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ABSTRACT

| studied the foragi ng behaviors, stream habitat use, and food
habits of a marked popul ati on of western aquatic garter snakes,

Thammophi s couchii, at Hurdygurdy Creek (Del Norte County, California)

during the spring and summer of 1987 and 1988. Data were coll ected
using a portable conmputer with a running clock so that a conti nuous
record of behaviors and habitat use was obtained for each snake
observed. Snakes were placed into three age/size classes, (neonate,
juvenile, and adult) and all anal yses were done anong these cl asses.
Adul ts foraged nore actively and in a wider variety of stream habitats
than either juveniles or neonates. Adults also fed on a wider variety
of prey types and sizes, especially concentrating on |arge, stream

substrate-dwel I ing Pacific giant sal amander (D canptodon ensat us)

| arvae and neot enes. Juvenile and neonate snakes fed on prey that
primarily inhabited shallow stream nmargi ns. Consunption of relatively

| arge prey by adults and smaller prey by juveniles indicated a shift in
foragi ng nodes; fromfrequent feeding on small prey to infrequent
feeding on large prey. These ontogenetic changes in foragi ng behavior,
habitat use and food habits of western aquatic garter snakes are
probably the result of a conbination of ecol ogical, norphological, and

physi ol ogi cal constraints and suggest partitioning of prey and habitat.
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| NTRODUCTI ON

Few observers have attenpted to quantify the foragi ng behaviors
of snakes (Drunmond, 1983). Sone information is avail abl e on snakes of
the largest famly, Colubridae (Arnold, 1980; Drummond, 1983;

G llingham 1986) and also the famly Viperidae (Reinert et.al., 1984;
Duvall et.al., 1985). In addition, there is little information about
ont ogeneti ¢ changes in snake foragi ng behavior and foragi ng nodes
(e.g., "sit-and-wait" and active; Schoener, 1971)(Burghardt, 1978;
Mushi nsky, 1987).

Food habits studies of several species of water snakes
(Col ubri dae: Nerodia spp.) and sea snakes (Hydrophidi dae) indicated
that both size and type of prey changed as snakes nmatured (Voris and
Mof fet, 1981; Miushinsky et al., 1982; Plumer and Goy, 1984). In the
case of water snakes, prey size increased with snake size, while sea
snakes took a wi der range of prey sizes as they matured, but did not
forage exclusively on larger prey. These studies indicate differential
foragi ng anong juvenile and adult snakes, but docunentation of the
ecol ogi cal constraints governing the use of different behaviors and
foraging nodes is limted (Huey and Pi anka, 1981; Mishi nsky, 1987).
Ecol ogi cal factors such as habitat structure, anbient tenperatures,
prey availability, exposure to predation, and resource partitioning
shoul d be considered al ong with physiol ogi cal and nor phol ogi cal
limtations on foraging for different sized snakes (Mishinsky, 1987).

The Col ubrid genus Thamophis is widely distributed in North

Anerica and contains several species that are anong the npost abundant

of all snakes (Stebbins, 1985; Conant, 1958). Mst species in the genus



are diurnal and many forage in open habitat, presenting a unique
opportunity for field observations of foragi ng behavior.

The western aquatic garter snake (Thamophis couchii) is

primarily aquatic in its habits, foraging in and along streans (Fitch,
1941; Stebbins, 1985). The aquatic nature of this species adds anot her
di mension to the ecol ogi cal and physi ol ogi cal factors influencing
behavi or. The thermal gradi ent experienced while noving between | and
and water undoubtedly affects both the nobility and netabolism of these
ectotherns (Stevenson et al., 1985) and sone conpensati ng nechani sm
(behavi oral or physiological) probably exists that allows maintainence
of preferred body tenperatures (Burkett, 1966; Fleharty, 1967; Osgood,
1970). Foraging in water also requires a nmechanismto control buoancy
and breathing rate, in order to maxi m ze efficiency.

