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ABSTRACT  Camera records are increasingly used to measure how wildlife respond to people 14 

and to predators, but the measures are sensitive to choices that are rarely stated: these include 15 

what counts as one event, what the delay is divided by, to which species a return-time measure 16 

can justifiably be applied, and against what null a directional test is compared. This paper reports 17 

those choices as informed by one dataset. The dataset was extended outward in four nested steps 18 

— a family’s home ground (ten cameras, 2024–2026), one county (71 cameras), five counties 19 

(525 cameras) and the statewide wolf range (5,371 cameras) of the Snapshot Wisconsin 20 



 

 

volunteer network, 2018–2025. The numbers from each wider extract were required to reproduce 21 

the narrower one’s published values before any new question was asked. Seventeen issues are 22 

reported with the result each one changed; eight of them appear in no deposited paper. A 23 

checklist for volunteer-network camera analyses closes the paper. 24 

KEYWORDS  activity overlap, camera trap, Canis lupus, gray wolf, human disturbance, 25 

Odocoileus virginianus, pseudoreplication, Snapshot Wisconsin, volunteer networks, white-26 

tailed deer. 27 

1. Introduction 28 

Automatically triggered cameras first used in wildlife studies supported making inferences in 29 

relation to inventories of the species present at a site and where animals could be told apart as 30 

individuals, estimating abundance by capture–recapture (Karanth 1995). Using cameras for 31 

detection probability entered later, once it was recognized that a species not photographed is not 32 

thereby absent (MacKenzie et al. 2002; Burton et al. 2015). A third use has increased with 33 

employing volunteer networks focusing on behavioral interactions within and between species, 34 

as well as between animals and people. Within that third use, three kinds of measure are relevant 35 

to what is reported here. The first is activity and overlap: the shape of a species’ day, and the 36 

share of it that coincides with another species’ day (Ridout and Linkie 2009; Rowcliffe et al. 37 

2014; Frey et al. 2017; Lashley et al. 2018). The second is the detection rate: how often a species 38 

appears per unit of effort, and what that frequency can and cannot stand in for, relative 39 

abundance included (Sollmann et al. 2013; Burton et al. 2015; Sollmann 2018; Kays et al. 2020). 40 

The third is the passage-keyed response: what an animal does after something else has gone by 41 



 

 

— return later, return at a different hour, or not return (Parsons et al. 2016; Gaynor et al. 2018; 42 

Naidoo and Burton 2020; Gilbert et al. 2022). 43 

Each kind of measure rests on decisions taken before doing an analysis - what counts as one 44 

event, what the delay is divided by, which species the measure can honestly be applied to, and 45 

what null a directional claim is compared against. These decisions are usually made once, early, 46 

by whoever writes the script, and they are usually not reported. Several of the checks reported 47 

here move a P-value across the conventional threshold, and two of them reversed the 48 

interpretation of a result. 49 

Volunteer networks across an entire state produce a dataset large enough that almost any contrast 50 

can be made to appear somewhere in it, and large enough that no reader can check the results 51 

obtained by simply looking at the photographs (Iannarilli et al. 2021; Townsend et al. 2021). 52 

This paper reports the choices made exploring one dataset, extended outward in four nested 53 

steps: a family’s own home ground, every frame labeled by the people who took it; the county 54 

that contains it; the five counties around it; and the statewide wolf range — the same extraction 55 

script with the county filter removed. Table 2 describes the data each extract held. The findings 56 

are located in five deposited papers (Vraniak 2026a–e) and in the home-ground camera census 57 

(Vraniak, 2026f).  58 

 Five terms define the measurements in this paper, and the same words apply to every species, 59 

including people. A photograph (or frame) is one stored image, labeled to a species, a camera 60 

and a time. A visit is an independent set of photographs of one species at one camera: a 61 

photograph begins a new visit only if it falls thirty minutes or more after the first photograph of 62 

the previous visit of that species at that camera, and a photograph of any other species in between 63 



 

 

neither ends nor restarts it (§1.1 states the rule, its anchor and the alternatives; §3.16 details the 64 

cost). An independent detection or an event is a visit under another name; those terms are used in 65 

what follows only where a deposit’s value is quoted in its own terms. A pass is the one unit that 66 

is not camera-level: on the home ground a person or a machine on a circuit sweeps every station 67 

in one trip, and that trip’s photographs across all stations are collapsed into one pass (§3.2). A 68 

dataset is the whole of the photographs held at one scale: the home ground, Washburn County, 69 

the five counties, or the statewide wolf range. The three wider datasets are also called extracts, 70 

because each was drawn from the Snapshot Wisconsin network by the same script. 71 

This paper’s contribution to camera-trap methodology is the set of choices I made in examining 72 

one dataset that expanded outward from a family’s home ground, and the checks I then ran 73 

against those choices, each stated with the numbers it changed, in the order a widening dataset 74 

changed them. Eight of the following checks appear in no deposited paper: 1) treating each 75 

human pass through the system, rather than each photograph or each camera, as the unit of 76 

independent replication (§3.2); 2) reporting every response index (the delay before an animal 77 

returns after a person or another species has passed, divided by that animal’s usual interval at the 78 

same camera (§3.1) beside the coefficient of overlap between the two species’ daily activity 79 

curves, so that a delay is not read where the two rarely keep the same hours (§3.4); 3) checking a 80 

small, verified local dataset against the statewide by-hour and by-month distributions published 81 

by Snapshot Wisconsin before the two are compared (§3.6);  4) asking, with uncertainty 82 

clustered by camera, which directional results hold across many cameras and which rest on a few 83 

(§3.8); 5) repeating every result resolved by sex or deer class on a neighboring seasonal window, 84 

to see whether it depends on where the season’s boundary was drawn (§3.13); 6) clustering 85 

cameras at the spatial scale over which the landscape covariates are measured, nine square miles, 86 



 

 

rather than treating each camera as independent (§3.15);  7) keying each event within one 87 

species, and showing that this choice cancels exactly from the index when it is read against the 88 

wild-turkey reference (§3.16); and 8) stating, for each landscape covariate, both the area it is 89 

measured over and the area of land it is meant to represent (§3.17). 90 

The paper is organized so that each numbered issue in §3 is one section of the results, in the 91 

order the data raised the question, and each carries four parts: the problem as a reader meets it; 92 

what was done; the numbers it changed, cited to the paper that holds it; and the lesson, stated 93 

once. A checklist (§4) presents the lessons in the order an analyst would meet them. Three of the 94 

seventeen — §§3.15 to 3.17 — were not raised by the data but by the first reading by a reviewer, 95 

