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Abstract. In Cocullo, a small village in central Italy, the traditional religious rite of San Domenico involves the annual
capture and temporary exhibition of wild non-venomous snakes, primarily Elaphe quatuorlineata, Zamenis longissi-
mus, and Hierophis viridiflavus. In 2010 a citizen science project was launched to monitor the captured snakes and
evaluate the sustainability of this practice and its potential conservation threats. Over 15 years, data on 1,505 indi-
vidual snakes have been collected. This project also included PIT-tagging, improvements in temporary housing con-
ditions, regular clinical checks and the release of the snakes at their original capture sites. The monitoring results
suggest that based on the collected data, current practices are sustainable and underline the importance of continued
survelliance. However, the need for comparative field studies has emerged. This study shows how local cultural tradi-
tions can be integrated with evidence-based conservation and long-term monitoring, providing a replicable model for
managing human-wildlife interactions involving reptiles.

Keywords. Human-wildlife interaction, snake conservation, citizen science, Elaphe quatuorlineata, Hierophis viridi-

flavus, Zamenis longissimus.

INTRODUCTION

An ancient traditional religious rite, performed annu-
ally in the small mountainous village of Cocullo in Abru-
zzo, central Italy, involves the capture and temporary
housing of local non-venomous snake species. Every year,
on the first of May, this well-known religious rite (the
Catholic cult of San Domenico, who lived in the area
in the 11th century) attracts worldwide attention, draws
thousands of visitors, including researchers, and inter-
national media (see for example Martinelli and Zavoli,
2023; Martinelli, 2024; Hall, 2025).

Dating back at least four centuries ago, this rite
combines cultural, religious, and anthropological aspects
(see, for example, Harrison, 1907; Haland, 2011) with
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important snake conservation implications. Indeed, the
central figures are snakes, and the local snake catchers,
known as Serpari. The ceremony has mostly remained
unchanged for centuries. However, until the early 1900s
it is reported that snakes were often killed at the end of
the rite or sold (Harrison, 1907). In contrast, over the
past decades, the local community has shown increased
respect and protection towards snakes (Savoretti, 2016;
Pellegrini et al., 2017; Zenoni, 2019), which is some-
thing unique in Italy, where snakes are generally among
the most ‘unpopular’ animals and often persecuted and
killed (Di Nicola et al., 2021).

Serpari are not professional herpetologists, but local
inhabitants who preserve the tradition of snake-catch-
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ing in the weeks before the event (i.e., in the time span
between March 19 and April 30).

The snake search by Serpari is carried out close to
the Cocullo municipality. Snakes are captured either by
hand or using a stick.

Various Colubridae species are used during the cel-
ebration. The main target species appears to be Elaphe
quatuorlineata (Lacépede, 1789) one of the largest and
most vulnerable snake species in central Mediterranean
Italy (Filippi, 2003; Filippi et al., 2005; Filippi and Luisel-
li, 2006; Corti et al., 2011), as it is traditionally the only
one destined to be placed on top on the statue of San
Domenico (Bruno and Maugeri, 1990; Filippi and Lui-
selli, 2003; Pellegrini et al., 2017).

Other species, such as Zamenis longissimus (Lau-
renti, 1768) and Hierophis viridiflavus (Lacépede, 1789),
both widespread throughout Italy (Filippi and Luiselli,
2000; Luiselli and Filippi, 2006; Corti et al., 2011) are
also caught by Serpari to be shown during the rite of
San Domenico. These three species are protected under
the EU Directive habitats 92/43/CEE and by national
law no. 357/1997. Since 2009, the Italian Ministry of
the Environment, with the favorable opinion of the Ital-
ian Institute for Environmental Protection and Research
(ISPRA), the Societas Herpetologica Italica (SHI) and
Roma Tre University has authorized the capture and tem-
porary possession of snakes on a three-year basis.

The first authorization required that the monitoring
of the captured snakes included the collection of the fol-
lowing data: species, individual markings, and the names
of Serpari. At the end of the ritual, the snakes must be
released at their original point of capture.

