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SUMMARY: 21 
Here, we present a protocol to conduct a variety of behavioral tests in cattle that have been 22 
designed to evaluate emotions. A battery of behavioral tests (open field test, startle test, bovine 23 
zero maze, exit velocity, pen score, and chute score) were conducted to evaluate different 24 
components of animal temperament.  25 
 26 
ABSTRACT:  27 
Animal temperament is complex and has implications for productivity and economic profitability. 28 
Quantifying an animal’s response to differing stimuli may facilitate breeding selections and 29 
identify animals that are better suited to specific management strategies. Multiple tests have 30 
been developed to evaluate cattle temperament (e.g., exit velocity, chute score, pen score, open 31 
field test, startle test, bovine zero maze), but each of these tests evaluates the animal’s response 32 
to different stimuli (e.g., isolation, novel environment, startle, willingness to enter an enclosed 33 
area). Cattle temperament has been observed to be relatively stable over time. However, the 34 
evaluation of temperament has the potential to be influenced by current conditions, previous 35 
experiences, and observer bias. Many of these temperament tests have been improperly 36 
categorized as fear tests and have also been criticized for being subjective. This paper provides a 37 
framework for standardizing behavioral tests for cattle and suggests that these different 38 
evaluations assess different aspects of the animal’s overall temperament. 39 
 40 
INTRODUCTION:  41 
Animal temperament has been linked to behavioral characteristics such as exploratory behavior 42 
and boldness1,2 and can exhibit consistencies over time and across contexts3,4. However, 43 
temperament is composed of multiple emotional systems working together. Animals experience 44 
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physical and psychological stressors, and evaluating the emotional response to both types is 45 
challenging. Emotional state can influence how animals perceive stimuli (e.g., cognitive bias), and 46 
is a critical component of animal welfare5. Understanding how an individual will behave in 47 
response to psychological stressors (e.g., commingling, weaning, change in stockperson) will 48 
provide animal managers additional selection criteria when identifying animals that have the 49 
skills to cope with psychological stressors.  50 
 51 
Emotions are controlled by seven core affective systems within the brain (Table 1)6. These 52 
systems include four that control positive emotions: 1) SEEKING (exploration), 2) LUST (sexual 53 
excitement), 3) CARE (nurturance), and 4) PLAY (social joy). Three systems control negative 54 
emotions 1) FEAR (anxiety), 2) RAGE (anger), and 3) PANIC/GRIEF (separation distress). These 55 
affective systems may be heritable7, impact profitability, and are a critical component of animal 56 
welfare.  57 
 58 
A battery of tests has been developed to evaluate cattle temperament (e.g., exit velocity, chute 59 
score). However, the evaluation of temperament has the potential to be influenced by current 60 
conditions, previous experiences, and observer bias. While many of these behavioral evaluations 61 
are commonly referred to as fear tests, they may be quantifying different emotional components 62 
of temperament other than FEAR. In addition, the variation in how these tests have been 63 
conducted makes comparisons across different evaluations challenging. Thus, there is a need to 64 
understand the relationships among these behavioral evaluations as well as have a standardized 65 
protocol for these temperament evaluations. 66 
 67 
The goal of this article is to visually document the different fear tests used for cattle; present the 68 
type of data that were generated from these different tests; evaluate the repeatability, validity, 69 
and reliability of these tests; demonstrate how to evaluate the relationships among the behaviors 70 
captured from these tests; and suggest which emotional circuit could be evaluated with each 71 
test. 72 
 73 
PROTOCOL:  74 
 75 
All methods described here have been approved by the Institutional Animal Care and Use 76 
Committee (IACUC) of Texas A&M University (IACUC2016-0356). 77 
 78 
1. Animal and housing 79 
 80 
1.1. House yearling ¼ Bos indicus x ¾ Bos taurus steers (n = 32) from the same herd in two 81 
drylot pens (n = 16 steers/pen) for 7 days prior to test commencement. At the beginning of the 82 
study, steers weighed 270.9 ± 14.8 kg and were fed the same standard growing ration throughout 83 
the study.  84 
 85 
1.2. Visually evaluate steers daily as part of routine husbandry practices. No steers received 86 
medical treatment throughout the duration of the study. 87 
 88 



   

2. Description of the tests 89 
 90 
2.1. Test 1: Exit velocity 91 
 92 
2.1.1. Place electronic timers in front of a handling chute so that the distance between the 93 
starting and stopping points is 1.8 m. These timers are designed to start timing when the animal 94 
breaks the first electronic beam and stop when the animal breaks the second electronic beam. 95 
 96 
2.1.2. Move cattle through the handling facility.  97 
 98 
2.1.3. Catch each animal in the headgate of the chute and keep it restrained for 10 s.  99 
 100 
2.1.4. After 10 s, release the animal from the headgate. 101 
 102 
2.1.5. With the electronic timer, record the time it takes for the animal to traverse 1.8 m from 103 
the chute. 104 
 105 
2.1.6. Calculate the velocity of the animal as it leaves the chute by dividing 1.8 m by the time it 106 
took for the animal to traverse the 1.8 m after release from the headgate and chute.  107 
 108 
NOTE: Other publications have used this data collection strategy8-11. 109 
 110 
2.2.  Test 2: Chute score 111 
 112 
2.2.1. Move the cattle through the handling facility. 113 
 114 
2.2.2. Catch each animal in the headgate of the chute for 10 s without applying pressure to its 115 
body.  116 
 117 
2.2.3. Have someone observe the cattle for the 10 s and assign each animal a score according 118 
to the 2019 Beef Improvement Federation Guidelines for Uniform Beef Improvement Programs 119 
9th Edition (Table 2) based upon its behavior while being restrained. 120 
 121 
2.2.4. After 10 s, release animal from the headgate and chute. 122 
 123 
NOTE: Other publications have used this data collection strategy12-14. 124 
 125 
2.3. Test 3: Pen score 126 
 127 
2.3.1. Place a group of five cattle in a pen (7.3 m W x 7.3 m L x 2.4 m H).  128 
 129 
2.3.2. Have a single human observer that is unknown to the cattle enter the pen on foot and 130 
close the gate after entering the pen. 131 
 132 



