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ABSTRACT

The facial pits characterizing the snake subfamily Crotalinae have been
demonstrated to bs important as thermoreceptors in detecting the presence of
prey animals and in directing tha strike towards thams 3¢ specialized 3
receptor as the pit organ, 4f it 48 to survive, muist be functionally
effoctive. 1If this organ 1s important in locating prey under natural
conditions it would be expected that if these pits wers destroyed this
importance would be reflacted in growth rates, welight changes, or survival,
In twenty of forty snakes collected in the spring of 1963 the pits were
destroyed by slectric cautery. After weighing, measuring, and marking, the
snzicea were released at the point of captures The growth of the recaptursd
cauterized and.nmmuhcr‘hd snaikes was compared. In addition, controlled
tosts were made with the recapiured snakes, using live mice and light-preof
boxes Lo determine the effectiveness of cautery. A significant statilastical
difference was found in the growth rates of the femnles, the cauterised
snakes growing more slowly., No difference was found in the growth rates of
the males. However, the controlled tests Sndicato( the pits to be impertant
to the males as well as to the females. Welight changes were L00 varilable
1o reveal differences between normsl and cauterized snakes and no difference
in survival was evident between the two tresatments, To overcoms the effect
of individual variation in growth rate further study is required of larger
samples over a longer time period.
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Figure 1. 3ide vier of rattlemmske head showing faofal
pit. The pit nembrane is visidle,

Figure 2. Front view of rattlemnake head showing the
two fasial pits,
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The mesbrane betwsen these two chambers, the pit mesbrans, was found
by Bulloek and Fox {1357) to be 10 microns thick in recently moulted adulte.

The fasial pits are innervated by branches of the trizeminal nerve.
“*In snakes having no pits, the Lrigemirus suppliss the skin of the face and
the roof of the mouth together with certain of the mscles, Its fibres,
which supply nerve endings in the skin, are believed L0 be chiefly sensory
in nature, probably funstioning mainly in the perception of the tactile
stimld, In the pit vipers, on the other hand, by far the major portien of
both the ophthalede and the supramaxillary branches of the trigeminal goes
to supply the pit, farnishing this organ with a nerve supply which is
comparsble in amount to that of any sense organs of the head® (Iynn, 1931).

Bullosk and Fox (1957), in their study, found the irnervation of the
pit to be very rich - 500 to 1500 axon endings per square millimeter, They
compare this with the 800 optiec nerve {ibres per square millimeter in the
retina of man. These nerve endings are palmste in structure and are not
connected with any type of sensory cell.

Humerous authors have suggested special Ometions of the pits These
suggest ions reviewed by Klawber (1956) are ears, extra nostrils, analogous
to certain "ear sass® of ruminants, clfactery, bringing air in contast
with venca thus affesting the chemical properties, secretery follicles, an
imspecified shxth sense similar to the lateral line system of fizhes and
tactile.

Hot untdl the experiments of Noble and Schmidt (1937) was the facial
pit knewn to be a thermoreceptor. Noble earlier (1934) had considered the
pit to deteot air vibrations, & purpose not believed to De Important in



nature. Noble and Schmidt found that pit vipers deprived of sight and
olfaction, the nostrils plugged and tongue ablated, could distinguish
betwesn warm and cold light bulba and alao betwesn 3 warm Ireshly killed
»at and a chilled rat,

In more recent studies {Bullock and Cewles, 19523 Bullock and Faulstick,
19533 Bullock and Discke, 1956) nerve impulses wers recorded mainly Irom the
superficial branch of the superior maxillary division of the trigeminal
nerve, which is one of the three nerves supplying the pit mewbrane, It
was shown that the nerve fidbres supplying the pit are sportanecusly active.
The rate of nsuronal discharge increased with increass in tesperature of the
organ, which would aceospany an increase in body tesperatures or with
radfation from objects warmer than the avblent temperaturs impinging vpon
the pit membrane. The spontanecus diseharge was inhibited by a decresass in
body temperzture or the presence in the receptive field of an objeet cooler
than the ambient temperature., Bulleck and Cowles, by recexding from the
foremert ioned nerve, have shown no response to sound, odours, vidbration of
substratum, touching the head and pit, or to well hest-filtered 1light of
moderate intensity. Changes in rate of discharge were induted by mechanical
deformation of the mesbrane, brushing the upper lip, the effect of which in
weak, abrupt air movement, temperature changes of the body, and common
cbjects, the tempsrsture of whioh is above or below a neutral peint, brought
into the receptive field, Bullock and Fsulstick (1953) pointed out that
neutral objects are thoss smitting the same rediation as the surrcumdings
and not those at the snake's body temperature. For example, if s snake's

body temperature is shove room temperature cbjects at a tempersturs inter-
mediste to that of the snake and its surroundings will inoresse the level of




neuronal discharye, _

¥ith regard to the funstion of the pis organ, which as mentioned earlier
has no sensory ¢ells other than nerve endings, Bullock and Discke (1956)
have hypothesized that the receptors are responding te temperature changes
in the tissues resulting from rediant energy, these tempersture changes
baing enhanced by the thin membrens.

It can be argued that ifnewmudamqborhte survive i
must be fmnotionally effective. As suggested by their vertical elliptical
pupils, erctalines are mainly nociurnal or crepuscular in habit, This s
tmﬂmofbeidamkﬁpm it has been shown by NHoble and Schmidt
(1937) that scme botd species, having thermoreceptors in the form of labial
pits, can distinguish between warm and cold objects ax well as can the
erotalines. Thay have further suggeeted, although it has not ywt besn sub-
stantiated, that certatin supranssal cavities ocouring in some viperine
gemera might funetion as thermoreceptors. In the case of a nosturnal snake,
hunting in the dark, sush a thermoreceptor would aid $n loeat ing endothermic
prey animals and in diretting the strike. The very pesition of the
crotaline fasial pit suggests such a funotiom,

Regarding the importante of the facial pit, ascording to Noble and
Sehmidt, *it sppears then that although cretalid snaices are highly specialised
in the extreme elaboration of the tongue-Jaccbscats organ mechanimm for
trail finding and the facial pits for warm blooded pray detection, the
primitive clfastory and visual mechanisms still have important functions,
Parther they may suffise alone under ideal conditions of food capture such
as maintains in a large laborstory cage. Crotalids deprived of pit and
tongue would doubilessly have a difffcult time wnder natural sondit iong for
both structures have importamt sensory functions." Thay conclude that *4n
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the absence of vision the labial pits of Boidae and the facial pits of