Adrian Treves,  of this work from outside it, in September 2026, and presented at the end of §3 96 

for that reason. 97 

1.1 What independence means here, and why the rest depends on it 98 

In part, the challenge of pseudoreplication (Hurlbert 1984) is telling when two photographs are 99 

of the same thing happening and when they are of two separate things. A camera fires in bursts; a 100 

wolf that walks past may leave one photograph or nine; a family of deer crossing a trail may 101 

leave forty. Counted as they occur, a busy minute becomes a busy season, and any test run on 102 

those counts reports the camera's trigger settings as though they were the animals' behavior.  103 

The usual repair is a rule: photographs of the same species at the same camera are collapsed into 104 

one event unless they are separated by some interval, conventionally thirty minutes (O’Brien et 105 

al. 2003; but see Treves et al. 2010, who show that gregarious species inflate their counts under 106 

it, and who kept photographs of one species at one station on different days as the independent 107 

unit). The rule is a convention that can be set empirically, from the distribution of intervals 108 



 

 

between a species’ own photographs at the site (O. Deering, University of Wisconsin–Madison, 109 

unpublished data, set the interval at 21 minutes from the distribution of 433 consecutive-110 

photograph intervals in the first months of a wolf-pack study on private land in southern 111 

Wisconsin; A. Seaborg, unpublished data, carried the same interval to the residential parcels 112 

around that pack’s core). There are three further questions underneath it that no single number 113 

answers - whether the interval is measured from the last photograph or from the last one kept, 114 

whether a photograph of some other animal in between ends the event, and whether the cameras 115 

themselves — hosted by volunteers a mile or two apart, and each known only to the square mile 116 

— are separate observations or several views of the same piece of country (§3.15). Sections 3.15 117 

to 3.17 take those three in turn. 118 

To answer the question ‘how many times did a wolf come?’, suppose a camera records a wolf at 119 

8:02, a wolf at 8:09, a deer at 8:20, a wolf at 8:24, a wolf at 8:41, a person at 9:40, a wolf at 120 

10:05 and a wolf at 11:15. The question can be answered this way: 121 

Rule for counting wolf events 
Wolf 
events What that rule is counting 

Every photograph is an event 6 the camera's trigger rate, not the wolf's visits 

15 minutes since the last kept 
photograph 

5 8:09 falls inside the interval; 8:24 and 8:41 do 
not 

30 minutes since the last kept 
photograph (the rule used here) 

4 8:09 and 8:24 fall inside; 8:41 is 39 minutes 
after 8:02 

30 minutes since the previous 
photograph, kept or not 

3 the burst rolls the clock forward and swallows 
8:41 

30 minutes, but a photograph of 
any other species ends the event 

5 the deer at 8:20 makes 8:24 a new wolf event; 
the wolf's count now rises with the deer's 
traffic 



 

 

Rule for counting wolf events 
Wolf 
events What that rule is counting 

60 minutes since the last kept 
photograph 

3 the whole morning cluster becomes one event 

 122 

Table 1. Four of the six numbers describe the same morning. The measures in this paper use the 123 

third rule, for three reasons: it is the rule of the deposited papers, so their values reproduce; it 124 

runs from the last kept photograph, so a long bout at one camera is broken into periodic events 125 

rather than swallowed into one (row four); and it is keyed within species, so the wolf’s count 126 

does not rise with the deer’s traffic (row five). Section 3.16 reports what the other choices do to 127 

the published figures, and why one class of figure is untouched by all of them. 128 

2. The datasets at four scales 129 

The four extracts are nested, not independent, each issue raised at one scale and tested at another: 130 

the home ground sits inside Washburn County, which sits inside the five-county block, which 131 

sits inside the statewide wolf range. Each widening exploration asked the same questions of a 132 

larger and more loosely supervised dataset. The narrower, home dataset — where the labels were 133 

made by the people who live there and can be checked against the photographs uploaded by 134 

them— served as the calibration for the wider ones.  135 

Table 2. The four extracts, what each held, and the papers that used them. 136 



 

 

 
Home ground 

Washburn 
County 

Five counties 
(Barron, Burnett, 
Bayfield, 
Douglas, Sawyer) 

Statewide wolf 
range 

Source Family’s own 
cameras; every 
frame labeled 

WI DNR Office 
of Applied 
Science, 
Snapshot 
Wisconsin extract 

Same, wolf-
enriched extract 

Same extraction 
script, county filter 
removed 

Cameras · 
effort 

~10 cameras, 9 
stations; 127 
camera-model-
months 

71 cameras 525 cameras; 
294,031 camera-
days 

5,371 cameras 

Detections 11,820 frames; 
5,499 independent 
deer detections 

73,132 detections 634,214 
detections 

7,791,771 detections 
(190,596 coyote; 
33,243 bear; 18,516 
bobcat; 452,275 
turkey) 

Wolves 2 independent 
detections (4 
frames) 

55 detections; 2 
sequential wolf–
deer events 

1,856 detections 
on 197 cameras; 
116 sequential 
encounters 

7,742 detections on 
810 cameras; 461 
sequential 
encounters 

People 1,027 frames; 670 
independent 
passes 

7,180 human 
detections 

432 cameras with 
a human-return 
ratio 

2,847 cameras with 
a turkey–human 
ratio; deer–human 
ratio 1.82–1.92× 

Years 2024 – Jun 2026 2018–2025 2018–2025 2018–2025 

Used in Vraniak 2026a; 
2026f 

Vraniak 2026b 
(county rung) 

Vraniak 2026b, 
2026c 

Vraniak 2026d, 
2026e 

 137 

It is important to determine what remains true from one scale to the next, and what does not. 138 

Nothing measured on the home ground was carried to another camera as a value. Each index in 139 



 

 

this paper was computed afresh at every camera at every scale, against that camera’s own 140 

baseline (§3.1, §3.10), and only then summarized across cameras. What the home ground 141 

confirms in the wider datasets is not numbers but checks: a place where a pipeline decision can 142 

be tested against the photographs themselves and against the people who took them, and a small 143 

instrument whose daily and seasonal distributions can be verified beside the network’s before the 144 

two are compared (§3.6). The wider datasets differ from the home ground in ways the home 145 

ground cannot calibrate: who placed each camera and why, how far it sees, how sharp its night 146 

images are, and who classified its photographs. Two features of the design are meant to explicate 147 

those differences rather than hide them. First, because each ratio is formed within one camera, 148 

whatever is constant at that camera (its detection distance, its trigger sensitivity, the share of its 149 

frames too blurred to name) enters numerator and denominator alike and largely divides out. 150 