   

2.3.3. Have the observer take two steps towards the group of cattle. 133 
 134 
2.3.4. Visually observe each animal’s behavior in response to the observer. 135 
 136 
2.3.5. Within 30 s of entering the pen, assign each animal a score according to the 2019 Beef 137 
Improvement Federation Guidelines for Uniform Beef Improvement Programs 9th Edition (Table 138 
3). 139 
 140 
2.3.6. Clean the testing arena from urine and feces in between groups of animals. 141 
 142 
NOTE: Other publications that have used this data collection strategy10,11. 143 
 144 
2.4. Test 4: Bovine zero maze 145 
 146 
2.4.1. Construct a Bovine Zero Maze (BZM). 147 
 148 
2.4.1.1. Use cattle panels to create a circular track 1.6 m wide, with the inner and outer 149 
diameters measuring 6.6 m and 8.2 m, respectively (Figure 1).  150 
 151 
2.4.1.2. Divide the BZM into four quadrants of equal length with two opposing open 152 
quadrants and two opposing closed quadrants where the panels are covered with shade cloth 153 
and the shade cloth is stretched across the inner and outer rings of the maze to make a roof over 154 
the closed portions of the maze. 155 
 156 
2.4.1.3. If the test is conducted outdoors, to minimize variation due to shadows, orient the 157 
BZM such that the closed sections of the maze face north and south and conduct tests at 158 
approximately noon each test day.  159 
 160 
2.4.2. Mount a video camera(s) to capture the entire arena. Turn the camera on and begin 161 
recording. 162 
 163 
2.4.3. Using low stress handling practices, move a single animal into an open portion of the 164 
maze, and allow the animal to explore the arena for 10 min.  165 
 166 
2.4.4. At the end of the 10 min observation period, return the animal to its home pen. 167 
 168 
2.4.5. Clean the testing arena from urine and feces in between animals. 169 
 170 
2.4.6. Decode the video recordings for frequency and latency of steps, escape attempts, kicks, 171 
urinations, defecations, vocalizations, standing bouts, duration of time spent standing, duration 172 
of time spent walking, latency to enter closed areas, number of times the animal enters closed 173 
areas, amount of time in closed/open portions, number of transitions between open/closed 174 
arms. Metrics were identified based upon previously published work15. 175 
 176 



   

2.5. Test 5: Individual Startle Test and the Group Startle Test 177 
 178 
2.5.1. Construct an arena (7.3 m W x 7.3 m L x 2.4 m H) that has a solid, uniform ground surface 179 
free of vegetation or manure, and two closed umbrellas at opposite ends of the arena (Figure 2). 180 
The umbrellas should be designed so that they open suddenly at the push of a button. 181 
 182 
2.5.1.1. Ensure that the sides of the arena are solid or covered with plywood or shadecloth 183 
to ensure that the animal cannot see outside of the arena. 184 
 185 
2.5.1.2. Cut a hole at approximately cattle head height on opposite sides of the arena for 186 
the umbrella to penetrate through. 187 
 188 
2.5.2. Mount a video camera(s) to capture the entire arena. Turn the video camera on and begin 189 
recording. 190 
 191 
2.5.3. Using low stress handling practices, move a single animal into the testing arena. For the 192 
group startle test introduce a small group of approximately four animals.  193 
 194 
2.5.4. After the animal(s) has been in the arena for 60 s, open the two umbrellas simultaneously. 195 
 196 
2.5.5. Leave the animal(s) in the arena for 4 min after the umbrellas have opened. 197 
 198 
2.5.6. Clean the testing arena from urine and feces in between tests.  199 
 200 
2.5.7. Decode the video recordings for the frequency and latency of steps, escape attempts, 201 
touching the umbrellas, kicks, urinations, defecations, vocalizations, standing bouts, duration of 202 
time spent standing, steps in the first 60 s of testing, and steps in the 60 s after the umbrellas 203 
were opened for each animal. Metrics were identified based upon previously published work16. 204 
 205 
2.6. Test 6: Open field test 206 
 207 
2.6.1. Construct a square arena (7.3 m W x 7.3 m L x 2.4 m H) that has a solid, uniform ground 208 
surface free of vegetation or manure. The sides of the arena should be solid or covered with 209 
plywood or shadecloth to ensure that the animal cannot see outside of the arena. 210 
 211 
2.6.2. Mount a video camera(s) to capture the entire arena. Turn the video camera(s) on and 212 
begin recording. 213 
 214 
2.6.3. Using low stress handling practices, move a single animal to the center of a solid sided 215 
open field testing arena.  216 
 217 
2.6.4. Leave the animal in the arena for 10 min. 218 
 219 
2.6.5. After 10 min, return the animal to its home pen.  220 



   