Crotalidae ars the most important sensory mechanisss for directing the strike
towards warm blooded prey”. From their study Bullock and Diecite presone
that "erotalids should have an advantage hunting warm blooded or cool {moist)
prey at night or underground and in locating warer or cool regions of the
substratua®,

If the facial pits have an importanmt funetion under natural conditions
in locating and directing the strike towards the prey it would be expected
that snakes deprived of pits would be leas successful in securing food than
those with normal faedal pits. Further, it would be sxpected that this
redust icn in effeciency of feeding would be reflected sither in tmpatred
survival or in reduced growth rates of those snakes deprived of the thermo-

:
i
.

reswl ive sense a8 compired te those of normal snsices, or if net possidbly in
wolght changes. To the writer's knowledge no resesarch cn this aspect of

the facial pit has yet been carried outs It is the purpose of the present
study to attempt to fill the gap - to determine, 3n the case of the Northern
Pacific Rattlesnake (Cretalus yirddls oregenuys), the importance of the facisl
pits under natursl conditions as reflected by growth retes, changes in body
weight or differential survival,

Since a field study of this speciss had not besn undertakken as yet in
the northern limfts of fis rangs,; it is the writer's intearest to inolunde in
the scope of this study such aspests of rattlesnaks ecolegy as population
densiby and composiiion, geanerel growth rates, records of food items and
sumser povemsnts of the snakes.
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Tha Study Area

An area sultable for study with a sizeable rattlesnske populsiion was
required. A sscond requirewmsnt, perhaps relsted to the first was that thers
be a mintmal amount of human interfsrence with the snake populatien,

The arsa selacted lies on the east side of the Ckanagan Valley about
10 miles south of Oliver. Abeut twowthirds of the area lies on the 69 Ranch
and the remainder on the Inkeneep Indian Reservation (Pigure 5). Only two

wintering dens could be found on the arez. These ware located in the same
Whhrfatanqlmtmxlsfwcoléwtﬂabwomlmlo The
sandy beneh below the rodc bluff lies st an elevation of 1200 feet sloping
gradually to the valley floor at an slevabion of 1000 fset, At the
parrowest podnt in this ares the distance from the rodk bluff to the valley
Tloor is 2000 leet.

On the roock bluff, in the visinity of the dens; the most commn tree is
MWMBWMGMWmmﬁm:aMmth‘m
flat below. mm-thamﬁ»emahmbinthaémmisw
Mﬂhbmdm%othaunﬂﬂﬁbu&nﬁmit- Obther shrubs
common on the rock bluff are Artemisis iridentata, Ribes cexwm, Fhus glabrs,
Rhus radicans and Amelanchier cysisicil.

On the sand flat Below, perhaps the most cemmpicucus shrudb is Purshia
tridentata, although Artepisis tridentats and Chryyothamous nausecgul appesr
to be the most cowmon. —Wmmmmwmm-e
areas here. Memmummmmmhmdemr

are Agregyren spisatum and Arisbids longiseta.
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The valley bottomland 1s meinly meadowland, covered with various
grasses, Lhe vegetation of the wetter arsas consisting mainly of Scirpus
gppe? and Typha latifolis. Hay 43 out and baled on this meadow usuelly
during the first part of Augmwst. Along the 5ld river chammel (a new channel
was dug in 1956} and in webter areas gensrally corwmen species are Salix mop.
and Betuls oceldentalds, Less conspicnous is Rhus radicans which appears
to invade the lower adges of the sand hill frem the bottomland,

A road traverses the area, 22 can be sesn from Figmre 5 along the lowar
2dge of the sandhill, The ranchhouse was ocenpled only during the wintar,
during which time cattle 2re kept on the area. The only hvoman activity
was haying in late surmer and pheasant hunting in the amtwmmn, Road traffiec
was 1light and mainly by wesbers of the Inkanesp Tndian Band, Cenverssztion
revealed that very few ratilesnskss were seen on the vead, Al in all the
area proved ideal for rattlesnzke study in that there was a winimm of hman
Interference. Only two casualtiss to rattlesnskee are mewn te have eccurred
due Lo hummn activity during the sntire study pericd. One of these,
apparently run over by a car, was found on the road om June 25, 1962, Another
wag killed accidently by a trastor in late Septewber, 1963, during land
clearing in the bottomland ares.

The two hibernating dens were originally discovered by the writer several
years agos Den Nos 1 (Mgure 6) consists of 2 horisontal orevice in a
sloping rock fage, the opening of which is abous 2 inches in height. Inside,
the crevice appears to slope slightly upward, On smergance,; the snakes are
first seen in this crevice. Later, as the weather varms, thay msy be found
scattered sbout in other crevices and in talus in the immediats vicinity of
the den cpening. The sxposure of the den slope 13 toward the west and
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Figure &,

The grab-stick (about four feed
indicates the wtreanoe.

)

Den No, 2
in length

Figure Bo. T




Slighth south,
Den No. 2 appears to be more indefinite in location than the other in

that the snakes ars found scatiered over a wider ares. The sntire area
congists of talus, One of the most important openings appears te be a small
n1le of braken rocks (Figurs 7). The exposure of this area is more to the
sorth than that of Nan No. 1 The distance betwean the two dens is about

700 feet,

Methods of Capture
In the spring and autum while the snakes vers in the vicinity of the

dens they were captured by mesns of a grab-stick and a canvas bag attached
to a heavy wire loop on a handle. This msthod ensbles rapid capture of
gnakes thus lessening the number of losses dus to escapss Care was taken
to avoid etsessive pressure on each snake by the grab-stick to prevent
injury.

Rumnel traps after the design of Fitch (1960) were set along the base
of the rodk bluff and along the lewer wdge of the ssnd bench, During 1962,
16 trap stations were set out, two of thess consisting of me trep each,
«ith a Dmnel at each end, and the resainder consisting of two funnel traps
facing one ancther, cne on either end of a drift femnce. Figures 8 and 9
11lustrate the funnel trapse The traps wers made from & inch mesh wire and
the drift fence {rom fly soreen. In the suamer of 1963, the mumber of trap
atat ions was ineresssd to 27, esch one ceataining two traps and a drift
fence. The traps were checked slmost every day and were checked in the
morming in ordar to prevent exposing the snakes to the hest of the day.

