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TAIL FLAGGING IN CALIFORNIA GROUND SQUIRRELS IS PREDICTIVE OF ATTENTION 
SHIFTS 

Melody Y. Chen 

Abstract 

Tail flagging is associated with conflict, frustration, and intention to move.  Tree-squirrel progenitors of 
ground squirrels used their tails during attention shift, which may have led to the evolution of snake-
directed tail flagging in California ground squirrels (Spermophilus beecheyi).  It  is possible that these 
squirrels may still flag their tails when they make the decision to change attention.  In this study, we 
examine whether tail flagging of squirrels is associated with shifts in attention as indicated by the 
turning of the head, maintaining the original stereotypical function of tail flagging.  We conducted 
forty-one field trials on wild California ground squirrels in which attention shifts were stimulated by 
the introduction of a tethered rattlesnake.   The percentage of tail flags that occurred before, during, 
and after attention shifts was measured.  The percentage of tail flagging bouts that occurred before 
attention shifts were significantly greater than both those that occurred during and after attention 
shifts.  Thus, the hypothesis that tail flagging predicts attention shifts is supported. 
 

 

Introduction 
ALTHOUGH studies have been done on the 
effects of tail flagging of California ground 
squirrels (Spermophilus beecheyi) on 
conspecifics (Hennessy, Owings, Rowe, Coss, 
and Leger, 1981) and rattlesnakes (Rundus, 
Owings, Joshi, Chinn, and Giannini, 2007), 
few studies have studied the functional effects 
of the stereotypical repetitive motor behavior 
aspect of tail flagging.  Tail movement 
associated with orienting to an interesting 
stimulus before moving has been shown to 
occur in cattle, horses, pigs, dogs, and cats 
(Kiley-Worthington, 1976).  In Columbian 
black-tailed deer (Odocoileus hemionus 
columbianus), tail movements have been 
associated with different behaviors.  In 
particular, tail flagging is associated with 
agitation, frustration, and restlessness 
(Stankowich, 2008).   
 
In addition to being associated with conflict 
and frustration, tail flagging has also been 
associated with intention to move (Kiley-
Worthington, 1976).  Tree-squirrels, the 

Miocene progenitors of ground squirrels, are 
observed to flick and wag their tails as they  
move forward and shift their attention; this 
association between tail movement and 
attention changes may have led to the 
evolution of snake-directed tail flagging in 
California ground squirrels (Towers and  Coss, 
1990).  Although tail flagging activity can act 
as conspicuous signals to snakes and 
conspecifics, it is possible that California 
ground squirrels still flag their tails when they 
make the decision to change attention. 

Method 

Subjects 
Forty-one trials on wild California ground 
squirrels at the Fresno, CA location of the 
Pacific Southwest Research Station (San 
Joaquin Experimental Range) were conducted 
during May and June 2010.  Of these 41 trials, 
4 adult males, 4 adult non-maternal females, 
and 4 adult maternal females, and 1 adult of 
unknown reproductive status were analyzed. 
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Field site  
Trials were conducted at the U.S. Forest 
Service’s San Joaquin Experimental Range in 
the Sierra Nevada foothills, Madera County, 
California.  The habitat is an open oak/dagger 
pine grassland at about 330m elevation with 
rattlesnakes, gopher snakes, red-tailed hawks, 
coyotes, badgers, and dogs acting as the 
primary squirrel predators (Hennessy et al., 
1981). 

Apparatus and Procedure 
Sites were baited with sunflower seeds.  One 
female rattlesnake (weight = 855 g, snout-vent 
length = 84 cm) and two male rattlesnakes 
(weight = 1030 g, snout-vent length = 114 cm; 
weight = 750 g, snout-vent length = 85 cm) 
from the UC Davis Psychology Department 
Animal Facility were tethered using a 2-m long 
piece of nylon line with one end taped around 
their body in front of the vent and the other 
end attached to a stake driven into the ground.  
Rattlesnakes were shaded from direct sunlight 
using a 2m dia. portable umbrella.  Trials were 
recorded using a Canon digital video camera 
from one of two portable blinds.  

 
Twenty-one mowed sites in an area 
approximately 237.5 meters long and 100 
meters wide were baited.  Trials were 
conducted between 0800 and 1800 from May 
18, 2010 to June 9, 2010.  Analyzed trials 
consisted of one tethered rattlesnake that was 
shaded if the site was in direct sunlight.   
 