  221 
2.6.6. Clean the testing arena from urine and feces in between animals. 222 
 223 
2.6.7. Decode the video recordings for the frequency and latency to first step, escape attempts, 224 
kicks, urination, defecation, vocalization, standing bouts, duration of time spent standing, 225 
duration of walking, number of steps taken, number of steps taken during the first 60 s of testing. 226 
Metrics were identified based upon previously published work17-19. 227 
 228 
3. Statistical analysis 229 
 230 
3.1. Evaluate inter- and intra-test repeatability using a Pearson’s Correlation (PROC CORR) and 231 
reliability calculated using Cronbach’s alpha (PROC CORR). Conduct a validity of response 232 
variables with relation to average daily gain (ADG) using a regression analysis (PROC REG).  233 
 234 
3.2. After standardizing the variables (PROC STANDARD), use a Cluster Analysis (PROC 235 
VARCLUS) to identify relationships among variables from within and among different tests. Many 236 
of these variables may be regressed against production metrics to identify production-relevant 237 
relationships among cattle behavior during these tests and productivity.  238 
 239 
REPRESENTATIVE RESULTS: 240 
The use of these results can help characterize the behavioral responsivity of cattle to different 241 
types of stimuli, and this information may influence individual retention and breeding selection 242 
decisions. In general, these tests should be conducted when the animals are young to minimize 243 
the impact of previous experience on their behavior20. The relationships among these different 244 
behavioral tests may be predictive of behaviors in other tests and with the animal’s productivity. 245 
Repeatability of these tests also varies, as some tests are relatively consistent over time, while 246 
other tests are not.  247 
 248 
For each test, we will present the repeatability, validity, and reliability for the metrics collected 249 
in that specific test. We will outline the pros and cons to each test as we see them and discuss 250 
what emotional circuit may be evaluated. We will then present a sample principle component 251 
analysis on the number of steps performed across all tests. 252 
 253 
Exit Velocity (EV) 254 
EV may decrease slightly as animals age, but will remain relatively stable9,10,21. There was high 255 
repeatability (R = 0.72; p < 0.0001) and the validity with relation to ADG depended on the 256 
circumstances (R2 = 0.12, p = 0.03). The reliability was unacceptable (ICC = 0.41). The EV test has 257 
a short testing time, an objective response variable, is repeatable and valid, but requires 258 
equipment investment, can be influenced by the handling facility and the evaluator's previous 259 
experience, and has poor reliability.  260 
Emotional circuit: FEAR  261 
 262 
Pen Score (PS) 263 
The PS had low repeatability (R = 0.35; p = 0.05) and its validity with relation to ADG depended 264 



   

on the circumstances (R2 = 0.12, p = 0.03). The reliability was unacceptable (ICC = 0.33). The PS 265 
test has a short testing time and multiple animals can be evaluated simultaneously. However, it 266 
is subjective. It can be influenced by prior negative experiences to being handled by humans. It 267 
can be influenced by the appearance and body language of the evaluator and is risky to the 268 
evaluator. There is low repeatability and reliability. 269 
Emotional circuit: PANIC 270 
 271 
Chute Score (CS) 272 
CS had slight repeatability (R = 0.15, p = 0.42) and its validity with relation to ADG was unlikely to 273 
be useful (R2 = -0.03, p = 0.67). The reliability was poor (ICC = 0.60). CS has a short testing time 274 
(10 s/animal), but it is a subjective response variable. It can be influenced by 275 
equipment/infrastructure and the evaluator's previous experience. If the hydraulics are too tight, 276 
it may cause a vocalization and change the amount of headgate pulling. Previous negative 277 
experiences with the facility may artificially inflate the scores. As the animals become older or 278 
heavier, the scores will decrease. 279 
Emotional circuit: RAGE 280 
 281 
Relationships among EV, PS, CS, and ADG 282 
Figure 3 illustrates the relationships among these four variables. As ADG increased, EV (FEAR; R 283 
= -0.41; p = 0.02) and PS (PANIC; R = -0.42; p = 0.02) decreased. No relationship was observed 284 
between ADG and CS (RAGE). A positive relationship (R = 0.45; p = 0.01) was observed between 285 
PS (PANIC) and EV (FEAR). No relationship was observed between CS (RAGE) and EV nor between 286 
CS (RAGE) and PS (PANIC).  287 
 288 
Bovine Zero Maze (BZM) 289 
Behavioral responses while in the BZM (SEEKING, PANIC) are presented in Table 4. Because this 290 
test is not repeatable22, cattle behavior during repeated testing may not be an accurate indicator 291 
of cattle responsivity to an immediate stimulus, but it may be more indicative of a core affective 292 
state (e.g., anxiety).  293 
 294 
A number of steps had high repeatability (R = 0.71, p = 0.005). The number of standing bouts (R 295 
= -0.61) and latency to the first standing bout (R = 0.61) were valid metrics for EV during only the 296 
initial test. The total time standing during the first test was a valid metric for ADG. Several steps 297 
had unacceptable reliability (ICC = 0.42). The BZM has several repeatable steps. The duration of 298 
time spent standing is a valid metric for ADG and standing behavior can be a proxy for EV and 299 
ADG. A wide range of variables are evaluated. Cattle behavior is observed without human 300 
interference. Response metrics are objective. However, it is resource, time, and labor intensive 301 
to construct the maze and conduct the test (10 min/animal for testing only), and it requires video 302 
decoding.  303 
Emotional circuit: SEEKING, PANIC 304 
 305 
Individual Startle Test 306 
Although the startle test is repeatable, cattle will behave differently during the startle test when 307 
they are evaluated individually compared to when they are in a group23. During the individual 308 