What does not divide out is anything that changes at a camera over time, or that affects one 151 

species’ photographs differently from another’s, and §§3.5, 3.13 and 3.14 are about exactly 152 

those. Second, each claim was tested at the scale that raised it before it was repeated at another 153 

(§3.7), and results are reported as agreeing or disagreeing across scales rather than transferred 154 

between them; where a result holds only at particular cameras, it is reported as belonging to them 155 

(§3.8). 156 

Photographs that could not be named at the class-level - deer frames that show a deer but not its 157 

sex - are treated in §3.5. 158 

Interpretation from the ground was aided by the fact that the home-ground numbers were read by 159 

a person who also watches the ground they describe (Vraniak 2026g). Twenty years on a second-160 

story deck overlooking the prairie and savanna, often with a long telephoto lens, show turkeys 161 

and deer interweaving along the same trails with neither following the other; now and then a 162 



 

 

young deer puts its nose near a turkey, which flutters and lands a few feet away. When the 163 

statewide numbers later placed the turkey at chance as a follower of deer (§3.8), they confirmed 164 

what had been seen. Viewing each of the more than 11,000 home photographs as they were 165 

uploaded week by week over three years, and labeling the family’s own Snapshot Wisconsin 166 

camera on the network’s platform, gives some direct sense of what volunteers elsewhere are 167 

looking at when they classify. The same viewing supplies context the numbers cannot: two wolf 168 

kills in twenty years on the 100 ha (one fawn, one doe); two years of single and paired wolves 169 

failing, at night, to take one mature buck at the same junction of three trails; coyotes carrying a 170 

fawn and a fawn’s leg, a bobcat taking three squirrels in one evening and bobcats carrying 171 

turkeys; a bear shifting to the deer’s new crossing; the separate loops of doe-and-fawn groups 172 

and the different routes of bucks outside the rut; the near-exclusive night use of coyotes and 173 

wolves except on rainy days, which bobcats favor; the stillness of most prey on very windy days; 174 

the wide berth every species gives a bear; and the time each species spends smelling who has 175 

passed. Some fifty years of tracking in the sand of the Northwest Sands Ecological Landscape, in 176 

the Lipan Apache tradition as taught by Tom Brown, Jr., adds a further complementary check. 177 

Most directly, the person who drives the ATV, the gas mower and the electric cart past each 178 

camera, and whose family passes each camera and then sees what happened before and after, 179 

knows several of the confounds while the data are being processed. That is how the brushing 180 

operation of §3.5 was found, for instance. 181 



 

 

3. The issues, in the order the data raised them 182 

3.1 A return interval needs a reference: the species ’own usual interval at the same camera 183 

Problem. A raw time-to-return after a person inappropriately mixes two things: how much the 184 

animal may have been affected by the person’s transit, and how often the animal comes to that 185 

camera at all. A rare species exhibits a long raw return whether or not it minds people, and a 186 

species that visits hourly cannot exhibit a long one. Read raw, the measure ranks species by 187 

rarity and reads the ranking as behavior. 188 

What was done. For each species the median gap between consecutive independent detections at 189 

the same camera was taken as that species’ baseline at that camera, capped at seven days to keep 190 

a single long absence from determining the scale. The baseline is computed afresh at every 191 

camera at every scale; no value measured on the home ground is applied to a county or statewide 192 

camera. The response index is the median return time after a trigger divided by that baseline. An 193 

index of 1.0 means the animal came back on its own schedule; the baseline is reported with the 194 

index, so a reader can see what the division was by. A ratio of medians summarizes two 195 

distributions, and a broad, flat baseline distribution would make it a poor description. The spread 196 

of per-camera ratios is therefore reported with every median (§3.10), and the paragraph that 197 

follows sets the delay after a passage against what the camera’s own clock produces when 198 

nothing has passed. 199 

An index of 1.0 is a description, not a null. The numerator is a wait measured from an instant the 200 

animal did not choose — the moment something else passed — to its next photograph; the 201 

denominator is a gap measured between its own visits. Those are different quantities, and 202 

nothing makes their ratio 1.0 when the passage has no effect: where the ratio settles depends on 203 



 

 

how a species’ visits are spaced and clustered at a camera, and it has to be computed. It was 204 

computed here on the statewide dataset from the question itself — what should one expect of the 205 

next visit if the prior passage had had no effect — in two forms: instants drawn uniformly over 206 

each camera’s active days, and each passer photograph moved to random active days of its own 207 

camera with its time of day kept, which is the construction of §3.8’s permutation null. Under the 208 

hour-keeping null the deer’s expected index is 0.86× after a wolf (383 cameras), 0.84× after a 209 

person (4,317) and 0.86× after a turkey (3,499) — below 1.0, so measuring the deer against 1.0 210 

understated its response — while the wolf’s expected index is 2.31× after a person (278) and 211 

2.28× after a turkey (234), because the wolf’s visits are sparse and clustered and a random instant 212 

sits, on the median, more than two of its own visit-gaps from its next photograph. Read against 213 

that null, camera by camera, the deer’s delay after a wolf is 2.44× what the null expects (P = 1.8 214 

× 10⁻⁴¹), after a person 2.11× (P < 10⁻³⁰⁰) and after a turkey 1.69× (P = 1.3 × 10⁻²⁸²); the wolf’s 215 

delay after a person is 1.02× (P = 0.222) and after a turkey 1.01× (P = 0.405). The wolf’s 2.42× 216 

after a person, carried in the deposits as a raw index, is therefore the null expectation and not a 217 

response — which its turkey-referenced excess of 1.06 (§3.16) already said, and which no reader 218 

of the raw figure could have known. The turkey reference of §3.11 was then read under the same 219 

null: the deer’s excess after a wolf over its excess after a turkey is 1.324 observed and 1.019 220 

under the null on the same 315 cameras (P = 5.3 × 10⁻⁵ and P = 0.438); after a person, 1.169 221 

against 0.987 (3,206 cameras). The structure that moves the raw index away from 1.0 is in both 222 

terms of the referenced index and cancels from the difference, which is why the deposited papers 223 

read every delay against the turkey rather than against 1.0. 224 

What it changed. On the home ground the red fox’s long raw return became rarity once divided, 225 

the deer was 0.99 pooled across 2024–2026, and the wild turkey at 1.89 (Vraniak, 2026f). The 226 