Zven with this precaution two ratilesnakes, four blue racers and one bull-




Figure 9. Rattlesnake in fwmael trep.




snake died of overexposures The traps were covered with dry grass and
whatever other material was handy but the nem-day heat was still severs.
Snakes wWere taken from the traps by removing the funnel and emptying them
into a eloth bag for transportation to headquarters for processing.

Several anckes wers captured while the writer was wandering through
the study srea searching for them, or checking the traps. However this did
aot prove very fruitful and nefther did searching at night with a flashlight,
although one ratilesnaks was captured by this latter method,

Ergeedures
For examination the snakee wers brought to hesdquarters. Welghing

was done by placing the snake in a pre-weighed cloth bag and placing 4t on
the pan of a triple~bean balance, For measuring (FMgure 10), 2 measuring
board was oonstructed to which a steel tape coculd be abtached in the same
position every time. The snake to be measursd was grasped behing the head
with the left hand and the snout held against a block at the zere mark on
the tape. The tall was grasped in the right hand and the make held mtil
it completely relaxed at which time the measurement was read. All snaices
were measured in the same mamner except the extremely smil snaites of about
30 cme in length which proved difficult to pick up safely in this mermer,
These were noosed behind the head with a noose~clamp designed for this
ptrpose and held by substituting the clamp for the left hand and measured
in this manner. To determine the amount of varistion in measuring, 11
captive individuals were measured daily over 2 period of 7 days.
Sexing was done by inserting a blunt probe into the clossca and probing
for hemipenes. Marking was done after the method of BElanchard and Finster
(1933) by elipping the subcauvdal scutes. An exampls would be s gnake marked
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as Ez'SI% in which the right corners of the second and £if%h scutes caundad
from the vent and the laft side of the eighth were clipped {Figure 11),

In all cases, in order to avoid confusion in identification, the first
scute clipped caudad from the vent was evenly mmbered, In addition the
rattles were painted different colours according to the area 4n which the
snaiked Were captured nsing model enamel (pactra'namel or Mumbrel Plastic
Enamel). Painting the rettles served several fimctions: (1) it was hoped
that the snakes with painted ratilas would perhsps be i1mmmes from huwmen
depredation in that they might bs recognized as part of a research project;
(2) 2dd$:3n of new rettle segments conld sasily be noted in the case of
snakkes with inccmplete rettle-strings; (3) ldentification was augmented.

During proceasing the msices wers palpated in order to determine if
they sontained food items.

During the first stage of the study (spring 1963) an attempt was made
to block the thermoreceptive sense by injecting liguid latex inte the outer
cavity of the facial pit, white vinegsr having been injected first to act
as a coagulmnt for the latexs A total of 12 snakes were treated in this way.
Seven of these, obtained outside the study ares, were retained as captives
in order to debermine the permanence of the latex. Since it was found that
the latex block was lost during the shedding of the skin a2 more permanent
method of deleting the thermoreceptive sense was desired.

During the following spring (1963) electric cautery was used aftwr
first having ¢ried this on captive individuals to determines the effect on
the msake. The entire pit mmmbrane was destroyed using a hyfrecator with a

fine needle point. Twenty of the forty mnakes captured at the dens were

treated in this way,.
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Figure 1l. Vier of subcaudal surfase of rettlassks Humber 75,
marited as Rop « The anal plate can be sesn at
the extreme of the pisture (arrow).




~17-

Casual observations were made from times to time concerning the reactions
of cauterized and nen-cauterized snakes to the writer's hand when waved or
hald immediately in front of a wire screen or the snake?s cage. These
observat ions will be discussed more fully in a later sectiom,

For more formal cbservation of the alfect of cauterization on their
bshaviour the snakes were presented cone at a time with live white mics In
a test cage measuring 12 inches by 20 inches by 12 inches deep. As very
few of the captive snakes showed any interest in foed it was necessary to
select reliable feeders as determined by frequent testing and to operate
on these for use as experimental animals. Two were selected. In one of
these the pits were destroyed by electric cautery. The cther, in order to
dstermine if the cperative ireatment had any effect on behaviocur, was
subjected to a sham operation. This was done by cauteriaing an area of
skin on the snout between the pit and ithe nostril., These two snskes wers
given a week's rest to allow healing and then presented, one abt a time, with
a mouse, Further tests were carried out using a light-proof box of the
same dimensions as the test cage. In addition to these two snakes, tvc
racaptured cauterized snakes and two norsal snakes were found to be reliable
Tesedars and were tested in the same way. Hach test was conducted by placing
the anaks in the light-proof box, Five minutes later a live white mouse

was placed in the box with the snake« The box was opene’ brisfly at 2
minute intervals for the first 20 minutes, at 5 minute intervals for the

next 20 minutes and then at 10 minute intervals for the iotal pericd of one
hour. In some cases sounds of a scuffle inside the box indicated that the
mouse had been struck and the box was opened lmmediately to determine if
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If while in the dark box the aake did not strike the mouse, it was
placed in the light cage. Ome minute later a mouse was placed in the cage
and the time required for the snake to catch the mouse was recorded. A

snakkey, after sating a mouse, was not tested again for a week,

The pit regions of four cauterized snakes and two normal snakes wers
ssctioned and stained with hematoxylin and eosin by Miss Hildary Short.
These ssctions were examined to det.ermine the wxtent of tissue damage
caused by camtertzstion,

RESULTS AND DYISCUSSION

—ihe Population

Over the two summers, 1962 and 1963 and in the spring of 1964, a total
of 99 rattlesnskss were captured and marked in the study area. Fifty-two
of these were captured in Den No, 1s 27 in Den No. 2 and the remainder in
the traps or by searching for them. Hany of the snakes captured at the
dens were captured elsewhers in the study area as well, The total number
of recaptures for the 99 mariked smakes was 123. Including the initisl
captures the number of instances of capture was 222, At the dens a total of
137 captures was made while 34 were made in treps, 42 were made by searching
and 9 snakes ware borm in captivity. It 1s quite evident that the most
reliable method of capturing large nuwbers of rattlesnskes in visiting the

den areas,

From Table I the number of trap-days per rattlesnske in 1962, with 15
trap stations, was 52.5, 1963, with 27 trap stations, the number of
trap-days per rattler was 145.4. Perhaps an sxplanation for the discrspency
might be 4n that the traps were sst over a longer period in 1963 and the
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greater activity period, with regard to success in irappine, occurred late
in the sumser, from mid-July on. It i3 interessting to compare these figures
with those of the other two most common snakes in the area. (oluber
copabrictor averaged 49.2 trap-days per snake in 1962 and 52,9 in 1943.
Pltucphls cateniler averaged 11244 days per snake in 1562 and 100.2 ia 1963.
Tt would seem Irom this that an increase in the mumber of trap~days would
result in an inersase in catches for (. constrictor and P. catenifer but

not necessarily so for C. ¥« oreganus. The nocturnal habits of rattlers
sompared t¢ the diurnal habits of the cther two speciss may in some way be
responsible for this,.

