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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-

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. 

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.
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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. 

 
Acknowledgments

We thank our many research collaborators on the 
ground squirrel-rattlesnake project, including James Biardi, 
Kevin Gusé, Anne Fullerton Hanson, David Hennessy, Mar-
ta Hersek, Naomie Poran, Matthew Rowe, Ronald Swais-
good, and Steve Towers. The National Science Foundation, 
BBC, and NASA/Ames provided support. Bill Hayes and 
two anonymous reviewers provided many helpful com-
ments on an earlier version of this manuscript.

Literature Cited

Balph, D. F. 1961. Underground concealment as a method 
of predation. J. Mammal. 42:423-424.

Biardi, J., R. G. Coss, and D. G. Smith. 2000. California 
Ground Squirrel (Spermophilus beecheyi) blood sera 
inhibits crotalid venom proteolytic activity. Toxicon 
38:713-721.

———, D. C. Chien, and R. G. Coss. 2005. California 
Ground Squirrel (Spermophilus beecheyi) defenses 
against rattlesnake venom digestive and hemostatic 
toxins. J. Chem. Ecol. 31:2501-2518.

Black, C. 1963. A review of North American tertiary 
Sciuridae. Bull. Mus. Comp. Zool. Harvard Univ. 
130:113-248.

Boellstorff, D. E., D. H. Owings, M. C. T. Penedo, and 
M. J. Hersek. 1994. Reproductive behaviour and mul-
tiple paternity of California Ground Squirrels. Anim. 
Behav. 47:1057-1064.



166 D. H. Owings and R. G. Coss

Brattstrom, B. H. 1953. Records of Pleistocene reptiles 
from California. Copeia 1953:174-179.

Coss, R. G. 1991a. Context and animal behavior III: the 
relationship between early development and evolution-
ary persistence of ground squirrel antisnake behavior. 
Ecol. Psychol. 3:277-315.

———. 1991b. Evolutionary persistence of memory-like 
processes. Concepts Neurosci. 2:129-168.

———. 1993. Evolutionary persistence of ground squirrel 
antisnake behavior: reflections on Burton’s commen-
tary. Ecol. Psychol. 5:171-194.

———. 1999. Effects of relaxed natural selection on the 
evolution of behavior. Pp. 180-208 in S. A. Foster and 
J. A. Endler (eds.), Geographic Variation in Behavior: 
Perspectives on Evolutionary Mechanisms. Oxford 
University Press, Oxford, United Kingdom.

——— and J. Biardi. 1997. Individual variation in the an-
tisnake behavior of California Ground Squirrels (Sper-
mophilus beecheyi). J. Mammal. 73:294-310.

——— and R. O. Goldthwaite. 1995. The persistence of 
old designs for perception. Pp. 83-148 in N. S. Thomp-
son (ed.), Perspectives in Ethology, Vol. 11: Behavioral 
Design. Plenum Press, New York, New York.

——— and D. H. Owings. 1978. Snake-directed behav-
ior by snake naive and experienced California Ground 
Squirrels in a simulated burrow. Z. Tierpsychol. 
48:421-435.

——— and ———. 1985. Restraints on ground squirrel 
antipredator behavior: adjustments over multiple time 
scales. Pp. 167-200 in T. D. Johnston and A. T. Pietre-
wicz (eds.), Issues in the Ecological Study of Learning. 
Lawrence Erlbaum Associates, Hillsdale, New Jersey.

——— and ——— 1989. Rattler battlers. Nat. Hist. 
5:30-35.

Fitch, H. S. 1948. Ecology of the California Ground Squir-
rel on grazing lands. Am. Midl. Nat. 39:513-596.

———. 1949. Study of snake populations in central Cali-
fornia. Am. Midl. Nat. 41:513-579.

Halpin, Z. T. 1983. Naturally occurring encounters be-
tween Black-tailed Prairie-dogs Cynomys ludovicianus 
and snakes. Am. Midl. Nat. 109:50-54.

Hanson, A. F. 2003. Plasticity and tonic processes in the 
antipredator behavior of Rock Squirrels (Spermophilus 
variegatus). Ph.D. Dissertation, University of Califor-
nia, Davis, California.

Hennessy, D. F., and D. H. Owings. 1988. Rattlesnakes 
create a context for localizing their search for potential 
prey. Ethology 77:317-329.

Hersek, M. J. 1990. Behavior of predator and prey in a 
highly coevolved system: Northern Pacific Rattle-
snakes and California Ground Squirrels. Ph.D. Disser-
tation, University of California, Davis, California.

——— and D. H. Owings. 1993. Tail flagging by adult 
California Ground Squirrels: a tonic signal that serves 
different functions for males and females. Anim. Be-
hav. 46:129-138.

