Appendix A: Detailed sampling effort planning

We applied a multi factorial design in which several independent factors were tested for their main effect as well as the effect of some of their interactions on our response variable, here the probability of track detection along the total transect length. The total survey effort for each factor is summarized in Table A1, both in terms of kilometers surveyed and number of tracks recorded.
Table A1 Summary of the factors tested for their possible impact on the probability of track detection in this study, and their respective sampling effort. 
	Factor X
	Category
	Number of tracks observed (transect length while in the first vehicle)a per tracker pairb 
	Total number of unique tracks observed (total transect length)a

	
	
	NG pair
	XZ pair
	

	Substrate
	Sand cutline
	546 (38 km)
	498 (40 km)
	694 (78 km)

	
	Sand road
	230 (24 km)
	254 (24 km)
	329 (48 km)

	
	Gravel road
	195 (17.5 km)
	185 (17.5 km)
	261 (35 km)

	
	Off-road
	266 (7 km)
	204 (7 km)
	328 (14 km)

	
	Total
	1237 (86.5 km)
	1141 (88.5 km)
	1612 (175 km)

	Livestock track density
	Low 
	1071 (74.5 km)
	974 (74.5 km)
	1388 (149 km)

	
	High
	166 (12 km)
	167 (14 km)
	224 (26 km)

	
	Total
	1237 (86.5 km)
	1141 (88.5 km)
	1612 (175 km)

	Crossing behavior
	Followers
	234
	217
	313

	
	Crossers
	1003
	924
	1299

	
	Total
	1237
	1141
	1612

	Age of track
	Fresh
	326
	319
	401

	
	Older
	911
	822
	1211

	
	Total
	1237
	1141
	1612


a Factors that could be controlled in planning have the associated transect length indicated between brackets. 
b The effect of the observer factor was tested by tracker pairs surveying the same transects, alternatively being in the first or the second vehicle for portions totaling 50% of the transect length for each pair.	
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Appendix B: Two sessions Capture-Mark-Recapture approach
In order to estimate the probability of track detection, we used a Capture-Mark-Recapture (CMR) approach. This method was originally designed to estimate the size of closed populations (Nichols, 1992; Seber, 1986). First, a population of size N is sampled by capturing and marking  individuals in a recognizable way, which are then released back into the population. After enough time has elapsed to allow complete remixing with the rest of it, the population is resampled a second time; out of the  individuals captured,  were already marked from the first sample. The proportion of recaptured individuals in the second sample should then estimate the proportion of marked individuals in the population such as:
		Eq. (B.1)
We can then accordingly estimate the total population size , that is:
		  Eq. (B.2)
In the present study, the population is represented by the animal track pool imprinted along the transect. Practically, each transect was surveyed twice by the two different data collecting teams (i.e. a pair of trackers sit in front of a vehicle driven by a recorder) following each other. The first team is “capturing and marking” the tracks on the transect, and the second team is “recapturing” them. The track population can reasonably be considered as invariant (i.e. “closed” in CMR terminology).
The data resulting from CMR studies are generally summarized in the form of capture histories, i.e. a list of numbers, one for each capture session, where 1 represents capture and 0 represents no capture of the individuals. Here, there were two capture sessions, collected respectively by the first team then the second team. Capture histories for closed populations can be modeled in terms of capture probabilities, which here translate into the probability that tracks are detected by observers after they were left on the transect or probability of track detection. So let  denote the detection probability of all tracks for the sampling session i. Table B1 illustrates the approach for deriving and  based on the four possible capture histories for tracks to be recorded at sampling period A or B or both (i.e. Team A or B or both).

