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ABSTRACT. Introduction: Even though snake declines seem to be a reality in many parts of the world, some
reports are based on anecdotal evidence and there is a need of prolonged and intensive studies, especially in
the tropics, for corroboration. Objective: To investigate if snake populations in Drake Bay are decreasing, and
if there is a relationship with prey, time, temperature, rain and moonlight. Methods: We counted snakes seen
per hour when walking along a single trail in the coastal forest of Drake Bay, Costa Rica. We walked the trail
at night for a total of 842 nights (over 4000 hours of observations), from 2012 through 2017 and recorded all
the individual snakes we could see with head flashlights. We used ANOVA tests to check correlations among
counts per hour with moonlight and rain; and graphic analysis for associations with diet, temperature, month
and year. Results: We recorded 25 species (five families); which feed mostly on terrestrial vertebrates. Counts
per hour have fallen over the years, especially for species that prey on amphibians and reptiles; Mastigodryas
melanolomus has remained in similar numbers; and Siphlophis compressus has not been seen since May 2016.
Temperature is relatively constant along the year in Drake, but month strongly affected the counts, which
increased from August to September. Most species were seen more often in rainy nights (0.11 per hour versus
only 0.03 per hour in nights without rain, ANOVA P < 0.05); we saw less Leptodeira septentrionalis on bright
nights (0.12 per hour, versus 0.21 per hour in dark nights; ANOVA, P = 0.01), but all other species were unaf-
fected by moonlight (ANOVA, P > 0.05). Conclusion: Night field counts of snakes in Drake Bay, Costa Rica,
are not strongly affected by light or temperature, but are lower when there is no rain and show a strong decline
from 2012 through 2017, particularly for species that feed on amphibians and reptiles. We have no reason to
believe that the decline is an erroneous interpretation or that the snakes moved elsewhere, the decline of snakes
in Drake seems to be real and needs attention from the conservation authorities.
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On the one hand, snakes are good ecologi-
cal indicators because they reflect prey fluc-
tuations (Moore et al., 2003; Madsen, Ujvari,
Shine, & Olsson, 2006) and thanks to their long
life span, late sexual maturity, low reproductive
frequency, site fidelity and significant mortality

early in life (Scott & Seigel, 1992; Shetty &
Shine, 2002). On the other hand, assessments
of snake populations are difficult because of
their cryptic lifestyle and sporadic activity
(Gibbons et al., 2000); but despite method-
ological difficulties, in the last 45 years there
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have been population decline reports from
temperate regions, and more recently, from
tropical regions. Outside the tropics, the reports
include Europe (Reading et al., 2010) and
the United States of America (Mount, 1975;
Rudolph & Burgdorf, 1997; Conant & Col-
lins, 1998; Hallam, Wheaton, & Fischer, 1998;
Tuberville, Bodie, Jensen, LaClaire, & Gib-
bons, 2000; Winne, Willson, Todd, Andrews,
& Gibbons, 2007). Accounts from warmer
regions include the extinction of the Round
Island Burrowing Boa, endemic to Mauritius
(Bullock, 1986; Greene, 2000), and popula-
tion decreases of snakes in Nigeria (Reading
et al., 2010) and parts of Australia (Lukoschek,
Beger, Ceccarelli, Richards, & Pratchett, 2013;
Lukoschek, 2018).

Even though snake declines seem to be a
reality in many parts of the world, some reports
are based on anecdotal evidence (Krysko,
2001; Bohm et al., 2013; Urban, 2015); pro-
longed and intensive studies are recommended
to detect actual declines (Kery, 2002; Sewell,
Guillera-Arroita, Griffiths, & Beebee, 2012;
Hileman et al., 2018), but such studies are rare,
especially in the tropics (Bohm et al., 2013;
Urban, 2015).

Here we compare nighttime snake sight-
ings with prey, rain, moonlight and tempera-
ture; along a six year period, in an intensively
sampled tropical coastal rainforest trail.

MATERIALS AND METHODS

We counted snakes seen per hour while
walking at night along a trail (our “transect”),
repeatedly over a six year period (2012-2017),
in lowland tropical rainforest, 12-38 m above
sea level, near the Agujas River (Location and
trail map in Fig. 1, Digital Appendix 1); the
site is in Drake Bay, South Pacific of Costa
Rica (N 08.69420 - 08.69490 & W 083.67421 -
083.67495). All counts and data recording were
made by Stice and Gomez as part of their work
as field guides, while accompanied by small
groups of tourists, who did not participate
directly in the study. Except when necessary

to corroborate identification, we did not touch
the animals.