My objectives were to quantitatively describe and conpare the
foragi ng behavi ors, stream habitat use, and food habitats of three age
(size) classes of western aquatic garter snakes: neonates, juveniles,
and adults. | addressed the follow ng questions: (1) Does the use of
foragi ng behaviors and foragi ng node vary anong snake age classes ? (2)
does stream habitat use vary anong age classes ? and (3) do food habits
di ffer anong snake age classes ? Information on attack behaviors and

foragi ng success al so was gat hered.



STUDY AREA

Al field work was done on the | ower five kil oneters of
Hur dygurdy Creek in Del Norte County, California (Fig. 1) at an
altitude of 200-250 nmeters. Hurdygurdy Creek is a tributary of the
south fork of the Smth River and is |located on the Gasquet District of
the Six Rivers National Forest. The streamranges from 10 to 15 m w de
and has mainly cobble and boul der substrate. There is a fairly narrow,
t hough quite variable, zone (5-25 m) of riparian vegetation consisting
of alders (Alnus spp.), willows (Salix spp.), and big | eaf maple (Acer

macr ophyl |l un). Upl and vegetation is Douglas-fir (Pseudotsuga

nmenziesii) with California laurel (Unbellularia californica),

i ncense-cedar (Cal ocedrus decurrens), huckl eberry (Vaccinium spp.),

California hazel (Corylus cornuta), and poi sonoak (Toxi codendron

di versiloba). A variety of wildlife species and sign were seen in and

al ong the creek during the course of the study (Table 1).

The climate is tenperate; sumrer highs ranged from 25-35 °C
and lows from8-13 °C. Wnter rainfall is heavy, especially at
hi gher el evations, and averages 280 cm (range 152-330 cn) (M Furniss,
pers. comm, USDA Forest Service, Six R vers National Forest, 501 5th
Street, Eureka, CA 95501). Historical land use in the Hurdygurdy Basin
has been mainly |ogging (by the Gasquet District of Six Rivers Nationa
Forest) and mning by a variety of small private operators (Syda,
1990). The geol ogy of Hurdygurdy Basin is a Jurassic ophiolite series
of net anor phosed sedi nentary and vol canic rock. Mst bedrock has been
strongly folded and sheared and the significant variation in

erodibility of formations has led to a nel ange of stable and unstabl e
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Table 1. Vertebrate Wl dlife Species Observed Al ong Hurdygurdy

Creek (Del Norte County,

California) During 1987 and 1988

Field Wrk. Potential Ecol ogical Relationships to Western
Aquatic Garter Snakes are |ndicated.

Common Nane

Scientific Nane

Ecol ogi ca
Rel at i onshi ps

St eel head trout

Paci fic gi ant sal amander
(1 arvae and neot enes)

Foothill yellow | egged
frog

Nort hwest ern garter snake

Ri ver otter

G eat bl ue heron

Armeri can common ner ganser
Western red-tail ed hawk
Ameri can osprey

Spot t ed sandpi per
Steller's jay
Western belted kingfisher

North Anerican D pper

Oncor hynchus nyki ss

Di canpt odon ensat us

Rana boyl ei

Thammophi s or di noi des

Lutra canadensi s

Ardea herodi as

Mer gus mer ganser

But eo j ammi censi s

Pandi on hal i aet us

Actitus nacul ari a

Cyanocitta stelleri

Megaceryl e al cyon

Ci ncl us nexi canus

prey, conpetitor

prey, conpetitor

prey

conpetitor

predator, conpetitor
predator, conpetitor
conpetitor

pr edat or

predator, conpetitor

conpetitor
pr edat or
conpetitor

conpetitor




areas (T. Lisle, pers. conm, USDA Forest Service, Pacific Southwest
Forest and Range Experinment Station, Redwood Sciences Lab, 1700 Bayvi ew
Drive, Arcata, CA 95521). For nore information on the geol ogy of the
Smth R ver area see Harper (1980).