[bookmark: _Ref126335140][bookmark: _Ref128149748][bookmark: _Ref134111608][bookmark: _Toc124867781]
Table B1 Mathematical approacha to derive track population estimate and the probability of track detection  from capture histories of tracks by two collecting teams. 
	Track capture history
	Number of tracks recorded
	Track capture probability

	Team A
	Team B
	
	

	1
	1
	m2
	 

	0
	1
	n2 – m2
	(1- )

	1
	0
	n1 – m2
	(1-)

	0
	0
	N-n1-n2-m2
	(1- )(1- )

	Parameter estimation

	Track abundance
	Probability of track detection

	= m2/()
= n1/
= n2/
	=m2/n2
=m2/n1

	
	Demonstration

	
	

	
	 N=m2 and (1- )N=(n1-m2)
=> (m2/ )(1- )=(n1-m2)
=> (m2/ )-m2=(n1-m2)
=>  =m2/n1

N=m2 and (1- )N=(n2-m2)
=> (1- )(m2/ )=(n2-m2)
=> (m2/ )-m2=(n2-m2)
=>  =m2/n1



a Where n1 is the total number of tracks collected by Team A, n2 is the number of tracks collected by Team B, and m2 is the number of tracks collected both by Team A and Team B.
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Appendix C: Procedure for matching tracks detected by the two Teams
Contrary to classical CMR studies, tracks detected by Team A cannot be formally marked for later “recapture” because this would make obvious their detection by Team B. We therefore defined specific criteria to determine whether a track recorded by Team B matched a track previously recorded by Team A, i.e. is considered a “recapture” of a track “marked” by Team A. 
[bookmark: _Hlk133495412]A pair of tracks recorded each by one of the team was eligible for matching if it met the requirements set in terms of (1) distance between the tracks’ location (Table C1); (2) similarity in terms of species identification relatively to the tracks’ aspect (Table C2); and (3) similarity in terms of track age estimation (Table C3):
· [bookmark: _Ref128066581][bookmark: _Ref134173963]Distance: due to various factors, the geolocation of a same track by both teams is likely separated by a certain distance. A first reason lays into the accuracy error of the Global Positioning System (GPS), up to 11 meters and depending on the GPS device used. A second factor implies the difference between teams in the delay (distance-wise) between the time the track is detected by the trackers, and the time it is communicated to the recorder then recorded through the data collection application. The vehicle is often still slowly moving during this process. Finally, a third reason, probably the most important in our case, lays in the fact that both teams will not necessarily detect the animal trails and subsequent track interceptions with the transect at the exact same place. On sand cutlines and gravel roads, the transect sides offer good visibility and display trails of various animals intertwining, crossing and following the transect for a short or longer distance. This results in a complex ground map likely causing tracks to sometimes be detected at different locations between teams. Also, tracks are perceived and analyzed by the trackers as more or less continuous trails. Therefore, there is a variability in the moment a tracker pair is able to confirm the identification and declares the track, especially when the animal walks along the transect. Sand roads and off-road transects simplify track detection as the complexity of animal trail spatial arrangement is not easily visible on the side of the transect. However, the tires of the first vehicle may erase the trails of animals walking on the transect for a more or less long distances, causing delay in detection Team B. The maximum distance values tolerated for a track match was determined by expert opinion, per substrate and per species crossing behavior towards the transect. Such values are higher for followers (i.e. large carnivores & ostriches) than for crossers (i.e. large antelopes) as the first ones tend to walk long distances along the transects as opposed to the second ones, creating more variation in the exact point the trackers will declare the track. 

Table C1 Maximum distancesa between the location of a track recorded by Team A and a track recorded Team B for which a potential match is considered, per transect substrate and per species group. 
	
	
	Transect substrate

	
	
	Gravel road
	Sand cutline
	Sand road
	Off-road

	Species
group
	Antelopes
	400
	400
	250
	60

	
	Carnivores & ostrich
	1 000
	1 000
	1 000
	60


a To avoid preventing a meaningful match of two tracks that would exceed these distances by a few meters, the distance thresholds used for matching tracks correspond to 110% of the maximum distances.
· Species: Some species do have similar tracks (e.g. gemsbok and red hartebeest), and a substantial number of the tracks detected on the transects are not in optimal state, which renders track identification challenging at times. This is especially the case for older tracks, as the clarity of the track contours and details erode with time and disturbance. Atypical tracks and population age structures can also make difficult the differentiation between species with similar tracks (e.g. subadult lion versus adult leopard). Some level of confusion in track identification must therefore be tolerated when validating a track match in terms of detection. Indeed, in view of parsimony, it is more likely that two track interceptions of different but similar species geolocated close to one another are representing the same track, rather than two different tracks of two different species, each one being missed by one of the two teams. 
[bookmark: _Ref128066590][bookmark: _Ref134173984]Table C2 Pairs of species for which the tracks are similar and a potential match between a track recorded by Team A and a track recorded by Team B were considered. 
	[bookmark: _Hlk134175513]
	
