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motivated to confront rattlesnakes—in some cases more so
than rattlesnake-adapted adult squirrels—and are also vul-
nerable to envenomation because their small body volume
limits their total capacity for venom neutralization (Owings
and Coss, 1977; Poran and Coss, 1990).

Precocious confrontation of rattlesnakes by pups.—
Like the venom-neutralizing defenses of California Ground
Squirrels, the foundations of the behavioral antisnake de-
fenses of these squirrels develop in the absence of experi-
ence with snakes. This reliable development is associated
with precocious expression of antisnake behavior, with
attraction to scale-like patterns appearing abruptly coinci-
dent with the first day of visually-guided behavior, in 40 to
41-d-old pups several days before burrow emergence (Coss,
1991a,b). In fact, pups not only recognize snakes, but con-
front them with antisnake action patterns qualitatively iden-
tical to those used by adult squirrels, including cautious in-
vestigation, vigorous substrate throwing, and production of
the snake-specific signal of tail flagging (Fig. 10). As early
as 60 d of age, these pups distinguish rattlesnakes from go-
pher snakes, an ability that might be expected to mitigate
danger from rattlesnakes, but pups enigmatically spend
more time near rattlesnakes than gopher snakes (Poran and
Coss, 1990). These observations indicate that such preco-
cious expression of the antisnake system actually endangers
pups rather than protects them.

Perhaps pups simply do not have a chance to endan-
ger themselves in a natural context. After all, the pup’s
mother would typically be expected to be nearby, and we
have already mentioned that snake confrontation by moth-
ers preempts similar behavior by pups (see Constraints
above). However, field observations indicate that mothers
spend a lot of time away from their pups and that tail flag-
ging by pups does not routinely attract the mother (Hersek
and Owings, 1994). In 378 2-min focal samples of pups,
mothers were present at the beginning of only 7% of these
episodes. During the 209 of these samples in which pups
were tail flagging, absent mothers were drawn over during
only five samples, none of which included the 10 samples
involving actual encounters between pups and snakes. Like
adults guiding their actions under a cognitive topography,
pups frequently tail flag during rattlesnake season even
when no snake is immediately present, but when snake-like
forms (sticks, rounded pebbles) or high-risk microhabitats
are encountered (Coss, 1991a; Hersek and Owings, 1994).
Moreover, the mother’s presence at times appears to endan-
ger pups by increasing the chance that they will detect the
snake and initiate confrontation. Mothers make no attempt
to intervene directly when pups begin to confront the snake
(see also Linsdale, 1946), and even relinquish the snake to
their pups like pups relinquish the snake to their mother
(Poran and Coss, 1990; see also Constraints above).

Rattlesnakes exploit the antisnake behavior of ground
squirrels—The sit-and-wait ambushing style of rattle-
snakes may provide especially effective exploitation of the
antisnake system of pups. As described above, pups are

strongly drawn to rattlesnakes, and the rattlesnake’s immo-
bility may allow close inspection by the pup, thus setting
the stage for a successful strike. More proactively, rattle-
snakes hunting naturally in the field appear to extract cues
about pup location from the antisnake behavior of adults
(Hennessy and Owings, 1988). Even though rattlesnakes
eat pups almost exclusively in rattlesnake-adapted squir-
rel populations, naturally hunting snakes spend a surpris-
ing amount of time initiating interactions with adult squir-
rels (the most common form of episode in our data from
natural squirrel-snake encounters; see Fig. 6). These field
observations provide an interesting contrast with our exper-
imental work. The dramatic “fights” characteristic of our
experimental encounters in field and laboratory are not the
most common form of natural squirrel-rattlesnake episode.
Instead, rattlesnakes often approach adult squirrels repeat-
edly, but in a way that appears to reflect searching rather
than motivation to strike and kill the squirrel. Adult squir-
rels behave as though they do not perceive themselves to be
seriously endangered by these approaches, perhaps in part
because the snake’s extended posture does not afford effec-
tive striking. These squirrels often hold their ground during
such close approaches, apparently resisting overt responses