Since 2010, we have carried out a citizen science
project, with the support of the local administration,
and the fundamental help of Serpari. This citizen sci-
ence project has gone beyond the requested monitoring
of snakes by collecting biometric parameters, assessing
the health status of the snakes and improving housing
conditions of snakes, as well as evaluating the sustain-
ability of the number of snakes captured over the years.
We have improved the temporary housing conditions
of snakes by purchasing and distributing 22 profession-
al terrariums to Serpari. We have provided them with
detailed husbandry guidelines (i.e., regular disinfection
of the terrarium, accessories such as hiding places and
water bowls, differentiation between hot and cold are-
as). Before 2010, snakes were mainly kept in makeshift
containers made of wood or plastic, often lacking the
minimum welfare standards required for proper reptile
housing.

The project has also involved promotional and scien-
tific outreach activities: setting up a museum space, pub-
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lic meetings (e.g., various editions of the Herpethon by
SHI since 2017), and the publication of outreach articles.

Summarizing, this study provides: i) monitoring data
of the snakes (number of individuals captured and bio-
metric parameters) collected since 2010, ii) an overview
of Serpari community, iii) trends in capture numbers and
morphometric parameters to indirectly assess the impact
of the conservation measures implemented.

MATERIALS AND METHODS

All snakes captured by Serpari were monitored 2-3
days before May 1st. Data were collected between 2010
and 2024, resulting in a total sample of 1,505 snakes. For
each snake the following information were recorded:
species, sex, age class (juvenile, sub-adult, adult), biom-
etric measurements (weight, snout-vent length, and tail
length), and the specific capture location (since 2010,
Serpari have recorded GPS coordinates of snake’s capture
locations).

Most snakes (n = 1,204) were implanted subcutane-
ously with a Passive Integrated Transponder (PIT tag) -
a small injectable microchip containing a unique alpha-
numeric code readable by a scanner. Physical examina-
tion followed, and bacteriological swabs were collected
for laboratory analysis. From 2010 to 2012, samples
were processed by the Istituto Zooprofilattico Sperimen-
tale (IZS) of Lazio and Toscana, while in 2013, analyses
were conducted by the IZS of Abruzzo and Molise (e.g.,
Filippi et al., 2010). When necessary, veterinary staff
administered appropriate treatments, including disinfec-
tion, wound care, hydration, antibiotics, and ectoparasite
(e.g., mite) removal. After the event, or within few days,
each snake was released at the same site by the Serparo
who captured it.

To indirectly evaluate the impact of conservation
measures, we have adopted methodologies similar to
those used in studies of harvested snakes for the leather
industry (Natusch et al., 2016; Natusch et al., 2019; Arida
et al., 2024).

Statistical tests (univariate descriptive statistics, %
test, one-way independent ANOVA several-sample test,
Pearson’s correlation coefficient) were calculated with
Past 4.09 (Hammer et al., 2001). Statistical significance
was accepted at P < 0.05.

RESULTS

From 2010 to 2024, a total of 1,505 snakes (includ-
ing adults, subadults, and juveniles and recaptures) were
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Fig. 1. Total check, oral and cloacal swabs, blood samples taken, and microchips inserted in the three most frequently caught snake species
in Cocullo: E. quatuorlineata (Eq - black), H. viridiflavus (Hv- dark grey ), Z. longissimus (ZI - light grey).

brought to us by the Serpari (note that in 2020 and 2021 the
ritual did not take place due to the Covid-19 pandemic).

A summary of snakes” health assessments, including
physical examination, controls, oral and cloacal swabs,
blood sampling, and microchips implantation, is provided
in Fig. 1. Detailed results of clinical and laboratory analy-
ses have been presented in other studies (e.g., Marini et
al., 2023; Mendoza-Roldan et al., 2024; Ugochukwu et al.,
2024; Alves et al., 2025; Fagundes-Moreira et al., 2025).

