diversity

Article

Escape Tactics Used by Blanched Lesser Earless Lizards
(Holbrookia maculata)

Kaera L. Utsumi 1@, Daanya Siddiqui 2 Janey B. Haddock 3(D, Makenna M. Orton 1@, Telma G. Laurentino 4,

Maria A. Eifler 15

W) Check for updates

Academic Editor: Michael Wink

Received: 22 December 2025
Revised: 24 January 2026

Accepted: 28 January 2026
Published: 30 January 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

and Douglas A. Eifler 1*

1 Erell Institute, Lawrence, KS 66047, USA; kaera.utsumi@gmail.com (K.L.U.);
ortonmmakenna@gmail.com (M.M.O.); maria.eifler@gmail.com (M.A.E.)
2 School of Public Health, University of Washington, Seattle, WA 98195, USA; dsiddi@uw.edu
Laboratory of Ecology and Behavior, Faculty of Science, Autonomous University of the State of Mexico,
Toluca 50110, Mexico, Mexico; janey.haddock@gmail.com
CE3C—Centre for Ecology, Evolution and Environmental Changes, Faculdade de Ciéncias da Universidade
de Lisboa, 1749-016 Lisboa, Portugal; telma.laurentino@gmail.com
Biodiversity Institute, University of Kansas, Lawrence, KS 66045, USA
*  Correspondence: deifler@erell.ngo; Tel.: +1-785-691-9161

Abstract

Successful escapes depend on many factors, including predator type and habitat characteris-
tics. Examining escape usually entails directly pursuing an individual and then measuring
flight initiation distance (FID), but the effect of prolonged pursuit has not been well studied.
We examined escape sequences by blanched adult lesser earless lizards (Holbrookia maculata)
in the Salt Basin Dunes (SBDs), testing the hypothesis that escape success and sequences
would vary with sex and vegetation use. Their coloration is an adaptation to their sparsely
vegetated white sand habitat. To evaluate escape behavior, we followed an individual
directly until it disappeared (=successful escape), stopped moving, or 2 min elapsed. We
recorded trial habitat (at the start and throughout), time to trial end, FID, length of moves,
and total distance moved. FID varied with starting habitat—lizards beginning trials on
exposed wood had the longest FID. The sexes differed in their move lengths: females made
more short moves, while males made more long moves. The most important plant was
sage (Artemisia filifolia), which was occupied at the start of 39% of trials, while 71% of trials
ended in sage, and larger sage bushes supported longer escape sequences. Our study
highlights the importance of vegetation for refuge and emphasizes the crucial role of the
dune-plant landscape to lesser earless lizards.

Keywords: anti-predator; evasion; fleeing; flight behavior; risk assessment

1. Introduction

Predation is an important factor shaping the behavior of animals that can become
prey [1]. Indeed, predation avoidance can be a major part of an animal’s daily activities, with
effective avoidance of predators helping to lengthen lifespan, while excessively conservative
anti-predator strategies undermine other essential tasks [2]. Escape from predators should
reflect both the cost of interrupting current activities to respond to predators and the relative
risk of predation [3,4]. Costs that can factor into escape decisions include loss of access
to food [5], loss of time and energy to engage in social activities [6,7], and loss of radiant
heat when basking [8]. Predation risk can be affected by many factors, including speed,
direction, and persistence of predator approach [9-11]; type of predator [12,13]; or habitat

Diversity 2026, 18, 80

https://doi.org/10.3390/d18020080


https://crossmark.crossref.org/dialog?doi=10.3390/d18020080&domain=pdf&date_stamp=2026-01-30
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://orcid.org/0000-0001-5935-7299
https://orcid.org/0009-0000-2587-7317
https://orcid.org/0009-0005-2202-0365
https://orcid.org/0000-0001-7879-5251
https://orcid.org/0000-0002-7373-8423
https://orcid.org/0000-0002-2919-4318
https://doi.org/10.3390/d18020080

Diversity 2026, 18, 80

20f13

characteristics [14]. Demographic characteristics such as sex and age also can play a role in
the costs and perceived risks associated with escape behavior [7,15-17].

