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Use of visible fluorescent elastomer to monitor Chironius
flavolineatus (Serpentes: Colubridae) in the Atlantic Forest

Studies of monitoring animal populations using capture-mark-recapture require reliable methods of marking, mainly to obtain data on both population size and
growth, as well as on individual movement and displacement in the long term. From May 2019 to April 2021, we marked 111 individuals of Chironius flavolineatus
from a population found in the Atlantic Forest of Northeast Brazil. The markings were made using four colours of the visible implant elastomer (VIE), obtaining a
total of 40 recaptures that varied from three days to 696 days after the marking and release. We analysed the efficiency and persistence of the coloured polymers,
and our findings indicate that the use of VIE is an effective method for marking arboreal snakes in both short- and long-term studies. All the colours worked
successfully; however, the green-coloured polymer needs to be used with caution in long-term studies. Because of the consistency in the recapture of the snakes
and the long period of recapture recorded during the research, the use of the visible implant fluorescent elastomer is recommended for future studies on the
ecology of snake populations.
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Uso de elastomero fluorescente visivel para monitorar Chironius
flavolineatus (Serpentes: Colubridae) na Mata Atléntica

Estudos de monitoramento de populages animais por captura-marcagdo-recaptura requerem métodos confidveis de marcagdo, principalmente para obter dados
sobre tamanho e crescimento populacional, bem como sobre movimentagdo e deslocamento individual a longo prazo. De maio de 2019 a abril de 2021, marcamos
111 individuos de Chironius flavolineatus de uma populagdo encontrada na Mata Atlantica do Nordeste do Brasil. As marcagdes foram feitas utilizando quatro
cores do implante visivel de elastdmero (VIE), obtendo-se um total de 40 recapturas que variaram de trés dias a 696 dias apds a marcagdo e liberagdo. Analisamos
a eficiéncia e persisténcia dos polimeros coloridos e nossos achados indicam que o uso de VIE é um método eficaz para marcagdo de cobras arbdéreas em estudos
de curto e longo prazo. Todas as cores funcionaram com sucesso; no entanto, o polimero de cor verde precisa ser usado com cautela em estudos de longo prazo.
Devido a consisténcia na recaptura das serpentes e ao longo periodo de recaptura registrado durante a pesquisa, o uso do elastdmero fluorescente de implante
visivel é recomendado para futuros estudos sobre a ecologia de populagdes de serpentes.

Palavras-chave: Ecologia de Populagdo; técnica de marcagdo; polimero; serpentes neotropicais.
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INTRODUCTION

Reliable marking techniques are of Major importance for the development of population ecology
studies to estimate parameters such as population size, density, demographics, home range or behaviours
(WALSH et al., 2004). These methods need to meet the following criteria: the markings should remain visible
for the entire duration of the study, the marking techniques should not influence the animal habits, they
should cause as little stress as possible, and they should be easy to observe and to be applied to different
sizes of the animal (OTIS et al., 1978). The methodological techniques for capture-mark-recapture (CMR)
make it possible to individualise each specimen of the studied population, allowing the monitoring of
individuals over a long-term period, and providing information on population growth and longevity (BENTES
et al., 2017). Different techniques have been used to mark and recapture snakes, such as clipping of ventral
and subcaudal scales (BROWN et al., 1976), radiotelemetry and passive integrated transponder (PIT) tags
(MACGREGOR et al., 2001), scale cauterisation markings (WINNE et al., 2006), identification of natural
markings, such as pigmentation pattern and scalation configuration (SAZIMA, et al., 1988), and visible implant
elastomers (HUTCHENS et al., 2008).

The use of visible implant elastomer (VIE) as a marking technique has been used in studies on the
population ecology of diverse vertebrates, such as fishes (LEAL et al., 2012), amphibians (BAILEY et al., 2004),
and lizards (FREITAS et al., 2013). VIE is a coloured polymer in liquid form that can cure a flexible solid with
the addition of a curing agent. Once the polymer and curing agent are mixed, it can be injected
subcutaneously, in different places of the animal body, using a small-bore needle. VIE forms a non-toxic mark
that can be detected using a UV flashlight. VIE has been successfully tested, presents good retention, and
does not interfere with the survival rate or behaviour of the marked species (FITZGERALD et al., 2004).
Regarding snakes, few studies have used VIE for population monitoring, and some questions remain
unanswered, such as whether the body growth rates influence the position and persistence of the polymer,

and if all colours of the polymer have the same effectiveness in long-term studies.

