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Abstract: In recent decades, studies on animal coloration have expanded significantly, from under-
standing color production and perception mechanisms to exploring the selective pressures driv-
ing these patterns. Conservation biology has begun leveraging these studies to develop effective
strategies, gauge public support for conservation projects, select flagship species, and determine
reproductive pairs and optimal rearing and release conditions for captive breeding. Critically endan-
gered Aeolian wall lizards (Podarcis raffonei) were housed at the Fondazione Bioparco di Roma for a
pilot captive breeding project following alarming hypotheses of rising numbers of “green” hybrids
(P. raffonei x P. siculus) in one of the four surviving populations. Through a quantitative analysis
of visible dorsal color in captive and natural populations, we aim to determine whether P. raffonei
is characterized by seasonal variation in its dorsal coloration and if color is influenced by sex and
ontogenesis. Our findings show that P. raffonei’s dorsal pigmentation varies between seasons. In
spring, the size and age of the animals does not seem to affect any color component, while the sexes
always differ in their hue, with males having consistently more yellow-green dorsa. Between-year
analyses, including measurements from the wild population, indicate that yearly variation is not
limited to the captive population but also occurs in nature. We caution against identifying potential
hybrids based solely on phenotypic traits.
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1. Introduction

The last decades have seen exponential growth in studies of animal color, from the
mechanisms of color production and perception to the selective pressures that drive the
expression of these patterns [1]. The phenotypic diversity that color analysis provides us
with, due to the quantification of what color means to various species’ visual systems, has
made coloration a highly interdisciplinary field. Among these fields, conservation biology
is beginning to find guides to the implementation of effective strategies in both basic and
applied color studies. Questioning how species coloration can influence popularity and
public support for conservation projects can help predict the success of such projects or lead
to the selection of effective flagship species [2,3]. The coloration of ornamental traits can
serve as an early indicator of exposure to several pollutants [4], or as an individual quality
indicator guiding the selection of reproductive couples in captive breeding programs [5].
Understanding ontogenetic changes in coloration can in turn determine rearing and release
conditions of captive-bred individuals to maximize their survival in nature [6]. In addition
to breeding individuals to ensure their long-term survival, captive breeding also provides
optimal and standardized conditions for analyzing the color over time of species often on
the verge of extinction, for which it is not always possible to conduct studies under natural
conditions. Among the critically endangered species kept in captivity, the Aeolian wall
lizard, a small lacertid hosted for a conservation project at the Fondazione Bioparco di
Roma, allowed us to study its color variation through time.
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This lizard, endemic to the Aeolian archipelago, survives today on three tiny islets
and a narrow promontory of the archipelago, while on the remaining islands and islets,
only the Italian wall lizard, P. siculus, is found, which has been introduced by man to most
parts of the archipelago [7]. On the island of Vulcano, the last of the main islands of the
archipelago where P. raffonei is still present, the species was much more widespread in the
1990’s when first described by Capula [8] and has since experienced a strong decline. All
the while P. siculus has spread across the island [9]. The Italian wall lizard is an incredibly
competitive and highly adaptable lacertid [10-12], which colonized numerous islands of the
Mediterranean Sea, affecting the native biota [13-15]. The partially disjointed isthmus of the
Capo Grosso promontory seems to be the last standing barrier to the encounter of the two
species. P. siculus represents the biggest threat to the survival of the P. raffonei Capo Grosso
population, not only through competition [16,17], but also through hybridization [18].
As documented by Capula [19], discrimination between the two sympatric species on
Vulcano Island on a morphological level is difficult, and hybrids appear morphologically
intermediate between the parent species. The wall lizards” genus has recently proved to be
a great model for color investigation thanks to the incredible phenotypic variability that
characterizes it. Dorsal color variation along habitat, climatic and altitudinal conditions,
has been found in P. hispanicus and P. liopelis, and the latter, together with P. siculus, has been
shown to experience color variation throughout seasons, with a greener dorsal pigmentation
during the spring months [20-22]. Ficetola et al. [23] reported that after nearly two years
from the first observation in September 2015, a growing portion of P. raffonei lizards on Capo
Grosso were characterized by a green dorsal pigmentation in May 2017. These “greenish”
individuals were considered an intermediate phenotype between P. raffonei and P. siculus.
However, P. raffonei held at the Bioparco di Roma, which portrayed a typical “raffonei”
brown coloration in both May and October 2017, turned greener in March 2021 [23].

