.1 75.0 65.7 739  29.6
v8x 643 56.1 61.0 22.6 726 652 726  28.8 73.3 63.6 712 283
THWS +v8s 69.5 585 659 25.1 83.8 79.8 79.1 31.2 79.3 739 80.0 327
v8m 69.6 51.7 62.0 23.7 81.2 704 784 314 81.9 75.6  8l.5 33.2
v8l  63.7 503 57.0 21.5 81.5 70.2 783 31.5 85.1 75.1 824 343

v8x 743 654 718 27.1 812 70.1 777 30.7 80.5 75.5 81.5 33.0




Table S5. Model performance across YOLOvS and YOLOVS in scenario 3, when models are trained using data from two sites and tested in the
third site. The models were compared on the impact of background data on the accuracy metrics and count error. Inclusion of background data
significance varied across the different model with slight changes in the APo.s-0.9s. YOLOVS architectures had the least count error across the three
sites despite lower AP 05-0.95s compared to YOLOVS architectures.

Raw + Augmented data Raw + Augmented + Background data

Test site Model P R APos  APos-0.9s CE P R APos AP 05095 CE
THWS YOLOvSs  91.2 83.4 88.9 39.3 -1.3 90.7 84.0 89.0 39.5 -1.2
YOLOVSs 89.8 85.3 89.0 39.5 -4.2 91.0 84.0 89.0 39.9 -6.8
YOLOvSm  89.7 84.0 89.2 39.6 -0.7 90.5 84.2 89.2 39.1 -0.7
YOLOv8m  90.0 85.4 89.5 39.9 -3.2 90.6 83.6 88.1 39.9 -6.4
YOLOvS5I 89.0 84.4 89.1 39.5 -2.9 90.7 84.0 88.9 39.7 -2.9

YOLOvSI 90.8 84.8 88.9 40.3 -5.5 90.3 84.3 88.7 40.3 -5.0
YOLOvSx  90.6 85.1 89.9 40.4 -0.7 91.0 83.6 89.1 40.4 -0.1
YOLOv8x  90.1 85.0 89.2 40.0 -5.2 90.3 83.8 88.5 40.1 -6.2

Choke YOLOVSs 87.0  75.7 83.0 36.9 -9.8 87.9 77.4 84.0 37.0 -7.9
YOLOVSs 89.4  75.6 83.5 37.2 -13.0 89.7 76.8 84.4 374 -12.9
YOLOv5Sm  87.8 72.8 81.8 36.7 -11.6 90.1 86.5 84.7 37.3 -10.4
YOLOV8m 90.2  76.8 84.4 37.4 -11.7 91.3 73.6 82.9 37.4 -16.8
YOLOVSI 88.1 76.4 84.0 37.2 -9.5 89.0 75.6 83.6 36.6 -12.4
YOLOvSI 90.5 73.8 82.9 37.0 -16.1 89.9 76.2 83.9 37.0 -13.6
YOLOvS5x  88.7  76.8 84.4 37.5 -11.3 89.4 74.6 82.5 36.1 -14.0
YOLOv8x  90.8 74.7 83.7 37.5 -16.2 90.5 76.9 84.5 37.7 -11.4

Lumo YOLOVSs 859  76.8 84.2 36.3 -1.9 85.9 77.1 84.3 36.0 -1.0
YOLOVSs 854  78.8 84.7 36.7 -7.4 85.4 79.6 84.5 37.1 -5.9
YOLOv5Sm  85.8 76.1 84.1 36.2 -1.4 85.5 77.0 84.2 36.7 -0.7
YOLOv8m  86.7  79.1 85.3 37.3 -7.2 86.3 79.6 85.3 37.6 -6.7
YOLOvSI 85.3 76.3 83.8 36.6 -0.7 86.4 77.2 84.9 36.7 -2.2

YOLOVS8I 844 793 84.8 37.2 -6.3 86.3 77.9 84.5 37.3 9.3

YOLOv5x 853 77.7 84.4 36.7 -0.8 84.5 78.8 85.1 36.6 2.6
YOLOv8x  84.8 78.2 84.2 36.9 -7.0 86.0 77.3 84.0 37.1 -9.5

CE: Count error