   

startle test, cattle may experience isolation stress; therefore, the activation of the PANIC and 309 
SEEKING systems may override any FEAR system activation. The number of steps (R = 0.62, p = 310 
0.0008) and number of steps within the first 60 s after the umbrella opens (R = 0.60, p = 0.001) 311 
had moderate repeatability. The validity with relation to ADG was unlikely to be a useful (R2 = 312 
0.07) indicator of ADG. Several steps (ICC = -0.06) for the entire testing period had unacceptable 313 
reliability. However, the number of steps within the first 60 s after the umbrella opens (ICC = 314 
0.70) had acceptable reliability.  315 
 316 
The individual startle test has several metrics that are repeatable and reliable, and a wide range 317 
of variables are evaluated. Cattle behavior is observed without human interference. Response 318 
metrics are objective. However, it is resource, time, and labor intensive to construct the maze 319 
and conduct the test (5 min/animal solely for testing). It requires video decoding and may be 320 
confounded by isolation stress. 321 
Emotional circuit for individual startle test: PANIC, SEEKING 322 
Emotional circuit for group startle test: FEAR 323 
 324 
Open Field Test 325 
The number of steps (R = 0.67, P = 0.0001) had moderate repeatability. Its validity with relation 326 
to ADG is compromised because several steps (R2 = 0.03) are unlikely to be useful. A number of 327 
steps (ICC = 0.26) had unacceptable reliability. The open field test has a wide range of variables 328 
evaluated. Some steps during the test are repeatable. Cattle behavior is observed without human 329 
interference. Response metrics are objective. However, it is resource, time, and labor intensive 330 
to construct the maze and conduct the test (10 min/animal solely for testing), and it requires 331 
video decoding. 332 
Emotional circuit: PANIC, SEEKING 333 
 334 
Multivariate analyses 335 
Cluster analyses identified three primary clusters (FEAR, RAGE, and PANIC/SEEKING) in the data 336 
(Figure 4). The number of steps in the Group Startle Test (FEAR) clustered with ADG and EV 337 
(FEAR). The number of steps in the BZM (PANIC/SEEKING), OFT (PANIC/SEEKING), and Individual 338 
startle test (PANIC/SEEKING) clustered together. CS (RAGE) did not cluster with any of the other 339 
variables.  340 
 341 
FIGURE AND TABLE LEGENDS:  342 
Table 1: Behavioral evaluations that may identify the activation of different emotional systems 343 
within the brain. 344 
 345 
Table 2: Description of cattle behavior as evaluated for Chute Scores (Beef Improvement 346 
Federation). 347 
 348 
Table 3: Description of cattle behavior as evaluated for Pen Score (Beef Improvement 349 
Federation). 350 
 351 
Table 4: Frequency and latency to perform behaviors observed while cattle are in the Bovine 352 



   

Zero Maze. 353 
 354 
Table 5: Frequency and latency to perform behaviors observed while cattle are in the Individual 355 
Startle Test and the Group Startle Test. 356 
 357 
Table 6: Frequency and latency to perform behaviors observed while cattle are in the Open 358 
Field Test. 359 
 360 
Figure 1: Three-dimensional representation of the Bovine Zero Maze. 361 
 362 
Figure 2: Three-dimensional representation of the arena for Open Field Test, Pen Score, and 363 
Startle Test. Maroon circles indicate placement of umbrellas for the Startle Test only.  364 
 365 
Figure 3: Relationships among exit velocity, pen score, chute score, and productivity in Bos 366 
indicus influenced steers (n = 32). 367 
 368 
Figure 4: Representative cluster analysis of behavioral responses of cattle to a variety of fear 369 
tests. In this figure, the number of steps performed during the Bovine Zero Maze (BZM), the 370 
Individual Startle Test, the Open Field Test (OFT), and the Group Startle Test were evaluated with 371 
the Chute Score, Pen Score, Exit Velocity, and Average Daily Gain. 372 
 373 
DISCUSSION: 374 
Exit Velocity and Chute Score 375 
The EV and the CS are both evaluated while the animal is being processed through a handling 376 
chute. Although cattle behavior for both the EV and the CS are quantified during the same 377 
scenario, behavioral responses to these two tests are not related24. This suggests that the 378 
scenario in which the EV (e.g., escaping from restraint) and the CS (e.g., enduring restraint) are 379 
assessed may be perceived differently by cattle, and subsequently evaluate different emotional 380 
systems. The EV evaluates the behavior of cattle as they are escaping from restraint and is 381 
therefore thought to evaluate the FEAR system while the CS may evaluate RAGE. The CS evaluates 382 
the behavior of cattle while being restrained in the handling chute (Table 2), and thus may be a 383 
good proxy for the RAGE emotional system.  384 
 385 
Substantial research has been conducted on the relationship between EV and production, health, 386 
and behavioral traits. While EV can be influenced by an animal’s previous experience, this 387 
objective metric may be effective in quantifying the FEAR system, as substantial relationships 388 
between EV and health, productivity, breeding, and behavior have been identified. Cattle with 389 
faster EV have reduced growth rates14, poor carcass quality11,25, reduced immune function20, and 390 
higher cortisol levels during handling10. This measurement can provide information about 391 
behavior in the home pen, because EV is positively correlated with step counts in the home pen13. 392 
From an animal management perspective, cattle with faster EV are more difficult to handle, 393 
present greater risk to animal managers, and may influence the behavior of herd-mates. While 394 
EV may be a good metric for evaluating FEAR, it does not measure all emotional systems. 395 
Therefore, additional tests are required to evaluate all of the emotional systems influencing 396 



   