The snakes captured by Serpari were primarily Elaphe
quatuorlineata (n = 1,011), with smaller numbers of Hier-
ophis viridiflavus (n = 279) and Zamenis longissimus (n =
198). Other less captured species included, Natrix helveti-
ca (Lacépede, 1789) (n = 10), Coronella austriaca Lauren-
ti, 1768 (n = 5), and Coronella girondica (Daudin, 1803)
(n = 2). Although Vipera aspis (Linnaeus, 1758) is syn-
topic, it is not permitted to capture it due to its venom-
ous nature. Compared to the regional potentiality, Coc-
ullo and the neighboring villages hosted 7 of 9 species (Di
Tizio et al., 2024); only Vipera ursinii (Bonaparte, 1835)
and Natrix tessellata (Laurenti, 1768) are absent.

The total number of individuals captured annually
ranged from 90 to 186 (x = 115.77 £ 23.77) varied signifi-
cantly among years (x’= 58.58, df = 12, P < 0.001).

Average morphometric data (snout-vent length -

SVL, tail length and body weight) per year of the three
most abundant species (E. quatuorlineata, H. viridiflavus
and Z. longissimus) are reported in Table 1, 2, 3. Low
number of C. austriaca, C. girondica and N. helvetica did
not allow a statistical analysis.

The number of Serpari ranged from 19 to 35 (x =
24.5 t 6.4) though this variation was not statistically
significant (* = 20.13, df = 12, P = 0.07) (Fig. 2). The
Serpari were mostly men, they ranged from 17 to 29 (x
=21.3 + 3.8), but there were also women (x = 3.2 + 3.2)
that ranged from 0 to 9. The number of Serpari was posi-
tively correlated with the number of snakes captured (r
an = 0.67,P < 005)

The annual capture numbers of E. quatuorlineata
ranged from 60 to 93 (x = 77.77 + 10.78) and did not
vary significantly over the study period (x> = 17.93, df =
12, P = 0.12), unlike the number of the other two most
frequently captured species, H. viridiflavus (range = 8-63,
x = 21.46 * 15.09, x> = 47.89, df = 12, P > 0.001) and Z.
longissimus (range = 7-26, x = 15.23 + 5.96, i = 27.99, df
=12, P = 0.006). The captured numbers of E. quatuorline-
ata and the combined total of H. viridiflavus and Z. long-
issimus were negatively correlated (r (4, = -0.34, P > 0.05).

No significant trends were observed in the average
number of snake captures per Serparo across years for the
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Table 1. Morphometric adult males and females data (n = sample size) of E. quatuorlineata: values of snout-to-vent length (SVL), tail
length (TL) and body weight report mean + SD per year. Sample size (n) that differ from the reference column are highlighted with aster-
isks (*) and listed at the bottom of the table.

SVL Tail Weight Females SVL Tail Weight
Year Males (n)
cm) (cm) (gr) (n) (cm) (cm) (gr)
2010 36 129.01+9.23 30.44+2.60 758.17£168.40 17 134.44+10.70 25.65+£3.95 719.65+188.24
2011 43 123.74+11.66 30.47+3.80 692.44+192.74* 18 127.28+14.41 26.19+2.64 704.78+263.93
2012 47 124.57+11.19 30.14+3.06 748.17+£185.08 23 127.43+17.60 24.08+6.17 757.39+242.67
2013 41 123.32+10.61 29.17£3.18 738.96+214.88 24 127.54£12.07  27.15%£3.18"** 699.47+218.01***
2014 38 121.63+8.25 29.32+5.43 725.92+176.56 32 126.78+15.07 25.11+5.16 738.44+229.90
2015 43 125.84+9.25 29.89+4.07 777.02£176.01 26 130.44+8.57 26.67+4.61 772.23+169.56
2016 48 127.96+9.41 29.48+4.72 773.94+194.11 25 133.16+10.83 25.92+3.01 771.44+202.28
2017 64 126.48+10.02 29.91£3.50 736.68+211.68** 19 134.50+8.67 24.50+£5.32  722.00+181.48
2018 52 126.93+11.60 30.27+4.11 690.12+210.13 26 135.63+10.38 25.12+4.74 711.08+197.18
2019 52 126.38+10.39 30.16+4.14 715.37£191.35%* 23 134.22+10.82 25.80£3.50 708.17+£187.10
2022 40 126.65+9.44 29.61+4.66 747.68+202.56 23 131.07+12.80 26.17£5.10 771.96%230.03
2023 44 126.93+14.26 29.83+4.78 705.80+269.06 19 134.58+10.36 27.00+£3.64 728.11+148.02
2024 60 128.23+13.37 30.28+4.10 731.98+227.77 29 131.62+12.16 26.6614.37 643.80+228.11****
*n =41 0 =23 *oen = 23
—t oetin _0g