Sex Ratlo

Forty-alight of the ninsty-nine snakes captured in the study area were
malee and fifty-one weres female, the male/female ratio being .94e In cne
brood of 5 born in captivity in 1962 the male/female ratde was 3/2 and in
the obher brood of 4 the ratic was 3/1. 4 brood born 4n 1963 in which
5 aut of 5 were captured revealed a male/femals ratin of 2/3., The sex
ratio data for the dens is presented in Table II. The variation 4n these
ratios is undoubtedly not representative of the true ratics but is due to
sampling errors Inh all cases more snakes were seen than were captured.

Tabls III shows the total number of captures of esch sex at the dens,
in traps and by searching. MNors females than males were captured at the
dens, This maxy be due Lo 8 greater wandering tendency in meles, in that
they mey leave the dens earlier than the females and not return as soon.
The faet that many more males than femles were captured in the traps would
tend to support this,
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TABLE Y. Species Captured in Rmnel Traps

Nos trap-days
-Species ger dndividual
1962 Coluber constrictor 16 43.2
Pituophis catentifar 7 112.4
Crotaius viridis 15 52e5
Hylo regilla 2 393.5
Perognatins parvus 12 6545
Yeotoma cinerea 2
Mierctus montama 1
Jorex cinereus 1
1963 Ceoluber constrictor 55 52.9
Pituophis catenifer 23 100.2
Crotalus viridis 20 SVLT
Thamnophis sirtalis 5 581.4
California Quatl {chick) 2
Perognathus parvus 2] 1384
Reithrodontomys mogalot is 5 5814
Peromyscus maniculatus i
Sorex spoe 1
Sorex cinsreus 1l
Sorex vagrans 1

Figure 12 {llustrates the composition of the pepulation as revealed
by the spring samples. The sizes of the samples ars rather inadequate
but perhaps the 1963 spring sasple is the most inddcative in that it is
the largssts TV must be remembersd that 1 individusls, S males and 4
femnles, were removed in the fall of 1963,
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CAHLE YT, Actnal Mumber of Tndividuals Captured

2t the Dan Areas.

Molas Ya
Time of o oy Neow Male/Temale Ratio
Year N Youmg Nlder Toumg  Nldar Total TBxels yommg
Spring 1942 1 3 4 - 3 233 1,33
- 3 l 3 » 75 190
Teatal 3 7 1 4 l.43 1.17
Fall 1942 1 A 1 2 5 «71 220
2 3 2 1l 2 1,67 1.0
Total. 7 3 3 7 2.00 43
Spring 1943 1 1l 7 5 10 «53 «70
2 - 2 - 8 1.0 1.9
Total 1 15 5 138 «70 33
Fall 1963 1 2 5 3 L 1.0 .25
2 - 2 1 2 .57 1.0
Total 2 7 4 5 +50 1.17
Fall 1963 removed 2 6 2 4
Spring ]96& 1 - 7 2 1 o Sk N
2 1 i - 2 1.0 «50
Total 1l 3 2 13 +60 <62




TABLE ITI.

~22w=

Total Instances of Capbure by the

Three Methods Used.

Tg;rm ¥athod of Canture Male Female Total  Male/Famale
Spring 1942 Dan vistts 12 7 12 o5l
Fall 1962 Den visits 9 21 36 243
Spring 1963  Den viaits 17 24 4 71
Fall 1963 Den visits 3 1 12 «73
Spring 1964  Den visits 9 15 24 260
Tetal 54 78 132 +&9
Swusmer 1962  Funnel traps 8 7 15 1.4
Sumer 1963  Pmnel traps 14 6 20 2.33
Total 2 13 35 1.69
Summer 1962 Sesrching 4 19 23 s21
Summer 1963

Total
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Figure12. Histogram showing the composition of the
spring samples by length.




Population Fst fwetes

™ 1962 a total of 51 rattlers wag marked, Two of these were known
to be dead by the spring of 1943, Ome had died of heat prostration 4n s
trap and the other, 2 newborn young, aopeared to have been ki1led by a
predator. Bassd on s tetal of 49 marked snaltes and a total or 36 captured
in the sprine »f 1943, sxelnding the unmarked yomg~oi-the-year, of which
20 wers recaptures, the population sgtimate gt 75 percent 'cmtidmco limits
was 88726,

By the time the snakes had entared hibernation in the fall of 1963 a
s total of 27 had been marked, Six of these were known to be dead by the
spring of 196k, 2 of thess from the previous summer. Two of the remaining
fmrhadbmkﬂlodhypr&&tm, one had become entangled in the cloth
sarrying bag and the fourth had been killed accidently by the blade of a
bulldozer. Fourteen rattlers had been tsken inte teptivity in the fall of
1963, leaving a total of &9 marited snakes in the fisld, Exclusive of newborn
umarited young, 21 were captured in the spring of 1964, 14 of these recaptures,
At 95 parcent confidence limits the population estimte was now 10432,

If the figures from spring 1963 and 1964 are combined to obtain a
larger sample size as was dome by Fitoh (1949) the estimste 1s 99 snakes.
By the Schnabel mathod, using data aemed during the sntirs study
perlod the estimate is 124 snakes. 1In view cof the fact that sbviously not
éll of the snakes were captured, the figure may more closely appreximate
the actual population size.

The snakes were all saptured within an area nmeaguring 4100 feet by
2000 feet, or 188 asres in area, Using the spring 1964 sstimate of 104
rattlesnakes, the density 1s estimated at .55 rattlesnakes per acre, Using




the sstimate of 124 snakes, the demasity estimate 1s .66 snakes per 2cre.

dowever it 18 quite probable thal some of the snskes may wander well out
of the area, albhough this may be balanced by thoss wandering into the area

Irom cuteide.