production and welfare. 397 
 398 
Pen Score 399 
The PS subjectively evaluates the cattle’s willingness to be approached by a human (Table 3) and 400 
may be useful in evaluating the PANIC system. However, the PS has been criticized for lack of 401 
objectivity, because different evaluators may have different interpretations of behavior, and 402 
several subjective evaluations have suffered from poor inter-rater reliability26.  403 
 404 
Startle Test 405 
Anxiety is highly evolved in all prey species. High levels of FEAR help protect the animal from pain 406 
and activates the sympatho-adrenal and hypothalamic-pituitary-adrenal axes as part of the fight 407 
or flight and stress response to a perceived danger. The startle test evaluates an animal’s 408 
response to sudden, novel stimuli, and has been identified as an effective measurement in 409 
identifying behavioral differences among different genetic strains of pigs27. The startle test may 410 
be effective in evaluating the sensitivity and reactivity of the sympatho-adrenal system, which 411 
has production-relevant consequences when activated and may provide insight into the FEAR 412 
system. 413 
 414 
Open Field Test 415 
The OFT is the most commonly used test. The OFT was originally designed to evaluate individual 416 
animal boldness, or willingness to enter an open arena, an environment that may be perceived 417 
as dangerous and risky to the animal’s survival. The OFT has been validated for species that 418 
instinctively seek shelter and avoid open spaces, such as rodents, chickens, and turkeys16.  419 
 420 
Cattle evolved to live in open fields, thus the OFT may not induce the behavioral and physiological 421 
responses associated with FEAR and may be better suited to evaluate social isolation 422 
(PANIC/GRIEF) or exploration (SEEKING). Further, the OFT evaluates individual animals, and 423 
because cattle are gregarious herd animals, the experience of the OFT may be eliciting an 424 
emotional response other than FEAR. The OFT lacks a strong correlation with other FEAR tests 425 
and the results are difficult to interpret (i.e., many factors can lead to the same activity). 426 
Therefore, the OFT is not recommended as a general FEAR test for cattle16 and may not provide 427 
a comprehensive understanding of the FEAR systems in cattle. The OFT may, however, be a useful 428 
tool in quantifying either the PANIC or the SEEKING systems in cattle. 429 
 430 
The SEEKING system is essential for animals to acquire the resources needed for survival. High 431 
SEEKING levels provoke intense, persistent enthusiastic exploration, appetitive and anticipatory 432 
excitement, and learning. This system can result in forward locomotion as the animal is motivated 433 
to explore its surroundings. SEEKING can play a role in both positive and negative emotions; 434 
positive SEEKING may engender a sense of purpose while negative SEEKING may result in 435 
behaviors associated with safety28. Cows that spent more time exploring and explored a larger 436 
portion of the range (e.g., stronger activation of SEEKING) ate quicker while in confinement, had 437 
calves with heavier weaning weights, higher cortisol concentrations during confinement, and 438 
shorter postpartum intervals to estrus29. Therefore, the SEEKING system can have production 439 
and welfare implications. Identifying animals with high activation of the SEEKING system may be 440 



   

more successful in extensive ranging environments where individual and reproductive fitness is 441 
dependent on the animal’s capacity to find resources and shelter. However, animals with high 442 
activation of the SEEKING system may experience higher levels of stress and frustration during 443 
confinement. 444 
 445 
Bovine Zero Maze 446 
Commonly used tests in biomedical research that are designed to evaluate the efficacy of anti-447 
anxiety and anti-depressant drug development in rodents are the elevated plus maze (EPM) and 448 
the elevated zero maze (EZM)30. These tests exploit the instinctual behavior of the rodent and its 449 
natural propensity for dark, closed-in places to quantify their willingness to explore environments 450 
that would be inherently fearful or induce anxiety. Metrics from these tests can include the 451 
latency to leave the darkened arm of the maze, duration of time in the open and closed arms of 452 
the maze, and the number of transitions between the two environments during the testing 453 
period as well as the behavior of the animal (e.g., vocalization, urination, defecation, escape 454 
attempts) during the test31.  455 
 456 
The EPM and the EZM are both well validated tests for quantifying FEAR/ANXIETY in rodents15,31. 457 
A modified EPM has been used to quantify the FEAR response in swine32 but has not been utilized 458 
in ruminants. However, the EPM has been criticized for its ambiguity of interpretation regarding 459 
behavior in the central square of the maze. Therefore, the EZM was designed to evaluate the 460 
same metrics as the EPM but allows uninterrupted exploration without ambiguity. When 461 
identifying a test to evaluate FEAR/ANXIETY and SEEKING in cattle, the EZM was a logical model. 462 
The EZM is conducive to the natural behavior of cattle, as they instinctively move in circular 463 
patterns and have a propensity for returning to the areas from which they came.  464 
 465 
By applying principles similar to the EZM with an inverse of interpretation, a Bovine Zero Maze33 466 
has been developed to evaluate the FEAR, PANIC/GRIEF, and SEEKING systems in cattle. Cattle 467 
evolved to live in open spaces; therefore, cattle with reduced activation of the FEAR and 468 
PANIC/GRIEF systems will be more willing to spend time in the open portions of the BZM than 469 
the darkened portions of the maze, will be less likely to enter the closed portions of the maze, 470 
and will perform more escape attempts.  471 
 472 
Quantifying cattle behavior across multiple evaluations may identify complex emotional 473 
relationships that can have economic significance, are easily measured, and can be included in 474 
breeding selection efforts. The emotional circuits of PLAY, LUST, and CARE were not evaluated in 475 
this study. 476 
 477 
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Emotional System Behavioral test proposed to detect system activation

SEEKING open field test, novel object test, bovine zero maze, pen score

LUST libido evaluation

CARE maternal behavior, distress surrounding weaning

PLAY TBD

FEAR startle test, exit velocity

RAGE chute score, offspring protection

PANIC/GRIEF social isolation test, bovine zero maze, pen score
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Score Label Description

1 Docile

Mild disposition. Gentle and easily handled. Stands and moves

slowly during processing. Undisturbed, settled, somewhat dull.

Does not pull on headgate when in chute.  Exits chute calmly

2 Restless

Quieter than average, but may be stubborn during processing.

May try to back out of chute or pull back on headgate. Some

flicking of tail.  Exits chute promptly.

3 Nervous

Typical temperament is manageable, but nervous and impatient.

A moderate amount of struggling, movement and tail flicking.

Repeated pushing and pulling headgate.  Exits chute briskly.

4 Flight (wild)

Jumpy and out of control, quivers and struggles violently. May

bellow and froth at the mouth. Frantically runs fence line and may

jump when penned individually. Exhibits long flight distance and

exits chute wildly.