Flight initiation distance (FID) is a well-studied aspect of escape behavior. For many
animals, deciding when to initiate escape is the primary decision that needs to be made,
as escape maneuvers that follow can be simpler and more effective when escape is ini-
tiated quickly [7,18]. FIDs can be adjusted based on predator behavior, such as speed
and directness of approach [11,19-23], as well as environmental factors, such as habitat
composition and temperature [24-27]. The decision to escape is followed by additional
decisions regarding how to complete the escape sequence, which can depend on situational
factors [1,28]. When speed alone is insufficient (i.e., evader is physically unable to outrun
pursuer), directional evasive maneuvers and refuges become important [1,29,30], with
evaders continuing to assess the likelihood of capture as the escape sequence progresses.
Prolonged escape sequences reflect an escalation in predation pressure [18] and can involve
more complex maneuvers [31]. Many animals have more than one maneuver option, and
discerning which to employ, under which conditions, is an important aspect of an escape
strategy [16].

Many fleeing animals use refuges to escape predation; however, accessing a refuge
does not guarantee safety, and decisions must be made about how to use and when
to abandon the refuge. Refuges can be selected based on their characteristics relative
to predation risk, such as refuge location [32-34], effectiveness at obscuring or protect-
ing prey [9,24,35-37], and the probability of potential predators lurking in or around
refuges [38,39]. Additionally, indices of predation risk, such as predator speed and persis-
tence, can influence the use of and reemergence from a refuge [10].

We explored the escape decisions of lesser earless lizards, focusing on the traditional
FID measurements, while also examining the behavior of individuals exposed to pro-
longed escape sequences resulting from persistent simulated predators. The common lesser
earless lizard (Holbrookia maculata) is a sexually dimorphic, diurnal, insectivorous lizard
that ranges across the Southwestern and Central United States and into Central Mexico,
occupying habitats such as alkali flats, sand dunes, and grasslands [40—42]. Individuals
exhibit distinct color morphs, ranging from dark brown to blanched white [41,43,44]. Two
blanched populations have been described so far: one residing at White Sands National
Park (WSNP), which has been relatively well studied [40,41,45,46], and a second of more
recent interest [47,48] inhabiting the Salt Basin Dunes (SBDs) in Guadalupe Mountains
National Park (GUMO).

The SBDs are composed of white gypsum sand, which contrasts with the darker
substrate of the surrounding Chihuahuan Desert. The lesser earless lizards of the SBDs are
blanched, possibly representing a genetically distinct lineage from adjacent populations,
as well as from the similarly blanched lesser earless lizards at WSNP [47]. Compared to
WSNP, the SBD habitat covers a smaller area and contains more heavily vegetated dunes.
Both gypsum deserts have cryptobiotic-crust-covered valleys between dunes. In the SBDs,
males are more mobile than females, and individuals generally have larger home ranges
than other populations, possibly due to the habitat structure [48]. In the SBDs, lesser earless
lizards move within vegetated areas, traveling around, rather than through, open, darkly
colored cryptobiotic crust areas [48, pers. obs.]. Blanched lesser earless lizards at WSNP
have comparatively longer limbs and a larger body size than adjacent populations of darker
individuals [47]. Long limbs can improve sprint speeds, and WSNP blanched lesser earless
lizards often sprint away from simulated predators [49].

WSNP has a lower abundance of potential predators of earless lizards than can be
found in the surrounding Chihuahuan Desert, providing the blanched population with
lower predation pressure than individuals in adjacent dark sand habitats [14,50]. Potential
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predators in GUMO include roadrunners (Geococcyx californianus), loggerhead shrikes
(Lanius ludovicianus), coachwhips (Masticophus flagellum), western diamondback rattlesnakes
(Crotalus atrox), and coyotes (Canis latrans) [51]. In addition, long-nosed leopard lizards
(Gambelia wislizenii) occur in the SBDs [pers. obs.] and are potential predators of lesser
earless lizards. However, the extent of predation pressure on blanched lesser earless lizards
at the SBDs is not known, as predator abundance surveys have not been systematically
conducted there.