Birth Rate

Th the presant study, data 1s available from only 4 broods of snakes.
The average mmber per brood was 5.3, ranging from 4 %o 5 younge Thres of
tha broods wers borm in captivity when the female had been held overnight
for smxawination, One of the csptive-borm broods was bern prematurely, the
six young having yolk sacs attached and being very small. One of these
young lived in captivity for some time but the cthers were sithsr stillbomn
or died scon after, The remining 2 captive-bom broods appeirsd normal.
The 3 females wers captured at the dens, which wonld indicate that the
young are born within the den area.

During the mummer of 1963, a gravid femsle was captured 4 times in the
Den No. 1 area, from April li to August 20, She was generally captured 4n
the vicinity of the same reek. On August 27, 6 young, 5 of which wers
captured, wers seen togsther near this ssms rocke Thess wers probably the
brood of this female, as no other had been seen in that vicinity previously.
Table IV presents the brood data,

Food

Tn additien to the mepmmle listed previously in Table ITI, Microtus
pepnsylvanions, occurring i the meadow land, might be added as a food
species, Ancther spesies possibly used would be Sylvilazus mttald, which




TABLE IV. Drood composition, Size, and Date of &iith

nate of birth Place of birth Hales Femles Total
Angust 19, 1962 capt Ivity 3 2
August 21, 1962 captivity prasaturs )
August 27, 1962 capt ivity 3 3 i
Petween Auge 20 & Auge 27,

1963 Den Yoo 1 2 3 8%

* one not cantured

4s common In this ares, Several ysers age the writar found the remains of
s small rebbis in a scat from a snake collected a fent miles north of the
area. The most common and perhaps the most tmortant food speciss In the
area 13 Parognathng parvus. Stuart Iverson (pers. comm.) in 1964 placed a
conaervstive estimate at 13 to 17 mice per acre a3 the population demsity
of this species.

Only four food records were obtained. OSnch a small mmber might b
sxpected in that most of the captures of snakes occurred at the dens and
Lhose snakes captured in traps were probably In search of foods A scat
from a female collectsd at Den ¥o. 2, August 17, 1962, contained hair from
Paroguathus paryus. Ancther scat found in the carrying bag with 3 snalces
sollected togsther on July 23, 1963, at the base of the rock blnff also
contained hair from Perognathug parvus, On July 28, 1963, & young snake,
measuring L0.9 cme in Yotal langth, was found in a trap wih & {reshly




regurgitated adult Perosnsthus parvns. On Septamber &, 1943, a2 rattler was
collected on the sand hill below the rock bluff. A scat obtained from this
gnake conbalned Hierotus hair similar to that of M, pennsylvanicus. b is
likaly that this snsite had been hunting in the botiomland,

Using the greatest distance betwssn points of capturs for saeh
irdividusl, it was found that 26 recaptured mala rattlers had moved z total
of 21,170 feet or an average of 81, feet per snake, Actually, the distances
moved Wore recorded for 17 of the 26 snakes. Twenty-eight females moved a
total of 10,832 feet, averaging 389 fest per suske. The distances recorded
wers for 14 of the 28 femples. In both the males and females, the snskas
for which no distances wsre recorded had besn recaptured in the same spob,
in most cases at the den area. Ohricusly these snskes have moved for they
wers not captured at the dens during the summer sxcept in the cass of one
gravid female which was recaptured four times at Den Wo, 1 throughout the
susmer of 1963+ Snakes captured balow the dens, of course, also had moved
sincs they had come frm:&ms and mist retom to thew for hibernation.

Since the number of recaptured males approximates thas of recaptured females,
it Is evident that the meles wander further than the femalas. Tive males
ware recorded to have moved more than 2000 fest 23 compared to two famales
moving this same distance (Table V). Records of 2000 foot movements included,
in sach case, captures in ihe bottemland, {Figures 13 to 15). Of seven
snakes recordsd from the bottomland, five were subsequently rscaptured at

the dena, Fiteh (1949) 1n s:dying this same subspacies, thought that
Bovemesits beyond 1500 feel probebly represented shifts away from the home
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range. Disregarding distances beyond 1500 feet he found the average distances
moved for males to be 630 fest and for femmles 4O7 feet. However, in the
present study, since ths smakes returned to the dens after moving 2000 feet
this cannot be regarded a3 3 shift away [rom the home range. Home rangs
shall be discussed further presently.

The grsatest distance wmoved was by a male whose discarded alcin was
ifound in the bottomland L095 feet azway Irem the point of releass at Den
Hose 2. The time Interval here was 3 months. The greatest distance woved

during the shortest interval was by another male which moved 2069 feet in
less than 15 hours (Figure 15, No, 16).

Figures 12 to 15 illustrate the wanderings of § snakes, That snakas

pay use the sams range from year to year is suggested by the movements of

Fo. 46 (Flgure 13). The fast that most of the snaices did return to ths dens
from distances up to 2000 feet wounld indicats that they must be quita
familiar with the range over which they prowl and mist depend o learning
tc find their way bhack Lo the dens. Ths home ranges zesm to be somewhat
linsar in shape if the data presented are adequate. However it is quite
probable that the snakes wandered considerably tfairther than indicated by
recapture,

That young snakes born 2% the dens way find their way back in the fall
is shown by 2 young female relsased August 19, 1762 at Den No. 1. She was
saptured at the den the folluwing spring (1963) and 3 montha later was
captured 800 feet awsy from the den in a trap on the sand flat belew, She

was recaptured a week later in ancther trap also 300 fest sray from the den,
The following spring (April 6, 1984) she was recaptured at Den Wos 1. That
young may travel a cscmsideradle distance from the dens is indicated by a

femals measuring 32,3 ome in length captured on the rvad, at least 2000 feet
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from the nearest den, However this mnske was not subsequently recaptured.
Generally the mnakes wandering the greatest distance were the largest
(Tabls V) and therefore probsbly were the oldest and most familiar with the
range.

In spite of the fact that the two dens were so close in prodmity and
the possibility that snakes from the two dens may have crossed paths, for
example No. 46 and No. 15 (Figurea 13 and 15), no mixing betwsen the dens
was observed. However, in cases whers the initial capture of a snake was
made away from a den thers is no way of knowing from which den it cane.
Rattlesnake No. 33 was first captured in a rocky drew about 200 feet below
Den No., l. It was recaptured 9 menths later at Den No. 2. This is the only

, case known of a possible movement from ¢ne den to the cthers It is possible
that such movements may occur more often in young that do not yet have a
definite home range.