We hypothesize that P. raffonei from the Capo Grosso promontory, similar to P. sicu-
Ius [21], also changes color throughout the seasons, and the green pattern documented
during spring may not be a sign of hybridization but a natural phenological variation.
Through a quantitative analysis of visible dorsal color in captive and natural populations,
we aim to measure the extent of this variation through seasons, years, and ontogenesis,
and eventually determine whether coloration alone can be used as a characteristic for
the identification of hybrid P. raffonei. To do this, we analyzed the color pattern of the
lizards hosted at the Bioparco since 2017 with a comparison to lizards in nature from the
same population. We expect that (i) lizard dorsal coloration varies across the seasons (i.e.,
according to reproductive cycle or cryptism), years (i.e., according to stochastic or climate
condition), and age (i.e., ontogenetic variation), and (ii) lizards from the population in
nature (springtime) mirror the same variation observed in captivity.

2. Materials and Methods

Initially described by Mertens (1955) as a subspecies of the Sicilian wall lizard, Lacerta
wagleriana antoninoi, P. raffonei was recognized as its own species in 1994 by Capula follow-
ing allozymic analyses. Podarcis raffonei subspecies are morphologically distinct and the
Vulcano population is characterized by a smaller size with a mean SVL of 54.8-68.4 mm,
and with a brownish dorsal coloration with a more or less pronounced black reticulation
and whole, well-defined dorso-lateral light streaks. Some individuals show an orange-red
underside or black spots on the throat or both (Figure 1) [18].

Podarcis raffonei individuals (n = 46) were collected in May 2017, at the Capo Grosso area
in the island of Vulcano (Sicily; 38°25'6.98" N, 14°56'32.80" E) for an ex situ conservation
project headed by the Department of Sciences, Roma Tre University and the Fondazione
Bioparco di Roma. Potentially hybrid individuals, portraying a greenish dorsal coloration,
were excluded, and only the lizards with a brown P. raffonei phenotype were selected.
After capture, the individuals were transported to the facilities of the Reptile House at
the Bioparco in refrigerated containers. At the Bioparco, tissue samples were taken for
the genetic characterization of the collected lizards, and later confirmed the purity of
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the individuals included in this study [24]. Capture, captive keeping, and authorization
to perform studies were given by the Ministry of the Environment and the Protection
of the Territory and the Sea (note 0008937; 2 May 2017). Sex was determined by the
presence/absence of active femoral pores (present in males) and by the width and shape
of the head (larger in males) [25]. All lizards were adults, and their body size (snout-vent
length, SVL, to the nearest mm) was measured using a ruler. The individuals were housed
in outdoor enclosures (13.0 x 2.0 x 0.9 h m), with sand as substrate and enriched with
shelters, basking sites and spontaneous vegetation to recreate suitable conditions. The
density was set at five individuals/m?. Along with the invertebrates naturally present
inside the enclosures, the lizards were fed house crickets (Acheta domestica), mealworms
(Tenebrio molitor), and various fruits ad libitum.

Figure 1. Podarcis raffonei from Capo Grosso, in July 2020 (Photo by B. Gambioli).