While surveying the SBDs, we observed many lesser earless lizards in flight, frequently
moving away from us and into vegetation as surveyors approached. Lizards were wary and
vigilant, stopping frequently or perching on vegetation to scan their surroundings, leading
us to our first hypothesis, that in the presence of a predator, refuge access shapes escape
behavior. As we never observed individuals escaping into burrows during our initial
observations, we solely consider escape into vegetation as refuge-seeking behavior for this
study. We predicted that individuals would adjust their movements relative to vegetation,
with escaping lizards moving into large plants while fleeing a potential predator. Males and
females used space on the study site differently [48] and varied in their reproductive roles,
leading to our second hypothesis, that the movement patterns of escaping lizards (i.e., the
number and length of moves) would vary with sex. Third, we hypothesized that movement
patterns would vary based on vegetation, trial length, and experience. We predicted that
the longer the pursuit (i.e., trial length), the longer the moves and the larger the plants used
by escaping lizards. Furthermore, we predicted that lizards captured prior to escape trials
(i.e., experienced) would be more wary, initiating escape more quickly (=longer FID) and
escaping more readily (=shorter trial length) than individuals that were not captured and
handled prior to their escape trial (i.e., inexperienced).

2. Materials and Methods

We surveyed the central 103 ha of the SBDs in GUMO, Hudspeth County, TX
(31.920000° N, 104.989988° W, 1111 m asl; datum = WGS84) for blanched lesser earless
lizards from 3 to 29 June 2022 while capturing and marking individuals for a separate
study (Figure 1). We captured lizards with a lasso attached to the end of an extendable pole.
We conducted escape trials of lesser earless lizards on 15-29 June 2022, examining escape
behaviors at two levels of experience: experienced (i.e., previously handled and marked
individuals, n = 26) and inexperienced (i.e., not handled or marked prior to trial, n = 28).
We captured and measured inexperienced lizards after we completed their escape trials.
Upon capture of unmarked lizards, we sexed, measured (snout-vent length (SVL) and tail
length), and uniquely marked them on the dorsal base of their tail with non-toxic paint
pens. We processed lizards used for escape trials near their capture location and released
them at their capture site within 15 min. Lizards that were measured and marked as part of
the separate study were handled in the same way as lizards used exclusively for escape
trials but were released at their site of capture within 30 min. We did not conduct escape
trials on experienced individuals until at least 3 days (¥ = 13 days) after their release. We
used individual lizards for only one escape trial.
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Figure 1. Salt Basin Sand Dunes habitat with inset (lower left) of a marked, blanched lesser earless
lizard from the study site.

Each trial involved a simulated predator (MMO), a scribe (DS), and an observer (KLU,
DAE, MAE, or JBH). The simulated predator, wearing the same neutral clothing for every
trial, positioned herself in full view of the lizard (i.e., unobstructed line of sight) and chose
a starting position approximately 5 m away (accounting for vegetation and landscape
contour) on level ground, perpendicular to the focal lizard’s body. Prior to beginning trials,
the simulated predator practiced and became proficient at maintaining a pace of 0.7 m/s,
which she then used to approach lizards during trials. If the lizard was first observed
on a dune face, the simulated predator waited until the animal moved onto level ground
before starting the trial. During the trial, the scribe remained behind the simulated predator
(ca. > 10 m) and recorded the trial events (move length, move directionality, and use
of vegetation) as dictated by the simulated predator (in a soft voice, so as not to disturb
the lizards). We defined moves as forward motion of the lizard’s body preceded and
followed by a pause. The simulated predator categorized each move length as short
(<0.5 m), medium (0.5-1 m), long (1-5 m), or run (>5 m) throughout the trial. The simulated
predator practiced determining move lengths against known distances until she could
consistently assign move lengths to the correct categories. The simulated predator also
classified the ending location of each move (in vegetation or in the open) and noted move
directionality when the lizard went up or down a dune face. We considered a plant to be
used by the focal animal if a move was made during escape within 25 cm (=vegetation
edge) or under (=in vegetation) the canopy of a plant. We also recorded when a focal lizard
moved along the edge of a plant (=around). The simulated predator placed numbered
pins on each plant along the escape path used by the lizard during its trial to indicate the
sequence of vegetation visited. We recognized three possible ways trials could end (=trial
outcome): (1) a 2 min time limit was reached, (2) the lizard moved out of sight for 10 s, or
(3) the lizard was in vegetation and visible to the simulated predator but not moving for 10 s.
A successful escape only included a lizard that moved out of sight (i.e., trial outcome 2).
The scribe recorded the start time, the dictated movement sequences, the trial outcome,
and the trial length. The observer timed and watched the trial to confirm the sequence of
movements. After the completion of a trial, the simulated predator, observer, and scribe
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retraced the movement sequence and the pinned vegetation to ensure accuracy. After the
trial, we recorded flight initiation distance (FID), start distance (SD = the distance between
lizard and simulated predator at the start of the trial), plant species identity, canopy size
(longest length and the corresponding perpendicular width), substrate temperature at the
lizard’s start location (=lizard start temperature), and habitat type at the start location
(sandy dune slope, dune with cryptobiotic crust, flat sand, or flat cryptobiotic crust).
Plants we identified that were used by focal lizards were sage (Artemisia filifolia), soaptree
yucca (Yuca elata), sand fiddleleaf (Nama carnosa), hairy crinklemat (Tiliquilia hispidissima),
littleleaf rhatany (Krameria erecta), grass, and woody branches without foliage (categorized
as “wood”). The grasses were non-reproductive, and we categorized them collectively
rather than by individual species. Sage shrubs formed congregated patches along the sandy
substrate and represented the most common vegetation type. Soaptree yucca, although
less prevalent than sage, created a tall vertical structure used for cover. Grasses occurred
widely in open spaces. Sand fiddleleaf, hairy crinklemat, and littleleaf rhatany were less
prominent, generally scattered throughout the SBDs. Bare branches (“wood”) were less
common but were potential perching habitats for lizards. Sage, grass, and yucca were the
most prominent vegetation across the study site.