 

 

same instrument, used at the next level of extract, measured deer at 1.42× in Washburn County, 227 

1.83× across the five counties, and 2.24× after a wolf (Vraniak 2026b) — numbers that are 228 

comparable to each other precisely because each was divided by a baseline measured at the same 229 

camera. 230 

The lesson is that the count only means something compared with what is normal for that animal 231 

at that camera. 232 

3.2 The unit of independence: the pass, not the station, and not the photograph 233 

Problem. A machine pass is not a station-level event. A mowing circuit or a camera check 234 

sweeps every station on one trip, and the engine is heard across the whole system at entry. 235 

Keying returns to the physical station shatters one whole-system event into per-station fragments 236 

and manufactures between-station heterogeneity that has no field counterpart; keying them to the 237 

detection pseudoreplicates outright (Hurlbert 1984). 238 

What was done. Human photographs were collapsed into passes, a gap of more than about sixty 239 

minutes starting a new pass. Each pass contributes one number: the time to the next deer 240 

detection anywhere in the system, divided by the deer baseline. Intervals are bootstrapped on the 241 

pass counts, so the reported uncertainty is uncertainty about passes. 242 

What it changed. Station-keyed, the 2025 conveyance contrast fell to P = 0.059 and would have 243 

been reported as a trend. Pass-keyed it returned clean: on foot 1.00 (71 passes), electric cart 0.95 244 

(65), gas mower 1.12 (15), gas ATV 1.57 (28), with electric against ATV at P = 0.006. The 245 

earlier per-detection counts (223 against 95) were shown to be pseudoreplicated. The pass unit 246 

also made a second pattern legible: exposure was flat across the year (ATV passes, spring ≈12, 247 

summer–autumn ≈16) while the response to the same machine roughly doubled from the first 248 



 

 

half of the year (≈1.1) to the second (≈2.1). The response is measured by the animal’s season, not 249 

the machine’s schedule. The rule and the share of photographs it keeps at 15, 30 and 60 minutes 250 

are in Supporting Information S1.1.The lesson is that the unit of independence is decided by the 251 

field, not by the spreadsheet. 252 

3.3 Camera model as the station proxy, and what strict counting does to a P-value 253 

Problem. Where camera serial numbers were not recorded on every frame, the camera model had 254 

to stand in for the physical station in the independence rule. Where several cameras share a 255 

model, that proxy pools two or more places under one key, and the pooling is invisible in the 256 

output. 257 

What was done. The deposited machine paper reported the result under both counting rules and 258 

said which rule it used, rather than choosing the rule that gave the smaller number (Vraniak 259 

2026a). 260 

What it changed. Under strict independent-pass counting the pooled electric-versus-gas contrast 261 

was P = 0.14, and an earlier two-year P = 0.03 became P = 0.18. The result that survived strict 262 

counting was the one keyed to the character of the sound (§3.5), not to fuel. The proxy is priced 263 

against habitat in Supporting Information S1.2. 264 

The lesson is to report the counting rule with the P-value; a result that survives only one rule is a 265 

lead, not a finding. 266 



 

 

3.4 Which instrument each species can honestly be read with: delay for prey, diel overlap 267 

for nocturnal carnivores 268 

Problem. A return-time ratio after a person presupposes that the animal and the person could 269 

have met. For a nocturnal carnivore whose detections barely coincide with daytime people, the 270 

ratio measures the clock and reports it as fright. 271 

What was done. Each species’ response index was paired with its coefficient of overlap with 272 

people — the intersection of the two hourly activity histograms, after Ridout and Linkie (2009) 273 

— and neither was reported without the other. Where overlap was low, the species was read by 274 

temporal separation rather than by delay. This was done on the home ground and again in the 275 

county extract. 276 

What it changed. On the home ground the raccoon (index 1.63 at overlap 0.20) and the coyote 277 

(1.27 at 0.27) looked wary by the index and were interpreted instead as temporally separated, 278 

while the turkey (1.89 at overlap 0.74) became the one genuine avoider — an animal with every 279 

chance to meet people and a delay that showed it (Vraniak, 2026f). In Washburn County the 280 

carnivores’ overlap with people fell with nocturnality (wolf 0.17, coyote 0.28, against turkey 281 

0.76), and the deer avoided in both: by delay, and by a nocturnal shift, the county deer ratio 282 

rising from 0.70 in spring to 2.32 in the fall firearm season. 283 

The lesson is that metric validity is a finding: know which instrument each species can be read 284 

with before reading it. 285 



 

 

3.5 Class definitions can bury a signal: fuel against the continuity of a sound 286 

Problem. The first machine classes were measured by fuel, which folded a tolerated gas mower 287 

in with a fled gas ATV and averaged the two into nothing. A class boundary drawn on the most 288 

available attribute is a hypothesis about mechanism not actually tested. 289 

What was done. The fine machine labels were recovered from the frame table and the classes re-290 

cut by the character of the sound: continuous (electric cart, gas mower) against intermittent (gas 291 

ATV). The re-determined boundary was tested before the effect was tested again. 292 

What it changed. Pooled deer return ratios became foot 1.02, electric cart 0.83, gas mower 0.73, 293 

gas ATV 1.64, with continuous against ATV at P = 0.0022 and does alone at 0.85 against 1.66 294 

(P = 0.0005) — where the same dataset was grouped by fuel it only produced P = 0.14 (Vraniak 295 

2026a). A scoping pass found the discrimination to be the deer’s alone: turkey, coyote, bear and 296 

bobcat, all with ample daytime data, showed none of it. 297 

The lesson is that the class boundary is a hypothesis about mechanism, so the boundary is tested 298 

before the effect is. 299 

In spring 2026 the frame label “ATV (gas)” covered both an ordinary pass and an extensive 300 

brush-cutting operation run from the same machine; no such work was done in 2024 or 2025, so 301 

the dataset holds an unplanned contrast. Deer returned at 1.70× baseline after the ATV in 302 

March–April 2026 (n = 16) compared to 1.23× after the same machine merely passing in the 303 

same window of 2025 (n = 14), and the response decayed with days since the last ATV day 304 