To quantify lizard coloration, photographs of each individual were taken under stan-
dard conditions following Stevens et al. [26]. The dorsal pattern of the lizards was pho-
tographed using a Panasonic Lumix DMC-LX7 digital camera by placing the individuals
on a white surface with a metric reference inside a white photographic box (Softbox Zectix;
30 x 30 x 30 cm) illuminated with LED lights (LED: 21 Pcs., SMD 2850; color temperature:
5500 K; LED brightness: 350 Im x 2 =700 Im; LED strip dimensions: 19.8 x 1.8 x 0.13 cm).
A picture of a color standard (Spydercheckr™-24 colors) was taken at the beginning of each
session and under the same standard conditions to allow color calibration. The pictures
were taken in RAW format. For 37 lizards, three photographic sessions were carried out in
October 2017, February 2018, and June 2018. Twelve remaining lizards were photographed
again in March 2021 and three more sessions were carried out in March, July, and October
2022 on the eight surviving individuals. In May 2021 and April 2022, ten lizards, five males
and five females each year, were captured, measured, photographed, and immediately
released on the Capo Grosso promontory. The photographs of wild lizards were taken
following the same procedure described for the captive conditions. To account for the effect
of temperature on the hue and luminance of reptile coloration [27,28], the pictures of the
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captive lizards were taken in the internal structure of the Reptile House, where a constant
temperature of 20-22 °C is maintained. To limit the effect of temperature on the wild
lizards, these were kept inside individual cloth bags in the shade before the photographic
session began. The color correction was carried out in Adobe Lightroom CC software and
through the software associated with the color standard (SpyderCheckr 1.6 [29]) by creating
a color correction profile applied to all the images of the session. Final photographs were
exported in 16-bit TIFF format. The color measurements were then extracted in Image J
software 1.54j [30] https:/ /imagej.nih.gov /ij/). The dorsal area was first selected using the
polygon selection tool, and the black spots were excluded using the color threshold tool.
The hue, saturation, and brightness of the selected area (on average 121,000 pixels) were
measured through the HSB stack on Image J. The HSB or HSV (Value) color space, which is
produced from the RGB system through a conversion algorithm [31], is considered a more
intuitive color system where the single components are actual perceptual color features,
with linear or proportional metrics [32]. In the HSV system that can be visualized as an
inverted cone, brightness (V or B) is the vertical dimension where 0, the bottom, is black
and 1 is white; saturation (S) is the horizontal distance from the axis, where the center of
the cone (0 S) is completely gray while the edge (1 S) is completely pigmented or the “pure”
color; hue (H) is the angle of the cone that, from 0° red, passes through yellow, green, cyan,
blue, magenta and back to red at 360° [32] (pp. 202-207).

Evaluation of seasonal color variation in P. raffonei, was performed through different
sets of repeated-measures analyses of variances (-mANOVAs) and General Linear Models
(GLMs) for each color component: hue, saturation, and brightness. The first -mANOVAs
tested 37 individuals’ color shifts between the 2017-2018 seasons. The effect of sex and
its interaction with season (categorical predictors) was also evaluated. The second set
assessed if color expression followed the same pattern in 2017-2018 and 2022 for the
eight surviving lizards. To determine whether variation between years is defined by the
age/ontogeny of the individuals, a further -rmANOVA was applied on each color variable
collected in Spring 2017, 2021, and 2022 on the eight surviving individuals. Finally, through
GLMs, we investigated the effect of captivity (categorical predictor: status = captive or
wild), sex (categorical predictor), size (SVL continuous predictor) and year (categorical
predictor: 2021-2022) on spring color expression. All statistical analyses were run on
Statistica v.12 [33].

3. Results
3.1. Hue

As for the seasonal variations, there is a significant main effect of time on hue values
(season: Fp 79 = 68.02, p < 0.001) with autumn 2017 values being significantly higher than
those in spring and summer 2018 (post hoc Tukey HSD test). While sex alone does not affect
this component of color expression, hue does change differently between the sexes across
time (season*sex: Fy 79 = 10.78, p < 0.001) (Table A1). Males and females only appear to be
significantly different in spring (post hoc Tukey HSD test, p < 0.005) with males showing
higher hue values (Figure 2).