Figure 10. Precocious confrontation of a devenomated rattlesnake
by a newly emerged squirrel pup in an artificial burrow. A. Pup
has approached the snake very closely and is investigating it in
an elongate posture. B. Pup throws substrate at the rattlesnake.
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that may leak cues about the location of the nursery bur-
row containing the pups. However, the rattlesnakes seem
to engage in active information extraction from the squir-
rels, probing them with virtual nose-to-nose contacts dur-
ing repeated approaches, engaging in a radial search pattern
around the adult in an apparent effort to locate the nursery
burrow, and cueing on the squirrel’s responses (Fig. 11).
The following observations provide the bases for the
hypothesis that rattlesnakes locate nursery burrows by
probing and searching the local vicinity around adult squir-
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Figure 11. Evidence that a rattlesnake’s direction of movement
relative to a focal squirrel depended upon the squirrel’s tail move-
ment in the immediately preceding 3-sec interval. The snake ap-
pears to be cueing on the squirrel’s tail movement, and the squirrel
seems to be using tail movement to lure the snake away. Consis-
tent with this inference, at one point the squirrel flicked substrate
at the snake as though to regain its attention after the snake turned
away, and the snake re-oriented toward the squirrel and resumed
approach. With statistical inference restricted to this one case,
moving toward the squirrel (black bars) was significantly more
likely after the squirrel moved its tail than after intervals with
neither tail movement nor vocalizing. This relationship was re-
versed for movement away from the squirrel (cross-hatched bars)
or a pause in movement (white bars); here, moving away from
the squirrel or pausing was more likely after non-tail movement/
calling than after tail movement, but this pattern was significant
only for pausing. Presence or absence of squirrel tail movement
and vocalizing was recorded during consecutive 3-sec intervals,
and the snake behavior was instantaneously sampled at the end of
each of these 3-sec intervals. Data are from 4.65 min of video of
a single natural encounter between a Northern Pacific Rattlesnake
and an adult female California Ground Squirrel with pups.

rels who hold their ground (Fig. 6; Hennessy and Owings,
1988). In video records of 47 natural squirrel-rattlesnake
encounters, 23 consisted of rattlesnakes approaching squir-
rels. These 23 involved at least 13 different adult squirrels
and 63 approach sequences (i.e., a single approach lasting
an average of 10 sec terminated either by squirrel or snake).
In 61% of the 63 approach sequences, the snake initiated
another approach sequence by turning and moving directly
back toward the squirrel, as though confining its search for
the nursery burrow to the squirrel’s vicinity. The squirrels’
resistance to leaking cues is indicated by the following: (a)
squirrels hold their ground rather than moving away or en-
gaging the snake, allowing the snake to approach closely
(within an average of 0.62 m), and (b) when the snake ter-
minates the approach sequence the squirrel moves minimal-
ly to avoid contact (mean = 0.14 m), a significantly shorter
distance (P < 0.01) than the average squirrel movement of
0.70 m when it terminated the sequence.

The link between these episodes in which rattlesnakes
approach and probe squirrels and squirrels harass rattle-
snakes (Fig. 6; the 10 “interaction” episodes) is that they
appear to represent two different stages in squirrel hunt-
ing by rattlesnakes. Approach and probing by rattlesnakes
seems to occur before nursery burrows are located, and
interactions with harassment by squirrels apparently be-
gin after the snake locates the nursery burrow (Hennessy
and Owings, 1988). It must be noted that the switch from
approach-probe to interaction-harassment episodes is not a
simple function of the snake’s proximity to the squirrel’s
burrow; both approach-probe and interact-harass episodes
take place within 3 m of the squirrel’s burrow. We must also
point out that squirrels are not routinely able to stonewall
or deter rattlesnakes. Similar to squirrel FC’s case in our
opening anecdote, rattlesnakes located nursery burrows at
the end of five of our 23 approach-probe episodes. Three of
these involved maternal females, and two of these mothers
subsequently ceased confronting the snake and moved their
pups to another burrow system. In the third case involving
a maternal female, the female had killed another female’s
pup the day before and cached the carcass in its burrow
mound after partially eating it. The snake found and ate the
carcass. The other two cases in which rattlesnakes located
nursery burrows after approach-probe episodes involved
pups. In these, rattlesnakes surprisingly engaged in prob-
ing approaches rather than predatory pursuit and pups held
their ground much as adults did, further illustrating their
precocious antisnake behavior. In one of these cases, the
rattlesnake coiled within 2 m of the pup, as if shifting into
ambush mode, and an adult male approached and harassed
it for over 3 min. In the other case, the snake entered the
nursery burrow, and the nine pups of that litter remained
outside for at least 3 h, nervously inspecting the burrow en-
trance but not entering.
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CoNcLUSIONS AND UNANSWERED QUESTIONS

