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ABSTRACT

Diadophis punctatus (Ring-necked Snakes) are small, dorsally cryptic snakes that are frequently described as nocturnal, cre-
puscular, or both. From 2003 through 2019, we conducted pedestrian, visual-encounter surveys of snakes on a gravel road in
southern Illinois that is seasonally closed to vehicular use. We observed 82 instances of diurnal, surface-active D. punctatus
on 60 dates. A literature review revealed 109 sources that included information regarding D. punctatus diel behavior. With-
in the literature, author perceptions regarding D. punctatus diel activity patterns were biased towards nocturnal behavior,
whereas direct observations of D. punctatus surficial activity in the field were skewed towards diurnal behavior. Additional
study is needed to accurately describe diel patterns of surficial activity in D. punctatus.

INTRODUCTION

Diel activity patterns of animals often
are correlated with daily light-dark
cycles and can be described as diur-
nal (active during daylight), nocturnal
(active at night), crepuscular (active at
twilight), or arrhythmic (active any-
time). Species’ activity patterns may be
ecologically fixed such that diel activi-
ty is reliably diurnal, nocturnal, or cre-
puscular. For example, Coluber constric-
tor (North American Racers) are only
active diurnally (Ernst and Ernst 2003).
Many other temperate zone snakes,
however, alter their diel activity cycle
depending upon season; for example,
from diurnally-active in spring and au-
tumn to nocturnally-active in summer
(Heckrotte 1962, Landreth 1973, Sperry
et al. 2013).

Diadophis ~ punctatus  (Ring-necked
Snakes) are often characterized as noc-
turnal and/or crepuscular (e.g., Dit-
mars 1907, Gibbons 2017). During day-
light hours, D. punctatus are typically
discovered beneath surficial cover ob-
jects, such as rocks (Fitch 1999, Cox et
al. 2018), sometimes in large numbers
(Dundee and Miller 1968). Although
they can be extremely abundant (e.g.,
exceeding 1000 individuals per ha;
Fitch 1999), D. punctatus are small,
cryptic both in dorsal coloration and in
behavior, and are easily overlooked. In-
dividuals active aboveground beneath
leaf litter or low-growing herbaceous
vegetation are unlikely to be detected
by human observers, potentially lim-

iting opportunities to observe diurnal
surficial activity (Fitch 1975).

Although we do not contest crepuscu-
lar or nocturnal activity by D. puncta-
tus, we have observed numerous in-
stances of diurnal surficial movement
by D. punctatus. Here, we share our
observations of diurnal, surface-active
D. punctatus that we made principally
during spring and autumn walks on
and adjacent to a gravel road in south-
ern Illinois which is seasonally closed
to vehicular use. In addition, we con-
ducted a literature review of D. punc-
tatus activity patterns to better under-
stand the origin of the characterization
of D. punctatus as crepuscular and/or
nocturnal.

STUDY AREA

We recorded observations of D. puncta-
tus on and near a 4.4-km length of For-
est Road 345, Shawnee National For-
est, Union County, Illinois (Figure 1).
Four km of this 3-m wide north-south
oriented gravel road is colloquially
known as Snake Road. Snake Road is
closed to vehicular traffic by means of
gates twice annually—two months in
spring and two months in autumn—to
permit safe passage of snakes migrat-
ing to and from hibernacula (Vossler
2021). Although closed to vehicular
traffic, pedestrian use is permitted. The
road separates steep, forested hills and
valleys and treeless limestone bluffs to
the east from an extensive wetland/
lowland forest complex to the west (see
Palis 2016).