The inter-seasonal comparison between the first period (2017/2018) and 2022 has high-
lighted significant differences across years, seasons, and their interaction (year: F 13 = 255.47,
p < 0.001; season: Fj 15 = 15.39, p < 0.001; year*season: F; 13 = 14.12, p < 0.001, respectively).
In 2022, the hue values have significantly decreased, and while, in 2017, there is a clear
difference between the seasons, in 2022, the hue remains practically unaltered from spring
to autumn (Table A1).

Comparing the hue values in spring of 2017, 2021, and 2022, there is a clear effect of sex
and year (sex: Fy ¢ = 54.62, p < 0.001; year: F 1o = 20.78, p < 0.001) (Table Al). Hue is always
lower in females, and it’s highest in spring 2021. Finally, hue in spring (march-may) does
not differ between captive and wild individuals, nor is it affected by the body size (SVL) or
year (2021-2022) (Figure 3). Sexes show differences, with males having significantly higher
values than females (F; 3p = 13.74, p < 0.001) (Table A1).
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Figure 2. Mean hue values for the 37 lizards measured between autumn 2017 and summer 2018.

Males (full circles) and females (empty squares) are significantly different only in spring 2018. Vertical
bars represent 95% confidence intervals.
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Figure 3. Mean hue for captive and wild P. raffonei in spring 2021 (empty triangles) and spring 2022
(full triangles); the vertical bars represent 95% confidence intervals. Neither status nor the years are
significantly different in their hue values.

3.2. Saturation

Saturation of the lizards” dorsa varies across seasons (F2 79 = 326.00, p < 0.001), while
neither sex nor its interaction with time has an effect (Table A2). The values were signifi-
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cantly different between all seasons (post hoc Tukey HSD test) with the highest levels of
saturation reached in summer 2018 and the lowest in autumn 2017.

The individual comparison between the first period (2017/2018) and 2022 reveals an
effect of the year, the season, and their interaction (year: F; 13 = 17.39, p < 0.001; season:
Fy18 = 19.14, p < 0.001; year*season: F; 13 = 46.69, p < 0.001) (Table A2). While mean
saturation is overall higher in 2022, the main difference between the years is in autumn,
when measurements from 2022 show higher saturation levels (post hoc Tukey HSD test,
p < 0.01): saturation significantly grows from spring to summer of both years, and it grows
still in autumn 2022, with its lowest value in autumn 2017 (Figure 4).
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Figure 4. Mean saturation across the seasons of 2017/18 (empty rhombuses) and 2022 (full triangles);
the vertical bars represent 95% confidence intervals.

Saturation with age showed differences among years, with a peak in 2021 (F; 1, = 212.85,
p < 0.001) with no difference between sexes. The analysis with captive and wild lizards
shows an overall effect of time (year: F; 35 = 40.45, p < 0.001), but no differences between
the two groups of lizards and no effect of sex or body size (Table A2).

3.3. Brightness

In 2017-2018, the brightness significantly varies across seasons (F 79 = 40.47, p < 0.001;
post hoc Tukey HSD test: for all tests p < 0.001). The sex does not affect it, while the
interaction season*sex is significant (F, 79 = 22.56, p < 0.001) (Table A3). Autumn 2017
shows the lowest values, and only in summer is there a significant difference between the
brightness of the males (highest) and that of the females.

The comparison between the individuals’ brightness from the first period (2017/18)
and 2022 does not show an effect of year. Brightness slightly varies among seasons, and
this variation shows a different pattern in the two years (season: F; 13 = 5.11, p = 0.02;
year*season: F, g = 83.45, p < 0.001) (Table A3): in 2017, significantly lighter dorsa in
spring turned dark in summer, while the opposite occurred in 2022, with darker lizards
brightening up in summer; autumn of both years showed intermediate levels of brightness.
(Figure 5).

