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A s s ~ ~ ~ n ~ - - @ o b r a s  la& infrared facial pits, are largely diurnai hunters, and exhibit active hunting be- 
havior, smgge&ng &,& pmmhate visual stimuli may be of primar). importance in guiding or releasing 
predatory lbehaviom Furtht3S; predatory behavior in same d e s  involves a hierarchical evaluation of mul- 
tiple sensmry stimuli by the centrill nervous system assigning some stimuli primary roles and others sub- 
ordinate & in eEcitbg spsc.ific: foraging behaviors. To test these possibilities in cobras, mice were pre- 
sented ta &e red spiHhg mbras with and without their eyes covered, and 13 dependent predatory vari- 
ables seered in each treatment. We found that cobras with the use of their eyes struck prey smneq and 
from gre- m e I  than --hen they were blindfolded, d t s  consistent with the view that red spitting 
cobras ane gxhady visual predators. Blindfolded cobras exhibited elevated rates of tongue flicking prior 
to s€&ing but they tmk longer to locate prey, changed locomotor behavior (increased movement, sweep- 
ing metiums of head), and amd.ly struck only after making a & d  tactile contact with the prey. In the ab- 
sence of -P.isrrai stimuli, red spi&xg cobras increkse their reLiance on chemical cuesy but this did not allow 
them to maintain a Iwel of predatory performance equivalent to that seen in the control condition We 
conclude &at swi- witbin the central nervous system between sensory modalities is fundamentally 
different in cobras than in pit wipers. 

Elemen& of the p d t o ~  behavior of snakes 
are r e I d  by prnGs~pak s h 3 i  mediated by 
eyes, f a d  pibd v o m e m d  organ, sensory 01- 
factory epithelium (Chiszar and Radcliffe, 1977; 
Chismr a d  Scctddere 1980; Chiszar et al., 19- 
19$1a,b, 191,1990; H d ~ j e n ~  and Fnrmin, 1979; 
de C d  Baning, 198%; Hdprn and KubieC 
1983; Kartlang md Madesq-, 1991; Furry et d., 
1991; M o n g ,  1992; Mving and Kardong, 19965 
and perhaps by oher semxx-y systems as F Y ~ U  
(Proske, 1969; Hartlinef 1Wl; Robinson and Kar- 
dong, 1991; BverIy and k d o n g ,  1996). How- 
ever, these senwry stimuli are evaluated in a hi- 
erarchid order by the memous system giving 
some a primary and others a subordinate role 
in eliafhg specific: foraging behaviors Kar- 
deng, lWf; L~-Murrio et al., 1993; Lavin- 
Murcio and Kadong 1995). Switching between 
proximate s~~ m y  mp-nt adjustments of 
foraging behavior b ax-ailability or absence of 
information under c b n g k g  environmental con- 
ditions, such as d i d i n m a 1  availability 
of visible lights or when hunting in burrows or 
when direct h e  of vision to prey is obstructed 
(Cillinghm and Clark; 1CblS1). A close examina- 
tion s f  a semary within selected 
members s f  T * ~ ~ O U S  s d e  iimdies has been the 
basis $ 0 ~  developing h y p h s e s  abut the e v e  
lutiort of foraging and wnsary systems (de Cock 

Elapids have rm5k-d much less attention 
tltan coltuhids or viperids. Generally, elapids are 

recaepized as actire foragers f%lushimky 1983. 
Less typical mtrush hunti~g among elapids a p  
pmfttly r e p m t s  a condition convergent with 
k"1pridae (Shine, 1980). Laboratory studies 
seem to o u b  that cobra hunting behaviors 
indude some feahrs distinct ham viperids 
{ ~ + & K I O ~  19821, but the dependence 01% various 

m&ties is not weIl delineated. The 
p q c s e  of this study was to provide an initial 
et.dution of the seawry PlieraPrhy important in 
cobra predatoq- behavior. 

Five red spitting cobras were used. The tax- 
ox~omp is presently d e x  review ce.g., Wiister 
and Thmpe, 1992) and until sektled we refain 
their former scientific nameI d\bj;z rnnsazmbicn pal- 
lib. They were born in captivity and used in ear- 
lier experiments as d e w  elsewhere CRad- 
eUfe et. al., 1983,1984; Ramussen et al., 1995). 
These zmmaIs were donated to us as adults 
(128.1-13.4.0 cm, snout-vent 1eng-W for these ex- 
periments They were housed in an hlated rep- 
He m m ,  at 27-32" C and with a photophm 
frsm LwQa-2100 h. Each snake was kept in a 
home cage, a glass terrarium (50 X 27 z( 30 cnn) 
the Boor of which was cove& with newspaper. 
Thgy had *been In captivity since their birth, and 
had k n  in our colony for a lninimurn of ~ M T Q  

months, during which time they were fed live 
and dead mice on an irregular schedule. Dur- 
ing feeding trials, laboratory reared mice of 



PETSf_-%TiR'k BEHA%"rOR OF THE RED S P m G  COBR4 67 

mean mass 23.6g (15.0-27-91 &\-ere used as p ~ y  
At least 1 wk separated feeding triaIs. Safety 
precautions followed Gans and Taub (1964). 