——— and ———. 1994. Tail flagging by young Cali-
fornia Ground Squirrels, Spermophilus beecheyi: age-
specific participation in a tonic communicative system. 
Anim. Behav. 48:803-811.

Holman, J. A. 1979. A review of North American tertiary 
snakes. Publ. Mus. Michigan State Univ., Paleontol. 
Series 1:203-260.

Kardong, K. V. 1986. Predatory strike behavior of the rat-
tlesnake, Crotalus viridis oreganus. J. Comp. Psychol. 
100:304-314.

Linsdale, J. M. 1946, The California Ground Squirrel. 
University of California Press, Berkeley, California.

Michener, G. R. 2000. Caching of Richardson’s Ground 
Squirrels by North American Badgers. J. Mammal. 
81:1106-1117.

Miller, L. H. 1912. Contributions to avian paleontology 
from the Pacific coast of North America. Univ. Califor-
nia Publ., Bull. Dept. Geol. 7:61-115.

Owings, D. H., and R. G. Coss. 1977. Snake mobbing by 
California Ground Squirrels: adaptive variation and 
ontogeny. Behaviour 62:50-69.

——— and D.F. Hennessy. 1984. The importance of 
variation in sciurid visual and vocal communication. 
Pp. 169-200 in J. O. Murie and G. R. Michener (eds.) 
The Biology of Ground Squirrels: Annual Cycles, Be-
havioral Ecology and Sociality. University of Nebraska 
Press, Lincoln, Nebraska.

——— and R. A. Virginia. 1978. Alarm calls of Cali-
fornia Ground Squirrels (Spermophilus beecheyi). Z. 
Tierpsychol. 46:58-70.

Poran, N. S., and R. G. Coss. 1990. Development of an-
tisnake defenses in California Ground Squirrels (Sper-
mophilus beecheyi): I. Behavioral and immunological 
relationships. Behaviour 112:222-245.

———, ———, and E. Benjamini. 1987. Resistance of 
California Ground Squirrels (Spermophilus beecheyi) 
to the venom of the Northern Pacific Rattlesnake (Cro-
talus viridis oreganus): a study of adaptive variation. 
Toxicon 25:767-778.

Rowe, M. P., and D. H. Owings. 1978. The meaning of the 
sound of rattling by rattlesnakes to California Ground 
Squirrels. Behaviour 66:252-267.

——— and ———. 1990. Probing, assessment, and man-
agement during interactions between ground squirrels 
and rattlesnakes. Part 1: Risks related to rattlesnake 
size and body temperature. Ethology 86:237-249.

——— and ———. 1996. Probing, assessment, and man-
agement during interactions between ground squirrels 
(Rodentia: Sciuridae) and rattlesnakes (Squamata: Vi-
peridae). Part 2: Cues afforded by rattlesnake rattling. 
Ethology 102:856-874.

Secor, S. M. 1994. Ecological significance of movements 
and activity range for the Sidewinder, Crotalus cer-
astes. Copeia 1994:631-645.

Stock, C. 1918. The Pleistocene fauna from Hawver Cave. 
Univ. California Publ., Bull. Dept. Geol. 10:461-515.



167Hunting California Ground Squirrels

Swaisgood, R. R., D. H. Owings, and M. P. Rowe. 1999a. 
Conflict and assessment in a predator-prey system: 
ground squirrels versus rattlesnakes. Anim. Behav. 
57:1033-1044.

———, M. P. Rowe, and D. H. Owings. 1999b. As-
sessment of rattlesnake dangerousness by California 
Ground Squirrels: exploitation of cues from rattling 
sounds. Anim. Behav. 57:1301-1310.

Theodoratus, D. H., and D. Chiszar. 2000. Habitat 
selection and prey odor in the foraging behavior of 
Western Rattlesnakes (Crotalus viridis). Behaviour 
137:119-135.

Towers, S. R., and R. G. Coss. 1990. Confronting snakes 
in the burrow: snake-species discrimination and anti-

snake tactics of two California Ground Squirrel popu-
lations. Ethology 84:177-192.

Tromborg, C. T. 1999. Figure and Ground Squirrels. Ph.D. 
Dissertation, University of California, Davis, Califor-
nia.

Trulio, L. A. 1988. Infanticide in a population of Califor-
nia Ground Squirrels: functional significance and com-
parative importance. Ph.D. Dissertation, University of 
California, Davis, California.

Young, B. A. 1997. A review of sound production and 
hearing in snakes, with a discussion of intraspecific 
acoustic communication in snakes. J. Penn. Acad. Sci. 
71:39-46.



168 D. H. Owings and R. G. Coss