In spring 2021, the lizards had even darker dorsal colorations than in spring 2022 and
spring 2017 (r-mANOVA; year: F; 1, = 20.14, p < 0.001) (Table A3).
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Brightness differs between years even in wild conditions (F; 3p = 41.58, p < 0.001) but,
in this case, the wild lizards from spring 2021 had significantly darker dorsa than the lizards
in all other conditions (post hoc Tukey HSD; p < 0.001). Sex, size, and status do not affect
this variable (Table A3).
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Figure 5. Mean brightness across the seasons of 2017/18 (empty rhombuses) and 2022 (full triangles);
the vertical bars represent 95% confidence intervals.

4. Discussion

Our main finding demonstrates that, like several of its congeneric species, the Aeolian
wall lizard varies its dorsal pigmentation throughout the seasons (Table 1). Time has a
clear effect on all three color components of the lizards held in captive conditions and
monitored for 12 months (2017-2018). After four years (2022), a seasonal variation still
occurred, but these changes were different between the two periods. Considering the
latter measurements were from individuals five years older, ontogenetic variation in color
pattern could be claimed to be behind the variation process; yet, when considering only
spring, for which measurement was available also in 2021, these changes did not follow
a trend for either hue, saturation, or brightness, and must therefore be driven by other
factors. We studied captive lizards; hence, what we observe could be influenced by the
captive conditions (i.e., different climate and microclimate, food). However, the comparison
between captive and wild populations in springtime did not reveal a difference in coloration
variation patterning. The between-year analyses, including the measurements from the
wild population from Capo Grosso, determined that the yearly variation is not limited
to the captive population, but also occurs in nature (Table 1). As opposed to the other
color variables, mean hue varies significantly between the sexes, with males always having
significantly higher values than females in spring, consistently throughout the years, and
both in captive and in situ lizards (Table 1).
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Table 1. A summary of the factors and interactions () that significantly (p < 0.001) affect the hue,
saturation, and brightness of the lizards” dorsa. Detailed results can be found in Appendix A.

Hue Saturation Brightness
r-mANOVA Season S Season
2017/18 Season X Sex cason Season X Sex
Year Year
r-mANOVA Season Season Season
2017/18-2022
Year x Season Year x Season Year x Season
r-mANOVA Year Y Y
Spring 2017-2021-2022 Sex car ear
GLM v
Spring 2021-2022 Sex Year ear
Captive and Wild Year x Status

Analysis of the Aeolian wall lizards hosted at the Bioparco demonstrates the effect
of time, across both seasons and years, on the dorsal coloration of this species. The
observed strong variation of values between all three years, especially between 2021 and
2022, suggests that dorsal color in P. raffonei is not affected by the age of the individuals
and must hence be determined by different factors. Green dorsal coloration was not
previously described in this population of P. raffonei, while green pigmentation related to
the reproductive season is known in P. waglerianus, P. bocagei [34,35], and the sympatric P.
siculus [20,21], probably leading to the misconception of hybrid prevalence on Capo Grosso.
Color variations have been correlated with seasonal changes in environmental conditions
to favor crypsis [21], and with different strategies between males (communication) and
females (crypsis), with the former growing greener, darker, and more saturated with age
(size) and with a more pronounced seasonal pattern [20]. Perhaps due to the limited
number of captive males analyzed in spring across 2021 and 2022, this effect of size on
dorsal coloration was not highlighted by our analyses, although it seems to be a significant
factor in some Podarcis lizards (P. siculus, P. filfolensis) but not others (P. bocagei) [36,37]. In
our analyses, it appears that females and males only differ in the hue component of color,
partially mirroring what was found in P. siculus, where there is no difference in saturation
between sexes, but there is in hue and brightness [20]. As for females, the dorsal pattern
variation might increase their crypsis, decreasing the probability of being detected and
preyed upon [38].