Trea~ts.-Contnol d semmy-deprived 
treatments were used in &is expahe* gener- 
ally following p r o c e d u ~  (CtescriM ekxv1m-e 
for rattlesnakes (Won& 1992). I, fie wrscq- 
deprived treatment, each snake was gently lifted 
on a hook from the feeding arenay pinned across 
its neck with a long bar, and p p d  by hand 
W d  the head. The e y s  were covered with 
small diamond shaped (18 X led mmj piece of 
electrical tape. The snakes were then return& to 
the feeding trial arena and Iefi undisturbed for 
at least one hour. In the ~on&ol treatment, no 
semoq- organs were m v d .  How-ever, as 
above, eaT snake was I i f td  by hmk h m  the 
test arena., pinned, and grasped by hand for two 
minutes. Then the snake was rehuntxi to the test 
arena and left undisturbed for at least one hour. 
At no time during these procedures did snakes 
release venom. 

€ d i n g  TrinEs.-Dm-ing a feeding tria9, an in- 
dividual snake was phcd into a large ~ w d e n  
aEna (129 X 55 k 50 an) ha3 OR aB interior 
sids with =hi& butcher paper m d  covered 
with a pIexi@as top ~ i t h  hVo hole (7 m dia.1 
mt at t-appike ads .  Black prkctic t u b  tYvC) 
were inserted through these holes a d  51s- 
pended h m  the plexigbs abut 18 an h m  the 
bottom of the arena. Two P-nic \%dm cam- 
eras, hejd with t r i p .  above and at opposite 
a d s  of fie arena permitted video recording of 
behitv-iorr4;fl events. F01lovring a period of accli- 
mation <> 1 h), the x-ideo system turn& 
on for one minute. A preweighed, five mouse 
was bwwed dowm the tube h m  
the head of the snake and left with the snake 
after the strike. After introdu~-tjon of the mouse, 
the investigator left the mom and monitored 
events via the continuing videotaping of subse- 
quent behavior- Beha150rs w e g  during the 

were recorded as a i-325 %-id= re- 
coder (Pawnic ,  ,rhG lLWp Szrper 4 heads) and 
viet~ed simultaneously ctn split ween. 

t.;sri,-bIes.-Matory behaxior was divided 
into thee phases: pastrike, strike. and post- 
strike, and the following variables ocr_urring 
during each were obsen~ed during noma1 
speed playback and by pauser frame-by-frame 
analysis of the recorded &ids [Kardow 1986, 
1992; Hayes, 1991): KlT-Bef~m Strike, the 
tongue flick rate during the mirrate M m  the 
strike; TUIIESTRTKE, the h e  ( s l  h m  in- 
duction of the prey to initiation crf the s e e ;  
-GE, the distance from the mouse to the 
snake immediately before it struck; TLME-TD 
DEATH, the time (sets) for the prey to die; STTIE, 
locatiom on the M y  of the prey where the 

coded as headfpshodders [I], 

midbody (2), hind-= (31; 52XIKESI the 
number of times the snake stpuck at &e mouse; 
Hold or Release, wh&m the sIufre held the 
mouse (> a), or r e l e d  it f< 2s); RTF-After 
Sttike, the tongue flick rate dmhg the minute 
immediately afta the strike; SEARCHI k t e  time 
from when the mouse xr= released wt.3 body/ 
head movement bm&t the tip of the snake's 
snout within 1 ern of the prey.; ENDm, tongue 
flick rate in the minute immediately before the 
snake relocated the prep ( s m k s  snout within 1 
cm of the prey]; flick 
rate in the minute Prey 
began; INVESTlAA, the time &pm the first relo- 
cation of the prey miil kttg k t  s w d i i n g  at- 
tempt; DEGGLt18 fie h e  80 s ~ ~ a i i ~ i ~  the dead 
mouse (when the last part nf the pe!; the hind- 
quarters, w-as no 10- visible from an over- 
head view); TRIEd the n 
attempts. These variables wrre 
same two p p 1 e  tbughmt a 
One snake (blindfolded, large mow1 failed to 
strike successfully w4thin the IS  min &&ed fol- 
lowing mouse intrsductican and these scores 
were not included in a~dfise5. Each oi the hvz 
cobras was tested twice in buth mnfntl and 
smsoq-deprived g+eatmenPs adrnimktered in 
random order. Far each make, we awriltged con- 
trol scores and scores for the ~ ~ - ~ e p r = i v ~  
treatment. Thus, these statistid means consti- 
tute observations from a randomized complete 
bZ& design (Zar, IW4k They were analyzed us- 
ing Wilcoxon signed-rank s h t i s t i ~  <%il;atlostI 
DaWost, COT-B and ase presented in Table 1 
(a = 0.051. 