REPORT

Here, we evaluated the use of a visible implant fluorescent elastomer to monitor a population of
Boettger's Sipo Chironius flavolineatus Jan 1863 in the Atlantic Forest of Northeast Brazil. Chironius
flavolineatus (Colubridae) is a moderate-sized species (maximum length, approximately 1.2 m), with arboreal
habits and diurnal activity. It has been observed resting on vegetation at night, at heights ranging from 1 m
to > 8 m. Chironius flavolineatus is a harmless snake that feeds on amphibians (PINTO et al., 2008). Its litter
can range from three to eight eggs (PINTO et al., 2010). It is widely distributed in Brazil, occurring in the
Atlantic Forest, Cerrado, Caatinga, Pantanal, and Amazon Forest (NOGUEIRA et al., 2019).

The study was conducted between May 2019 and April 2021 (during the period from April to
September 2019, all fieldwork was cancelled due to the pandemic of coronavirus disease 2019 — COVID-19).

The survey was carried out on a forest patch (-6.849779S; -34.9281°W; WGS 84; 31 m elev.), Rio Tinto

Nature and Conservation Page |54
v.15-n.4 * Seta Nov 2022



Uso de elastémero fluorescente visivel para monitorar Chironius flavolineatus (Serpentes: Colubridae) na Mata Atldntica
AMARAL, J. M. S.; BARBOSA, V. N.; FRANCA, F. G. R..

municipality, Paraiba State, Northeast Brazil. The snakes were found during active searches between 1900
and 0200 hours and were captured by hand.

A total of 111 individuals were marked with VIE (Northwest Marine Technology Inc., Shaw Island,
WA, USA) in four colours: red, green, orange, and yellow. Each specimen was marked by injecting the polymer
subcutaneously, between the ventral scales, and between subcaudal scales. In the ventral scales, the
markings were made at intervals of five in five scales. The first captured snake was marked between the first
and second scales after the precloacal scale, the second individual was marked between the fifth and sixth
scales, the third between 10th and 11th scales, and so on. The subcaudal scales were marked from the second
scale after the cloaca until the end of the tail, without intervals. Each specimen of Chironius flavolineatus was
marked with a unique combination of markings on the ventral scales along with the marking on the subcaudal
scales (FIGURE 1-B). We also partially cut the ventral scales to facilitate the injection of the polymer and
visualisation of the marks (FIGURE. 1-C) (BARBOSA et al., 2020). These cuts are temporary, and the scales

grow back after a few ecdyses.

Figure 1: The use of visible implant fluorescent elastomer in Boettger's Sipo Chironius flavolineatus. (a) An adult
Chironius flavolineatus in Atlantic Forest; (b) Schematic drawing of the marking methodology in ventral and subcaudal
snake scales; (c) Highlight for the partial clipping of the ventral scale and the example of residual mark with green-
coloured visible implant elastomer (VIE) under UV-B light, 106 days after capture and release; (d) Mark with red-
coloured VIE under UV-B light, 696 days after capture and release, showing also the total growth of the ventral scale.

For each specimen, we recorded biometric data using a digital calliper (snout-vent length, tail length,
head length, head width, head height, body width, and body height), mass with a pesola scale, and sex. Each
mark was verified using UV-B light before the specimens were released into the wild. All snakes were released
at the same locations where they were captured. Of the 111 marked specimens, 19 were recaptured once
over the study period, nine specimens were recaptured twice and one (a male n2 44) was recaptured three
times, totalling 40 recaptures (Table 1). Nine recaptured specimens were marked with red polymer (from 37
specimens marked in red), ten with green (from 20), eight with orange (from 39), and two with yellow (from

15). The time intervals between release and recapture varied from three days to 696 days. The specimen n2
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5 had the longest recapture (recaptured after 696 days of being marked and released), followed by snakes

n2 15 (591 days), n2 7 (567 days), and n2 6 (511 days) (Table 1).

