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AssTRACT: Seasonal abundance of four species of Micrurusin Southern and Southeastern Brazil was inferred from collection data
gathered during eight years at the Instituto Butantan, S&o Paulo, Brazil. For most species surface activity was significantly lower
during drier and colder periods. Low temperature may considerably reduce snake metabolic rates and consequently constrain their
activity. Year-round avail ability of prey may explain thisactivity pattern aswell. Reproductive condition (extension of vitellogenesis
and mating) may aso influence activity patterns and explain some differences among species. One species (M. corallinus) shows
vitellogenesis and mating restricted to the first half of the rainy season (spring), when activity peaked. Field data and activity
patternsindicate that mating occurs from the end of the rainy season to thefirst half of the dry season (in autumn) in the other three
species (M. altirostris, M. frontalis, M. lemniscatus), which belong to a single phylogenetic lineage, and this sets them apart of
M. corallinus. The data obtained here indicate that differential reproductive strategies occur in two distinct phylogenetic lineages

of Micrurus.
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INTRODUCTION

Two distinct activity patterns can be recognized
among temperate snakes: (1) —unimodal, withasingle
peak between the end of spring and the end of summer
and (2) —bimodal, with one peak in spring and another
in autumn (Gibbons and Semlitsch, 1987). However, it
isdtill difficult to establish any general pattern among
tropical snakes. Part of thisdifficulty liesin the scarci-
ty of information for many species, but sointhelarge
diversity of lineages and environments in tropical re-
gions. In fact, several activity patterns can be recog-
nized, even in a restricted region of South America
(Marques et al., 2000).

Severa different factors can affect snake activity
(cf. Gibbons and Semlitsch, 1987; Reinert, 1987). In
general, the activity of speciesfrom temperateregions
isdirectly affected by climatic variables, which can even
lead some species to hibernate (Gregory, 1982). Tem-
perature can be considered the main factor among the
different climatic variables asit directly affects snake
metabolic rates (Lillywhite, 1987).

In tropical regions, temperature is more homoge-
neous throughout the year; therefore, there isless di-
rect influence of thisvariable on snake activity. How-
ever, rainfall isusually concentrated in certain periods
of theyear and other factorsassociated to climate (e.g.,

food availability, predation, and reproduction) must
modulate the activity of tropical snakes (Henderson
et al., 1978; Marqueset al., 2000). Life stagemay also
determinethe activity of aspecies(Shine, 1979), being
responsiblefor activity peaks during different periods
of theyear.

The characterization of seasonal activity patterns
intropical snakesisgenerally difficult to access, main-
ly because many snakes are seldom found in nature
(but see Oliveira and Martins, 2001). Actual activity
patternsin such snakes could be studied by radio track-
ing, but this method is usually expensive and demand
intensivefieldwork. On the other hand, dataeasily ob-
tained from museum specimens can alow inferences
on seasonal activity (e.g., Marques, 1996; Marquesand
Puorto, 1998; Almeida-Santos and Saloméo 2002).
Severd ingtitutions, especially Instituto Butantan (IB),
receive agreat number of snakes throughout the year
and this data allow inferences regarding seasonal ac-
tivity (e.g., datafrom the snakereception at I B allowed
the description of the activity of several snakes from
the Atlantic forest, cf. Marques et al., 2000). The cor-
asnake MicruruscorallinusfromtheAtlanticforest is
relatively well known with regard to its seasonal activ-
ity, being very abundant and responsible for severe
snakebites in Southeastern Brazil (Marques, 1996;
Marqueset al., 2000). Three species of Micrurusfrom
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Southeastern and Southern Brazil (M. altirostris,
M. frontalisand M. lemniscatus) have been well sam-
pled throughout many years, but their activity patterns
remain completely unknown. These species occur in
regions of the Atlantic forest with distinct climates.
Moreover, these species have different reproductive
strategies from that observed in M. corallinus (a sub-
ject of another article; O.A.V. Marques, S.M. Almei-
da-Santos e L. Pizzatto, unpublished data). In the
present study we explorethe possibleinfluencesof cli-
mate and reproduction on the activity pattern of these
coralsnakes from Southeastern and Southern Brazil.

MATERIAL AND METHODS

We studied three species of coral snakes (Micrurus
corallinus, M. frontalis and M. lemniscatus) that oc-
cur in Southeastern Brazil, as well as M. altirostris,
from Southern Brazil. Among them, M. corallinusis
the only onewith black rings arranged in monads (Fig-
ure 1); the other three specieshave black ringsarranged

intriads (Figure 1) and are more closely related (Slow-
insky, 1995; Campbell and Lamar, 2004).