5 Aggressive

May be similar to Score 4, but with added aggressive behavior,

fearfulness, extreme agitation, and continuous movement which

may include jumping and bellowing while in chute. Exits chute

frantically and may exhibit attack behavior when handled alone.

6
Very 

aggressive

Extremely aggressive temperament. Thrashes about or attacks

wildly when confined in small, tight places. Pronounced attack

behavior.
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Score Label Description

1 Non-aggressive (docile)
Walks slowly, can be approached closely by

humans, not excited by humans or facilities

2 Slightly aggressive
Runs along fences, will stand in corner if humans

stay away, may pace fence

3 Moderately aggressive

Runs along fences, head up and will run if humans

move closer, stops before hitting gates and fences,

avoids humans

4 Aggressive

Runs, stays in back of the group, head high and very

aware of humans, may run into fences and gates

even with some distance, will likely run into fences

if alone in pen

5 Very aggressive
Excited, runs into fences, runs over humans and

anything else in path, “crazy”
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Mean ± SEM

244.11 ± 29.19

9 ± 1.48

8.67 ± 1.17

0.32 ± 0.13

1 ± 0.29

0.96 ± 0.3

10.61 ± 1.06

200.23 ± 22.59

32.18 ± 5.31

Mean ± SEM

18.32 ± 8.36

165.67 ± 38.31

76.05 ± 14.43

520.31 ± 31.64

325.63 ± 52.13

437.03 ± 45.69

68.72 ± 23.6

Frequency of behavior performance

Steps (count)

Escape attempts (count)

Kicks (count)

Urinations (count)

Defecations (count)

Latency to first step (s)

Vocalizations (count)

Standing bouts (count)

Duration of time spent standing (s)

Steps (count) during first 60 seconds of testing

Latency to perform behavior after entering the Bovine Zero Maze

Latency to first escape attempt (s)

Latency to first umbrella touch (s)

Latency to first kick (s)

Latency to first defecation (s) 

Latency to first vocalization (s) 

Latency to first standing bout (s)
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Max-Min

594 - 34

29 - 0

25 - 1

3 - 0

6 - 0

228.7 - 0.03

6 - 0

25 - 0

456.32 - 0

106 - 0

Max-Min

600 - 1.6

290.96 - 2.87

600 - 42.3

600 - 0

600 - 1.7

600 - 0.54



Mean ± SEM Max-Min

63.27 ± 0.35 68.34 - 60.09

318.5 ± 37.52 948 - 65

0 ± 0 0 - 0

2.27 ± 0.53 Nov-00

0.16 ± 0.09 Mar-00

0.19 ± 0.07 Jan-00

0.72 ± 0.12 Mar-00

0.44 ± 0.29 Oct-00

7.91 ± 0.56 15 - 0

140.87 ± 13.77 316.25 - 0

62.44 ± 8.92 248 - 6

72.52 ± 10.1 295 - 6

Mean ± SEM Max-Min

4.14 ± 1.46 36.98 - 0.11

- -

94.79 ± 14.74 282.84 - 11.64

137.29 ± 16.78 167.2 - 93.47

135.47 ± 38.38 293.79 - 29.74

104.18 ± 23 271.98 - 3.35

67.32 ± 41.27 226.89 - 3.83

26.52 ± 7.1 193.48 - 0.44

63.2 ± 1.77 84.19 - 6.36

- -

110.2 ± 16.38 282.84 - 11.64

137.29 ± 16.78 167.2 - 93.47

152.34 ± 40.79 293.79 - 29.74

160.57 ± 26.49 271.98 – 1

100.91 ± 44.77 226.89 - 11.47

85.59 ± 10.32 297.33 - 1.27

Individual Startle Test

Frequency of behavior during test

Time at which umbrellas open

Steps (count)

Escape attempt (count)

Touches umbrella (count)

Kicks (count)

Urinations (count)

Defecations (count)

Vocalizations (count)

Standing bouts (count)

Duration standing (sonds)

Latency to first step (s)

Steps in the first 60 seconds of testing (count)

Steps in the 60 seconds after umbrellas opened (count)

Individual Startle Test

Latency to perform behaviors

Latency to first escape attempt (s)

Latency to first umbrella touch (s)

Latency to first kick (s)

Latency to first urination (s)

Latency to first defecation (s) 

Latency to first vocalization (s) 

Latency to first standing bout (s)

Latency to first step after umbrella opens (s)

Latency to first escape attempt after umbrella open (s)

Latency to first touches of the umbrella after the umbrellas open (s)

Latency to first kick after umbrella opens (s)

Latency to first urination after umbrella opens (s)

Latency to first defecation after umbrella opens (s)

Latency to first vocalization after umbrella opens (s)

Latency to first standing bout after umbrella opens (s)
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Mean ± SEM

