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Figure S1. Night-perching posture of the green-spotted grass lizard (Takydromus
viridipunctatus) on the Miscanthus grass. This behaviour is thought to be an adaptation
against nocturnal predators (e.g., rodents, shrews, or snakes) on the ground, and also forms

camouflage under dim light condition.



Visual modelling of the avian predator

To model how conspicuous a lizard is in its environment to an egret, we quantified the habitat
light environment or down-welling irradiance (vertical from the land surface), measured the
spectral reflectance of the animal's body, and used published data on microspectrophotometry
of the receiver's visual system.

Irradiance measurements were taken on a sunny day at the study site from one hour
before to one hour after sunrise. During the 2-hr duration, we measured absolute irradiance
(uWatt m? s! nm™) every minute using a spectrometer (Ocean Optics Flame UV-VIS model,
Florida USA) using a fiber-optic (Ocean Optics QP600-2-SR) with a cosine-correcting probe
(Ocean Optics CC-3-UV) simultaneously with the power meter. We recalibrated our
spectrometer using a calibration source (Ocean Optics DH-3-P-BAL-CAL) prior to taking
irradiance measurements.

We measured the spectral reflectance of lizards in both the breeding (10 males and 7
females) and non-breeding (10 males and 10 females) seasons in a dark room. Reflectance
spectra were obtained using a reflectance probe (Ocean Optics QR600-7-SR-125F) connected
to a Deuterium Tungsten Halogen light source (Ocean Optics DH-2000-BAL) and a portable
spectrometer (Ocean Optics Flame UV-VIS model). The measurements were standardized
using a diffuse white reflectance standard (Ocean Optics WS-1-SL, >98% reflective from

250-1500 nm). A black acrylic fixture was attached to the reflectance probe in order to



maintain the constant 5-mm distance and an angle of 90° between the end of the probe and the
lizard's surface. The coincident normal (CN) ensured that both the angles of illumination and
observation were orthogonal to the surface of the target [1]. We measured the reflectance
spectra of seven body regions: head, dorsum, tail, cheek, lower jaw, anterior flank, and
posterior flank, of both sexes (Fig. 1a). Three readings were taken from different locations
within each region and averaged. After taking measurements, all individuals were released at
their point of capture. We also measured the spectral reflectance of ten silver grass leaves and
used the mean as background because most of the lizards chose to perch on this plant.

We used the receptor noise-limited (RNL) model [2—5] to estimate chromatic and
luminance discrimination thresholds for known stimuli. This model assumes that the level of
receptor noise sets the discrimination threshold, and the subsequent neural processes do not
limit color discrimination. In a dim light environment, when the photon shot noise should be
considered [5—7], calculation of the RNL model started with the absolute quantum catch (Q).
We calculate Q for each type of photoreceptor, using the following equation [5]:

0;(1) = At G)z (%)2 D2r(1 — e FAD) (1) (1)
where i denotes the four receptor types: VS, SWS, MWS and LWS. The definition of each
symbol is given in Table S1. There is no MSP data for egrets, so we used data for the chicken
[8], which is most similar in body and eye size among the limited list of available birds [8,9].

Because integration time is a function of light intensity, we used the maximum value for the



time interval of behavior when the ambient light was dim. Thus, the contrast (Af) for the i

type receptor is:
Qistiml
Af; = In—=tmi (2)
Qistimz
where Qigimi and Qisim2 denote the quantum catches of two stimuli [5].

To estimate receptor noise, e;, used the Weber fraction (®), which is equivalent to the
noise of discrimination thresholds [S]. The Weber fraction refers to the proportion of A/
divided by a stimulus of intensity / (o = Al/I), where Al is the smallest intensity difference
that could be detected. In bright light conditions, the Weber fraction for chromatic contrast is
constant and was set to 0.1 [S] — equal to noise e, which is referred to as Weber noise. In dim
light conditions, Weber fractions increase so that the photon shot noise should be added to
Weber noise [2,8,10,11]. Photon shot noise is calculated by the square root of the absolute
number of absolute quantum catch Q, thus the noise parameter E for the i type receptor is:

E = [ 3)

Q;

The chromatic contrast for a tetrachromatic animal (i = 1 to 4), AS., 1s then calculated:

(E1E2)2(Afa—Af3)? +(E1E3)? (Afa—Af)?
+(E1E4)*(Af3—Af2)? +(E2E3)? (Afy—Af1)?
AS.2 — +(E2E4) (Af3=A0f1)*+(E3E4)* (A f2—Af1)? 4)
€ (E1Eze3)2+(E1E2E4)?+(E1E3Ey)? +(E2E3Ey)?

Finally, the chromatic contrast between lizards and their background (grasses) was estimated

using the magnitude of "just noticeable difference" (JND) as the unit, where 1 JND indicates

the detection thresholds.

The spectral sensitivity of MWS and LWS cones are summed together to simulate the



absorbance in the luminance channel. The Weber fraction was set to 0.2 [5], and the
aforementioned equation (1-4) was applied. Because there is only one type of rod cells in bird

eyes, i was changed to 1 and the equation 4 could be simplified:

88" = | 5)
where AS, refers the luminance contrast.