The climate of the region where each speciesoccurs
is described below. In general, tropical regions do no
show marked seasons like temperate areas. There usu-
ally aretwo distinct seasons: adry and generally colder
season, and arainy and generally warmer season. How-
ever, to facilitate comparisons of our resultswith those
on snakes from temperate areas, we here deal with the
four seasonsthat characterize temperate areas.

Micrurus corallinus occurs mainly in the Serra do
Mar region, which is characterized by abundant rain-
fall throughout the year (Nimer, 1989). Thereisadis-
tinct rainy season (spring and summer) in thisregion,
with ahigher incidence of rainfall and higher tempera-
turesfrom September to April, and a“ dry” season (au-
tumn and winter), with lessrainfall and lower temper-
aturesfrom May to August (Figure 2). Micrurus fron-
talisand M. lemniscatus occur in seasonal forests and
“cerrado” formations Southeastern Brazil (Silva and
Sites, 1999; Campbell and Lamar, 2004), withamarked

Figure 1: The cora snakes: Micrurus corallinus (upper left); M. frontalis (upper right); M. lemniscatus (lower left); and M. altirostris
(lower right).



Marques, O.A.V., et al. 101

Ubatuba city (1955-2001)

35 1 - 400
G 30 {7 _
2'_: 25 | - -+ 300 E
2 20 g =
© | 200 T
] 15 | -
g 107 + 100 &
(0] 5
|_

0 - L L L UL R ELE o

j fmamij j as ond

— T max T min —s— Rainfall —— T mean

Campinas city (1956-2001)

35 — - 300
O 30 1 +250 —
< 25 1IN - £
o T 200 €
g 207 150 5
= il =
5 15 1 | 2
g- 10 A 100 §
2 5 s T 50

oMMl el M NI ML MLELELEDO

j fmam j j as on d

T max T min —— Rainfall —— T mean

Lapa city (1989-2001)

35 — - 250
© 30 Te 1200
o 251 £
3 20 - _ T 150 =
5 =
g 151 .l 100 €
IS 10 ~ g
LRI »

0 - L L L L o

j fmamj j as ond

— T max T min —e— Rainfall —~—T mean

Figure 2: Climatic variation in three representative localities from
the regions where the four species of Micrurus occur. Ubatuba
(SP) — Serrado Mar; Campinas (SP) — seasonal forests and “cer-
rado” in southeastern Brazil; and Lapa (PR) — seasonal forestsin
southern Brazil. Bold |etter represents rainy season.

rainy season from October to April (spring to early
autumn), and adry season from May to September (late
autumn to winter; see Nimer, 1989 and Figure 2). Mi-
crurusaltirostrisinhabits seasonal forestsin Southern
Brazil (Silva and Sites, 1999; Campbell and Lamar,
2004), where temperature varies markedly, with lower
values occurring from May to September (late autumn
to winter), during a slightly drier season (Figure 2).
However, rainfal isless variable throughout the year
(Nimer, 1989, Figure 2).

The seasonal activity pattern of each species was
inferred from the number of adult snakes brought each

month to the Laborat6rio de Herpetologia of Instituto
Butantan, S0 Paulo, Brazil, mostly by lay people (see
Oliveiraand Martins, 2001). Information and queries
about the method used (e.g., influence of the collection
effort throughout the year) can be found in Marques
et al. (2000).

The records of snakes received from 1982 to 1990
were used since this period showed a huge sample ef-
fort by lay peoplethat brought snakesto Instituto Bu-
tantan. However, datafrom 1986 were not used, since
acampaign for the collection of coral snakestook place
in October, causing apronounced differenceinthe sam-
pling effort throughout the year (a preliminary analy-
sisof the data showed an unusually high pesk for these
species in October, 1986). In order to compare the
monthly collection frequency of each species, chi-square
testswere used.

ResuLTs

During the period analyzed, 1508 adult specimens
of the four species from Southern and Southeastern
Brazil were brought to Instituto Butantan. Micrurus
corallinus was the most abundant species (n = 1020,
67.6% of the total number of coralsnakes), followed
by M. frontalis (n = 219, 14.5%), M. altirostris
(n =169, 11.3%) and M. lemniscatus (n = 100, 6.6%).