METHODS

We visually surveyed for surface-ac-
tive D. punctatus by slowly walking
Snake Road during spring (March
15th through May 15th) and autumn
(September 1st through October 30th)
road closure periods, as well as during
periods when the road is open to ve-
hicle use (March 1st through March
14th, May 16th through August 31st,
and October 31st through November
15th). JGP surveyed from 2003 through
2019 (except 2004 and 2011) and JJV
surveyed from 2017 through 2019. We
initiated northward walks from the
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Figure 1. Map of area within Shawnee
National Forest, Union County, Illinois,
where visual encounter surveys for Dia-
dophis punctatus were conducted from 2003
through 2019.
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south gate and typically walked to the
entrance of Winters Pond parking lot
where we turned around and walked
back to the south gate (Figure 1). We
sometimes turned back before reaching
Winters Pond or walked as far north as
the levee before turning around (Figure
1). We began southward walks from
Winters Pond and typically walked
all the way to the south gate where
we turned around and walked back to
Winters Pond.

JGP recorded start and stop times for
each walk, as well as the time each sur-
face-active D. punctatus was detected.
JJV captured time-stamped digital im-
ages of a subset of an undetermined
number of surface-active D. punctatus
that he encountered. JGP noted cloud
cover and air temperature at the begin-
ning and end of most hikes. Snake han-
dling is not permitted at Snake Road,
so we did not capture or otherwise dis-
turb snakes.

We used the National Oceanic and At-
mospheric Administration solar cal-
culator  (http:/ /www.esrl.noaa.gov/
gmd/grad/solcalc, time zone -6) to
determine solar noon, sunrise, and
sunset for each day a surface-active D.
punctatus was detected. We factored
Daylight Saving Time into sunset, sun-
rise, and solar noon where applicable.
Because we did not have geo-coordi-
nates for each D. punctatus observation,
we selected a geo-coordinate roughly
at the halfway point of Snake Road
(37.566623N, 89.440383W) to use with
the solar calculator. We define crepus-
cular snakes as those observed active on
the surface 30 minutes before and after
sunset or sunrise (i.e., twilight), diurnal
snakes as those active on the surface af-
ter sunrise twilight and before sunset
twilight, and nocturnal snakes as those
active after sunset twilight and before
sunrise twilight. Our definition of cre-
puscular is conservative relative to the
definition of twilight: “the light from
the sky between full night and sun-
rise or between sunset and full night”
(www.merriam-webster.com). We in-
cluded 30 minutes after sunrise and
before sunset to account for reduced
light levels resulting from shading by

the tree canopy.

We conducted a thorough literature re-
view of D. punctatus activity patterns
to better understand the derivation of
the belief that D. punctatus are princi-
pally crepuscular and/or nocturnal,
and to collect existing evidence for
various claims regarding diel activity
patterns. We employed four subscrip-
tion databases: Academic Search Ulti-
mate, JSTOR, ScienceDirect, and Web
of Science using the Boolean search
string: ((((“Diadophis punctatus”) OR
(“Coluber punctatus”)) OR (“Ringneck
Snake”)) OR (“Ring-necked Snake”)).
Additionally, we used Google’s search
engine, which turned up two bibliogra-
phies devoted to Ring-necked Snakes
(https:/ /reptile-database.reptarium.
cz/species?genus=Diadophis&spe-
cies=punctatus; https:/ / www.repfo-
cus.dk/Diadophis_bibliography.html).
Our scope included scholarly and
para-scholarly (such as various state
herpetological society periodicals) lit-
erature, including articles, conference
proceedings, and books that men-
tioned D. punctatus in North America
and written in English or available in
English translation. We excluded doc-
uments whose titles indicated that the
subject matter focused on D. punctatus
in captivity, in the paleontological re-
cord, or veterinary care, as documents
pertaining to these subjects would ei-
ther be irrelevant or might supply mis-
leading information (e.g., captive D.
punctatus may not behave naturally).

RESULTS

JGP walked Snake Road on 163 dates
from 2003 through 2019. Walks were
initiated between 0900 h and 2030 h
(median = 1405 h) and terminated be-
tween 1130 h and 2340 h (median =
1730 h) for a total of 457 hours (374.5
hours during road closures periods,
82.5 hours when the road was open to
vehicular use). JJV walked Snake Road
on 100 dates during road closure peri-
ods from 2017 through 2019.