(2.14× within two days, 1.54× at three to seven, 1.30× at eight to twenty-one) — evidence that 305 

the delay tracked the operation rather than the altered ground. Identified-doe detections at those 306 



 

 

cameras ran 1.10 per camera-day against 1.37 in 2025, so use was reduced while return was 307 

delayed, but the animals did not leave.  308 

The lesson is to carry the operation log as a variable: a machine’s label names the machine, not 309 

what it was doing; the frame labels cannot tell a pass from a day’s work, and a study that codes 310 

conveyance without coding operation has averaged two stimuli under one name (Vraniak, 311 

2026f). 312 

A class-resolved index is only as stable as the identifications it requires, and the share of frames 313 

that can be classified is itself a variable. In this dataset the share of deer frames assignable to sex 314 

ran from 100% (April 2025) to 43% (April 2026), the low month falling in the brushing window 315 

— clearing a trail edge changes what the camera at that edge can resolve, so the stewardship 316 

being measured moved the instrument. On the first pass the doe index after the ATV in March–317 

April 2026 stood at 2.90× compared to an all-deer index of 1.26×, and in five of fifteen ATV 318 

events the first deer to return was an unreadable frame, four of them within fifteen hours — 319 

quick returns that a sex-resolved index excludes by construction. All 91 unassigned frames were 320 

then re-read: 80 were does, three were bucks, two were not deer at all, and six remain 321 

unresolved, moving the results for the month from 43% to 96% classified. The doe index fell 322 

from 2.90 to 1.57 and the all-deer index rose from 1.26 to 1.70. The excluded frames had been 323 

overwhelmingly does, so their exclusion had inflated the doe-specific delay by very nearly a 324 

factor of two and had produced an apparent sex effect where the resolved data show a deer 325 

effect. The lesson is to report the classifiable share beside every class-resolved index, and to treat 326 

a low share as a correctable defect rather than a caveat: where the share is low enough to produce 327 

a significant result, re-read the frames and report what the re-reading moved. The direction of the 328 

bias is predictable — the frames hardest to classify are not a random sample of the animals in 329 



 

 

them — and only the re-reading fixes its size (Vraniak, 2026f; and see Vraniak 2026e, which 330 

reaches the same discipline by design rather than by repair). 331 

3.6 Representativeness before widening: the home cameras against the statewide 332 

dashboard 333 

Problem. A single site can be idiosyncratic in ways its owner cannot see. Before its numbers are 334 

compared to a regional dataset, the small instrument has to be shown to measure the same signal 335 

the large one measures — otherwise a difference between the two is a difference between two 336 

instruments. 337 

What was done. The Snapshot Wisconsin public dashboard’s statewide by-hour and by-month 338 

distributions for the well-sampled species were compared to the home dataset’s, species by 339 

species, before any comparison was drawn between the two records. 340 

What it changed. The home cameras reproduced the statewide diel signature closely — deer 341 

overlap 0.91 (r = 0.94), coyote 0.90, turkey 0.86 — with two interpretable departures: the home 342 

deer are slightly more crepuscular and slightly more autumn-weighted, which is where a quiet 343 

property should sit on the published disturbance gradient (Gaynor et al. 2018; Gilbert et al. 2022; 344 

Clare et al. 2023). 345 

The lesson is to calibrate the small instrument against the large dataset before the small dataset is 346 

allowed to speak about the large one. 347 



 

 

3.7 Verification by exact reproduction before any new question 348 

Problem. Each wider extract arrived as a different pull, with its own joins, filters and covariates. 349 

A new finding on a new pull can be a property of the pull, and there is no way to tell from the 350 

finding itself. 351 

What was done. Before any statewide analysis, the full pipeline was rebuilt from the raw five-352 

county files and required to reproduce every published value exactly; the statewide file was then 353 

checked record by record against the five-county file it contains. 354 

What it changed. It did reproduce: 116 sequential encounters, follow fraction 0.75, median lag 355 

5.8 minutes, before/after fractions 0.55 (n = 40) and 0.85 (n = 76), and return ratios of 2.24× 356 

(110 cameras), 1.83× (432) and 2.78× (89). The same check caught the one flaw in the delivery: 357 

the human-modification covariate had been built from a 90-m snapshot rather than the 1-km 358 

native layer and correlated with its parent layer at only r = 0.44. Re-pulled at 1 km it correlated 359 

at r = 0.97 with identical medians (0.203), and only then was it used (Kennedy et al. 2019; 360 

Vraniak 2026d). 361 

The lesson is to reproduce the last dataset to the digit before the new dataset is allowed to say 362 

anything new. 363 

3.8 A directional test needs a null that keeps the clock, and a negative control 364 

Problem. “The wolf came after the deer” can arise from abundance and shared hours alone. Two 365 

species that are both common and both nocturnal will appear in each other’s wake at a rate that 366 

has nothing to do with pursuit, and a null of 50% assumed rather than constructed cannot 367 

separate the two. 368 



 

 

What was done. For each focal detection the nearest deer within thirty minutes was scored as co-369 

occurrence, follow or precede, and the follow fraction was compared against a day-reassignment 370 

permutation null: 500 iterations, each detection moved to a random day on which its own camera 371 

was active in the same season, keeping its time of day. The null therefore holds camera, season, 372 

hour and deer availability fixed and varies only the day. The wild turkey, which poses no danger 373 

to deer, was then run through the identical test as a negative control. 374 

What it changed. Wolves arrived after deer in 75% of 116 five-county encounters against a null 375 

of 50% (P = 0.002; Vraniak 2026b) and in 74% of 461 statewide encounters (P = 0.002), while 376 

the turkey landed at chance — 0.49 against 0.50 across 30,323 turkey–deer encounters (P = 0.75) 377 

— so the measure reports no following where none exists (Vraniak 2026d). A camera-clustered 378 

check on the county dataset then set the honest bound: the directional signals are site-379 

concentrated, while co-occurrence, intervals, class composition and diel structure survive 380 

clustering. Window width (15, 30, 60 min) and the permutation seed are examined in Supporting 381 

Information S1.3. 382 

The lesson is that a directional result is worth what its null is worth, so a species that cannot be 383 

following is carried as the control. 384 

3.9 Confounds tested rather than hedged: shared nocturnality, antler cast, predator density 385 

Problem. Three objections a reviewer would raise against the buck-selection and harvest results 386 

could either be hedged in a limitations paragraph or be tested. 387 

What was done, and what it changed. (a) Shared nocturnality. The selection ratio was 388 

recomputed within the night alone: bucks were 18.7% of the deer that appeared but 31.2% of 389 

those nearest a wolf (1.67, P = 0.037), and by day 10.7% against 23.4% (2.20, P = 0.015). 390 