Growth
Perhaps one of the first ceonsiderations to arise regarding growth in

snakes, especially when recapture data are used, involves the validity of

the measurements, Living ansites are particularly difficult to measure
accurately, In order to test the repeatability of my messurements of length
eleven captive rattlesnskes were measured daily over a period of ssven days

or less. IL was assumed that no significant growth would occur through

this period. WNeasured length showed a varistion ranging from .7 %0 45

percent of the total length In different individuals. The meen variation
«pressed as a percentage of the body length was 2,25 percent. The standard
error ranged from .08 to .45 (Table V1)« In no case did this variation in
Bedjurement reveal a2 sonsistant increase in length during the seven day period.




The msthod used to obtain an overall picture of the grewth of Crotalus
7iridis oresmys in British Columbia was that used by Klauber (1937)
‘supplamented by recapture data (Pgure 16). Up to and including the age of
sm years the pattern sppears distinot. BEeyond this age the pattern is not
at all well defined; perhaps this dus to individual variation in growth rate
lfmrshadwzng the gensrally slower growth rate in length, The average total
“hength at birth of ssven males was 29.7 om. {27.3-3144) and of six females

2944 cme (28.2-30.4), Two one year old males averaged 37.4 cme (33.3-40.9)
Ths rattls

e

Lnd three famales of the sams age averaged 37.5 cme. (35.1-39.2).
gtringa eonslsted ganerally of two segments, AL two years of age most of
"\he snakes had five segments in the rsttls string, The males at this point
siveraged 60,6 cm, and the females, 55.2 cme in total length. Recapturs
data (Figure 17) seems to indicats that by three years the males may reach
 bout 75 om. in total length and have a rattle string of § segments.
I“’i;ura 18, based on fifty rescrds, although the data mey be inadequate,
,pycara to indicate the genersl trend,
. Instantaneous growth rates, expressed as percentage of head-body length
seor growing-sesson-month, for sales and femles are given in Table VII.
éz mst be realized, of course, that the rate of growth over a partisular
;raing season is not likely to be uniform, A decline in growth rate with
incrmcinagainindiutodin‘rablo .
Tt 4s interesting to coopare the grarth of this subspecies in the
northm limits of its range with that of some of its more southern relatives.
: .ﬂ-.eh (1949), studying the same subspecies in the 3an Joaquin Valley abeut
-8&3 miles farther south, foud that at two years of age the snakes averaged
;_-,_33 ome in head-body length and had six rattle segeents. This i3 7 cme




TASLE V1. Vardation 4n Msamurement of Elevan
Captive Rattlesnakes

- &7

Ro.

e S “memte Range  Mean memiarrd brron . I :iu%?
T 9923 920 La000  Lopss .65
BT 5 0 m 300 a3 121
K 7 80,0629 aL3 10800 k0 3.57
e F 7 BL.5-85.9 85.3 4796 <1813 1.64
TOT 86855 Gk s .m0 e
7T BTl %3 ugy am 2,29
! F 7 65.2-67.2 65.3 <7071 *2672 3.0
20 N 7 75:9-7649 7604 3262 1195 1.31
M7 809 801 L5099 L1920 1.87
B w s 318326 32,1 2828 L1965 2.49
2P, 3L.7-32.4 3L9 .28 .y 2.19
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"mgtr than the average male tisad-body length of 56 cm, at two years indicated
w the present study in which most of the tnakes st that age had five rettle
6 gmts. The growing seasen in the San Joaquin 1s sowewhat longer, being
@avaa to sight months in durstion. Pitoh found & growth rate of 2.4 om,

p rmhmfirnmmmdzaﬂe&pumhinwdlgmm.
bd;wm 36,5 and 66.3 om. in head~body length. Table VII, 1f the first two
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colums are avaraged, indicatas a rate of 1.3 cm. per month for first year
young and 1.5 cme per month for well grown young, Klauber (1937) 4n studies
on Co Yo hallerd from San Diego Counto found thias species to reach a length
of less than 30 cm, at twe Jears and to have elght or nine rattle segments.
In 1956 based on a larger sample, he increased this figure to 30 cm. for
males but decreased the rattle nunber to seven or sights The growing season
Lthere is about eight months. Perhaps the growth rate of g, v. Agtoyus
studied by Heyrend and Call (1951) near Grantsville, Utah, more closely
spproximates that of the subspecies in the locality of the present study.
They found the head-body length of the males at twe years of age to be 55.6
cme and the mmber of rattle segments to be four or five.

These three subspecies ars sowewhat comparable in adult size. According
to Klavber (1956), large adult males reach 115.0 emy in €+ Yo oreganus,
1150 ems in C. vo Jutosus and 120.0 em. In Co 3« halleri. Of the ten largest
nales messured during the present study, all over 50 cm. in total length,
the average size was 3.5 cms The largest measured 973 om

Battle growth

Rattle growth of C. ¥s greganug indicated by the presert study appears
to follow the sequence oft 8 months, butten; 12 monthe, 23 20 months, L
24 wonths, 5 to 6; 36 months, 7 to 8. Figures 12 and 19 compare total length
with rattle nusbers for males and females respectively. Only those snakes
with complete ratile strings or those whose complete rattle rmumber was
known through previous capture were used. Comparing figures 20 to 25,
increass in rattle number appesrs to depend upon increase in length.




TABLE VII.

Growth Rates of Male and Fomale Rattlesnskes of

Different Age Classes, Expressed as Percent Head-body
Length per Growing-sezson-month,

' walme

 Age (Momth O 8 20 2332 _Aduls

. Head-body length  28.8 31.0 5406-5940  7040-75.1 76.6=35.6

i smé: in sample 1 1 4 A 5

% Growth (em./we.) 1o 2.1 1.5 09 o7

* Groth (% headw

»  body length/me.) 4,8 6,7 2.4 1.2 .8
Average 547

'y Age_(Month) 0 846-2103 20 2336 Adult

" Head length
(cme) 26.6-28.1 32.035.9 Aheb 50.6-528 57.8-60.6 65.1-73.,

 Number in sample
7 Growth (eome/mo.)
e Grewth (& head

7 bedy length/me.) 48 3.3

Aversge

i 2 i b 5 1¢
1.3 1.1 1.4 1.1 3 !