S h m  T r e a t m t ~ . - ~ ~  horn the expri- 
mental treatments d&M abovey the five cs- 
bras were tested for possible effects sf the tape 
blindfolds on beh'~ior~ A hole (6 mm &) was 
punched in the tenter af each tage diamond -so 
that when appliedd the hale left ahe eye mcov- 
ered, but surrounded it with t a p  in a pasition 
otherwise the same as the bhdfuPdd experi- 
mental condition. Cm'tarsI was the 
same; the s i m  fzextmemt in%-01d pimxing the 
snake and applying fie hole-punched tape 
around each eye. EaeK snake was nm once in 
each treatment, control and sham-taped, in ran- 
dom order. After handing each snake was 
placed in the test left undisturbgd for 
at least one hour, 
ior were recorded. 

Qua1itutive.-In the hmn or more before mtra- 
duction of preyI cobras in the mnbl treatment 
usually settled into an activity pattern character- 
ized by long [more than 180 see) perids of 
movement a h t  amma accompanied by 
tongue flickmg by brief t-30-180 set) 
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Dependent variable 

RANGE 

FmE-TO DEATH 

SITE 

S T R W  

Mold or Release 

pauses is which no mczvement or tongue flicks 
occund.  It %\-as unusual to Eind active cobras 
pushing their heads into comers or hying to es- 
cape, but often the activity seemed to be explor- 
atory invdving movement about the full range 
of the arena. Upon intmduction of the mouse, a 
mrwing cobra in the control treatment stopped, 
oriented its head toward the mouse, and then 
moved very quickly tow-ad the prey exhibiting 
tongue OhicErs as it appmchd. A cobra statiun- 
ary i?t the t h e  of intrdxxction of the m o w  
simiiiirfy oriented its head toward the mouse, 
and, exhibiting tongue flick, moved quickly to- 
ward the prey 

In the sen=rly'-deprj,vjlved treatment, blind- 
folded cobras exhibited similar activity patterns 
before intradu~on of the mouse, except their 
inkervals oi no movement =med longer. 'k%%tm 
the prey was intnxiucd, cobras ~nomentarily 
ceased mi3ve1nent in the &redion of prior travel, 
then W i y  started moving actively about 
the cage. C19x-a~ motionfess at the time of prey 
introduction, similarly k a m e  suddenly ani- 

mated, mobkg actively a b u t  the cage. In blind- 
folded cobras, this movement did not alwavs 
carry them in the direction of the prey. Such 
movement often brought them into contact with 
the sides of the cage or bumped them into con- 
tact ~ i t h  their o m  bodiesI which was some- 
times followed by a light biting of cage wall or 
even of their 0 ~ 7 1  body. 8n several occasions 
th s  movement was accompanied by head 
sweeping motions with the jaw-s slightly parted. 
The head was moved from side to side held 
about 2 to 5 crm above the floor. When sweeps 
of the head brought the open jaws into appar- 
ent random contact with the mouse, the cobra 
quickly struck- 

(22mntitaeative.-In the minute prior to in- 
duction of the mouse, khe RTF was statistically 
equivalent between the huo treatmenb (2- 

score = 0.6166, P = 0.54). Compared to the RTF 
before mouse introduc+on, the RTF aiter intm 
duction of the mouse remained statistically the 
same in the control treatment (45.6 to 37.4, 
z-score = 0.8401, P < 0.41, but increased signifi- 



cantly (52.6 to 79.6, 2-score = 2.0732, P c 0.04) 
in the sensory-deprived treatment. As shown in 
Table I, this poshkc-uction RTF In the 
sensory-deprived snake s-zs dm siwfimntiy 
above control treatments (37.4 versms 79.6 RTE 
z-score = 2.071, P = 0.007). 

As further summarized in Table 1, cobras in 
the control treahnent on average struck the in- 
trcduceeJ mouse sooner (21.6 set versus 2192 
sec) and f r ~ m  a greater range (4.9 am versus 0.3 
cmj t h  when blindfdl~ded. Horvever, in all 
other scored predatop variables, there were no 
significant daerences between control and 
-semq--depri%~d treatments. For example, the 
time mice took to die was statistically equiva- 
lent (TIME-TO-DEATH: 41.7 siec versus 155.7 
sec) as was the number of times the snakes 
struck the presented prey (STRIKES: 1.8 versus 
2.1) and the tendency to hold struck mice 
IHLDREL: 0.6 versus 0.6). 