2.1. Escape Analysis

We used a general linear model (GLM) to determine which of factors (categorical: start
habitat, experience level, and sex; and covariate: substrate temperature) were influential for
3 escape measures (FID, number of moves, and number of plants visited) and trial length.
For trial length, we additionally used the categorical variable: trial outcome. Model results
were examined to assure normality and homoskedasticity. Tukey tests, with p < 0.05, were
used for post hoc comparisons. We examined the relationship between trial length and
move length using Pearson’s correlation between the number of moves in a trial and the
frequency with which different move lengths occurred. For examining the independence of
categorical variables, we used a x>-test, using the standardized residuals for interpretation.
We also used chi-square tests to examine the sequence of move lengths in a trial, testing for
independence of move length from one move to the next.

2.2. Habitat Use

We used Pearson correlation tests to assess the relationship between plant size, move
length, and move frequency. To evaluate the role of vegetation characteristics on escape
behavior, we focused on sage, the most commonly used plant during trials, assessing two
aspects of size: length and width. We performed a binary logistic regression (logit link
function) to examine if length, width, substrate temperature, and the number of moves
within sage plants were influential in determining if a trial ended in a particular sage.

3. Results

We ran escape trials on 55 individuals (n = 28 females, 23 males, 4 uncaptured (sex
unknown); Table 1). Most trials (62%) concluded with the lizard escaping (n = 34), 25%
lasted the full 2 min (n = 14), and 13% ended due to lack of movement (n = 7). Trial outcome

was not dependent on sex (x?=3.71,df =2, p = 0.16) or experience level (x?=0.68,df =2,
p=0.71).

Table 1. Summary statistics for escape trials (mean + SE (range)).

Mean + SE (Range)

Start distance (cm) 509.3 + 16.2 (165-755)
FID (cm) 133.2 4+ 11.1 (5-385)
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Table 1. Cont.

Mean + SE (Range)

79.34 + 4.50 (23-120)
14.80 & 1.29 (1-39)

Trial length (s)
Trial moves (n)

3.1. Escape Analysis
3.1.1. FID

FID was related to the habitat in which the trial began (GLM: F5 4y = 3.44, p = 0.011;
Total Model: R? = 31.81; Table 2). FID was longest for individuals that began trials on wood
(Figure 2) and significantly greater than escape trials beginning in grass, yucca, or sage
(Figure 2; Table 3).