3.1 2.2 lek v
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It has been demonstrated that 3 population of about 124 rattlemakes
at a density of 0,46 snakag per acre, with an abundant food supply, reveals
3 norwal growth rate of 5,7 percent hody length per growing-season-month in
milag under one ysar of 8gey ranging to 0.8 percent per month in old adult
sales. The females revealed a normal growth rate of 4¢0 percent per menth
{or thoee under ong ¥year of age ranging to 0,4 parcent per month for the old
aduitg, |

Importance of the Fagial Pit

A sensory organ, to survive, must be of soms fimetional value to ity
possessor. This valne in the case of the facial pit of rattlemskes could
be axpresaed in terms of suwrvival or rate of growth in that snalces having
non-functional pits wonld be w=pected to feud less efficiently than normal
snakes. As earlier stated, it ia the purpose of this project to det ermine
the importance of this Pit under natural conditions by comparisen of survival,
walght changes and grewth rates of normal snsices with those of suskes with
delsted piis,

Effact of Latax

Latax was found to be ineffective in blocking the thermorecept ive
3ense in that the latex plug was lost during moliing. Three latex-treated
snakes were recaptursd befors the latex was lost however, and these were |
treated as cauterised snakes, ™ cther cases the duratien of the latex
bleck could not be known, Comparison of latex-trested snakes and normal
snakes is discussed under the following sub-heading,

Effect of cauterys
Cautery of the pit mewbrane appeared to bs permanent in its effect
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through the duratien of this study, Casual observation of recaptured

snakes retained in captivity about one year after cauterisation indicat ad
the pit to be et nonfunctional, Fop &xarple, on one cccasion two of the
Snakes, one cauterized and one normal, were noticed to De resting with their
heads lying in Ssparate ventilation holes sids by side in the cages These
holes are of 2 4nan dlameter and bored in wood 2 inch in thickness and are
covered by window scree. when the writer's hand wag waved slowly very
¢loss to their snouts, the normal snake withdrew and rattled but the
cauterised snake did not respond,

Both flicked their tongues at the writerts band but the normal suake ratiled
Tirst and withdres, The cauterised snake did not withdraw,

Controlled tegts were conducted in order to explore further the
effect iveness of cautery in extirpat Ing the sensory activity of the facial
Pits OFf 12 snakes maintained in capt ivity for 3 months, tests revealed 2
of these to be reliable fooders, one striking 4 out of 4 sdoe and the other
4 out of 5, ?hmtwem&mmcmmawmﬁﬂ-epcmdn
praviously described, were each offered a live MOuses; one st a time, in the
oy +lghted test cage, 8 days after eauterisation, The cauterized snskce struck
the mouse mzmumsemwa thﬁm“efﬁkurﬂ:umhmh
| The sham-opersted snake st rack inll:!_.natom}.ilnaudaotattht rate of
" 34 strikes per hour, This test would lead one to suspect that mder tdeal
fead:lng canditions the cperatien would net Becessarily tnhibit the behaviour
_-_}ef the snakes,
I is suggested from the above test that cauterized snskes are sble to
feed sugcessfully 4n a lighted cage. The same two snaices were further




tested, using both lighted and light-tight boxes. The results (Table VIYY)
indicats \mavccess ™} fseding 4n total darkness by the cauterized snalce,

Further tzsts were conductad vaing snakes recaptured in the spring of
1964s These snakass, four 4n number, two cauterized and two normal, ware
selected from 11 captives In ‘hat thay showed interest in feeding, having
zaten ore pouse caghs At Lhe time of the tests, thess snakes had been in
caplivity Tor about 2 months, Table XX reveals the results of the testa,
There 42 no doubt that the sensory activity of the pit was destroyed,

i 3eems evident than that the facial pit 43 quite useful if not
necessary In catching s mouse in dbsalute darkness even in s relat brely
mall cages Noble and Schmidt (1937) observed thet two cauterized and
tongueless snakes captured and ate 3 mice within 42 hours. They comcluded
that rattlesnskes "deprived of their pits and tongue ars perfectly capablse
o& catching and devouring prey unaided®, Thedr axperiment evidently was
not carried it in total darknesss Tt may be that 4if the cauterized snakes
discussed above had been left in the dark cages sufficiently long they wonld
have captured the mice. However this operivent does indicate that the

In none of the recaptured cauterized snskes did the pit mexbrane appear
1o have regenerated. ?Mpitwmhoruacwy,.thcmﬂehm
emtinmwiththtmmgwmharﬁzgorﬁrmtm
erappnmtahapmlyclﬂadbymrthmn Figares 26 and 27 11lustrate
th.ummammm;k-crmtmmawlsmm
after cauterisation, A vestige of the megbrane can be seen in Figure 27,
Figure 1 ahows the right pit of a normal rattler, No. 29, in which the pit

membrane is visible.




Respect %o Ranctions te Mice in Lighted ang Light-

prootl Boves,
Dark Box Light Box

Iresty atbe of Strfdedng  Dat
Ccauterized Jung 11 O/ irrs June 12 4/,

Jul,y' 4 {}/hr‘ J{‘\Jy 4 &6&3’.

July 19 O/hrs July 19 &/hre
Sham June 11 15/hr,

dnly 4 o/hr. July 4 4L6/nr,




H.gﬁra 26, View of right side of head of rattlesnake Number 22
showing the cauterised pit,

Ry

Figurs 27, Vier of caterized left fuc

Sear tiseue 48 In evidence

ial pit of rattlesnake Mumber
« 4 vestigs of the destroyed

mesbrane can bs seen.