Table 2. Morphometric adult males and females data (n = sample size) of H. viridiflavus: values of snout-to-vent length (SVL), tail length
(TL) and body weight report mean + SD per year. Sample size (n) that differ from the reference column are highlighted with asterisks (*)
and listed at the bottom of the table.

Year Males SVL Tail Weight Females SVL Tail Weight
2010 8 87.5+£12.30 28.81+8.61 178.00+83.31* 3 87.3314.62 28.6710.58 166+21.63
2011 7 88.79+4.69 31.5+£1.04 199.43+44.30 5 84.50£8.72 26.00+3.52 198+89.25
2012 8 97.69+6.42 32.50+7.22 389.88+76.21 2 93.50+0.71 31.50£2.12 344+166.88
2013 9 94.78+8.21 27.44%6.26 243.78+76.06 2 94.50+2.12 30.00£1.14 188+5.66
2014 17 89.76£11.26 30.88+3.43 259.88+93.61 2 68.50+3.54 21.00£0.00 72.00£0.00
2015 10 94.60+5.42 29.65%5.86 320.80+£52.02 1 84.00 29.50 132.00
2016 7 92.00£5.71 31.71+1.22 236.57+69.62 - - - -

2017 11 91.2349.16 31.13+3.52 226.731£67.89 1 84.00 27.00 122.00
2018 18 90.53%8.67 30.67+4.44 216.59+73.17** 3 87.0014.58 26.50+4.27 136.67£30.62
2019 20 92.53+5.83 29.90+6.46 269.20+£62.78 8 89.50+4.81 27.75+2.48 198.86+57.62*
2022 21 89.45+£11.06 30.90£4.69 213.73+£92.90 13 89.12+8.32 28.85+2.48 190.75£68.45
2023 21 92.95+8.90 30.71+£5.88 228.95+£70.68 5 79.00+£7.97 26.60+2.61 120.80+48.90
2024 38 90.6619.72 31.01+4.81 218.00+£75.00 23 83.87£8.61 26.85+4.74 140.83+43.43
*n=7 *n=7
*n=17

three main species: the average number of E. quatuorline-
ata, H. viridiflavus, and Z. longissimus caught per Serparo
each year did not differ significantly (Fj,,05 = 1.24, P =
0.26; Fyy 005 = 119, P = 0.28; Fy; 505 = 1.82, P = 0.05). Cap-
ture trends are shown in Figure 3. A post-hoc power analy-
sis, performed by G*Power (Faul et al., 2007), achieved
sufficient statistical power (0.99 for the three species) to

support the conclusion that average capture numbers of
E. quatuorlineata, H. viridiflavus, and Z. longissimus cap-
tured per Serparo remained stable over time.

There were also no significant differences in the SVL
mean between the years, including repeated snake cap-
tures, of E. quatuorlineata males (F ;505 = 1.59, P = 0.09),
females (F ;5 = 1.67, P = 0.07), or in males of H. vir-
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Table 3. Morphometric adult males and females data (n = sample size) of Z. longissimus: values of snout-to-vent length (SVL), tail length
(TL) and body weight report mean + SD per year. Sample size (n) that differ from the reference column are highlighted with asterisks (*)
and listed at the bottom of the table.