Table 2. ANOVA results (F-value, degrees of freedom (df), and p-value) from GLM testing the effect
on FID of the substrate temperature at the start of a trial, the starting vegetation, sex of trial lizard,
whether the tested lizard was captured before or after the trial (experience), how the trial ended (trial
outcome, i.e., escape, time limit, or stopped moving), and the length of the trial. Significant p-values

are in bold.
FID Trial Length Number of Moves Number of Plants
Source F df p F df P F df p F df p
Start °C 289 141 0.097 0.19 143  0.665 1.21 144 0277 005 143 0.830
Start habitat 344 541 0.011 159 543  0.183 2.11 544 0.083 460 543 0.002
Sex 011 141 0742 3.01 143  0.090 1.89 144 0.176 112 143  0.295
Experience 1.09 141 0302 0.12 143  0.729 0.36 144 0552 010 143 0.751
Trial outcome - - - 2196 243  <0.0001 -- - - - -- -
Trial length (s) -- -- -- -- -- -- 87.98 144 <0.0001 7.28 143 0.010
300
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Figure 2. FID lengths by starting habitat. Habitats with unlike letters are significantly different.

Start habitat was independent of sex (x? = 5.67, df = 5, p = 0.339) and experience level
(x? = 3.024, df = 5, p = 0.696). Substrate temperature at the start of escape trials varied by
habitat (F5 53 = 4.64, p = 0.001, R? = 30.44), with the substrate under wood having a higher
temperature than the substrate under grass and sage (Table 3).
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Table 3. FID (1, mean, and SE), substrate temperature, and number of habitat items (“vegetation”)
used during escape sequences for each starting habitat. Values within a column that have unlike
subscripts are significantly different.

Start Habitat FID (cm) Substrate Temp. (°C)  Vegetation (1)
n Mean SE
Crinklemat 5 127.0a,8 47.8 37.2aB 13.64

Grass 13 109.2p 16.1 33.33p 6.62A B
Open 7 175-3A,B 22.1 37'71A,B 4-71A,B
Wood 7 219.64 46.4 45.694 4.0

Sage 20 116.9 13.5 32.73g 3.5
Yucca 3 57.0 26.6 38.584 8 2.0aB

3.1.2. Trial Characteristics

Trial length was significantly related to trial outcome (GLM: F; 43 = 21.96, p = <0.001;
Total Model: R? = 58.53; Table 2). Trials where focal lizards moved out of sight were
shorter than trials lasting the full 2 min or that ended with the lizard stopping move-
ment. In addition, the number of moves in an escape sequence was related to trial length
(GLM: Fy 44 = 87.98, p < 0.001; Total Model: R? = 75.35; Table 2). Longer escape trials were
composed of more moves (Table 2).

We evaluated move lengths for first moves (1 = 59) up to twentieth moves (1 = 19),
corresponding to the number of moves in the longest escape sequences with a sufficient
sample size for analysis. As trial length increased, the number of short (Pearson’s cor-
relation: r = 0.658, p < 0.001), medium (r = 0.626, p < 0.001), and long moves (r = 0.481,
p < 0.001) increased, but runs were not significant (r = —0.138, p = 0.296). Likewise, the
number of short (r = 0.645, p < 0.001), medium (r = 0.612, p < 0.001), and long moves
(r =0.781, p < 0.001) also increased with the total number of moves, but runs were not
significant (r = —0.084, p = 0.528). Within a trial, the number of long moves was correlated
with the number of medium moves (r = 0.366, p = 0.004), but no other pairwise combination
of moves was significant (long-short: p = 0.441, run-short: p = 0.277, run-medium: p = 0.470,
run-long: p = 0.513). The distribution of move lengths was influenced by sex (x? = 12.428,
df = 3, p = 0.006; Figure 3), with males making fewer short and more long moves than
expected, and females employing more small and fewer long moves than expected. During
escape trials, sequences of short-short and long-long moves occurred at a higher-than-
expected frequency (x? = 160.4, df = 4, p < 0.001). As an escape sequence progressed,
the proportion of move lengths changed: small moves became more common (+ = 0.500,
p = 0.025), while long moves became less common (r = —0.479, p = 0.032).