MVETHODS

Backgr ound

An aut ecol ogi cal study, investigating food habits, habitat
associ ati ons, and denographics of the Hurdygurdy Creek popul ati on of
Western aquatic garter snakes, was started in the sunmer of 1986 by the
Tinmber/Wldlife Habitat Rel ationships Unit at the Redwood Sci ences
Laborat ory, USDA Forest Service, Pacific Sout hwest Forest and Range
Experiment Station (Welsh, 1987). This study was conplinentary to a
basi n-w de study on anadronous fish habitat use and distribution
(Decker and Lisle, 1985). The autecol ogical study of garter snakes
i ncl uded nonthly censuses (May through Septenber) of an approxi mtely
5 km section of the stream and provi ded a marked popul ati on of snakes.
The term "census" will be used for all further references to this
study. | used data fromthe census study to devel op rel ati onshi ps
bet ween snake body size and age class for ny behavioral study. The
census study al so provi ded background information on activity periods
and stream habi tat associ ations of the snakes. Food habits data from
t he censuses were used as | felt this data was | ess biased than simlar

data col |l ected during behavi oral observati ons.

Behavi oral Observati ons

The two nost common net hods used to gather data for activity
budgets and to quantify behavior, are instantaneous sanpling and

conti nuous observation (Al tmann, 1974). In instantaneous sanpling, the
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activity of an animal is recorded at the end of a tinmed interval. In
conti nuous observation, activities are continually recorded and tinmed.
The weakness of the instantaneous sanpling nethod is that it gives no
information on the durations of activities (Partridge 1976). Both

i nst ant aneous sanpling and continuous observation were used by Drunmond
(1983) in his study of water and garter snake foragi ng behaviors. My

study of Thammophis couchii relied primarily on the continuous

observation nethod as enpl oyed by Drummond.

| observed snakes from May t hrough Septenber in both 1987 and
1988, between 0900 and 1800 hours, the primary period of activity. A
portable data collector (PDC), Omi Data Pol ycorder 601, was used to
make observations of snakes along the stream (Hensler et al., 1986).
The PDC has a built-in clock and was programmed to record changes and
durations of different behaviors and stream habitat use (Table 2),
provi ding a continuous account of individual activities. |ndividual
snakes were observed for as |ong as possible. However, two m nutes was
the m ni num observation | ength used for anal ysis.

Behavi ors were defined with an enphasis on foragi ng behavi or and
i ncl uded: "peering", "craning", "underwater substrate-crawing", and
"mar gi n-wandering" (after Drummond, 1983) (Fig. 2). Drummond's
"crui sing"” behavior was nodified for this study. | used it to describe
snakes that were actually noving across the water surface (Fig. 2),
whereas Drummond used it to for snakes that were either noving on the
wat er, or resting on shore and noving just their head and neck on the
surface of the water. Two additional categories, "basking/ resting” and
"anbush position" (Fig. 2), were included as none of Drumond's

behavi ors appeared to be appropriate. | also oonmtted several



Tabl e 2. Descriptions of Stream Habitat Types at Hurdygurdy Creek,
Del Norte County, California (Mdified fromBisson et al.
1981 and McCain et al., 1990).

Low Gadient Riffles were relatively shall ow areas (10-50 cn)a with
turbul ent water and exposed substrate. G adient was < 4% and
substrate was nostly pebbl e and cobblep

H gh Gadient Rffles were areas that were relatively deep (10-50 cm
with swft flows, very turbulent water and | arge anmobunts of exposed
substrate. G adient was >4% and substrate wa mainly boul der.

Runs were noderately deep areas (20-100 cm) with swift flows, but few
fl ow obstructions, and little to no turbul ence. Substrates were
usual |y gravel, pebble, cobble, boul der.

Gides were wide, relatively shallow areas (30-90 cn), with lowto
noderate flow rate and no surface turbul ence. Substrate was usually
sand, gravel, pebble, and cobble.

M d- Channel Pool s® were | arge, relatively deep (90-240 cm pools
formed by m d-channel scour. Water velocity was slow, with variable
substrat es.