61.2 ± 0.08

126.72 ± 12.68

0 ± 0

0.03 ± 0.03

0 ± 0

0.13 ± 0.07

0.72 ± 0.15

0.03 ± 0.03

8.66 ± 0.52

188.94 ± 9.91

33.84 ± 3.11

27.09 ± 3.76

Mean ± SEM

2.61 ± 0.88

-

157.76 ± 157.76

-

52.87 ± 9.39

62.44 ± 13.74

68.15 ± 0.00

11.43 ± 1.76

65.94 ± 5.09

-

-

-

67.94 ± 1.72

90.03 ± 21.26

-

76.91 ± 5.33

Group Startle Test

Max-Min

62.16 - 60.33

312 - 25

0 - 0

1 - 0

0 - 0

2 - 0

3 - 0

1 - 0

14 - 3

299 - 64.74

28.65 - 0.11

81 - 6

92 - 0

Group Startle Test

Max-Min

-

157.76 - 157.755

-

69.66 - 37.17

196.76 - 15.11

68.15 - 68.15

45.4 - 1.12

167.34 - 6.96

-

157.76 – 0

-

69.66 - 66.21

196.76 - 17.39

68.15 – 0

182.69 - 15.47



Max-Min

1607 - 91

2 - 0

2 - 0

1 - 0

2 - 0

32 - 0

40 - 4

562.98 - 48.72

297 - 0

Max-Min

148.18 - 0.11

563.23 - 45.56

584.58 - 66.51

486.29 - 1.98

742 - 8.8

255.97 - 0.35

Frequency of behaviors during test Mean ± SEM

Steps (count) 464.28 ± 42.65

Escape attempts (count) 0.06 ± 0.04

Kicks (count) 0.16 ± 0.06

Urinations (count) 0.14 ± 0.04

Defecations (count) 0.44 ± 0.08

Vocalizations (count) 1.91 ± 0.7

Standing bouts (count) 13.75 ± 0.84

Duration of time spent standing (s) 294.94 ± 17.85

Steps (count) during first 60 seconds of testing 69.36 ± 7.72

Latency to perform behavior Mean ± SEM

Latency to first step (s) 5.9 ± 2.42

Latency to first escape attempt (s) 357.81 ± 158.26

Latency to first kick (s) 355.95 ± 53.7

Latency to first defecation (s) 135.38 ± 31.51

Latency to first vocalization (s) 162.67 ± 49.87

Latency to first standing bout (s) 28.11 ± 6.06
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Name of Material/Equipment Company Catalog Number Comments/Description

Electronic timers FarmTek, Wylie, TX

Priefert Cattle Panels

Priefert Rodeo & Ranch 

Equipment, Mount Pleasant, TX, 

USA

Shade Cloth

Windscreen4less, San Bernardino, 

CA, USA

Heavy Duty Privacy 

Screen Fence in Color 

Solid Black, 

SILENCER Commerical Pro

Silencer Hydraulic Chutes, 

Stapleton, NE

Umbrella WinCraft

Model# A04852, 

Winona, Minnesota

Video Camera Canon

Canon VIXIA HF R800 

HD, Mellville, NY, USA
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present the type of data that is generated from these different tests, evaluate the repeatability, validity 
and reliability of these tests, demonstrate how to evaluate the relationships among the behaviors captured 
from these tests, and suggest which emotional circuit could be evaluated with each test.” 
 

Line 173: should be test 6 and not test 3. 

AU: Corrected 

In the results chapter line 198 and following - in the body of the text, reference should be made to the tables for 
the respective results. And the table results should have a larger description in the body text. 



The inclusion of the main conclusions of the work is recommended. 

AU: corrected 
 
Reviewer #2:  
Manuscript Summary: 
The manuscript describes the protocol for a set of tests for "fear" or temperament in cattle, with some general 
discussion of how these are analysed and can be interpreted. Some data from the tests is presented. 

AU: the format for this journal indicates that the data used here can be hypothetical in nature.  In order 
to preserve the novelty of information that has been generated from this specific research trial, we are 
using hypothetical data to demonstrate how the tests could be conducted, decoded, and analyzed. 

 
The set of tests described is appropriate, and includes some less frequently used tests that may be of use for 
other researchers to consider. There is some good critical discussion of the interpretation of certain tests. The 
protocols described are fairly simple and easy to follow. 
 
Major Concerns: 
My biggest concerns with this manuscript are that there is little discussion of the rationale behind the detailed 
protocols, and the discussion of statistical analysis is so general that it provides little guidance. The clear benefit 
of describing all of these tests together would be to discuss how to use them in conjunction with one another, 
which is not really discussed. The scoring system referred to for some tests may not be the ideal scientific 
method. 

 
AU: Substantial effort has been made to increase the clarity of direction regarding statistical analysis.  
Because these tests are typically conducted in conjunction with physiological or other behavioral testing, 
the ultimate analysis of these results will depend on the hypothesis of the researcher using this test.  That 
was the motivation for the author’s choice to keep the description of the statistical analysis general.  
However, in lieu of the reviewer’s comments, we have added information regarding the repeatability, 
validity, and reliability of some of the metrics in these tests.  This particular article is not a hypothesis-
driven manuscript as this is a methods paper that seeks to demonstrate and standardize methodology 
that is used within the field. 

The scoring systems were developed in the early 1990s, and while we agree that they may be subjective, 
they have been widely used in the literature and are therefore important to include in this video 
documentation of methodology. 

Minor Concerns: 
It is not entirely clear that these data are novel, and although data on repeatability are given, no information 
about the repeated testing is given so these results are not very informative. 

AU: As this is a methods paper, the results are not intended to make a novel contribution to the scientific 
literature.  The purpose of this article is to demonstrate how to conduct the tests and what an analysis of 
the data could look like.  However, the way in which the data is analyzed can vary greatly depending 
upon the design of the hypothesis-driven research in which these tests are used. 
 
Specific comments follow: 
l. 113: Why was a group size of 5 chosen? The discussion could address whether group sizes are likely to have 
an impact on the results. 



AU: The group of 5 was chosen because that is what is standard in the literature and previous studies.  

 
l. 117-119 "Observe the behaviour" is not specific enough for others to follow this protocol. The scores 
described in Table 3 are about "aggression", not "fear", so their fit with this paper is unclear. However, the 
lower scores that are labelled as reflecting some level of aggression actually seem to describe behaviour more 
associated with fear. This scoring system may not be appropriate, and should be critically discussed. 

AU: this was addressed in the above comment. 

l. 121 Why is this cleaning not recommended for the chute tests? 

AU: this is impractical based upon the realities of cattle handling. 

 
l. 171 No such protocol for cattle seems to be described in the review paper cited. Where did this come from? 