50 4 =«
40 A L
£ 30 [ ]
£
g 20 A OFemale
-
OMale
10 -
0 T T T [_|:I 1
Short Medium Long Run
(<0.5m) (0.5—-1m) (1-5m) (>5m)

Move Length

Figure 3. Sex-based distribution of move lengths. * = Significant differences between the sexes.
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3.2. Vegetation Use
3.2.1. Number of Plants Visited

During escape trials, focal individuals entered a mean of 5.2 + 0.7 unique plants
(range = 1-24 plants/trial). The total number of unique plants visited /trial was significantly
related to trial length (GLM: Fy 43 = 7.28, p = 0.010, Total Model: R? = 45.95) and start habitat
(F5,43 = 4.60, p = 0.002; Table 2) During longer trials, lizards used more plants. In addition,
during trials that started in sage bushes or wood, fewer plants were used than by lizards
starting in crinklemat (Table 3; Figure 4). For the seven plant types visited most frequently
during escape trials, sex was not related to plant species (x> = 5.664, df = 6, p = 0.462).

18 .
16 [
14 |
12 f
=
510t
.E“ g L ATB
AB
al 6 k )
B
i 1
4 . 1
2 | T
0
& a & & & &
R CHEIRC IS T
ol

Figure 4. Mean of the number of habitat items (“plants”) visited by individuals during escape trials.
Habitats with unlike letters are significantly different.

3.2.2. Sage Use

Sage played an increasingly important role as escape sequences progressed, with 71%
of the trials ending in sage, while only 39% of escape trials began in sage (Fisher exact:
p = 0.001). The number of moves within a single sage bush was quite variable (x = 3.4 &= 0.5,
range = 0-23 moves/sage (n.b., 0 moves = plant entered but no moves within the plant)).
The number of moves in an individual sage bush was positively correlated with the plant’s
size (length: r = 0.34, p < 0.001; width: r = 0.32, p = 0.001; area: r = 0.26, p = 0.006; Table 4).
Move lengths also were positively correlated with the size of a sage bush used during an
escape (Table 5).

Table 4. Summary of the characteristics of the sage plants (n = 110) visited during escape trials by
lesser earless lizards.

Variable Mean + SE Range
Length (cm) 311 + 18 (30-1149)
Width (cm) 196 +9 (25-527)
Area (length x width) (m?) 7.8 +£0.8 (0.5-60.6)
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Table 5. Pearson’s correlations (7 (p)) between size of a sage bush used during an escape (width and
length) and the number of short, medium, and long moves made in that bush during the escape
sequence. Runs never occurred within a sage bush.

Sage Bush
Move Length Width Length
Short 0.15 (p = 0.106) 0.21 (p = 0.026)
Medium 0.43 (p < 0.001) 0.31 (p = 0.001)
Long 0.27 (p = 0.004) 0.35 (p < 0.001)

Lizards ended their escape trials in 37 of the 110 sage bushes they entered—~34%
of the individual sage bushes served as the final refuge for escaping lizards. Of the
23 lizards who started trials in a sage, 9 had trials that ended in the same sage. The width
of a particular sage and number of moves an escaping individual made within that same
sage were significant predictors of whether the trial ended in that same sage (binary logistic
regression: width, x2=456,df =1, p = 0.033; number of moves, x2 =684, df =1, p = 0.009).
Wider sages and longer trials were indications that a trial would end in a given sage. When
examining whether a lizard escaped into a particular sage during its escape sequence,
plant width acted as a significant factor (binary logistic regression: width, x* = 5.46, df = 1,
p = 0.020), with escape more likely in wider plants.

4. Discussion

Our hypothesis that lesser earless lizards would vary their escape sequences in re-
sponse to refuge access was supported. When serving as refuges, vegetation, particularly
sage, shaped escape behaviors at the SBDs. Lizards adjust their escape behaviors based on
refuge proximity and predator risk [24,52], and their escape sequences can be influenced by
habitat structure, resource availability, and social dynamics [53,54]. Lesser earless lizards
made use of large sages during escapes and varied their escape sequences relative to veg-
etation. Escaping individuals avoided the simulated predator by moving deeper into or
among a sage plant, resulting in more moves and increasing move lengths with increasing
sage bush size (Table 5).