Edgewat ers were rel ativley shallow areas (10-40 cm) wth little or no
flow, in streammargins. They were often found associated with nain
channel riffle habitat, but small anmounts occurred al ong nearly al
mai n channel stream habitats. Substrate was mainly pebble, cobble,
and boul der.

On Shore. This habitat category was used for snakes that were noving
al ong the stream bank and obvi ously not using or oriented toward a
particul ar stream habitat.

a Dept h ranges are from Decker and Lisle (1985; unpublished data).

b Substrate size class dianmeters in nmm (Lane, 1947):

sand . 0625 - 1.0
gravel 1.0 - 32.0
pebble 32.0 - 64.0
cobble 64.0 - 256.0
boul der > 256.0

© Al pool s, other than edgewaters were categorized as MCP s,
because snakes rarely used these habitats. A nore refined
systemis available in Bisson, et al. (1981) and MCain, et
al. (1990).



I NACTI VE NON- FORAG NG BEHAVI ORS

10

Baski ng/ Resting - lying nostly out Peering - head is well above
of the water; head is not wat er, but oriented toward it.

oriented toward the water.

SIT AND WAI T FORAG NG BEHAVI ORS

Crani ng - body out of water, head Anmbush Position - body out of
ext ended out over water, | ooking wat er, head oriented toward
and tongue-flicking at prey. water and within a few cm of

it; |ooking and tongue-
flicking.

Figure 2. Behaviors of Western Aquatic Garter

Snakes at Hurdygurdy

Creek (Del Norte County, California) 1987 and 1988. Behaviors Are

Modi fied from Drummond (1983); General Behavi
Foraging”) Are My Categories.

oral Modes (e.g. "Active
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ACTI VE FORAG NG BEHAVI OR

Underwat er Substrate-Crawling - conpletely submerged, craw ing al ong
stream bottom probing in crevices and tongue-flicking.

ACTI VE NON- FORAG NG BEHAVI ORS

Cruising - body in water, floating Margi n-wandering - body is out of

on surface, head out of water, wat er, on shore, crawling on
used to get fromplace to pl ace. substrate to get fromplace to
pl ace.

Figure 2. Behaviors of Western Aguatic Garter Snakes at Hurdygurdy
Creek (Del Norte County, California) 1987 and 1988. Behaviors Are
Modi fied from Drummond (1983); General Behavioral Mdes (e.g. "Active
Foraging") Are My Categories. (continued)
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behavi ors of Drummond's: "underwat er open-nouth search"”, and severa
types of dives, as they were rarely seen in ny popul ation.

cat egori zed behaviors into four general types: inactive non-foraging
(basking/resting and peering); sit-and-wait foraging (craning and
anbush position); active foraging (underwater substrate-crawling); and
active non-foraging (cruising and margi n-wandering) (Fig. 2). Attacks
on various prey and outcone of the attack (i.e., successful capture of
prey or failure to capture prey) were included as part of each
sequenti al observati on.

The di stance at which observati ons were nmade vari ed dependi ng on
the activity of the snake when it was first |ocated. Snakes that were
underwat er or appeared occupied with an activity were observed from
short distances (1-5 n) since they were not easily disturbed. Snakes
that were inactive were observed fromlonger distances (10-20 m, wth
bi nocul ars if necessary, to prevent disturbance. It was obvi ous when a
snake becane aware of an observer: it oriented toward the observer
noved its head quickly fromside to side, and tongue-flicked. At the
first sign of escape behavior, observations were term nated. At the
end of each observation period the snake was captured, if possible, and
the followi ng data were collected: date, sir and water tenperature
(°C) (proximal to the snake), cloud cover, sex (Fitch, 1987),
snout-vent and total length (M), weight (gn), head dianeter, at w dest
poi nt (M), distance noved during the observation (ocularly estinated,
in decineters), water depth, for snakes in or oriented toward the water
(five depth classes: <1 - 10 cm 11-20 cm 21-30 cm 31-40 cm 41-50
cm), location (based on habitat maps from Decker and Lisle, 1985), and

stomach contents col |l ected by pal pi ng. Snakes were pal pated gently
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fromvent to nouth to force regurgitation of recently ingested prey
items (Fitch, 1987).