We accrued 89 observations of exposed
D. punctatus active on the surface on
60 dates in 2003, 2007, 2010, and 2013
through 2019 (Figure 2). Our earliest
surface-active D. punctatus detection in
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the year occurred on March 4th (2018)
and our latest occurred on November
10th (2015) (Figure 3). We observed
D. punctatus on relatively warm days
(mean + standard deviation = 22 +
3.8°C) that varied from sunny to over-
cast. We detected D. punctatus between
1015 h and 2018 h (median = 1625 h),
with most (94.4%) occurring between
solar noon and sunset (Figure 3). We
detected D. punctatus an average of
203 + 117 minutes after solar noon and
189 + 115 minutes before sunset. We
classified 82 (92.1%) D. punctatus as
diurnal, six (6.8%) as crepuscular, and
one (1.1%) as nocturnal. All but three
individuals—one lying atop a log and
two on bare ground—were observed
on the road. Of 48 diurnal individuals
for which presence or absence of direct
sunlight on the snake was noted, 10
(20.8%; all on the road) were complete-
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Figure 2. Adult Diadophis punctatus crossing
Snake Road at 1545 h on 25 April 2018 (Pho-
tograph by JGP).

2200 ® e of Sighting
W Sumsel
e & Solar Mism
.

e of Day

141, 1

1 2H

I eivin

i

PoOnIL B AT 10 21 2T M0 R 3L A5 A7 W 41 41 48

Wheek ol the Year
Figure 3. Sightings of diurnally surface-ac-
tive Diadophis punctatus (with Daylight Sav-
ing Time and Standard Time accounted for).
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ly or partially in sun; the remainder
were observed in shade of trees or on
overcast days.

Our literature review produced 1895
potentially relevant sources, 109 of
which contained information regard-
ing D. punctatus diel behavior. We sum-
marized pertinent, literature-based D.
punctatus diel-activity observations in
two tables. In Table 1, we compiled
literature citations in which authors
delivered pronouncements regarding
diel activity of D. punctatus. We orga-
nized these statements into the follow-
ing seven categories of diel behavior:
1) nocturnal, 2) nocturnal and crepus-
cular, 3) nocturnal with diurnal, 4) cre-
puscular, 5) crepuscular with diurnal,
6) diurnal, and 7) arrhythmic (Table 1).
“Nocturnal with diurnal” or “crepus-
cular with diurnal” are categories in
which D. punctatus are defined by au-
thors as either nocturnal or crepuscu-
lar but where diurnal behavior is occa-
sionally observed. For example, Morris
(1944:65) states that D. punctatus are
“one of the most nocturnal of our ser-
pents” that are “rarely” observed “out
in the daytime.” In Table 2, we summa-
rized actual observations of D. punc-
tatus that included specific statements
regarding time-of-day (e.g., “night”)
or precise times-of-day one or more D.
punctatus were observed active on the
surface. Some citations are included in
both lists because they contain decla-
rations about diel activity and actual
observations of diel activity. Author
statements regarding D. punctatus diel
activity patterns were skewed towards
nocturnal behavior, whereas actual ob-
servations of D. punctatus reported in
the literature were skewed towards di-
urnal behavior (Figure 4).

DISCUSSION

Diadophis  punctatus are generally
thought to be nocturnal and/or cre-
puscular (e.g., Ditmars 1907, Gibbons
2017) and—during daylight hours—
are typically discovered beneath surfi-
cial cover objects. Opportunities to
observe surficial diurnal behavior by
D. punctatus are often curtailed by leaf
litter or low-growing herbaceous vege-
tation (Fitch 1975). The characteristics
of our study area, however, allowed for
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Table 1. Author statements regarding Diadophis punctaus diel activity.