We postulate that sage usage by lesser earless lizards in the SBDs might be based on an
optimal combination of cover and accessibility during escape. The refuge-use theory posits
that prey select refuges that minimize predation risk and optimize safety [4,55], which is in
accordance with the behavior we observed by SBD lesser earless lizards. Sage bushes with
a larger canopy (i.e., width) were particularly important during escape sequences, with
lizards often ending trials in them. The number and length of moves within sage bushes
also increased with bush size, raising the possibility that larger bushes were perceived as
more secure refuges that facilitated more extensive movement. Their greater reliance on
sage relative to other available plant species, particularly later in escape sequences, coupled
with the predictive role of the width of a sage bush’s canopy to the escape trial outcome
indicated the importance of vegetation structure for effective predator evasion. However,
other factors beyond the scope of our study could account for sage use by lesser earless
lizards. An analysis of the size and relative proportions of available vegetation is needed to
definitively determine the importance of sage-secure refuges for lesser earless lizards. In
addition, sage bushes could provide direct benefits, through their effects on microclimate
(i.e., providing thermoregulatory opportunities) [56], or indirect benefits, through their role
as a forage plant (i.e., providing feeding resources) [57]. Further study on the aspects of
habitat structure that contribute to refuges for lesser earless lizards and are important to
their movement and ecological stability are merited.
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In our study, FIDs varied with starting habitat, being longest for lizards starting on
wood (Figure 2). In open habitats where wood can serve as an available perch, lizards often
have longer FIDs, possibly due to limited cover, requiring them to flee farther to reach
safety [58,59]. The longer FIDs for lizards beginning on wood also could be related to the
warmer substrate temperatures we recorded at the start of those escape trials compared to
substrate temperatures for lizards starting at other refuges (Table 3), as escape behaviors can
vary with the thermal properties of the environment and perceived predation risk [10,34].
Lizards often balance the thermal costs of seeking refuge against the risk of predation,
as cooler habitats are associated with lower body temperatures [34,60]. When deciding
when to flee and when to emerge from hiding, lizards rely on several factors, including the
speed at which a predator approaches and distance to the nearest refuge [10]. Furthermore,
lower body temperatures can increase FID due to decreased agility, potentially requiring
earlier flight initiation [33]. Although substrate temperatures for wood habitats were often
warmer (Table 3), the increased FID we observed in lizards starting on wood could be tied
to a heightened perception of risk associated with the visibility of wood perches. Wood
could offer fewer immediate hiding spots compared to grass or sage, increasing the time a
lizard might spend assessing its environment before fleeing. Lizards also showed flexible
movement patterns, with starting plant type influencing the number of plants visited
during flight (Table 3). Larger vegetation types were associated with shorter FIDs, as
lizards might have relied on nearby hiding spots or camouflage instead of making long
escapes [61,02].

Our second hypothesis proposed that the movement patterns of escaping lizards
(i.e., the number and length of moves) would vary with sex, vegetation, trial length, and
experience, which was partially supported. The distribution of move lengths showed some
association with sex (Figure 3). We predicted that longer pursuits (i.e., greater trial length)
would result in longer moves and use of larger plants as refuges, and our prediction was
mostly supported—small, medium, and long moves increased with trial length, and larger
sage plants were the most common end refuge. Furthermore, we predicted that experienced
individuals would have longer FIDs and shorter pursuit times (i.e., trial lengths), and would
more rapidly retreat into a refuge. However, contrary to our expectations, experience had
no detectable relationship with any escape variables.

Consistent with sex-based differences in home range previously reported for lesser
earless lizards [48], males exhibited longer movement lengths than females (Figure 3).
However, unlike patterns described in other lizard species [7,54,63], we did not detect
significant sex differences in escape responses or habitat use. Sex-based effects were
restricted to step-by-step movement patterns rather than broader anti-predator or space-
use behaviors, and escape tactics might be more strongly shaped by ecological context than
by sex.

Our study has certain limitations. Our vegetation analysis primarily focused on plant
type and structural size. However, more detailed assessments of canopy density, thermal
buffering capacity, or visibility obstruction could likely yield valuable ecological context.
Future research incorporating predation activity and habitat complexity data would aid in
clarifying the mechanisms underlying escape by lesser earless lizards.
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Abbreviations

The following abbreviations are used in this manuscript:

FID Flight initiation distance: distance between lizard and simulated predator when the
lizard initially flees

GLM General linear model

GUMO  Guadalupe Mountains National Park, Texas, USA

SBDs Salt Basin Dunes, Texas, USA

SD Start distance: distance between lizard and simulated predator at the beginning of a trial

SVL Snout-vent length: a measure of lizard size (length from anterior edge of the snout to the

posterior edge of the cloaca)

WSNP  White Sands National Park, New Mexico, USA
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