There was a significant increase in the number of
individuals of M. corallinus captured in the rainy sea-
son (X?2=266.71, df =1, P< 0.01), with apeak in the
first half of this season (spring and early summer; Fig-
ure 3), confirming previous findings (Marques, 1996).
Likewiseindividualsof M. frontaliswere significantly
more captured in the rainy season (X2 = 8.65, df = 1,
P < 0.05), with apparent peaks in January (early sum-
mer), March and April (late summer/early autumn), and
in June (late autumn) (Figure 3). However, there was
no significant seasonal differenceinthe number of indi-
viduals of M. lemniscatus captured (X2 =0.72, df = 1,
P =0.39), despite apeak during thefirst half of thedry
season (autumn) (Figure 3). The seasonal peak of cap-
tures recorded for M. frontalis and M. lemniscatus is
highly significant for both species (X2 = 35.11, df = 3,
P <0.01 and X2 =56.48, df = 3, P<0.01, respective-
ly). Micrurusaltirostriswas more captured in therainy
season (spring and summer) (X2 =23.72, df =1,
P < 0.01), and showed apparent peaksin abundancein
January (early summer), April (the onset of the colder
season), and in spring (Figure 3).
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Figure 3: Seasonal activity of four species of Micrurus. The values represent the percentage of individuals collected each month and sent
to Ingtituto Butantan from 1982 to 1990 (excluding 1986, see text for details). Bold letter represents rainy season.

Discussion

Activity patterns throughout the year have already
been described for Micrurusfulvius, in Florida, United
States, and M. corallinus, from Southeastern Brazil.
Both specieshave ahighly seasonal activity, lower dur-
ing autumn and winter. Lower values of temperatures
and precipitation are most likely responsible for the
decrease in activity during these periods (Marques,
1996). Climate variation also seems to influence the
activity patterns of the other species of Micrurus stud-
ied here, since most show adecreasein activity during
the colder and lessrainy months. Temperaturedirectly
influences the metabolic rate of snakes (Lillywhite,
1987), which must limit the amount of movement they
can make. This factor may be more important for
M. altirostris, aspeciesthat occursin higher latitudes,
where temperatures are much lower in the dry season
(autumn and winter) and rainfall inislessvariablein
thisperiod.

In addition to the higher temperature, agreater avail-
ability of food during the rainy periods may enhance
coralsnake activity. These snakes feed mainly on am-
phisbaenians and caecilians (Marques and Sazima,
1997; Greene, 1973) which live predominantly under-
ground, but come up to the surface after heavy rains

(cf. Marques and Sazima, 2004; L.C. dos Santos, pers.
comm.). Individuasof Micruruscan capturethese preys
either in their underground shelters or on the ground
(Marquesand Sazima, 1997). They are ableto find the
subterranean gall eries built by amphisbaeniansfollow-
ing chemica signalsleft onthe surface (Marques, 1992,
Roze, 1996; Jared et al., 1999). These signals (chemi-
cal tracks) may be more evident in the soil during rainy
periods (when amphisbaenians move more frequently
to the surface), and probably enhance the foraging ac-
tivity of Micrurusin therainy season (spring and sum-
mer). Alternatively, coral snakes may be more active
during the warmer period of the year because amphis-
baeniansand caecilians, which feed upon invertebrates,
may be more active in spring and summer, when their
prey are more abundant (e.g., Janzen and Schoener,
1968).

The annual activity patterns of M. corallinus and
M. fulvius are very similar (Jackson and Franz, 1981,
Marques, 1996; present study) and seem to be influ-
enced by the reproductive cycle of males and females
(Jackson and Franz, 1981; Marques, 1996; Almeida-
Santoset al., 2006). In both speciesthereisanincrease
inactivity in spring, when malesare actively searching
for females to mate with (Jackson and Franz, 1981;
Marqgues, 1996). Vitellogenesis of females of both
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M. fulviusand M. corallinustakes place during spring
(Jackson and Franz, 1981; Marques, 1996); however,
activity levelsof females M. fulviusarelow in this pe-
riod, whereasfemalesof M. corallinusare more active
and exposed (Jackson and Franz, 1981; Marques,
1996). Therefore, the peak of activity of M. corallinus
at the onset of the rainy season (spring) must include
both males (which are searching mates) and females
(which are carrying vitellogenic follicles and need to
bask more often; see Bonnet and Naulleau, 1996;
Marques, 1996; L adyman, 2003). Their activity remains
intensein December and January (summer). In Decem-
ber many females still have vitellogenicfallicles, while
others already have eggs and may become more ex-
posed looking for nesting sites (Marques, 1996). In
January, while there are still females with eggs, those
that have aready laid their eggs may remain active
because of their need to forage and replenish the ener-
gy used during reproduction (Almeida-Santos et al.,
2006).