 

 

Shared hours raise how often a buck is available beside a wolf; they do not create the nearness 391 

(Vraniak 2026b). (b) Antler cast. The selection was re-run in the hard-antler months, when an 392 

antlered deer is reliably a buck: September–December 1.91 across five counties (Vraniak 2026b), 393 

1.40× statewide (P = 0.004) and 1.48× in the October–November rut, against 1.10× — nothing 394 

— when the same test is run across the whole year (Vraniak 2026d,e). (c) Predator density. The 395 

post-harvest rise in following survived a joint model holding development and latitude fixed 396 

(odds ratio 4.8, P = 0.001) and a control that subsampled post-harvest wolves down to the pre-397 

harvest count of 559 detections (0.85, band 0.75–0.94, no draw reaching 0.55) (Vraniak 2026c); 398 

statewide, the deer’s delay after a wolf did not change across a twelve-fold range of local wolf 399 

density (P = 0.22; r = −0.005) (Vraniak 2026d). 400 

The lesson is to test the soft spot; here the exposed result was the one that came back stronger. 401 

3.10 The raw clock against the per-camera ratio 402 

Problem. Pooled across cameras, deer appeared to return sooner after a wolf than after a person, 403 

because wolves are recorded where deer are thick. And a researcher who divides the pooled 404 

medians (29.9 h ÷ 18.1 h = 1.65×) arrives at a different number from the one reported. 405 

What was done. The ratio was computed inside each camera against that camera’s own baseline 406 

— a camera qualifying only with at least three baseline intervals and three post-disturber returns, 407 

on cameras with at least four deer and two disturber detections — and the reported value is the 408 

median of the per-camera ratios. The absolute-time distribution is reported beside it for the 409 

reader who seeks the amount of return time (hours). 410 

What it changed. 2.24× after a wolf on 110 cameras (interquartile 1.14–3.20 in the five-county 411 

dataset) against 1.83× after a person on 432; in absolute time, a median of 29.9 hours to 412 



 

 

reappear, 45% back within 24 hours, 61% within 48, and a long tail reaching about sixteen days 413 

at the ninetieth percentile (Vraniak 2026b). 414 

The lesson is to normalize inside the camera and then summarize across cameras, giving the 415 

reader the hours as a translation and never as the primary result. 416 

3.11 A floor under every passage-keyed delay: the turkey reference and class-specific floors 417 

Problem. Any return-after-passage measure carries a component that has nothing to do with 418 

danger: the plain arithmetic of one animal passing before another. Because that component is 419 

larger for animals that appear in bursts of detections, the burstiest deer class can appear to be the 420 

most afraid. 421 

What was done. The deer’s delay after a turkey — an animal that poses no danger to deer — was 422 

taken as the floor, and class-resolved delays were compared against that class’s own delay after a 423 

turkey, paired within camera and within June–November so that season could not carry the 424 

contrast. 425 

What it changed. Deer returned 1.53× more slowly even after a turkey (3,499 cameras). The 426 

wolf’s 2.19× stands well above that floor and the pooled bear’s 1.56× does not, which makes the 427 

danger-specific part of the wolf’s effect roughly four times the bear’s effect. Measured instead 428 

against class-specific floors, the bear’s delay stood above the reference for every deer class 429 

(Vraniak 2026d, 2026e). 430 

The lesson is to price the floor with a species that cannot be feared, and to read every delay as its 431 

distance above that floor. 432 



 

 

3.12 Designing the before/after: the clean-window comparison for a pulse 433 

Problem. A simple split at the harvest date (before 0.55, after 0.85 in the five counties; Vraniak 434 

2026c) mixes the contaminated harvest year into both sides, and it cannot distinguish a step that 435 

persists from a pulse that decays — which is the whole question a management event raises. 436 

What was done. The harvest year 2021 was set aside, and the two clean years before it (2019–20) 437 

were compared with the two after (2022–23) and then with 2024–25. The same windows were 438 

run for coyote, bear and turkey as a specificity check — species that should not have changed. 439 

What it changed. Following rose from 0.63 to 0.83 (Fisher’s exact P = 0.0019; odds 2.77× with 440 

zone held constant) and returned to 0.68 by 2024–25 (P = 0.43): a two-to-three-year pulse, 441 

localized to the Northern Forest (0.56 to 0.80, P = 0.004). The coyote’s fractions in the same 442 

windows were 0.61 and 0.62 across 13,461 encounters, and bear and turkey were unchanged 443 

(Treves and Louchouarn 2022 for the harvest itself; Vraniak 2026d). 444 

The lesson is that a before/after needs clean windows on both sides, and a species that should not 445 

have changed. 446 

3.13 Sex and class must be read in season — and the window must be stated 447 

Problem. Volunteers’ deer classes are measurable consistently only in season: antlered means 448 

buck reliably in the hard-antler months and unreliably outside them, and a spotless six-month-old 449 

is commonly recorded as antlerless. On the home ground, sex came from free-text labels of 450 

varying precision. And a result announced as a spring finding can move with the window that 451 

defines spring. 452 



 

 

What was done. Hard-antler months (September–December) were used for buck identity and 453 

spotted months (May–August) for fawns (Vraniak 2026d, 2026e). On the home ground, buck 454 

was assigned only where the label implies antlers or a male, doe only where it implies an 455 

antlerless female, and mixed frames were excluded. The fawning-window test was run on May–456 

June with March–June carried as a sensitivity check, and the neighboring window was reported 457 

whether or not it agreed. 458 

What it changed. The 2026 doe signal — does delaying after people at 1.70 over March–June 459 

against bucks at 1.48 — was carried by March–April (1.68, n = 52) and June (1.46, n = 36) and 460 

was absent in May (0.92). On the May–June window alone it was 1.14, about what 2025 gave 461 

(1.16). A result that had been measured as fawning vulnerability sits outside the fawning peak 462 

(Vraniak, 2026f). 463 

The lesson is to state the window, and to show the result on the neighboring window. 464 

3.14 Labeling schemes across years 465 

Problem. Two annual labeling schemes differed in the rarer categories and in the canid labels. 466 