Snake counts: We walked the trail at night
for a total of 842 nights (over 4000 hours of
field observations), using head flashlights to
count all the snakes that we could see along the
transect without disturbing the vegetation to
look for them; identified species in situ using
the guides by Savage (2002) and Solorzano
(2004); and photographed them for taxonom-
ic corroboration (representative photographs
for all species seen are presented in Digital
Appendix 2). We worked mostly from 1930 to
2200 hours, but a few counts started at 1730
and ended at 2245 hours (full details of sam-
pling hours and dates are presented in Digital
Appendix 2).

Snake diet: Prey type preference was
taken from Savage (2002) and Solérzano
(2004); categories are not mutually exclusive,
and full details are presented in Table 1.

Annual and monthly data for rain and
temperature: Rain and temperature data were
kindly provided by the Instituto Meteorologico
Nacional de Costa Rica from the nearest mete-
orological station at Rancho Quemado, partial-
ly covering the period 2012-2017. The institute
reported that no rain records were available
from January 2012 to July 2012, December
2016 to March 2017 and September 2017 to
December 2017. No temperature records were
available from January 2012 to July 2012 and
from September 2017 to December 2017, so
these periods were not included when calculat-
ing the mean monthly values that appear in Fig.
5 (Digital Appendix 1).

Note: Rancho Quemado, where the meteo-
rological station is located, has an altitude of
240 m above sea level while the survey site in
Drake Bay has an altitude of 12 to 38 m, so we
expected a difference in temperature between
the study site and the meteorological station.
To assess this difference, we made temperature
measurements directly in Drake Bay for seven
months, from February 2017 to August 2017,
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and compared them with Rancho Quemado for
that same time period. We found that average
temperatures in Drake Bay are 2 to 3 °C higher
than temperatures in Rancho Quemado, but
that the trends along the timeline are the same.
We did not have the funds to do this compari-
son in other years, but have no reason to doubt
that the difference existed along the six years
because lower sites are warmer that higher sites
in a predictable value (Salter, Hobbs, Wheeler,
Kostbade, & Trenton, 2005).

Rain: We used both official rain records
by Instituto Meteorologico Nacional de Costa
Rica (i.e. government data), and our own clas-
sification of rain condition during fieldwork as
“No Rain”, “Light Rain” and “Heavy Rain”, to
make a double assessment of possible correla-
tions with snake counts. We applied ANOVA
tests for our classification and visual inspec-
tion for the government data (Full details in
Fig. 5, and in Table 1 and Table 2, Digital
Appendix 1).

Moonlight: Instead of using published
moonlight data, which might not apply under
the forest cover (cloudy skies produce dark
nights even when the moon is full), we record-
ed moonlight conditions on every trip directly
in the trail; we classified nights as “Dark”
(practically no moonlight); “Bright” (good
moonlight allowing us to follow the trail easily)
and “Semibright” (intermediate between Dark
and Bright).

Statistical analyses: In the case of rain
and moonlight, we analyzed “Snakes seen
per hour” independently for each of the most
common species, and pooled data for the rare
species into a single category called “Others”
so that counts were enough for ANOVA tests
(Table 1 and Table 2 in Digital Appendix 1).
We used visual inspection for comparisons
among months and among years (full details
and graphs in Digital Appendix 1, Fig. 2, Fig.
3, Fig. 4, Fig. 5, Fig. 6 and Fig. 7). Raw data
sets are available on Zenodo (DOI: 10.5281/
zen0do.3531953).

RESULTS

Species observed: We recorded a total of
25 snake species along the six years (Table 1),
representing five families: Boidae, Colubridae,
Dipsadidae, Elapidae, and Viperidae.

Effect of prey: Most species at Drake
feed on terrestrial vertebrates (Table 1) and,
over the years, the number of species with each
prey type remained relatively constant (Fig. 2
in Digital Appendix 1). However, the numbers
of individuals seen per hour fell continuously,
from 2012 through 2017, for snake species
that feed on amphibians and reptiles (Fig. 3 in
Digital Appendix 1).

Annual patterns: Our analysis (Fig. 4
in Digital Appendix 1) indicates that, despite
wide oscillations in the number of animals
seen per hour, in recent years, encounters with
Leptodeira septentrionalis, Imantodes cenchoa
and Enuliophis sclateri are less common, M.
melanolomus has remained in similar numbers;
and Siphlophis compressus has not been seen
after April 2016.

