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SUPPLEMENTARY INFORMATION
Supplementary Table S1. Hyperparameter tuning results for the YOLO11n detection model on the animal-level validation set. Evaluated configurations included batch sizes of 16 and 32 and 50 and 100 training epochs. Adam optimization was evaluated at learning rates of 0.0001, 0.0005, and 0.001, whereas SGD optimization was evaluated at learning rates of 0.001, 0.005, and 0.01 with momentum = 0.9. Model configurations were ranked by validation detection mAP@50-95. The test set was not used during hyperparameter selection.
	Model
	Batch
	Epochs
	Learning Rate
	Optimizer
	Momentum
	mAP@50
	mAP@50-95
	Training Time (s)

	1
	16
	50
	0.0001
	Adam
	
	0.995
	0.95282
	127.48

	2
	16
	50
	0.0005
	Adam
	
	0.995
	0.951974
	112.96

	3
	16
	50
	0.001
	Adam
	
	0.995
	0.950023
	114.87

	4
	16
	50
	0.001
	SGD
	0.9
	0.995
	0.960263
	107.57

	5
	16
	50
	0.005
	SGD
	0.9
	0.995
	0.949748
	105.32

	6
	16
	50
	0.01
	SGD
	0.9
	0.995
	0.950316
	108.09

	7
	16
	100
	0.0001
	Adam
	
	0.995
	0.956966
	102.58

	8
	16
	100
	0.0005
	Adam
	
	0.995
	0.954298
	204.42

	9
	16
	100
	0.001
	Adam
	
	0.995
	0.959474
	222.78

	10
	16
	100
	0.001
	SGD
	0.9
	0.995
	0.957646
	142.97

	11
	16
	100
	0.005
	SGD
	0.9
	0.995
	0.957262
	204.41

	12
	16
	100
	0.01
	SGD
	0.9
	0.995
	0.946714
	185.13

	13
	32
	50
	0.0001
	Adam
	
	0.995
	0.954787
	81.66

	14
	32
	50
	0.0005
	Adam
	
	0.995
	0.950648
	80.71

	15
	32
	50
	0.001
	Adam
	
	0.995
	0.952036
	99.16

	16
	32
	50
	0.001
	SGD
	0.9
	0.995
	0.956117
	85.61

	17
	32
	50
	0.005
	SGD
	0.9
	0.995
	0.952163
	90.06

	18
	32
	50
	0.01
	SGD
	0.9
	0.995
	0.952512
	88.35

	19
	32
	100
	0.0001
	Adam
	
	0.995
	0.958071
	185.65

	20
	32
	100
	0.0005
	Adam
	
	0.995
	0.954703
	162.35

	21
	32
	100
	0.001
	Adam
	
	0.995
	0.954312
	173.95

	22
	32
	100
	0.001
	SGD
	0.9
	0.995
	0.953976
	83.98

	23
	32
	100
	0.005
	SGD
	0.9
	0.995
	0.954803
	166.1

	24
	32
	100
	0.01
	SGD
	0.9
	0.995
	0.952936
	171.54



Supplementary Table S2. Hyperparameter tuning results for the YOLO11n-pose model on the animal-level validation set. Evaluated configurations included batch sizes of 16 and 32; 100, 150, and 200 training epochs; learning rates of 0.001, 0.01, and 0.1; and Adam or SGD optimization, with momentum = 0.9 for SGD. Model configurations were ranked by validation Pose mAP@50-95. The test set was not used during hyperparameter selection. Four configurations reached the maximum reported validation Pose mAP@50-95 of 0.995; the automated tuning procedure retained the first top-ranked configuration, and the test set was not used to resolve the tie.
	Model
	Batch
	Epochs
	Learning Rate
	Optimizer
	Momentum
	mAP@50
	mAP@50-95
	Training Time (s)

	1
	32
	200
	0.1
	SGD
	0.9
	0.995
	0.995
	418.29

	2
	16
	200
	0.1
	SGD
	0.9
	0.995
	0.995
	519.4

	3
	16
	200
	0.01
	Adam
	
	0.995
	0.995
	569.93

	4
	16
	150
	0.1
	SGD
	0.9
	0.995
	0.995
	391.49

	5
	32
	150
	0.01
	SGD
	0.9
	0.995
	0.994996255
	315.08

	6
	16
	150
	0.01
	Adam
	
	0.995
	0.994992509
	415.33

	7
	16
	100
	0.001
	Adam
	
	0.995
	0.994992509
	299.34

	8
	16
	150
	0.001
	Adam
	
	0.995
	0.994951311
	415.74

	9
	16
	100
	0.01
	Adam
	
	0.995
	0.994932584
	282.11

	10
	16
	200
	0.001
	Adam
	
	0.995
	0.994917603
	363.52

	11
	32
	100
	0.001
	Adam
	
	0.995
	0.9948932
	244.4

	12
	32
	200
	0.001
	SGD
	0.9
	0.995
	0.994857678
	386.48

	13
	32
	200
	0.01
	SGD
	0.9
	0.995
	0.994831461
	374.75

	14
	32
	200
	0.01
	Adam
	
	0.995
	0.994816479
	453.9

	15
	16
	200
	0.01
	SGD
	0.9
	0.995
	0.994812734
	519.3

	16
	16
	100
	0.01
	SGD
	0.9
	0.995
	0.994790262
	263.31

	17
	32
	200
	0.001
	Adam
	
	0.995
	0.994775281
	453.29

	18
	16
	150
	0.001
	SGD
	0.9
	0.995
	0.994761312
	345.3

	19
	32
	150
	0.001
	Adam
	
	0.995
	0.994707865
	341.81

	20
	32
	150
	0.01
	Adam
	
	0.995
	0.994635338
	349.5

	21
	32
	100
	0.01
	Adam
	
	0.995
	0.994602996
	238.45

	22
	16
	100
	0.001
	SGD
	0.9
	0.995
	0.994565727
	261.57

	23
	16
	200
	0.001
	SGD
	0.9
	0.995
	0.994535581
	397.65

	24
	32
	100
	0.001
	SGD
	0.9
	0.995
	0.99447191
	216.22

	25
	32
	100
	0.01
	SGD
	0.9
	0.995
	0.994430271
	214.52

	26
	32
	100
	0.1
	SGD
	0.9
	0.995
	0.994348315
	217.95

	27
	32
	150
	0.1
	SGD
	0.9
	0.995
	0.994287052
	315.84

	28
	32
	150
	0.001
	SGD
	0.9
	0.995
	0.994265918
	241.27

	29
	16
	150
	0.01
	SGD
	0.9
	0.995
	0.994264471
	390.83

	30
	16
	100
	0.1
	SGD
	0.9
	0.995
	0.9928226
	262.92

	31
	32
	200
	0.1
	Adam
	
	0.995
	0.964513973
	460.93

	32
	16
	200
	0.1
	Adam
	
	0.995
	0.916438589
	556.72

	33
	16
	150
	0.1
	Adam
	
	0.995
	0.916429802
	422.16

	34
	32
	100
	0.1
	Adam
	
	0.995
	0.891437955
	242.06

	35
	16
	100
	0.1
	Adam
	
	0.995
	0.879596093
	282.45

	36
	32
	150
	0.1
	Adam
	
	0.995
	0.864466337
	355.66