	Species with similar tracks

	Probability of confusion between speciesb
	Most probable
	Gemsbok
	Red hartebeest

	
	
	Brown hyena
	Spotted hyena

	
	Less probable
	Gemsbok
	Wildebeest

	
	
	Leopard
	Lion

	
	Exceptional
	Kudu
	Red hartebeest

	
	
	Kudu
	Gemsbok

	
	
	Wildebeest
	Red hartebeest

	
	
	Leopard
	Cheetah


b More the probability of confusion between species decreased, more cautious the validation process of a track match was.
· Age of track: The accuracy in determining the age of a track decreases exponentially with the increase of the actual age of the track, as track erosion from various causes increases with time. Trackers base their estimation of a track erosion rate on the detection of environmental clues (e.g. known time of recent rains or disturbances, accumulation of leaves/twigs in the track depression), but also experience and deduction, which will intrinsically vary between trackers. Some level of discrepancy in track age estimation must therefore be tolerated when validating a track match in terms of detection. The age track categories used in this study account for the increasing uncertainty in the aging process once tracks get older. They were defined as follows: ≤24h, 2 days, 3 days, 3 days + (i.e. 3-6 days), 1 week + (i.e. 7-30 days), 1 month + (i.e. 1 month or older).
[bookmark: _Ref128066598][bookmark: _Ref134173998]Table C3 Similarity in track age category between a track recorded by Team A and a track recorded by Team B for which a track match was considered or not in terms of detection. 
	
	
	Track match validation decision

	Similarity in track age category
	Same or 1 category apart
	Accepted

	
	2 categories apart
	Accepted with caution

	
	>2 categories apart
	Rejected



In case several closely geolocated tracks were detected, it is possible that more than one track recorded by the Team B were eligible to match a track recorded by Team A, and vice versa. In such cases (maximum 2 tracks were candidates to match another one), a system of points was applied to the candidate tracks. The candidate track that accumulated the higher number of points was selected for the track match (Table C4):

· Distance, species and age of track criteria were applied within the track eligibility values for a match, as detailed above. 

· Group: although tracks from both teams were matched one by one, some of these individual tracks were part of a track set. A track set represents a group of individuals of the same species, whose trails crossed the transect together. It is recorded as one single geolocation at time of data collection, with the number of individuals composing the track set clearly indicated. When one track recorded by Team B and one recorded by Team A were both part of a track set (ideally accounting for the same or similar number of individuals), they were more likely to represent the detection of a same track than if one track was part of a track set and the other was recorded as a single track. 

· Sexes (large carnivores): Because large carnivore tracks are less numerous in the region, the trackers were asked to take extra time to identify the sex of the animal, in order to assist the track match process further. However, this is not entirely reliable (Stander et al., 1997), especially as population age structure can cause confusion (e.g. female adult and male subadult tracks can be similar). Therefore, the sex criterion has been added as a support to the point system, but having less weight than the other criteria (i.e. 0.5 point maximum).
[bookmark: _Ref128138652][bookmark: _Ref134174019]
Table C4 Points system applied to the candidate tracks in relation to the track to be matched, when more than one tracks recorded by Team B were eligible to match a track recorded by Team A, and vice versa. 
	Criteria
	Levels
	Points

	Distance
	Closest track candidate
	1

	
	Farthest track candidate
	0

	Species
	Same 
	1

	
	Similar 
	0

	Age of track
	Same
	1

	
	1 category apart
	0.5

	
	2 categories apart
	0

	Group
	Tracks are both part of a track sets (≥2 individuals)
	1

	
	Only one track is part of a track set or
both tracks are single individual animal tracks
	0