AU: this paper describes the zero maze that is regularly used in biomedical research.  We are the first 
group to conduct this test in cattle, therefore, there are no other references with which to cite.  Further, 
we used the metrics that were collected in the rodent maze to guide the metrics we chose to evaluate in 
the maze designed for cattle. 

 
l. 210: Is there justification for stating that this will remain stable over time, based on one study? 

AU: Additional references have been added to support this statement. 

 
l. 226-8: The logic behind this statement is not clear. 

AU: The research that evaluated this test has recently been accepted for publication. 

 

l. 320: Justification for this claim is also unclear. 

AU: Explicit explanation of this phenomenon can be found in “The Archaeology of Mind” by Panksepp 
and Biven.  A reference to this has been added to the text. 

 
l. 354-55: Is there a source for this statement about cattle's tendencies? 

AU: this section has been revised. 

 
Table 2, "restless": I think the word "management" is incorrect but am not sure what this is supposed to mean. 
 

AU: Thank you.  This was a typo.  “management” has been changed to “manageable” 
 
Reviewer #3:  



Manuscript Summary: 
I was not entirely sure how to review this. It is a great idea to visual present each of the different fear tests and 
to talk about their pros and cons. There have been a lot of questions raised about what emotions/motivations 
each of the test actually assessed, and using the Panksepp categories as a framework is a good idea. I am unsure 
what results should be presented. Is the purpose to present the different tests and their pros and cons? If so, do 
we need the stats on repeatability and relation to growth? Or is it a paper on the relationship between the tests? 
Then we need more correlations between the tests presented, and more comprehensive stats on repeatabilities 
etc. for the BZM, Pen Score, OFT or startle test. 

I would be tempted to go for the 'what are the different tests, pros and cons and discussion of whether they all 
measure fear or other emotions' approach. 
 

AU: the results have been substantially revised to provide pros and cons, repeatability, validity 
(regarding ADG), and reliability for all tests and what emotional circuit we propose is being evaluated.  A 
sample cluster analysis has been conducted on results from multiple tests to demonstrate how the data 
could be evaluated synergistically. 

 
Major Concerns: 
As above, either go for a 'discussion of what these test actually tell us' approach or a 'what is the statistical 
relationship between these tests' approach 

AU: we took the approach of how repeatable, reliable, and valid indicators of growth are each of these 
tests, pros and cons of each test, and what these tests actually tell us.  We also included sample analysis 
for evaluating the interrelationships among the different tests.  However, as this is a methods paper, we 
did not seek to address any specific hypothesis but more demonstrate how you could use the data 
generated from these tests to address a specific hypothesis-based research study. 
 
Minor Concerns: 
Authors: it says Amanda Hubbard in the opening piece and Amanda Mathias further down 
L54.  

AU: Thank you for this.  During the period of manuscript preparation, Ms. Mathias became Mrs. 
Hubbard. 

I think you are following the Panksepp model here? I think it provides a good framework to consider 
temperament tests, ie separating fear from panic/grief (separation) is clearly important, but that model is not 
universally accepted. It would be good to acknowledge this here. Also acknowledge Panksepp in Table 1 ('after 
Panksepp' is how you do it I think??). 

 
In the results, the Pankseppian emotional systems that each test might involve are linked. It would be good to 
formalise this in a hypothesis here in the introduction. What elements do you envisage are involved in each test? 
What will you do to test this? 

AU: This is not a hypothesis-driven research paper.  We have added language at the beginning of the 
discussion explaining that these circuits are not mutually exclusive and will influence one another, so 
researchers should be aware that they may be evaluating more than one emotional circuit during a single 
test.  A listing of what emotional circuits are most likely activated during each of these tests is included in 
the results section. 



L74: Description of animals and housing. Some more details of the testing procedure are needed here. What 
order were the tests done in? Did all animals experience all tests in the same order? Over how many days were 
the tests run? One per day on consecutive days or were there rest/wash-out days as well? ADG is mentioned in 
the results. How/when was this assessed? 

AU: A general description of how the animals were housed and the order in which tests were conducted 
has been included. 

A lot of other authors have used flight score and exit velocity. Flight speed/flight time was originally designed 
by Heather Burrow in Australia in 1988 and has been used extensively in that country. Are you just giving a 
few examples? If you want to be comprehensive, you could look wider. Also for the chute test. Outside of the 
US, it is generally called a 'crush score'. However, this could become a review in its own right! I think I would 
acknowledge Burrow, but then suggest that you are giving examples of where these tests have been used. 
However, acknowledging work outside the US would be diplomatic. 

AU: Our intention is to show that exit velocity is one of the stalwarts of cattle temperament evaluation.  
Because this metric is so easily captured, our hope, in future studies is to evaluate the efficacy of this 
behavioral metric in evaluating other components of cattle temperament beyond fear.  We have added 
language to acknowledge that chute score and crush score are evaluating the same thing.  We have also 
added references to highlight the wide use of exit velocity across the cattle temperament literature.   

What about the docility test as pioneered by Le Neindre et al. in France? This is used in France extensively in 
Limousin breed programmes. Why was this not included? Focus on procedures used in the US? 

AU: We attempted to avoid using any breed-specific evaluations 

L209. See comments above, but here the emotional systems are linked to the tests. However, it is not clear what 
the rationale for this was. Exit velocity is certainly 'fear', but as they are isolated, isn't there an element of 'panic' 
as well? I think it would be good to be clearer about how you assigned the tests to the elements. 

AU: Additional language has been added throughout the manuscript to address this and clarify the text 
to the reader. 

L225: 'seking' 

AU: Corrected 

Table 2. In definition of nervous - Typical temperament is management? Manageable? 

AU: Corrected 
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