This study has its limitations, mainly the small number of lizards tested in 2022 and
the fact that only one male was still alive during this year. Nonetheless, the models run with
the different databases, including those with more males than females (2017-2018), produce
the same significant effects within each color component. Also, the findings related to the
comparisons between captive and wild lizards were obtained from measurements gathered
in the spring and cannot be generalized to other seasons. Breeding season color expression
in lizards where color varies across months could be under sexual selection [39]. Indeed,
coloration in the other seasons could be affected by other drivers or constrains. Further
analyses in wild conditions are thus necessary to define the trends of color expression in P.
raffonei across all seasons, and to identify possible drivers of color variation in other phases
of the reproductive cycle of these lizards. A long-term analysis could also investigate what
conditions determine color variation across the years.

5. Conclusions

In 2020, the Capo Grosso population was described as extinct due to the observation of
only P. siculus or hybrid individuals detected on the promontory during a 2019 survey [40].
However, in addition to the fact that the characteristics used to define hybrid individuals
are not at all clear, this statement conclusively does not correspond to the truth, given that
P. raffonei was continuously observed on the promontory from 2015 to 2024 by our research
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group and that very recent genomic analyses [24] confirm that almost all the lizards present
on the Capo Grosso promontory were genetically pure. In 2017 [23], the frequency of
individuals with a “hybrid phenotype”, intermediate between that of the Aeolian wall
lizard and that of the Italian wall lizard, was said to be increasing sharply. This study
reported that, from 2015 to 2017, the percentage of potentially hybrid lizards would have
increased from 3 to 53 percent, thus threatening the genetic purity of the Capo Grosso
population, the last relict population of Vulcano Island. This intermediate phenotype
would be characterized by a particularly green dorsal coloration. During samplings in
May 2021-2024 (unpublished data) on the Capo Grosso promontory, the same frequency
of green individuals (nearly 50%) was found, confirming what was described by Ficetola
et al. [23]. However, the study carried out on lizards maintained in captivity at the Bioparco
in Rome cautions against inferring the presence and possible expansion of Capo Grosso
hybrids on a phenotypic basis alone. The lizards studied all exhibited the typical phenotype
of P. raffonei at the time of capture in May and October 2017, and only later did the green
dorsal coloration emerge (March 2021). Genomic analysis of Aeolian wall lizards from
Capo Grosso has shown that hybridization rates are extremely low (3%) on the promontory;
this analysis included, among others, the individuals that were then translocated to the
Bioparco for captive breeding and analyzed in this study, and none were hybrid [24]. Thus,
this frequency of hybrids in the population is such that we can ascribe the greenish color
variation of most, if not all, specimens to seasonal variation.