Al l unmar ked snakes were given uni que nunbers when captured
(Ferner, 1979; Fitch, 1987). The marking technique differed fromthat
used for censuses being conducted in the area. The starting point for
snakes marked during behavi oral observations was in the mddle of the
snake's body and was designated by a clipped ventral scale. The first
scal e above the start point was scale one, followed by scale two, etc.
Snakes marked in this way were recorded as being in the 1000 series
(i.e., the first snake marked was 1001) so that behavioral observations
coul d be sorted from census observati ons. For snakes that escaped
capture (14.3% of observations), | estimated age/size class, but al

ot her body neasurenents and stomach contents were omm tted.

Dat a Anal ysi s

Data fromthree years of nonthly censuses (Wl sh, 1987) were
used to determ ne age/size classes for this study. Snakes were
consi derd neonates fromparturition (usually in August or Septenber)
until they sought winter cover (probably in |ate Cctober, depending on
the weather). Juveniles included snakes that energed fromtheir first
Wi nter to those with a snout-vent length (SVL) of 449 nm Adults were
450 mm SVL or larger. The final designation of adults as 450 nm SVL or
greater, was based on three factors: (1) the size of the small est
gravid femal e snake (455 nm SVL), (2) growh rates and natural size

(year) class breaks in the census data, and (3) evidence of size at
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maturity for other species of Thammophis (Wite and Kol b, 1974; Garcia

and Drunmmond, 1988). At 450 mm SVL, adults were probably 2 1/2 - 3
years old. This size class break was used for both males and fenal es,
t hough mal es probably mature at a smaller size. Afield technique to
collect spermis required to determne maturity (Fitch, 1987) and sperm
were not collected during the census study (Wl sh, 1987). Therefore,
no clear determ nation of sexual maturity could be nade for nales. The
termage class will be used fromhere on to refer to these three
ages/ si zes of snakes.

Several procedures were followed to assure independence of
behavi oral observations: (1) snakes were individually marked, (2)
observations were nmade throughout the census study area (e.g., no areas
wer e sanpl ed exclusive of others), and nore inportantly, (3) the
i ndi vidual was the unit of analysis. That is, each sequentia
observation of an individual was considered to be a single observation
only. Lengthy observations were not broken into smaller segnents to
i ncrease sanpl e si ze.

O all captured and nmarked snakes (n = 132), only six were
observed tw ce, and in each case these observations were at |east one
nmont h apart. Snakes that escaped capture, nade up only 14. 3% of al

observati ons.

| tested (Chi-square contingency table analysis) for year to
year differences in behavior and habitat use for each age class. Only
adults showed a significant difference in behaviors for al
categories. | attributed this difference to the | ow sanple size of

adults in 1987 and to ny inproved ability to find undi sturbed adults
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foraging in 1988. Adults did not show a significant difference between
years for foragi ng nodes or habitat use, so for all anal yses of
behavi or and habitat use, | conbined data from 1987 and 1988 to i nprove
overal |l sanple sizes. | also tested (Chi-square contingency table

anal ysis) for effects of sex on behavior for each age class and found
none. Therefore, | conbined observations of nmales and females in all
anal yses.

Sinple |inear regression was used to relate rate of novenent to
size of snakes. Estimated di stances were corrected for the length (in
m nutes) of the observation, resulting in a rate (nmeters per mnute)
that | used for conparisons across the range of snake snout-vent
| engt hs.