Often, s f x ~ c k  prey were h&d until dead, then 
the cobra began swalIow-ing from where its jaws 
already held the prey. If they relearn3 the prq,  
then a search followeci the strike to recowr the 
dead prq-. This occurred 0x1 4 and 5 Iccm- 
tmlf ~~'~wq-dsprived respe&vdy 1, but showed 
no significant difference in recovery time 
(SE-ARCH: 146.0 versus 257.2 4. As the num- 
her of retaliatory bites by mice i n - 4 ,  the 
number of strikes by snake I r a e d  Qz-=elre = 

3.7235, P < 0.0002). 
Sham Trafn~nt.--After handling, snakes often 

moved about the cage, occasic~nally exhibiting 
probinkg OK head-rubbing against the cage. HC~F~%-- 
ever, by the end of unr uni3istpzrM horn, 
attempts ceased to rub hole-punched tape fmm 
the head. There was no significant difference in 
RTF ktweer, conbi and shm-taped snakes Cz- 
XQE = e3.4045, P = 9-69). 

Results of t h e  experiments are mmiskent 
with the view the red spitting cobra is primar- 
ilp a visual predator- Cobras with uss of their 
eyes struck prey sooner, and from greater dis- 
tances, than when they wem deprived of vision- 
Certainly there is same midence that these CO- 

bras compensate for the absence of visual infor- 
ma tion. When blindfolded, cobras exhibited an 
elevated RTF when prey were introduced sug- 
gesting some switching to a chemosensory mo- 
dality to adjust for lost visual input. 

Both control and Min&-old& cobras corn- 
pleted their search for envenomated prey in 
equivalent times, suggesting that poststrike re- 
location of prey is mediated primarily through 
chemosensory cues. If visual input were p ~ -  
mary during poststrike searching, then ave 
~rouid expect a si@cmt change in this phase 
of behavior when cobras were hlin&-oldd- 

However, even though m e  compensation in 
predatory behavior a-am when \1md informa- 
son is denied, d-whg pmtrike =d str& 
phases of prey capture. cabrs did nl?r'r switch to 
alternative sensory ~ ~ d a l i t l e s  sufficie~~t :O 

maintain an equivafenf Ie.rTe'f of predatory per- 
formance. A cornpa-n k~ rattlesnake preda- 
tory behavior is useful as a contrast to another 
chemical-based (ve~~c~m) p d a h r y  system. 

In rattlesnakes, m a t  strike are delivered pre- 
dominantly to the head and shoulder +on of 
the prey (Kardong, 19861, emn if eyes or facial 
pits are separately covered @Cardrang, 1992). In 
red spitting cobras, strikes are delivered any- 
where on the prey, without one region receiv- 
i q  most strikes. 

In rattlesnakes, the distinct facial pits offer, in 
addition to the eyes, a mute of photcvsemry in- 
put (infrared). With the ryes covered, rattle- 
mzkes continue a high level of p~erfatory per- 
formance by su.iichhg t~ i n h d  infomation 
gathered via these facial pits C&rdong f 992). In 
rattiesnakes, as in cobras, covering &e eyzs re- 
s u b  in a decrease in range to prey before the 
strike. Howeser in ra~esmkes ,  this bea-ease in 
range is not so close as to b A g  the snake into 
actual contact with the prey before the strike. 
The strike is stimulated by inhared stimuli, but 
h3rn a closer position, perhaps b u w  of the 
more limited ability of i & d  cues ta produce 
stimuli equivalent to visual cues bde Cock Bun- 
in% et aal. 1981; de Cock Buning, ltmb)- h bl id-  
folicled cobras, head skvwping and increased 
random movement u,nraUy- bring the had into 
actual contact with the prpy kfam striking. 
m a t  appears to occur in bhdfolided cobras is 
that they increase lmmote~r activity often ac- 
companied by s w e p i g  SF swinging of their 
heads until making contact witfa the p y -  Upim 
contact, the cobra initiates its strike in the dirrc- 
tion of physical contact. If this interpretation is 
correct, it suggesk that switching within the 
central nervous systems between prey mes is 
fundamentally different in rattlesnakes and co- 
bras, 

reviewed by b B g ~ g h &  41987'3, 
makes may strike hIczIw the surface ii_r fish pass 
within range, although thee strikes m y  miss 
{Cope, 1869). Such a fc~ragkg Wnavior was 
tern& "fishing" ( E v a n s F  19-42!) and map ~ncllude 
side-to-side sweeping rnoti~ns of the head until 
making contact with prey ~Mushinse and He- 
brard, 1977). In moving water dGil&n+m and 
Rush, 1974) or turbid water, *visu;tl information 
may be unavailable leading to these fishing be- 
haviors by terrestrial makes. Our results with 

suggest that in the a k n m  of visual in- 
%t?rmation, a similar head sweeping and random 
movement behavior emerges during the pre- 
s&ike phase. 
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