Regardless of the drivers of this varying color expression, we must be guarded in
identifying potential hybrids on a phenotypic basis alone.
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Appendix A
Table Al. Repeated-measures ANOVAs and GLMs for analyses on hue.
Repeated-Measures ANOVAs
2017/18
Source Sum of Squares df Mean sq. F Sig.
Intercept 176,069.1 1 176,069.1  4751.502 <0.001
Sex 89.6 1 89.6 2418 0.129
Error 1296.9 35 37.1
Month 1949.6 2 974.8 68.012 <0.001
Month x Sex 309.3 2 154.6 10.789 <0.001
Error 1003.3 70 14.3
2017/18-2022
Source Sum of Squares df Mean sq. F Sig.
Intercept 43,571.68 1 43,571.68  3964.010 <0.001
Season 338.35 2 169.18 15.391 <0.001
Error 197.85 18 11.99
Year 2519.98 1 2519.98 255.474 <0.001
Year x Season 278.57 2 139.28 14.120 <0.001
Error 177.55 18 9.86
Spring 2017-2021-2022
Source Sum of Squares df Mean sq. F Sig.
Intercept 20,331.86 1 20,331.86 921.495 <0.001
Sex 1205.30 1 1205.30 54.627 <0.001
Error 132.38 6 22.06
Year 481.71 2 240.86 20.783 <0.001
Year x Sex 90.33 2 45.17 3.897 0.050
Error 139.07 12 11.59
GLMs
Source Sum of Squares df Mean sq. F Sig.
Intercept 0.11 1 0.11 0.001 0.973
Sex 1257.07 1 1257.07 13.739 <0.001
Status 14.33 1 14.33 0.157 0.695
Year 351.52 1 351.52 3.842 0.059
Size 120.95 1 120.95 1.322 0.259
Error 2927.84 32 91.50
Table A2. Repeated-measures ANOVAs and GLMs for analyses on saturation.
Repeated-Measures ANOVAs
2017/18
Source Sum of Squares df Mean sq. F Sig.
Intercept 131,187.4 1 131,187.4  11,863.48 <0.001
Sex 15.0 1 15.0 1.36 0.252
Error 387.0 35 11.1
Month 7645.0 2 3822.5 326.00 <0.001
Month x Sex 45.1 2 22.6 1.92 0.154
Error 820.8 70 11.7
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Repeated-Measures ANOVAs
2017/18-2022
Source Sum of Squares df Mean sq. F Sig.
Intercept 52012.90 1 52012.90 4439.017 <0.001
Season 448.54 2 224.27 19.140 <0.001
Error 210.91 18 11.72
Year 124.30 1 124.30 17.386 <0.001
Year x Season 667.59 2 333.79 46.686 <0.001
Error 128.70 18 7.15
Spring 2017-2022
Source Sum of Squares df Mean sq. F Sig.
Intercept 14,422.90 1 131,187.4 1483.638 <0.001
Sex 14.42 1 14.42 1.484 0.269
Error 58.33 6 9.72
Year 1682.51 2 841.26 212.850 <0.001
Year x Sex 59.17 2 29.59 7.486 <0.001
Error 47.43 12 3.95
GLMs
Source Sum of Squares df Mean sq. F Sig.
Intercept 379.47 1 379.47 7.785 0.009
Sex 3.24 1 3.24 0.067 0.798
Status 0.77 1 0.77 0.016 0.901
Year 1971.83 1 1971.83 40.453 <0.001
Size 57.73 1 57.73 1.184 0.285
Table A3. Repeated-measures ANOVAs and GLMs for analyses on brightness.
Repeated-Measures ANOVAs
2017/18
Source Sum of Squares df Mean sq. F Sig.
Intercept 111,221.6 1 111,221.6 6964.543 <0.001
Sex 0.3 1 0.3 0.018 0.893
Error 558.9 35 16.0
Month 489.7 2 244.8 40.466 <0.001
Month x Sex 273.1 2 136.5 22.568 <0.001
Error 4235 70 6.1
2017/18-2022
Source Sum of Squares df Mean sq. F Sig.
Intercept 41,981.66 1 41,981.66 6556.818 <0.001
Season 65.46 2 32.73 5.112 0.017
Error 115.25 18 6.40
Year 1.16 1 1.16 0.416 0.527
Year x Season 466.46 2 233.23 83.452 <0.001
Error 50.31 18 2.79
Spring 2017-2022
Source Sum of Squares df Mean sq. F Sig.
Intercept 8994.485 1 8994.48 916.091 <0.001
Sex 2.583 1 2.58 0.263 0.626
Error 58.910 6 9.82
Year 241.144 2 120.57 20.136 <0.001
Year x Sex 2.569 2 1.28 0.215 0.810
Error 71.856 12 5.99
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Table A3. Cont.

Repeated-Measures ANOVAs

GLMs

Source Sum of Squares df Mean sq. F Sig.
Intercept 129.11 1 129.11 6.486 0.016

Sex 13.26 1 13.26 0.666 0.421
Status 75.40 1 75.40 3.787 0.060
Year 827.87 1 827.87 41.587 <0.001
Year x Status 410.65 1 410.65 20.629 <0.001
Size 28.52 1 28.52 1.433 0.240
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