The activity patterns of M. frontalis and
M. lemniscatus are similar, especially regarding the
apparently high activity at the end of the rainy season
and onset of the dry season (autumn and early winter)
and the absence of capture peak at the beginning of the
rainy season (spring). The activity patterns of these
species are considerably different from that of
M. corallinus. Inthelatter, the period of vitellogenesis
is very short and females become more active on the
surfacewhen they are carrying vitellogenicfollicles(cf.
Bonnet and Naulleau, 1996; Marques, 1996; L adyman
et al., 2003), at the onset of the rainy season (spring)
(Marques, 1996; see above). Micrurus frontalis and
M. lemniscatus, nevertheless, have alonger period of
vitellogenesis, which begins before the rainy season
(O.A.V. Marques, S.M. Almeida-Santos e L. Pizzatto,
unpublished data). Consequently, the basking activity
of these females is probably distributed more evenly
throughout the year. The activity pattern of
M. altirostris seems to be more correlated to climatic
variation, since there is an increase in activity at the
beginning of the rainy season (spring). Many snakes
from Southern Brazil have a more pronounced repro-
ductive seasonality (cf. Di-Bernardo, 1999; Hartmann
et al., 2004), which probably reflects the lower tem-
peratures in the dry season (winter; cf. Pizzatto and
Marques, 2006). Itislikely that in thisregion the peri-
od of vitellogenesis of M. altirostrisismorerestricted
(like M. corallinus) because of the very low tempera-

turesinwinter. Thus, female activity (with vitellogenic
follicles) would only increase at the beginning of the
rainy season (spring). A study characterizing the re-
productive cycleof this specieswould help to elucidate
thisassumption.

Theactivity peak of M. altirostrisin April seemsto
berelated to the reproductivetraits of thisspecies. Rit-
ual combat between two individuals of M. altirostris
innaturewasrecordedin April (Almeida-Santoset al.,
1998). On two occasions, during the same season of
the year, Almeida-Santos et al. (1998) observed two
captive malesfighting. Recently, two additional fight-
ing males were observed in nature, aso in April (A.
Tozzetti, pers. comm.). Ritual combat isrelated to the
dispute between malesfor asinglefemale (Gillingham,
1987; Shine, 1993) and copulation in this species has
also been recorded in April (S. Cechin, pers. comm.).
Therefore, the activity peak of M. altirostris in April
seemsto berelated to an increase of activity of males
in this period due male-male combat and courtship.

Coralsnakes of the genus Micrurus are composed
by two distinct monophyletic lineages, recognized by
their color pattern: one has black rings arranged in
monads and the other has black rings in triads (cf.
Slowinsky, 1995; Campbell and Lamar, 2004). Two of
the species mentioned above (M. corallinus and
M. fulvius) belong to the same phylogenetic group
(black rings in monads), while the other three
(M. altirostris, M. frontalis and M. lemniscatus) be-
long to another clade (black ringsin triads). Available
data suggests that the mating season of M. corallinus
isdifferent fromthat of M. altirostris; theformer mat-
ing early in the rainy season (spring) and the latter at
the end of therainy season (autumn). Micrurusfronta-
lisand M. lemniscatus are most active at the end of the
rainy season and early in the dry season (from late au-
tumn to early winter), which correspondsto the mating
period of M. altirostris. Apparently, the mating period
of M. altirostris is shorter (April) than that of
M. frontalis and M. lemniscatus (autumn and early
winter) due to lower temperaturesin Southern Brazil.
These three species with black rings in triads
(M. altirostris, M. frontalisand M. lemniscatus) share
several common characteristicsand belong to the same
clade (Slowinsky, 1995). It is therefore reasonable to
assumethat their mating period occursat the sametime
of the year (autumn and early winter). Moreover, the
occurrence of adistinct mating period for the species
with black rings in monads (spring) suggests distinct
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reproductive strategies between the two lineages of
Micrurus. A comparative study including additional
speciesof Micrurus, aswell asareliable phylogeny of
the genus, would be helpful to identify the factors re-
sponsible for the interespecific variations in activity
described here.

Resumo

A atividade sazonal de quatro espéciesde Micrurus
do sul e sudeste do Brasil foi inferidapor meio de da-
dos de exemplares trazidos ao Instituto Butantan ao
longo de oito anos. Paraamaioriadas espécies, aativ-
idade na superficie foi significativamente menor no
periodo mais seco e frio. Baixas temperaturas podem
reduzir ataxametabdlicade serpentes e, conseguente-
mente, limitar suaatividade. A disponibilidade de pre-
sas ao longo do ano pode explicar este padréo de ativ-
idade. A condicéo reprodutiva (extensdo do ciclo vitel -
0génico e acasalamento) também deve influenciar no
padrdo de atividade e pode explicar diferencas obser-
vadas entre as espécies. Uma das espécies
(M. corallinus) tem o periodo devitel ogénesee acasda
mento restrito a primeira metade da estac@o chuvosa
(primavera). O padréo de atividade e observagdes na
natureza indicam que o acasalamento ocorra do final
da estacdo chuvosa a primeira metade da estacéo seca
(outono) nas outras trés espécies (M. altirostris,
M. frontalis, M. lemniscatus), asquais pertencem auma
mesmalinhagem filogenética. Osresultadosdo presente
trabalho indicam que estratégiasreprodutivas distintas
ocorrem nasduaslinhagensfilogenéticasde Micrurus.
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