Each behavi oral observation was treated two ways. First, one
behavi or and its associ ated habitat were chosen systematically fromthe
sequence of behaviors for use in contingency table analyses. | chose
t he behavi or and associ ated habitat that occurred at the m d-point of
the observation (i.e., if the observation was 12.8 m nutes |ong, the
behavi or and habitat at 6.4 mnutes represented that observation).
Secondl y, each observation (all behaviors in the sequence) was pl aced
in one of three categories that described the general foragi ng node:
sit-and-wait; active; or a conbination (Fig. 2). If only sit-and-wait
foragi ng behavi ors were observed, then the observation was categori zed
as sit-and-wait. If only active foragi ng behavi ors were observed, then
t he observation was categorized as active, and if both types of
behavi ors were observed, then the observation was categorized as a
conmbi nation. If no foragi ng behavi ors were observed (23 observati ons;

15% then that observation was omtted from anal ysis of foragi ng node.
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However, all observations were included in anal yses of habitat and
wat er depth use. | felt it was inportant to exam ne habitat
associations for all activities even if | saw no specific foraging
behavi ors during an observati on.

Chi -square tests for association (independence) were used to
eval uate the relationshi p between snake age class and the foll ow ng
vari abl es: behavi or (systematically chosen), foraging node, stream
habitat use, water depth, and a variable representing habitat and water
depth. The latter variable conbined habitats into two categories: slow
nmovi ng (glides, md-channel pools, and edgewaters); fast noving (low
and high gradient riffles and runs), and water depth into two
categories: shallow (<1-10 cm; and deep (> 10 cm. Al possible
conbi nations of these categories were exam ned: slow and shall ow, sl ow
and deep; fast and shallow, fast and deep. This conbination variable
provided a way to analyze two rel ated physical aspects of the stream
habitat as one variable; a habitat/water depth index.

There is concern anong sone statisticians that contingency
tables with nore than 20% of expected val ues equaling five or |ess, my
provi de biased results (Zar, 1984:70). The conbi nati on vari abl es,
foragi ng node and the habitat/water depth index, were used to reduce
the nunber of cells in the contingency tables. For all contingency
tabl e anal yses the p < 0.05 significance |evel was used to indicate a
rel ati onshi p of dependence between snake age and the vari abl e of

interest (Zar, 1984:61).

Food habits data from 1987 and 1988 censuses (H Wl sh,

unpubl i shed data, USDA Forest Service, Redwood Sciences Lab, 170
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Bayvi ew Drive, Arcata, CA 95521) were tested (Chi-square contingency
tabl e anal yses) for differences anong snake age cl asses. Only snakes
with stomach contents were included. Food habits from behaviora
observations were not used as | felt the sanple was not as valid as
census observations. Several aspects of behavioral observations could
have introduced biases in food habits data. Observations were made
only on undi sturbed snakes (i.e., snakes that were alerted to the
observer were passed by), snakes were watched for various |engths of
time, and some observations included feeding epi sodes, while others did
not. In censusing, all snakes seen were captured, providing an
unbi ased and random sanpl e of food habits. Mbility and endurance are
often reduced after eating (Garland and Arnold, 1983) and full snakes
are probably nore weary than enpty snakes. It is |ikely that nost
snakes included in behavioral observations had enpty stonmachs, whereas
snakes captured in censuses could have been full or enpty.
observations of prey attacks are described and presented
graphically due to small sanple sizes anong age cl asses. Attack
success rate was defined as the proportion of individuals in an age
cl ass that were observed to attack and successfully capture a prey

item It does not reflect nmultiple observations of one individual.



RESULTS

Seasonal Distribution of Behavi oral Qbservati ons

During the spring through [ate sunmer of 1987 and 1988, 154
behavi oral observations of three age classes of T. couchii were made
(Table 3). The total actual observation tinme was 32.4 hrs. Average
durations of observations differed slightly between age cl asses.
Qobservations were nmade throughout the primary annual activity period of
snakes (May through Septenber), though weather and | ogi stical

constraints prevented equal sanpling in each nonth and year (Fig. 3).

Foragi ng Behavi or and Stream Habitat Use

Regressi on anal ysis of distance noved (neters/mn) versus snhake
snout-vent length indicated that |arger snakes noved faster than
smal l er snakes (Fig. 4). Mean rate of novenent by age cl asses were:
neonates - 0.08 mMmn (s.d. £ 0.09); juveniles - 0.22 mMmn (£ 0.24);
and adults - 0.44 mimn (£ 0.73).