	Sex (Carnivores)
	Same
	0.5

	
	Different 
	0



Applied to our dataset, the procedure described above yielded 766 matched track pairs. Amongst those, 95% had their tracks geolocated within maximum 283m from each other (71% within maximum 50m) (Figure C1); 81% had their track identified as the same species and 19% as similar species (Appendix E); and 81% had the age of their tracks estimated within the same category (0.46) or one category apart (0.35), and 19% two categories apart (Figure C2). Although possible errors are not to be excluded in our track matching system, we believe that their number is low enough not to affect significantly the results of our analyses. This process has been carefully designed and executed based on the extensive experience gained by the lead author after a cumulative 6 months of surveys on the same transects, accumulated over a period of 4 years in the Kalahari.
[bookmark: _Ref128602202]
[bookmark: _Ref128667630][bookmark: _Ref128667586]Figure C1 Number of matched track pairs per type of transect substrate according to the distance between the two tracks matched as a same detection. 
Figure C2 Number of matched track pairs whose tracks were aged as within the same category, or 1 or 2 categories apart. 
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Appendix D: Detailed statistical results of the logistic regression models
[bookmark: _Ref128497699]
Statistical results for the four logistic linear regression performed in this study are presented in Table D1, D2, D3 and D4 below. Model assumptions for logistic linear models were respected: observations are independent as collected through a random encounter model; factors are independent by design, although not perfectly in reality due to the data not being perfectly balanced as the number of tracks recorded for each combination of conditions could not be controlled. As a consequence, fitting full models with all the interactions between factors was not possible due to limited sample size for some of the treatment level combinations, making some parameters inestimable. We therefore included only some of all the potential interactions between factors, those considered to be most likely to occur, as described in section 2.5. for each analysis. 


[bookmark: _Ref134111083]Table D1 Results of the logistic model on the probability of double detection (vs detection by one Team only) on all tracks (1612 tracks).
	Effect
	DF
	Wald Chi-Square
	p value

	tracker pair in team A
	1
	3.2509
	0.0714

	substrate
	3
	6.5981
	0.0859

	[bookmark: _Hlk142313720]age of track
	1
	31.283
	<0.0001

	crossing behavior
	1
	1.5329
	0.2157

	livestock track density 
	1
	0.0451
	0.8318

	tracker pair in team A * substrate
	3
	1.0865
	0.7803

	tracker pair in team A * age of track
	1
	0.3199
	0.5717

	tracker pair in team A * crossing behavior
	1
	0.4051
	0.5245

	substrate * age of track
	3
	2.3122
	0.5102

	substrate * crossing behavior
	3
	0.9896
	0.8038

	[bookmark: _Hlk142313814]age of track * crossing behavior
	1
	5.1782
	0.0229



[bookmark: _Ref134111110]Table D2 Results of the logistic model on the probability of detection by NG pair only (versus XZ pair only) on tracks detected by a single team (846 tracks).
	Effect
	DF
	Wald Chi-Square
	p value

	substrate
	3
	5.4776
	0.14

	age of track
	1
	0.2029
	0.6524

	crossing behavior
	1
	0.3001
	0.5838

	livestock track density 
	1
	1.0534
	0.3047

	[bookmark: _Hlk142314921]substrate * age of track
	3
	17.9378
	0.0005

	substrate * crossing behavior
	3
	12.9852
	0.0047

	age of track * crossing behavior
	1
	0.0463
	0.8296


[bookmark: _Ref128568389][bookmark: _Ref134111138]
Table D3 Results of the logistic model on the probability of species disagreement (vs agreement) on tracks detected by both teams (766 tracks).
	Effect
	DF
	Wald Chi-Square
	p value

	[bookmark: _Hlk142316139]age of track
	1
	7.0442
	0.0080

	crossing behavior
	1
	15.9829
	<0.0001

	substrate
	3
	1.0747
	0.7832



[bookmark: _Ref130819117][bookmark: _Ref134111151]Table D4 Results of the logistic model on the probability of track age disagreement (vs agreement) on tracks detected by both teams (766 tracks).
	Effect
	DF
	Wald Chi-Square
	p value

	substrate
	3
	[bookmark: _Hlk142316323]11.5314
	0.0092

	crossing behavior
	1
	1.4461
	0.2291



Appendix E: Detailed species and track ageing matching results.