Fxamination of ssctions made from the pit regions of Hos. 64, 29, &9
and eoms obher captive cmtarized rettles Tsvealad no noticeshle damage
to the tisens frronding the plb. Nemmants of the destrqred mepbrane were
risible in Wo, 49 and possibly in ¥o, 29, In geners) the sact ions ware
wsat isfactory with raspact Lo Indieation of damaze to the nervous tiasue
surrmmding the nit,

Fagura 22 somparws male rattlssndkes subjacted to three treatments,
cavtery of pits, latex blodcing and normal, with respect to 2ain in length
and dote of enpturs, T fppears that cautery has had some effect in some
cased. Tor erample ¥o, 63 A44 hot srow as rapidly as ¥o, 20, of the aszme
Agey which had been trested with latex that weg probably scon lost., The
latex trestment 7ppears to have had no effect 2 In Fimure 28, having n mogt
22808 probably baen Yost scon afher applieat ton., Howerer Yo, 33, In which

the latex was not Jost anpmared temaam;idlyan Ne, 48 if not more so,

perhaps more ovidert, Again the latax appesrs to have had no appreciable
esffect, However, the tautery appears to have baen more effective than in
the case of the males, Thres of four recaptured cauterized Tfenales, Nusbers
s 690 67, and 61, showed no increase in length, The slight decline shown by

* thess three is dus to measuring error, The two females that retained the
| latex, Numbers 30 and 34y showed slight inoreass in length,

| Comparison of average instantaneous growth rates (?able X) reveals no
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TABLE X. Comparisen of Grewth R&ﬁn in Terms of Percent Head-body
length per Growing-sesascn-month of Snakes Subjected te
Thres Different Mms. Humbers in Parentheses Indicate

Sempls Size.
MALES
Age (M0,) 8 20 233 Adult
Head-body (ems) 31.0 5hde5940 700751 Thobeid5et
Normel %/, 6.7(1) 2ul4) 1.2(4) «3(5)
Latex £/m0, 5.7(1) 1.6(2)
Cauterized %/Mo, 1.8(1) 3.0(2) 13(4) 3(2)

8 20 23-36 Adult
hla® __ 50:3-%3,8 59,7-66,6
3.1 2.2(4) 1.2(6)
50(1)  1.0(2) 1,%(2)
o1) +5(5)

in the males. In the females, however, a major difference did appear
between cauterized and normal anakes,

In order to cbtain better figures for statistical analysis the slope
of the growth curve was cbtained by dividing the length at recapture (Iy)
by the initial length (L3)s To straighten the curve the logarithm was




SR
Pl

=

taken of this ratio, log(ln/L;), and to eliminate the effect of age,
log(Ly/Ly) was divided by the logarithm of the age retio, log(Ty/Ty)s

The figures obtainsd, log(lp/L;)/log(T4/T;)(Table XI) wers subjected to an
analysis of vardancs. Only snslces of which the ages wers known wers used
and only the first recaptures wers used, in an attempt to eliminate all
varistion exeept that due to the three different Srestmsnts and individusl

varistion which, of course, cannot be eliminated, 17 the snakes of sll
three treatments wsre compared there is no apparent difference in the
differently treated males and no significant difference in the fesnles.

If the latex~trested snakes wxcept §those in which the latex was retsined,

wers disearded and the cauterised and normal snakes ccapared, thers is still

no difference in the males, but the females reveal a significant difference
a% the 1.5 peroent level, Individusl variation in growth rate probably
overveighed any differences in the males that might cccur dus to the loss
of the heat sense. Also, the sample sise is perhaps much too small to
reveal & consistent differense between the differently treated makes.
Figures 30 and 31 compare the weight changes with rempect to time of
the same snakes for which data were presented in Figures 248 and 29, In
the mles ( Fimurs 30) there sppears to be no definite pattern with respect
to treatment. Number 20 lost weight after latex trestment and then gained
waight after the latex had been lost, lumber 29, not trested at first,
also lost weight but gained weight after the second capture at which time

he was caiterised. The females (Figure 31) again show no definite pattern
u_ri;ah respect to welight change. It is probable that individual variation
again cutweighs the effect of the deletion of the thermoreceptive seuse
on growth through feeding.
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During the spring of 1963 one male less than one year old was
capbured and cauterized, but has not been subsaquently recaptursd. On
the other hand, of the § males 20 mmnths old and older, captured and
cauberized in the spring of 1953, seven wera recaptured efLther in the fall
of 1963 or the spring of 1964, None of the 2 normal males captured at the
same time have been recaptured, This doss not indicate a differential
gurvival in faveur of the normal snakea,

In the case of the females neither of the 2 canterised young—of-the-
year wers recaptured subsequent to the time they were cauterized in spring
1963+ One third of the normal young were recaptured, hovever. Four of the
sight cauterised older snakes and six of the ten normsl older snakes were
resaptured. A differential survival of eauterizsed and non~cauterised young
may be indicsted in the cass of the femles but the mmbers sre oo small
to be definite, In the case of the older famsles 4/8 versus 6/10 may indicate
a differestial survival but to a slight degres only. Actually an additional
: cauterised female found dead at the den site in ipril, 1964, AT ineluded
| would bring the ratio to 5/8 compared to 6/10 in favour of the cauterised
snakes, Death appeared to be due to predation, aa only a section of the
tail was found. Whether death in this case could be atiributed indirectly
to the cautery of the facial pits through reduction in wariness or through
loss of condition is not certain. It &» perhaps most likely that desth to
~ that partisular female came purely by chances |
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CONCLUS YOS

Summing up, the importance sf the facial pit in locabing prey in
absolute darnesas is definitely indicated by the bshavioural tests
camparing cauterized and normal snaites, Statistical tests revealed 2
aignifisent difference 4in the growth rates of the fomales, the cauterized
snaktes growing more slowly than the normel cnes. ﬁawrmaa all
wag revealed in the maless The fact that there was a significart differencs
indicated in the case of the females and not in the males may suggest that
the pits may be mors important 1o the the sex than the other. Indeed, it
mmFomthm males tend to wander more than the females
(Fiteh, 1949) and perhaps hunt more actively. The thermoreceptive sense
then msy be more important to mnskes that tend to lie in wait for their
prey as muy do the less nommdic females. However, the controlled behaviour
tests indicated the pits to be fmportant to males.

On the other hand, the thermoreceptive sense may be more important in

a particular age ¢lass, Yor example, one 20 month old male showed a growth

rate lower than that to be sxpected in this age class (Table X). Also, no
cauterized young-of-the-year was recaptured. The data are too meagre to
support this suggestion of difference with age, however,

In conclusion, to overcome the effect of individual variation in grewth
rate a mch larger sssple is required, preferably with equal numbers of
cauterized, sham opersted and normal snskes. In additéon, observation of
cauterised snakes over a longer period, of at lsast two growing sesscns,
would be desirable. To ssttls the question regarding the importance of
fseial pits under nstural sonditions further study is required. Even then
growing rates, particularly in the older snskes, msy be much oo variable
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| Lo reveal a differential success in faeding as a result of pit deletion.
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