Monthly pattern: Visual inspection of
Fig. 5 (Digital Appendix 1) shows a monthly
pattern marked by a stable temperature (H =
59.80, P =0.5), rain falling mostly from Febru-
ary through October (H = 70.07, P = 0.5), and
snake counts increasing from August to Sep-
tember (H=2.14, P=0.5).

Effect of rain: Statistical data for rain
appear in detail in Table 1 and Fig. 6 (Digi-
tal Appendix 1). Encounters per hour with /.
cenchoa were not affected by rain (ANOVA P
> 0.05), but L. septentrionalis was seen more
often in nights without rain (0.20 per hour, ver-
sus only 0.12 per hour in rainy nights; ANOVA
P <0.05). All the other species (pooled) had the
opposite pattern: they were found more often in
rainy nights (0,11 per hour versus only 0,03 per
hour in nights without rain, ANOVA P < 0.05).
The same applies to the abundant E. sclateri:
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TABLE 1
Cumulative checklist of snake species found on the surveyed years and their main prey items according
to the literature (Savage, 2002; Solorzano, 2004)

Prey item
Species Invertebrates Fish Amphibians Reptiles Birds Mammals
Boa imperator - - - X X X
Bothriechis schlegelii - - X X X X
Bothrops asper - - X X X X
Chironius flavopictus - - X - - -
Clelia clelia - - - X X X
Coniophanes fissidens - - X X -
Corallus ruschenbergerii - - - X X X
Dendrophidion percarinatum - - X - - -
Enuliophis sclateri - - - X - -
Hydrophis platurus - X - - - -
Imantodes cenchoa - - X X - -
Leptodeira septentrionalis - - X X - -
Leptophis ahaetulla - - X X X -
Leptophis nebulosus - - X - - -
Mastigodryas melanolomus - - X X X X
Micrurus alleni - - X X - -
Ninia maculata X - - - - -
Oxyrhopus petolarius - - X X - X
Phrynonax poecilonotus - - - - X X
Trimetopon barbouri? - - X X - -
Sibon nebulatus X - - - - -
Siphlophis compressus - - - X - -
Spilotes pullatus - - - X X X
Stenorrhina degenhardtii X - - - - -
Tantilla supracincta X - - - - -

0.04 per hour in rainy nights versus only 0.01
with no rain (ANOVA P < 0.0003).

Effect of moonlight: We saw less L. sep-
tentrionalis on bright nights (0.12 per hour,
versus 0.21 per hour in dark nights; ANOVA,
P =0.01), but all other species were unaffected
(ANOVA, P > 0.05; Table 2 and Fig. 7 in Digi-
tal Appendix 1).

DISCUSSION

We found that most of the studied snakes,
feed primarily on terrestrial vertebrates, and
were less seen as the years passed, this was
especially true for amphibians and reptiles

predators. This could be related with the reduc-
tion in the availability of some, but not of all,
of their prey species, because some frogs,
for example, remained abundant throughout
the study period (Gianfranco Goémez, per-
sonal observation). Specialist snakes are highly
vulnerable to prey decline because they are
less likely to exploit alternative resources in
response to shifting environmental conditions
(Terborgh & Winter, 1980; Gaston, 1994), and,
according to Webb and Shine (1998), snakes
that ambush prey are particularly susceptible
because of their low rate of food acquisition.
The stable temperature of this rainforest
along the year, experiences most of its climatic
variation due to rain falling, mainly from Feb-
ruary through October. Snake counts increasing
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at the end of the rainy season, matches previ-
ous studies with tropical species. Basically,
the rainy season allows the reproduction of
amphibians, and their increased activity attracts
the snakes that prey on them (Duellman, 1958;
Shine & Madsen, 1996; Daltry, Ross, Thorpe, &
Wiister, 1998; Luiselli & Akani, 2002; Oliveira
& Martins, 2001; Morrison & Bolger, 2002).
There are, however, reports of a different pat-
tern, i.e., of no correlation between counts of
Neotropical snakes and rainfall (Henderson
& Hoevers, 1977; Martins, 1994; Bernarde &
Abe, 2006), which only match our findings
for I. cenchoa, and future researchers could
evaluate if its arboreal behavior can explain
its “independence” from rain. In our study, the
fewer sightings of L. septentrionalis on nights
with strong moonlight could be a behavior to
avoid predation, like that of Crotalus viridis in
Colorado (see Clarke, Chopko, & Mackessy,
1996), but it was the exception, we saw with
the same frequency all the other species at
Drake both in dark and illuminated nights.
This is unusual, as many snakes increase their
activity in full moon, when prey are more
visible (Lillywhite & Brischoux, 2012; Con-
nolly & Orrock, 2018), like the tropical tree
snake Boiga irregularis that searches for forest
spots where moonlight is stronger (Campbell,
Mackessy, & Clarke, 2008).