Year Males SVL Tail Weight Females SVL Tail Weight
2010 12 98.54+21.49 21.00+5.31 260.00+£156.37 7 84.57+8.81 18.21+2.55 163.43+54.69
2011 5 88.00+11.25 20.90+3.05 178.40+75.86 4 82.75+8.18 17.88+2.02 184.50+38.79
2012 7 96.79+11.46 23.64+3.47 282.29+99.30 2 79.00£16.97 12.00£0.00 212.00+84.85
2013 11 95.10£13.13 22.68+4.29 228.00+64.63 11 85.00+£9.33 18.64+5.45 170.36+£50.17
2014 9 95.72+11.23 22.56+3.57 248.00+94.87 5 86.50+4.56 19.10£1.85 188.40+44.71
2015 4 96.50+12.66 22.38+1.25 260.50+£202.76 3 84.67+5.51 20.33+0.58 198.67+23.35
2016 8 105.86+14.13 23.00+4.87 324.50+131.39 7 83.86+12.06 17.58+2.11***  220.00+186.23
2017 1 140.00£0.00 32.50+0.00 972.00+£0.00 5 91.00£11.20 18.50%6.06 210.00+68.69
2018 10 106.45+6.86 22.45+5.00 272.60+£62.40 6 90.42+4.59 18.83+2.99 171.67+£31.17
2019 5 102.80+8.50 24.00+2.35 272.00+£94.45 8 88.63+4.73 17.63+3.65 191.50+49.13
2022 5 94.70+£10.29 21.80+5.07 220.50+£56.25* 1 96.00+£0.00 21.00+0.00 228.00+0.00
2023 11 89.00£10.77 21.73+4.58 146.72+£57.56 3 80.00£1.00 17.00£1.00 101.33£3.06
2024 17 96.26+£25.11 28.65+£21.30 221.06+£134+66** 9 90.67£8.29 16.55+4.44 171.11£69.47

*n=4 =6
**n=16
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Fig. 2. Number of Serpari per year and trend line.

idiflavus (F 5,5, = 1.59, P = 0.50), or Z. longissimus males ~ was observed in the SVL of female H. viridiflavus (Fy 54 =
(Fi19; = 1.50, P = 0.14). However, a significant difference  2.76, P = 0.01).
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Fig. 3. Total of captures per year and trend of three most frequently caught snake species in Cocullo: E. quatuorlineata (Eq - black), H. vir-

idiflavus (Hv- dark grey ), Z. longissimus (Z1 - light grey).

Table 4. Maximum total length (Tl), snout-to-vent length (SVL),
tail length, body weight, and year of capture of the three most
abundant species: E. quatuorlineata (Eq), H. viridiflavus (Hv) and
Z. longissimus (Z1).

Species  Sex SVL Tail Tl Weight Year
(cm) — (em)  (em)  (gr)

Eq M 154.0 37.0 191.0 1156 2015
Eq F 159.0 31.0 190.0 1064 2023
Zl M 140.0 32.5 172.5 972 2017
Zl F 106.0 22.0 128.0 288 2017
Hy M 108.0 38.5 146.5 334 2022
Hv F 105.0 25.0 130.0 368 2023

A o test on pooled data showed that sex ratio was
similar between years for captured adult E. quatuorline-
ata (x* = 10.85, df = 12, P = 0.54), H. viridiflavus ()¢ =
19.75, df = 12, P = 0.07) and Z. longissimus (x* = 112.79,
df = 12, P = 0.38).

During the study period, no adverse effects were
recorded from microchip implantation, even in individuals
recaptured multiple times. For example, a male of E. quat-
uorlineata was captured for the first time in 2011 (SVL:
118,0 cm; tail: 31,0 cm; weight 678 g) and recaptured
with increased measurements in 2014 (SVL: 123,5 cm;
tail: 31,0 cm; weight 750 g), in 2016 (SVL: 128,0 cm; tail:

32,0 cm; weight 846 g) and 2023 (SVL: 143,0 cm; tail: 36,0
cm; weight 948 g) indicating healthy development and no
adverse impact from tagging. A female of E. quatuorline-
ata was captured for the first time in 2013 (SVL: 125,0 cm;
tail: 28,0 cm; weight 594 g) and recaptured in 2014 (SVL:
135,5 cm; tail: 28,0 cm; weight 896 g) and 2022 (SVL:
140,0 cm; tail: 29,0 cm; weight 1240 g).