Results comparing species identification and track age categories between tracks identified as a same detection from the teams’ datasets are presented in Table E1, E2 and E3 below.
Table E1 Large carnivore species and ostrich (followers) identification matrixa for the tracks identified as a same detection from the teams’ datasets (766 matched track pairs). 
	
	
	Species assigned by XZ pair
	Total track countsb

	
	 
	Brown hyena
	Cheetah
	Leopard
	Lion
	Spotted hyena
	Wild dog
	Ostrich
	NG pair
	XZ pair
	Absolute team difference

	Species assigned by NG pair
	Brown hyaena
	64
	0
	0
	0
	0
	0
	0
	64
	66
	3%

	
	Cheetah
	0
	10
	2
	0
	0
	0
	0
	12
	12
	0%

	
	Leopard
	0
	2
	8
	0
	0
	0
	0
	10
	11
	10%

	
	Lion
	0
	0
	1
	5
	0
	0
	0
	6
	5
	18%

	
	Spotted hyaena
	2
	0
	0
	0
	0
	0
	0
	2
	0
	200%

	
	African wild dog
	0
	0
	0
	0
	0
	14
	0
	14
	14
	0%

	
	Ostrich
	0
	0
	0
	0
	0
	0
	30
	30
	30
	0%

	
	Total
	66
	12
	11
	5
	0
	14
	30
	138
	
	


[bookmark: _Ref128664633]a Green cells highlight the number of matched track pairs identified as a same species, while the other colored cells indicated the number of matched track pairs with a different species identification between the teams. These pairs of similar species are each assigned with a specific color for easier table reading. 
b The total number of tracks counted per species by each tracker pair is enumerated under the “Total track counts” section, from which the absolute difference in track counts between the two data collecting teams has been calculated.
[bookmark: _Ref129090149]Table E2 Large antelope species (crossers) identification matrixc for the tracks identified as a same detection from the teams’ datasets (766 matched track pairs). 
	
	
	Species assigned by XZ pair
	Total track countsd

	
	 
	Eland
	Gemsbok
	Kudu
	Red hartebeest
	Wildebeest
	NG pair
	XZ pair
	Absolute team difference

	Species assigned by NG pair
	Eland
	9
	0
	0
	0
	0
	9
	9
	0%

	
	Gemsbok
	0
	216
	3
	48
	2
	269
	293
	9%

	
	Greater kudu
	0
	0
	182
	2
	0
	184
	193
	5%

	
	Red hartebeest
	0
	71
	8
	77
	0
	156
	129
	19%

	
	Blue wildebeest
	0
	6
	0
	2
	2
	10
	4
	86%

	
	Total
	9
	293
	193
	129
	4
	628
	
	


[bookmark: _Ref129177120]c Green cells highlight the number of matched track pairs identified as a same species, while the other colored cells indicated the number of matched track pairs with a different species identification between the teams. These pairs of similar species are each assigned with a specific color for easier table reading. 
d The total number of tracks counted per species by each tracker pair is enumerated under the “Total track counts” section, from which the absolute difference in track counts between the two data collecting teams has been calculated.

Table E3 Large carnivore species and ostrich (followers) and large antelope species (crossers) track ageing matrixe for the tracks identified as a same detection from the teams’ datasets (766 matched track pairs). 
	
	
	
	Track age assigned by XZ pair
	Total track countsf

	
	
	 
	Older
	Fresh 
	NG pair
	XZ pair
	Absolute team difference

	Track age assigned by NG pair 
	Followers
	Older
	74
	7
	81
	87
	7%

	
	
	Fresh
	13
	44
	57
	51
	11%

	
	
	Total
	87
	51
	138
	
	

	
	Crossers
	Older
	448
	32
	480
	490
	2%

	
	
	Fresh
	42
	106
	148
	138
	7%

	
	
	Total
	490
	138
	628
	
	


e Green cells highlight the number of matched track pairs identified as belonging to the same age category, while the red colored cells indicate the number of matched track pairs aged differently between the teams. 
f The total number of tracks counted per track age category by each tracker pair is enumerated under the “Total track counts” section, from which the absolute difference in track counts between the two data collecting teams has been calculated.