Table 1: Data of recaptures of Chironius flavolineatus in Northeast Brazil marked with visible implant elastomer (VIE)
presenting variation in weight (Mass in g) and snout-vent length (SVL in mm). R-Days are the days between capture
and each recapture. Mass i- starting mass; Mass f- last mass; SVL i- starting snout-vent length; SVL f- last snout-vent

length.
individual color Mass i Mass f SVLi SVL f Days
5 Red 69 115 695 720 52
175 750 696
6 Red 29 74 524 631 511
7 Red 47 63 570 612 105
87 709 567
15 Red 61 59 626 637 591
18 Green 11 11 302 302 3
19 Green 130 130 788 788 3
90 788 7
22 Green 63 56 590 650 105
23 Green 30 29 451 451 4
34 501 57
24 Green 6 19 273 404 106
25 Green 13 57 395 636 391
53 656 521
28 Green 90 84 739 775 286
30 Green 15 27 412 495 49
71 680 334
31 Green 34 33 543 570 45
67 610 280
34 Green 23 61 502 614 221
39 Orange 29 69 502 606 285
43 Orange 21 60 405 606 211
44 Orange 74 99 702.5 742 184
95 750 216
91 750 284
45 Orange 70 105 609 722 216
47 Orange 63 66 620 624 32
48 Orange 75 76 665 665 27
50 Orange 59 62 591 602 27
57 602 32
51 Orange 48.5 51 580 590 27
57 Yellow 19 21 435 435 5
28 527 203
58 Yellow 59 60 625 641 73
71 Red 16 27 441.5 529 130
74 Red 56 58 631 644 130
81 Red 76 128 704 713 129
85 Red 61 66 670 675 129
86 Red 61 70 696 696 129
DISCUSSION

We found that the red-coloured VIE remained with good visibility throughout the study, and even in
the specimen recaptured after 696 days, the colour remained visible with the use of UV light (FIGURE 1-D).
This specimen (n2 5) grew up to 73 mm between the capture and recapture, and the polymer remained
visible. Similarly, n2 15, which was recaptured after 591 days, grew up to 43 mm and his red marking migrated
from the 852 scale to the 842 scale, but remained visible. Major et al. (2020) also observed that the markings

with red polymer remained visible in a study with seven individuals of the Aesculapian Snake Zamenis
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longissimus (Laurenti, 1768), a semi-arboreal species that was recaptured at intervals of 306 to 434 days. The
authors reported that most marks remained intact in the same place in the body of the snake; however, one
of these marks stretched dorsolaterally.

The orange-coloured VIE was as efficient as the red-coloured polymer. Eight individuals were
recaptured at intervals ranging from 5 to 285 days and remained completely visible with the aid of UV light.
In one individual (n250), the mark migrated from the 552 scale to the 562 scale. This specimen was recaptured
after 32 days and grew by up to 22 mm. For the others, even the n2 39 that was recaptured after 285 days
and grew by up to 201 mm, the marks remained intact at their initial application site.

On the other hand, marking with green coloured VIE did not present a good long-term efficiency. In
six recaptured snakes n2 23, n2 24, n2 25, n2 28, n? 30, and n? 34, the polymer became quite fragmented and
residual, and even under UV light, it was very difficult to identify the marks (Figure 1-C). For these individuals,
it was necessary to reapply the VIE before they were released.

The yellow coloured VIE was the least used during the research period when compared to the other
colours, presenting two recaptures with intervals of five days and 73 days. However, it seems to be efficient
because of the easy visualisation of the marks in the recaptured specimens. Hutchens et al. (2008) used
yellow VIE in a study with Red Cornsnake Pantherophis guttatus (LINNAEUS, 1766) and found that out of 18

marked individuals, only three markings in the pre-caudal region were lost in intervals from 23 to 310 days.

FINAL CONSIDERATIONS

Our results corroborate those of previous studies that show that the use of VIE (HUTCHENS et al.,
2008) is an effective method for monitoring snake populations, and specifically, in our study, for arboreal
snakes. We were able to recapture snakes after more than 690 days and recognise the markings, indicating
that VIE is maintained for a long time. Despite some differences between the colours of the polymer used
and the possibility of fragmentation or stretching of the markings due to the growth of individuals (MAJOR
et al., 2020), we were still able to easily recognise and identify each marked individual. In this way, VIE can
contribute to future studies on the population ecology of Chironius flavolineatus, on the displacement and

growth of individuals, population size, and birth rate in the Brazilian Atlantic Forest.
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