The maximum lengths observed in our study are pre-
sented in Table 4.

DISCUSSION

This long-term citizen science project generated a sub-
stantial dataset and our data confirmed known morpho-
metric patterns. In E. quatuorlineata, females were on aver-
age longer than males, supporting the presence of reversed
sexual size dimorphism (RSD) in this species (see Rugi-
ero and Luiselli, 1996; Capizzi and Luiselli, 1997; Filippi
et al., 2005). Males had longer tail on average, while adult
males and females exhibited comparable body weights. In
H. viridiflavus and Z. longissimus males attained on aver-
age larger sizes and longer tails (see Scali and Montonati,
2000) and weight. Maximum length (record observed in
Italy and published) was observed in Elaphe quatuorline-
ata and Zamenis longissimus (Corti et al, 2011).
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We provided the first quantitative characterization
of annual snake captures during this traditional ritual.
Our results confirmed that the target species of Serpari
is E. quatuorlineata, as qualitatively observed in the past
(Filippi and Luiselli, 2003; Pellegrini et al 2017) with
lower numbers of H. viridiflavus and Z. longissimus
also being captured. This is likely due to the attractive
appearance, larger size, and docile nature of E. quatuor-
lineata. Whereas H. viridiflavus and Z. longissimus and
rarer species such as N. helvetica, C. austriaca, and C.
girondica are typically captured as supplementary spe-
cies when fewer E. quatuorlineata are caught by Serpari.
This selective capture may introduce sampling biases,
potentially misrepresenting the true composition and
structure of the local snake community. For instance,
Elaphe quatuorlineata is not recognized as the domi-
nant species in other areas of central Italy (Filippi, 2003;
Filippi and Luiselli, 2001, 2006; Luiselli and Filippi,
2006). Nonetheless, it remains possible that centuries of
selective handling have influenced the current structure
of the local snake populations.

Moreover, this study enabled a preliminary assess-
ment of capture trends and morphometric stability over
time: over this 15-year-old study, based on our results,
the average number captured per Serparo of E. quatuor-
lineata, H. viridiflavus, and Z. longissimus and their mor-
phometric parameters have remained stable. Our results
confirmed the reliability and safety of microchip tagging
for individual identification in wild colubrids (see Tag-
gart et al., 2021).

Overall, the collected data can indirectly support
the conclusion that the activities of capture, temporary
detention, and release are currently sustainable for the
local snake populations.

It is highly likely that accompanying conservation
efforts — such as continuous health monitoring under a
One-Health approach and improved temporary housing
- have contributed to ensuring the sustainability of the
practice (see Mendoza-Roldan et al., 2024; Ugochukwu
et al., 2024; F Alves et al., 2025; agundes-Moreira et al.
2025). However, ongoing monitoring remains essential,
both to detect potential issues and to guide future conser-
vation or mitigation actions related to the rite and broader
environmental changes. In this regard, it will be neces-
sary to combine the current monitoring with standardized
field studies, both to observe the emergence of any critical
issues, to quantitatively assess the local snake community
and to appropriate and/or eventual conservation and/
or mitigation actions related to Serpari activities and/or
related to the environment (see for example, Filippi and
Luiselli, 2002; Edgar et al., 2010; Lelievre et al., 2010;
Akresh et al., 2017; Filippi, 2019; Assmann, 2013).

171

In conclusion, the monitoring of snakes captured by
the Serpari of Cocullo represents a unique convergence
of traditional cultural practice, citizen science activities
and scientific conservation effort. This case study offers a
rare opportunity to assess species status and health under
a One-Health framework, while promoting public aware-
ness through citizen science and outreach. Continued
research and engagement will be essential to maintain
this balance and ensure the long-term well-being of both
local wildlife and the human communities involved.
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