Diel Activity

Literature Source

Nocturnal and
Crepuscular
(N=9)

Diurnal (N =1

Crepuscular
(N=4)

Diurnal (N =2
Diurnal (N =4

Nocturnal (N = 35) Babcock, (1929); Bartlett & Bartlett. (2009); Breckenridge (1944); Cook (1984);

Nocturnal with

9)

Crepuscular with

)
)

Arrythmic (N =5)

Cunningham & Nazdrowicz (2018); DeGraaf & Rudis (1983); Ditmars (1907);
Forester et al. (2019); Gibbons (2017); Gibbons and Dorcas (2005); Gibbs et al.
(2007); Gilhen (1970); Gilhen (2011); Green & Pauley (1987); Jackson (1914);
Jensen et al. (2008); Johnson (1989); Krulikowski (2004); Logier (1939); Logier
(1958); Martof et al. (1980); McCauley (1945); Mitchell (1994); Morse (1904);
Neimiller et al. (2013); Oldfield & Moriarty (1994); Palmer & Braswell (1995);
Parmalee (1955); Smith (1956); Tennant (2003); Vogt (1981); Weller & Oldham
(1988); White & White (2002); Wright (1919); Wright & Bishop (1915)

Blanchard et al. (1979); Cupp (1994); Ernst et al. (2012); Gilhen (1984); Kelly et
al. (1936); LeClere (2013); Lemm (2006); Linzey & Clifford (1981); Rowell (2012)

Brattstrom (1965); Busby et al. (2005); Collins (1974); Ernst (1962); Ernst &
Barbour (1989); Ernst & Ernst (2003); Ernst et al (2014); Fitch (1956); Haast

& Anderson (1981); Hahn (1908); Harding (1997); Harding & Mifsud (2017);
Hunter et al. (1992); Hunter et al (1999); Klemens (1993); Morris (1944); Surface
(1906); Werler & Dixon (2000); Wright & Wright (1957)

Cebek (1971); Corrington (1929); LeClere (1994); Ortenburger & Freeman (1930)
Brennan & Holycross (2006); Holbrook (1942)
Brumwell (1951); Fitch (1975); Grismer (2002); Holycross & Mitchell (2020)

Hulse et al. (2001); Meshaka & Layne (2015); Murphy (2018); Myers (1965);
Rorabaugh & Lemos-Espinal (2016)

Table 2. Observations of Diadophis punctaus diel activity.

Diel Activity

Literature Source

Crepuscular
(N=3)

Diurnal (N =2

Nocturnal (N = 6)

6)

Arrythmic (N =3) Blanchard et al. (1979); Harris & Savage (2020); Rowell (2012)

Bosworth et al. (2004); Gilhen (1970); Gilhen (1984); Jackson (1914); Krysko &
Halvorsen (2010); Marion & Nowak (1985)

Auth & Scott (1996); Van Denburgh & Slevin (1913); Wagner (1922)

Atsatt (1913), Bartareau & Meshaka (2013); Bauder (2008); Bishop (1927);
Blanchard (1942); Burkhardt et al. (2001); Croulet (1965); Ernst et al. (2012);
Evelyn & Hunt (2014); Gehlbach (1965); Gotte (2016); Hansen & Tobler (2010);
Hedeen & Hedeen (1998); Holycross & Mitchell (2020); Ishimatsu (2020); Kats
et al. (1998); Marcou (2018); Mendoza-Hernandez et al. (2009); Meshaka et al.
(2008); Milanovich et al. (2005); Nelson et al. (2010); Neuharth et al. (2020);
Palis & Boehler (2019); Parker & Brown (1974); Van Devender & Gémez-Limén
(2014); Weaver (2012)
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Figure 4. Diadophis punctatus diel activity: proportional comparison of author descriptions
(blue) and observations made in the field (orange).
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the detection of diurnally surface-ac-
tive D. punctatus and we observed 82
(92.1%) instances of diurnal surface
activity. We also conducted a literature
review to better understand the char-
acterization of D. punctatus as princi-
pally crepuscular and/or nocturnal.
Reviewed sources contained contra-
dictory information: authorial claims
about D. punctatus diel activity pat-
terns were skewed towards nocturnal
behavior, whereas actual observations
of D. punctatus were skewed towards
diurnal behavior.