Where a scheme changes between years, a between-year change in the animals and a between-467 

year change in the coding are the same number. 468 

What was done. One harmonization crosswalk was built and applied across years. The 469 

ambiguous “coyote or gray wolf” class was carried as coyote in totals and kept separate in every 470 

canid analysis, and the 2024 canid records were labeled conservatively (141 ambiguous frames 471 

against 21 coyote). 472 



 

 

What it changed. The 2024–2025 mesocarnivore rise (6.6% to 11.1% of individuals) fell back to 473 

4.9% in spring 2026 and rests, for 2024, largely on ambiguous frames: a one-year coyote pulse 474 

bounded by the labeling rather than measured through it (Vraniak, 2026f). 475 

The lesson is to carry the labeling scheme as a variable. 476 

3.15 Cameras are not independent, and clustering is not a spatial model 477 

Problem.  A statewide network of camera data is not a set of independent observations. 478 

Volunteers place cameras on the land they have; Snapshot Wisconsin gives each location to the 479 

square mile and no closer, so 5,395 cameras occupy 3,232 distinct sections, and neighbors in the 480 

same country share weather, deer, roads, ownership and often the same animals. Any covariate 481 

measured over an area larger than a camera — and every landscape covariate is — is shared 482 

outright between neighbors. Standard errors computed as though the rows were independent are 483 

then too small by an amount nobody can guess in advance. 484 

What was done.  Standard errors were clustered by survey township — thirty-six sections, 485 

deliberately coarser than the nine square miles over which the covariates are summed — and 486 

every analysis was repeated with the section as the unit, pooling cameras that share one, and 487 

reported beside the camera-level result. The residuals were then tested for the structure clustering 488 

does not model: Moran's I under three weightings (cameras within 10 km, inverse distance 489 

within 10 km, within 5 km), a distance correlogram in bands, a refit adding Moran eigenvector 490 

maps as spatial filters, and, as the crudest and least assuming check, refits of thinned samples 491 

holding one camera per section and one per township. 492 

What it changed.  It changed a P-value from 0.0009 to 0.59. In the land-tenure analysis (D. A. 493 

Vraniak, unpublished data) the statewide wolf rate falls with the public-land share of a camera's 494 



 

 

surroundings at a rate ratio of 0.968 per ten points. Computed as though the 2,449 cameras were 495 

independent, that estimate carries an interval of 0.950 to 0.987 and P = 0.0009. Clustered by 496 

section it is 0.864 to 1.084; by township, 0.862 to 1.088 with P = 0.59 — nothing. The same 497 

correction widens the interval on large private woods from 0.978–1.063 to 0.800–1.300, a 498 

fivefold widening on the log scale, and section-level and township-level clustering agree closely, 499 

which is itself informative: the non-independence is local. The residual spatial structure is 500 

reported in Supporting Information S1.4. 501 

The lesson is to cluster at the scale of the covariate's own support rather than at the camera, to 502 

report the unclustered estimate beside the clustered one so a reader can see the size of the 503 

correction, and then to test the residuals for what clustering does not model; a correction that 504 

turns P = 0.0009 into P = 0.59 is not a technicality. 505 

3.16 What an intervening species does to an event, and the one thing the threshold cannot 506 

touch 507 

Problem.  Are two photographs of a wolf, twenty minutes apart, with a photograph of a deer 508 

between them, one wolf event or two? If another animal ends the event, the number of wolf 509 

events at a camera comes to depend on how busy the camera is — on the deer — and the wolf's 510 

rate becomes partly a deer measure. If it does not, a long bout of detections at a busy camera 511 

collapses to the same single event as a brief one at a quiet camera. Either way the choice is made 512 

once, in the script, and it is almost never reported. 513 

What was done.  The rule here is keyed within species. An intervening photograph of any other 514 

animal, a person included, neither ends nor restarts an event: two wolf photographs twenty 515 

minutes apart are one wolf event whether or not a deer walked through between them. The 516 



 

 

reason is the confound above, and the interpretation behind it is that what the intervening 517 

photograph records is something about the place, not about whether the wolf left and came back. 518 

Where the ordering across species is the measurement rather than a nuisance — the passage-519 

keyed delays of §§3.1 and 3.11, and the sequential encounters of §3.8 — the crossing species is 520 

handled explicitly and differently: every passer photograph is counted, none collapsed, and the 521 

return is to the next raw photograph of the responder, so the independence rule governs only the 522 

responder's own baseline. To estimate the cost these choices the statewide measures were 523 

recomputed at fifteen, thirty and sixty minutes, and again with the passer's photographs collapsed 524 

at the same threshold as the responder's. 525 

What it changed.  It changes the raw index by about a tenth for each doubling of the threshold, 526 

and it leaves the referenced index exactly where it is. Statewide, the deer's delay after a wolf is 527 

2.41×, 2.19× and 1.95× the deer's own baseline at fifteen, thirty and sixty minutes (383 cameras 528 

at every threshold); after a person, 2.11×, 1.86× and 1.65× (4,317 cameras); after a turkey, 1.74×, 529 

1.53× and 1.35×. The wolf's delay after a person is 2.48×, 2.42× and 2.24×. The movement has 530 

one source and it is arithmetic: the threshold enters the index only through the denominator, the 531 

responder's own median interval between independent detections, which lengthens as the 532 

threshold widens. Collapsing the passer's photographs and changing the anchor of the interval 533 

are evaluated in Supporting Information S1.5. 534 

That is also why it cancels. Read as the deposited papers measured it — as the excess over the 535 

same animals' delay after a wild turkey at the same camera, paired within camera (§3.11) — the 536 

denominator is common to both terms and drops out of the difference. The deer's excess over its 537 

turkey reference after a wolf is 1.324 at fifteen minutes, 1.324 at thirty and 1.324 at sixty, on the 538 

same 315 cameras, with P = 5.3 × 10⁻⁵ throughout; after a person it is 1.169 at all three 539 



 

 

thresholds on 3,206 cameras (P = 3.6 × 10⁻¹⁷); the wolf's excess after a person is 1.06 and not 540 

significant at any of them. The independence threshold is a free parameter of the raw index and 541 

is not a parameter of the referenced index at all. 542 

The lesson is to say what an event is keyed to — the species, the last kept photograph, and 543 

whether another species ends it — and to prefer the measure from which that keying cancels. 544 