Table E4 Individual species track ageing matrixg for the tracks identified as a same detection from the teams’ datasets (766 matched track pairs). 
	
	
	
	Track age assigned by XZ pair
	Total track countsh

	
	
	 
	Older
	Fresh 
	NG pair
	XZ pair
	Absolute team difference

	Track age assigned by NG pair 
	Brown hyena
	Older
	32
	5
	37
	39
	5%

	
	
	Fresh
	7
	21
	28
	26
	7%

	
	
	Total
	39
	26
	65
	
	

	
	Cheetah
	Older
	6
	0
	6
	6
	0%

	
	
	Fresh
	0
	5
	5
	5
	0%

	
	
	Total
	6
	5
	11
	
	

	
	Leopard
	Older
	11
	1
	12
	11
	7%

	
	
	Fresh
	0
	0
	0
	1
	200%

	
	
	Total
	11
	1
	12
	
	

	
	Lion
	Older
	5
	0
	5
	5
	0%

	
	
	Fresh
	0
	0
	0
	0
	0%

	
	
	Total
	5
	0
	5
	
	

	
	Spotted hyena
	Older
	0
	0
	0
	1
	200%

	
	
	Fresh
	1
	0
	1
	0
	200%

	
	
	Total
	1
	0
	1
	
	

	
	African wild dog
	Older
	2
	0
	2
	5
	86%

	
	
	Fresh
	3
	9
	12
	9
	26%

	
	
	Total
	5
	9
	14
	
	

	
	Ostrich
	Older
	18
	1
	19
	20
	5%

	
	
	Fresh
	2
	9
	11
	10
	10%

	
	
	Total
	20
	10
	30
	
	

	
	Eland
	Older
	0
	3
	3
	0
	200%

	
	
	Fresh
	0
	6
	6
	9
	40%

	
	
	Total
	0
	9
	9
	
	

	
	Gemsbok
	Older
	178
	21
	199
	200
	0.5%

	
	
	Fresh
	22
	48
	70
	69
	1%

	
	
	Total
	200
	69
	269
	
	

	
	Greater kudu
	Older
	141
	6
	147
	152
	3%

	
	
	Fresh
	11
	26
	37
	32
	14%

	
	
	Total
	152
	32
	184
	
	

	
	Red hartebeest
	Older
	199
	2
	121
	128
	6%

	
	
	Fresh
	9
	26
	35
	28
	22%

	
	
	Total
	128
	28
	156
	
	

	
	Blue wildebeest
	Older
	10
	0
	10
	10
	0%

	
	
	Fresh
	0
	0
	0
	0
	0%

	
	
	Total
	10
	0
	10
	
	


g Green cells highlight the number of matched track pairs identified as belonging to the same age category, while the red colored cells indicate the number of matched track pairs aged differently between the teams. 
h The total number of tracks counted per track age category by each tracker pair is enumerated under the “Total track counts” section, from which the absolute difference in track counts between the two data collecting teams has been calculated.


Same category	1 category apart	2 categories apart	353	271	142	Difference in track age category between tracks of the same pair 


Number matched track pairs



Gravel road	0-50	51-100	101-150	151-200	201-250	251-300	301-350	351-400	401-450	451-500	500-1100	72	21	11	4	3	0	1	2	0	0	5	Sand cutline	0-50	51-100	101-150	151-200	201-250	251-300	301-350	351-400	401-450	451-500	500-1100	224	47	19	18	4	12	6	5	3	0	12	Sand road	0-50	51-100	101-150	151-200	201-250	251-300	301-350	351-400	401-450	451-500	500-1100	114	10	13	7	3	4	0	0	0	0	4	Off-road	0-50	51-100	101-150	151-200	201-250	251-300	301-350	351-400	401-450	451-500	500-1100	137	5	0	0	0	0	0	0	0	0	0	Distance in meters between matched tracks


Number of matched 
track pairs