While most authors describe D. punc-
tatus as nocturnal and/or crepuscular,
many also mention infrequent obser-
vations of diurnal activity, often imply-
ing that such activity is unusual. For
example, some authors who describe
D. punctatus as nocturnal and /or cre-
puscular include statements in which
they describe diurnal activity of D.
punctatus as rare, occasional, or seldom
observed (e.g., Morris 1944, Haast and
Anderson 1981, Klemens 1993). Our
observations and those summarized
in Table 2 suggest that surficial diur-
nal activity in D. punctatus may not be
an uncommon occurrence. We suggest
that small size and cryptic behavior
(e.g., proclivity to remain beneath leaf
litter or herbaceous vegetation) may
account for infrequent observations
of aboveground diurnal behavior in
D. punctatus. Diadophis punctatus may
move horizontally beneath leaf litter or
herbaceous vegetation during the day
to avoid detection by predators. Even
large snakes, such as pythons, are vi-
sually difficult to detect in complex en-
vironments (Dorcas and Willson 2013;
Nafus et al. 2020). In fact, snake detect-
ability is generally so low that complex
mathematical occupancy models have
been developed to account for difficul-
ty of detection (Steen 2010; Durso et al.
2011).

In addition to our own observations
and those of other investigators, D.
punctatus predation by diurnal avian
predators provides additional evi-
dence of diurnal surficial activity in D.
punctatus. Diadophis punctatus are doc-
umented prey of the following diurnal-
ly-active birds: American Robin (Tur-

dus migratorius; Hedeen and Hedeen
1998), Boat-tailed Grackle (Quiscalus
major; Rossi and Rossi 2003), Broad-
winged Hawk (Buteo platypterus; Fitch
1975, Rosenfield 1984), Common Black
Hawk (Buteogallus anthracinus; Etzel et
al. 2014), Eastern Bluebird (Sialia sialis;
Stanback & Mercadante 2009), Logger-
head Shrike (Lanius ludovicianus; Tyler
1991), Red-shouldered Hawk (Buteo
lineatus; Gotte 2016, Ishimatsu 2020),
and Red-tailed Hawk (Buteo jamaicen-
sis; Fitch 1975, Fitch & Bare 1978).

Further evidence of diurnal activity
includes foraging behavior. Diurnal
feeding by D. punctatus in nature has
been reported by Bartareau and Me-
shaka (2013), Burkhardt et al. (2001),
Holycross and Mitchell (2020), Kats et
al. (1998), Nelson et al. (2010), and Palis
and Boehler (2019). Furthermore, use of
trail cameras to detect snake presence
has revealed several instances of surfi-
cial diurnal movements by D. punctatus
(Harris and Savage 2020, Neuharth et
al. 2020).

We suggest that the notion that D. punc-
tatus are principally crepuscular and/
or nocturnal may derive from observa-
tional bias and oft-repeated statements
regarding diel activity in the litera-
ture. Some authors appear to assume
D. punctatus are nocturnal because the
only specimens they detected during
the day were beneath cover objects. For
example, Wright and Bishop (1915:153)
who observed a total of three D. puncta-
tus at Okefenokee Swamp in Georgia—
all under logs—suggested the species
was “as nocturnal in Okefinokee as
our experiences with it elsewhere sug-
gest.” Blanchard et al. (1979:283), who
observed two D. punctatus “in crawling
position” at dusk, appear to assume all
D. punctatus movements between cov-
er objects occurs nocturnally. Others,
such as Logier (1958:41) assumed D.
punctatus are nocturnal because they
“never seen it abroad before twilight,
and specimens uncovered in the full
light of day seem more concerned to
avoid the light than to glide away.” In
other cases, authors classify D. puncta-
tus as “crepuscular /nocturnal” despite
their own observations of D. punctatus
diurnal surficial activity (Ernst et al.
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2012:27).