Our research program has revealed much about how
ground squirrels deal with rattlesnakes, and a little bit
about the implications of these squirrel defenses for the
rattlesnakes. Nevertheless, much remains to be discovered
about both sides of this complex and dynamic predator-prey
system. The issue of the functions of rattlesnake confron-
tation by squirrels remains one of the most salient in our
minds, especially with regard to how those functions are
mediated by the rattlesnakes’ behavior. We know that more
aggressive confrontation by squirrels generates escalated
defensive behavior by the snake, and therefore serves as a
probe that allows the confronter to use the rattling sound to
assess the snake’s vulnerability as influenced by its body
size and temperature. But are there additional effects of
confrontation, such as reducing the snake’s hunting time in
the area? The defensive behavior of rattlesnakes strongly
suggests that they perceive confrontation as aversive, and
may therefore choose to hunt elsewhere after such an expe-
rience. In fact, one rattlesnake inhibited its rattling substan-
tially when bombarded repeatedly by substrate throwing in
a laboratory experiment (Coss, 1991a, 1999), a response
that could reduce the fueling effect of rattling on harass-
ment by squirrels (Rowe and Owings, 1978). Harassment
by squirrels might even generate a longer-term avoidance
response by rattlesnakes. It is of some interest to note that
close-quarters confrontation of snakes is always paired
with the snake-specific signal of tail flagging. Such pairing
of evocative stimulation (e.g., harassment, as the uncondi-
tioned stimulus) with a salient but less evocative stimulus
(e.g., tail flagging, as the potential conditioned stimulus) is
exactly the kind of circumstance widely known to produce
Pavlovian conditioning, thus making the less evocative
stimulus more so (Abramson and Place, this volume). Per-
haps the “spontaneous” tail flagging that squirrels use when
under increased risk of a rattlesnake encounter (Hersek and
Owings, 1993, 1994) exploits the snakes’ anticipation of
noxious stimulation that is the product of previous pairing
of tail flagging with harassment, and thereby encourages a
nearby snake in ambush mode to reduce such noxious input
by hunting elsewhere.

Snake confrontation by adult squirrels also functions
to protect vulnerable young. This hypothesis is supported
by: (1) the fact that maternal females are likely to segue
from confrontation to transferring their pups to a more dis-
tant burrow system in the face of a rattlesnake who per-
sists in the area (Hennessy and Owings, 1988; Swaisgood
et al., 1999a); (2) the much greater persistence of maternal
females in confronting rattlesnakes than both adult nonma-
ternal females and adult males (Swaisgood et al., 1999a);
(3) the much greater sensitivity of maternal females than
other adults to variation in factors that influence risk to
pups (Hersek and Owings, 1993; Swaisgood et al., 1999a);
and (4) the fact that maternal females vocalize more than
other adults while dealing with rattlesnakes (Swaisgood et

al., 1999a), a type of signal that rattlesnakes cannot hear
(Young, 1997), but pups can.

It is clear, though, that antisnake behavior involves
much more than simply confronting snakes. We have men-
tioned two kinds of nonconfrontive antisnake behavior—
transferring pups and “spontaneous” tail flagging. Of these
two, the less common one, pup transfer, seems more imme-
diately protective because it reduces snake access to pups,
while also reducing the opportunity for pups to confront
snakes precociously. In fact, pup transfers may be a form
of shell game, in which already uncertain snakes become
even more uncertain about pup location, especially since
the saturation of a nursery burrow with pup odor is likely
to decline slowly. This raises the question of how effective
rattlesnakes are in discriminating between currently and re-
cently occupied nursery burrows. However, pup transfers
are not without opportunities for exploitation by snakes;
mothers move pups one at a time, and may be gone for
substantial periods with a single pup, leaving their other
pups alone with the snake during these sorties. This raises
questions about the success rate of rattlesnakes in taking
pups while the mother is temporarily away. It may be high;
Fitch’s (1948, 1949) data certainly indicate that rattlesnakes
do well even in the face of all the constraints presented by
a squirrel population that is well adapted to deal with rattle-
snake predation.
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