3.17 The land around a camera: its support, its scale, and whether the cameras can see it 545 

Problem.  Every camera study that says anything about landscape joins its cameras to a layer — 546 

cover, roads, an index of human footprint, in this case ownership — at some radius, and the 547 

radius is chosen by whoever determines the joining of elements. Three assumptions ride on it and 548 

none is usually stated: that the layer is measured over an area the analysis is entitled to use; that 549 

the area corresponds to something the animal uses; and that the cameras are placed where they 550 

can see the class of land being tested. The third is the one is what no amount of care defining the 551 

first two actually repairs. 552 

What was done.  Snapshot Wisconsin gives a camera's place to the square mile, so the section is 553 

the finest honest unit, and exposure was summed over the camera's own section and the eight 554 

touching it — nine square miles, a median of 5,706 parceled acres — with shares taken of land 555 

parcels rather than of total area, so that lakes and roads do not dilute them. The mismatch 556 

between that block and a wolf's territory, which is many times larger, was stated with its 557 

direction: the block understates exposure, so a true tenure effect is attenuated toward the null, 558 

which runs against a null result rather than for it. The construction of the holdings was then 559 

varied — tracts assembled from the parcels of one owner within 25 m, with a strict exact-name 560 

variant as a check — and so were the radius of the neighborhood and the definition of the range. 561 



 

 

What it changed.  The rate ratio for ten points of large private woods is 1.02 as built, 1.04 with 562 

tracts assembled from exact names only, 1.06 using the camera's own section alone, 1.11 pooling 563 

woods tracts of 160 acres and more, and 1.02, 1.02 and 1.01 with the wolf range drawn at 5, 10 564 

and 20 km. What the checks cannot repair is the third assumption. Of 2,449 cameras, 505 have 565 

any large private woods within their nine square miles, 137 have a tenth of the block and 33 a 566 

quarter; and because volunteers do not host cameras inside closed private ground, those cameras 567 

see the tracts from outside. The design has selection where it most needs sampling, and no radius 568 

fixes that. 569 

The lesson is to state the support of every landscape covariate, the scale it is meant to stand for 570 

and the direction of the mismatch, and then to ask whether the cameras are placed to see the class 571 

of land the analysis names; where they are not, say so in the result and not only in the limitations. 572 

4. A checklist for volunteer-network camera analyses 573 

• Divide every return interval by the responder’s own baseline at that camera, and report 574 
the baseline. 575 

• Decide the unit of independence from the field — the pass for a person or machine on a 576 
circuit, the thirty-minute visit for an animal — and report the P-value under the strict 577 
rule. 578 

• Pair every response index with the responder’s overlap with the disturber; read nocturnal 579 
carnivores by overlap, not by delay. 580 

• Test the class boundary — fuel against sound, antlered against buck — before testing the 581 
effect, and code what a machine was doing, not only what it was. 582 

• Report the classifiable share beside every class-resolved index, and re-read the frames 583 
where that share carries a headline. 584 

• Calibrate a small, verified dataset against the network’s published statewide distributions 585 
before comparing the two. 586 

• Reproduce the prior extract’s published values to the digit before asking a new question 587 
of a wider one, and check every covariate against its parent layer. 588 

• Use a permutation null that keeps camera, season and hour; run a species that cannot be 589 
following as the control; and report the camera-clustered bound. 590 



 

 

• Compute ratios inside the camera and summarize across cameras; give hours as a 591 
translation. 592 

• Price the floor with a harmless species and read every delay as its distance above that 593 
floor, by class. 594 

• For a before/after, set the event year aside, compare clean windows on both sides, and run 595 
the species that should not have changed. 596 

• State the seasonal window for any sex- or class-resolved result, and show the neighboring 597 
window. 598 

• Carry the labeling scheme as a variable across years. 599 
• Cluster standard errors at the scale of the covariate's own support, not at the camera; 600 

report the unclustered estimate beside the clustered one, and test the residuals for the 601 
spatial structure clustering does not model. 602 

• Say what an event is keyed to — the species, the last kept photograph, and whether 603 
another species ends it — and prefer the measure from which that keying cancels. 604 

• State the support, the intended scale and the direction of mismatch for every landscape 605 
covariate, and say whether the cameras can see the class of land being tested. 606 

• Record a permutation null's seed, its number of draws and the pool the draws are taken 607 
from. 608 

5. Discussion 609 

What generalizes. None of the seventeen choices is specific to wolves, deer or Wisconsin. Every 610 

camera-trap study of avoidance makes each of them, and most make them silently: a unit of 611 

independence is chosen when the script is written, a denominator is chosen when the index is 612 

defined, a null is chosen when the test is run, and a season is chosen when the classes are read. 613 

What the seventeen sections offer is not a new statistic but a reporting discipline — the choice, 614 

the alternative, and the number that separates them. Several of the entries move a P-value across 615 

the conventional threshold; two of them reverse the reading of a result. 616 

What is local. Three of the findings are this dataset’s own and their generality is a question for 617 

other networks: the invariance of the deer’s response across a twelve-fold range of local wolf 618 

density, the two-to-three-year pulse in following after the 2021 harvest, and the particular value 619 



 

 

of the turkey floor. A second network with a harmless common species and a management pulse 620 

of its own could test all three. 621 

Limits. One analyst built every pipeline here, and one region supplied every dataset. The seven-622 

day cap on the baseline is a judgment, defensible but not derived. A return delay measures 623 

displacement, not fear: §3.4’s two patterns and §3.8’s clustered bound mark where that 624 

distinction becomes significant. On the home ground the camera model stands in for the physical 625 

station, with §3.3’s worked example setting out what that costs. And the deer classes in the 626 

network data are volunteer classifications, read in season here precisely because they cannot be 627 

trusted out of it. 628 

What the photographs hold that the clock does not. Every measure here is a time; none reads the 629 

frame. O. Deering and A. Seaborg (University of Wisconsin–Madison, unpublished data) coded 630 

the heading of the wolf in the last photograph of each visit and measured it against a landscape 631 

feature, and the same coding would turn a sequential encounter from a pair of timestamps into a 632 

pair of headings — whether the wolf arriving after a deer faces the way the deer went, and, on 633 

the home ground, whether an animal’s next visit after a machine moves toward or away from the 634 

machine’s line of travel. That check belongs to a dataset in which every frame is the family’s 635 

own rather than to a network extract, and it is set down here as the next thing the home ground 636 

can answer. 637 

Data and code availability 638 
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