Trials lasted between 2 minutes and 28 
seconds and 26 minutes and 28 seconds.  At 
the beginning of each session of filming, a 
narrator would hold up and read a sign that 
had the site number, the rattlesnake being 
used, the date, and the start time.  For all 
analyzed trials, squirrel activity at 30-second 
intervals was measured.  At every time 
interval, a narrator would state the compass 

direction the focal squirrel is facing, the 
distance (estimated in meters) between the 
focal squirrel and the rattlesnake, whether the 
focal squirrel is oriented towards rattlesnake 
and whether the rattlesnake is currently 
moving.    
 
Digital video recordings were processed using 
iMovie and add-on Timer software on a 
Macintosh computer to label each video with a 
time record (30 frames/second) prior to saving 
video files to the QuickTime format for 
behavioral analyses.  These video were 
supplemented with the narratives of squirrel-
interactions.  Identification of squirrel 
reproductive status was supplemented by field 
notes from the narrator.   
 

Analysis 
The total number of tail flags per trial was 
quantified, and whether the tail flagging bout 
occurred before, during, or after an attention 
shift was noted.  Tail flagging bouts were 
counted as "before" attention shifts if the head 
direction change occurred up to 1 second 
before the start of the bout.  Tail flagging bouts 
were counted as "during" attention shifts if the 
bout occurred as the tail was flagging.  Tail 
flagging bouts were counted as "after" 
attention shifts if the shift occurred up to 1 
second after the end of the head-turning bout.  
If a bout had a shift that occurred both 
"before" and "after", the time of the "before" 
shift and start of the bout was compared to the 
time of "after" shift and the end of the bout.  
The bout was then counted towards the shift 
with the lowest time.  All tail-flagging bouts 
that occurred during an attention shift were 
counted as "during" regardless of any "before" 
or "after" shifts.  
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Results 
All percentages were converted to arcsine 
transformations prior to conducting the 
analysis of variance. 

Differences Between Sexes 
The squirrels were divided into three groups 
based on their sex (adult male, adult non-
maternal female, and adult maternal female).  
The one adult of unknown reproductive status 
was not included in this analysis.  No 
significant differences were found between any 
the means of sex groups (p = 0.45). 

Differences between Tail Flagging Bout 
Relationship to Attention Shift 
All squirrels, including the adult of unknown 
reproductive status, were analyzed with the 
exception of one adult male who had no tail 
flagging bouts during the trial.  All measured 
bouts that each squirrel tail flagged when it 

turned its head were averaged, yielding one 
percentage score for the three tail-flagging 
measures (before, during and after head 
turning). These data were examined by a one-
factor (three squirrel groups) between 
subjects, one-factor (before, during and after) 
within subjects analysis of variance. The main 
effect for differences in tail flagging was 
statistically significant (F = 5.973; df = 2, 16; p 
= 0.012). No significant differences were found 
between the average percentages of tail 
flagging bouts that occurred during attention 
shifts and those that occurred after attention 
shifts (simple effect: F = 0.263; df = 1, 8; p > 
0.05).  However, the percentage of tail flagging 
bouts that occurred before attention shifts 
(Figure 1) was significantly greater than both 
those that occurred during attention shifts 
(simple effect: F = 6.850; df = 1, 8; p = 0.031) 
and those that occurred after attention shifts 
(simple effect: F = 8.719; df = 1, 8; p = 0.018). 
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Discussion 
This study indicates that California ground 
squirrels have retained the original 
stereotypical function of tail flagging despite 
this tail activity having evolved signaling 
properties that influence the behavior of both 
ground squirrel and rattlesnake observers (cf. 
Hennessy et al., 1981; Rundus, 2007). The 
conflicting situation of foraging so close to a 
predator elicited many bouts of tail flagging 
per squirrel, giving  us numerous repeated 
incidents for quantifying an overall percentage 
per squirrel for tail flagging before, during and 
after head-turning bouts.   
 
It is not surprising that tail flagging usually 
occurs before attention shifts instead of during 
or after attention shifts, because tail movement 
has generally been associated with orienting 
toward an interesting stimulus before moving  
(Kiley-Worthington, 1976).  The lack of 
differences between sexes is also supported by 
the fact that both males and females utilize tail 
flagging for defense purposes (Hennessy et al., 
1981) as well as for stereotypical purposes 
(Kiley-Worthington, 1976).  Finally, as a 
repetitive motor pattern, tail flagging might 
function in regulating squirrel attention by 
“blocking” theta-wave activity in the 
hippocampus.  Electrophysiological studies of 
rats suggests that both feeding and grooming 
stereotypies disrupt hippocampal theta which 
predominates when rats exhibit focused 
attention (Routtenberg, 1968).  This 
disruption occurs via signal shaping by a 
repetitive stimulus (Vinogradova, 2001).  If 
relevant to California ground squirrels, tail-
flagging might disrupt focused attention, 
allowing decisions to shift attention. 
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