Like any study, this study has limitations,
and the main one is the impossibility of detect-
ing all the snakes in the forest. Another one
is the fact that a reduction in the number of
species seen along the trail does not mean that
the snakes are dying, it has to be taken into
account that maybe they just moved from the
area for a variety of reasons that could include
microclimatic variation and the search of prey
elsewhere. We do not think the presence of
humans could cause this, as the number of
people walking the transect every night is low
and it is limited to a brief period of the night.
Despite changes in the leaf litter can have a
large impact on invertebrates, and in turn this

affects amphibians and reptiles that are part
of the litter food web (Henderson, Dixon, &
Soini, 1978; Martins, 1994), we did not notice
differences in leaf litter during the study period
(see Fig. 3, Digital Appendix 2).

Small environmental fluctuations can also
affect the visibility of snakes (Seigel, Collins,
& Novak, 1987; Zamora-Camacho, Moreno-
Rueda, & Pleguezuelos, 2010; Rugiero, Mila-
na, Petrozzi, Capula, & Luiselli, 2013), and of
course there is a possibility that snakes hide,
or leave the trail altogether. However, we have
no reason to believe that our ability to see the
snakes has decreased over the years, and a few
species remained constant in our counts along
the study. We also do not think they moved
to less disturbed habitat because of human
alteration of habitats around the reserve as
some species have reappeared in subsequent
years. We believe that the decline of snakes
in Drake is real and needs attention from the
conservation authorities.
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RESUMEN

“;Estan desapareciendo los reptiles tropicales?
Seis afios de monitoreo de las serpientes en un bosque
tropical costero: el papel de las presas y el ambiente”.
Introduccion: A pesar de que la disminucion de serpien-
tes parece ser una realidad en muchas partes del mundo,
algunos informes se basan en evidencia anecddtica y
existe la necesidad de estudios prolongados e intensivos,
especialmente en los tropicos, para corroborar. Objetivo:
Investigar si las poblaciones de serpientes en Bahia Drake
estan disminuyendo y si existe una relacion con la presa,
el tiempo, la temperatura, la lluvia y la luz de la luna.
Metodologia: Contamos las serpientes que se ven por
hora al caminar por un sendero en el bosque costero de
la Bahia Drake, Costa Rica. Recorrimos el sendero por
la noche durante un total de 842 noches (mas de 4 000
horas de observaciones), desde el 2012 hasta el 2017, y
registramos todas las serpientes individuales que pudimos
ver con linternas de cabeza. Utilizamos pruebas ANDEVA
para verificar correlaciones entre conteos por hora con luz
de luna y lluvia; y analisis grafico para asociaciones con
dieta, temperatura, mes y ano. Resultados: Registramos
25 especies (cinco familias); se alimentan principalmente
de vertebrados terrestres. Las cuentas por hora han dismi-
nuido a lo largo de los aflos, especialmente para especies
que se alimentan de anfibios y reptiles; Mastigodryas
melanolomus se ha mantenido en numeros similares; y
Siphlophis compressus no se ha visto desde mayo de 2016.
La temperatura es relativamente constante durante todo el
afio en Drake, pero el mes afecté fuertemente los conteos,
que aumentaron de agosto a septiembre. La mayoria de las
especies se observaron con mayor frecuencia en noches llu-
viosas (0.11 por hora versus solo 0.03 por hora en noches
sin lluvia, ANDEVA P < 0.05); vimos menos Leptodeira
septentrionalis en noches brillantes (0.12 por hora, frente a
0.21 por hora en noches oscuras; ANDEVA, P=0.01), pero
todas las demas especies no se vieron afectadas por la luz
de la luna (ANDEVA, P > 0.05). Conclusion: El recuento
nocturno de serpientes en la Bahia de Drake, Costa Rica, no
se ve muy afectado por la luz o la temperatura, pero es mas
bajo cuando no llueve y muestra un fuerte descenso desde
2012 hasta 2017, particularmente para las especies que
se alimentan de anfibios y reptiles. No tenemos ninguna
razon para creer que la disminucion sea una interpretacion
erronea o que las serpientes se mudaron a otra parte, la
disminucion de las serpientes en Drake parece ser real y
necesita la atencion de las autoridades de conservacion.

Palabras clave: demografia de serpientes, cambio climati-
co, Bahia Drake, poblacion de reptiles, tropico.
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