In order to test the difference in discriminability between the lizard and grass under the
RNL model, the mean of all pair-wise chromatic distances between lizards and grass was
calculated every minute during the twilight period. We used values from the dorsal and lateral
regions of the lizards to estimate the chromatic contrast with the grass. For the lateral region,
males and females were further separated based on sexual dichromatism [12]. A two-sample t-
test was used to test the chromatic contrast between the timing of eyes opening and head

movements, and that between head movements and body movements. All the statistical

analyses and visual modeling were conducted using R (version 3.6.0).

Temperature effect was ignored in this system

Simultaneous air temperature of each experiment day, continuously recorded every minute,
was acquired from two weather stations: 1) Hualin Weather Station belonging to Chinese
Culture University, located just within the grassland where the experiment was conducted;

and 2) Cyuchih Weather Station belonging to Central Weather Bureau of Taiwan, located



3970 m from the experiment site. Temperature records are exactly congruent between the two

weather stations, showing a uniform whether status across this region.

The ambient temperature at sunrise depended on weather conditions of that day. It

ranged between 12.9 °C (29 Oct 2018) and 24.8 °C (18 Sep 2018) in the non-breeding season.

In the breeding season, it ranged between 16.7 C (on May 21 and May 22, 2019) and 23.5 °C

(on May 20 and Jun 4, 2019). Nevertheless, since the majority of behaviors occurred within a

narrow time interval between -30 and +5 minutes from sunrise, the ambient temperature

displayed low variation within this interval. In both breeding and non-breeding seasons,

temperature fluctuation within this 35-min interval is usually 0, with a maximum of 0.6 °C in

two occasions. As expected, temperature started to raise after sunrise. However, the lizards

have already left the perch site long before the temperature raised. Therefore, the daily

fluctuation of simultaneous air temperature could be ignored in this system.

In order to further test whether the lizards’ body temperature was representative of the

ambient temperature, we used CENTER 309, a four-channeled datalogger thermometer

(CENTER technology Corp., New Taipei City, Taiwan), to compare between ambient

temperature and the temperatures obtained from three dead lizards (two males and one

females, attached to the surface of a blade of grass) in the twilight moment. These specimens

were originally collected for genetics, morphological measurements, and specimen

preservation, which was approved by Institutional Animal Care and Use Committee



(IACUC), National Taiwan Normal University (license No. 106023). Measures between
ambient temperature and body temperature of the lizards showed no difference during this
period. Furthermore, since most of these behaviours occurred from -30 to +5 minutes, the
lizards had not a chance to absorb the solar heat because they had already left the perch site.
Based on the above reasons, we concluded that the behavioural pattern of the lizards is
triggered by environmental light condition instead of temperature condition. The temperature

differences among different behavioural points could also be ignored in this system.
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Table S1. Definition of symbols used for modelling absolute quantum catches

Symbol Parameter (unit) Value (range) Ref.
At Integration time (ms) 12-50 (min.—max.) Lisney et al., 2011
d Ellipsoid diameter (um) 3.1 Olsson et al., 2015
f Focal length (um) 8300 Olsson et al., 2015
D Pupil diameter (um) 3500-4900 (min.—max.) Olsson et al., 2015
K Quantum transduction efficiency (%) 50 Johnsen, 2012
T Transmission of ocular media (%) 80 Johnsen, 2012
k Absorption coefficient 0.035 Bowmaker et al., 1977
A Cone sensitivity V-type eye Endler & Mielke, 2005.
/ Cone outer segment length (pum) 30 Olsson et al., 2015
L Radiance of subject Subject dependent This study

( = reflectance x ambient light)
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Figure S2. Effect of sex: females initiated body movements significantly earlier than males

(ca. 7 mins prior to males) in the breeding season.



—~
£
~—~
O
~
—~
)
~

(d)

25 -| Cheek

Head Dorsal Tail
14 -

x
o
L
@
1

Reflectance (%)

Reflectance (%)

Reflectance (%)
Reflectance (%)

(4]
1
o
|

N

I I I T T T T T I T I I T
300 400 500 600 700 300 400 500 600 700 300 400 500 600 700 300 400 500 600 700

Wavelength (nm) Wavwelength (nm) Wavwelength (nm) Wavelength (nm)

80 Lower jaw 25 - Lateral Posterior lateral
< < Sl
X S 20 - S
— 60 ~ ~
© @® @
o o O 15
c c 15 c
I i I I
= 40 — —
o o o
2 2 40 2 10 /
[r=m = =
L <) <)
o o e

5 5 —
0 —
T T T T I I T T I T T T T T T
300 400 500 600 700 300 400 500 600 700 300 400 500 600 700
Wavwelength (nm) Wavwelength (nm) Wavwelength (nm)

Figure S3. Reflectance spectra (means and standard deviation) of the males (blue) and females (red) in the non-breeding season. (a) to (g)

correspond to the seven measurements in Fig. 1a, respectively.
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Figure S4. Reflectance spectra (means and standard deviation) of the males (blue) and females (red) in the breeding season. (a) to (g) correspond

to the seven measurements in Fig. 1a, respectively.
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Figure S5. Reflectance spectra (means and standard deviation) of the lizards' dorsal and lateral regions compared with the grasses as background
in the non-breeding season (a, b, ¢) and the breeding season (d, e, g). The dorsal coloration had no difference of sex or season (a and b). Males

and females were significantly different for lateral sides (b vs. ¢ and e vs. f), and males showed marked differences between breeding and non-

breeding seasons (b and e).