What could account for this bias in
describing D. punctatus diel surface
activity? We suggest two phenomena
may be at play: confirmation bias and
the streetlight effect. Confirmation bias
is “the seeking or interpreting of evi-
dence in ways that are partial to exist-
ing beliefs, expectations, or a hypoth-
esis in hand” (Nickerson 1998:175).
Confirmation bias can amplify weakly
supporting evidence, making it feel
more compelling than it really is. If
researchers were predisposed to think
that D. punctatus were nocturnal, con-
firmation bias would suggest that they
might interpret evidence, even weak or
irrelevant evidence, as being consistent
with nocturnality. Additionally, infor-
mation contradictory to existing be-
liefs, such as daytime observations of
surficially-active D. punctatus, would
be dismissed or minimized by qualify-
ing the observation as being atypical or
rare.

Claims regarding D. punctatus diel be-
havior go back at least as far as Morse
(1904), and like Morse, most claims of
strictly or predominantly nocturnal or
crepuscular behavior are offered with-
out explicit supporting evidence. Why
did Morse and other researchers work-
ing in the early 20th century think that
D. punctatus are principally nocturnal
and/or crepuscular, or adhered to any
diel activity cycle at all? Inferring from
context, it seems plausible that in addi-
tion to actual observations of nocturnal
and/or crepuscular activity, two other
observations led them to this belief: 1)
D. punctatus are rarely observed mov-
ing in the open during the day and 2)
they are frequently found beneath cov-
er objects during the day.

These two lines of evidence do not
stand up to scrutiny. Diadophis punctatus
are small, dorsally dark-colored snakes
that can be easily overlooked even
when in the open, including on a road
(personal observations). More to the
point, absence of evidence (few or no
sightings) does not constitute evidence
of absence (the species is not present
or active). Not observing D. punctatus
could be just as easily explained by
issues of detection rather than their
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absence. Given their semi-fossorial
tendencies and small size, D. puncta-
tus could move about during the day
beneath leaf litter or herbaceous veg-
etation undetected. Finding D. punc-
tatus beneath cover objects during the
day offers little evidence in favor of
or against any diel activity preference.
Small snakes such as D. punctatus often
thermoregulate beneath cover objects
rather than basking directly in the sun
(Fitch 1975), so finding one beneath a
cover object cannot be said to relate to
diel activity preference in any mean-
ingful way. Confirmation bias offers
an explanation for why weak evidence
such as this would be accepted, and the
conclusions based on it perpetuated.

The streetlight effect seems to apply
here as well. The streetlight effect is an
observational bias that occurs when
investigators search the easiest plac-
es to look but not necessarily the best
places to look. One of the most reliable
means of finding D. punctatus during
daylight hours is to search beneath
cover objects. Therefore, searchers fo-
cus their attention on cover objects
when seeking D. punctatus during this
time. Searching for surface-active diur-
nal D. punctatus is—insofar as we are
aware—a technique not typically em-
ployed. The relative ease with which
D. punctatus are found under cover
objects by day means that people look
only there, which—possibly influenced
by confirmation bias—strengthens the
belief that because they are beneath
cover objects by day, they must be sur-
face-active at night.

We suggest that previous attempts to
categorize D. punctatus surficial diel
activity may be biased by human be-
havior, by the difficulty detecting small
snakes in a complex environment, and
perhaps by a pre-existing expectation
that D. punctatus are nocturnal. The lat-
ter could subtly skew how data are in-
terpreted, making weak or indirect evi-
dence seem more compelling than it is,
and making it easier to dismiss or ex-
plain away contradictory evidence. Itis
possible that D. punctatus are diurnal-
ly or nocturnally active on the surface
seasonally, like Nerodia ssp. (Gibbons
and Dorcas 2004), or may be surficial-

ly-active any time of day during their
active-season, as suggested by Murphy
(2018). Based on the findings of our
observational study and review of the
literature we suggest that additional
investigations, especially ones that em-
ploy 24-hour sampling and statistical
analysis, are warranted to accurately
describe diel patterns of surficial activ-
ity in D. punctatus.
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