Frequency of use of behaviors and foragi ng nodes was
significantly associated with age (Table 4). However, in the analysis
of all behaviors, half the contingency table cells had expected val ues
| ess than five; these cells contributed little to the overal
chi -square val ue (Appendi x A). Neonates generally used sit-and-wait
behaviors, adults used mainly active behaviors, and juvenil es used
conbi nations of both (Figs. 5 and 6). The primary differences were in

t he use of anbush and underwater substrate-craw i ng behaviors.

18



Tabl e 3. Sunmary of Behavi oral Observations of Western Aquatic
Garter Snakes (Thammophi s couchii) by Age O ass at
Hur dygurdy Creek (Del Norte County, California) in 1987 and

1988.
a .
Sex Dur ati on of
Age Class| n F M U SVL (nn)b’c Mass (g)C Cbs.(m'n)C
Neonat es 28 17 9 2 196. 3 3.3 14. 25
(179- 226) (1.7-5.00) (4.50-37.20)
Juveniles| 81 41 32 8 341.9 16.9 12.97
(188-446) (3.5-44.0) (1.97-46.17)
Adul ts 45 16 17 12 537.6 65. 1 11. 06
(451-700) (30.0-184.0) (1.47-82.00)
Al 'l 154 74 58 22 362. 2 25. 6 12.6
(179-700) (1.7-184.0) (1.47-82.00)

% sex: F = ferale, M= male, U = unknown (escaped snakes)
SVL is snout to vent length
° nean and (range)
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Figure 3. Numbers of Observations of Western
Agquatic Garter Snakes by Month/Year.
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Tabl e 4. Chi-square Contingency Table and P Val ues for Conparisons

of Association of Western Aquatic Garter
couchii) Age C ass with Behavior,

Dept h Use,

County, California)

Snake (Thammophi s

Stream Habitat and Water
and Food Habits at Hurdygurdy Creek (Del Norte
in 1987 and 1988.

Age (O ass vs: Chi - squar e val ue p- val ue Degrees of Freedom

Behavi or 42. 45 0. 0001 14
(8 types)

For agi ng node 63. 23 <0. 0001 4

Habi t at 56. 02 <0. 0001 12

Conbi ned habi t at 28. 77 <0. 0001 2
(sl ow and fast)

Wat er depth 46. 76 <0. 0001 10
(5 depth cl asses)

Combi ned wat er depth 40. 91 <0. 0001 2
(shal | ow and deep)

Combi ned habitat and 54. 65 <0. 0001 6
wat er depth i ndex

Food habits from 27. 68 <0. 0001 4

census study
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Neonat es nost often used an anbush position for foraging. Juveniles
used bot h anbush and underwat er substrate-craw ing behaviors. Adults
used underwater substrate-crawling al nost exclusively (Fig. 5 and 6).
O her non-foragi ng behavi ors such as baski ng and mar gi n-wanderi ng

appeared to be used equally anpbng age classes (Fig. 5).

Stream habitat and water depth use also were significantly
associated with age class (Table 4). As with behavior, a |large
proportion of both habitat and water depth contingency table cells had
expected val ues |l ess than five (Appendix A). These cells account for
al nrost half of the overall chi-square value, though the value is so
large it would be significant without them Adults used a w der
vari ety of habitats and water depths than did neonates or juveniles
(Figs. 7 and 8). Neonates appeared to be the nost specialized; over
80% were found foraging in shallow (<10 cn) edgewaters. Adults foraged
mainly in fast-noving water with depths up to 0.5 m and juveniles
foraged in relatively shallow riffles and edgewaters (Figs. 7 and 8).

The conbi ned habitat and water depth categories were
significantly associated with age class (Table 4). The nost striking
di fferences were between neonates and adults, with juveniles falling

sonmewhere in between (Fig. 9).

Food Habits

O 294 snakes captured during 1987 and 1988 censuses, 86 (29.3%

had stomach contents. The proportion of full stomachs differed anong
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age classes, wth juveniles having the highest proportion of ful
stomachs (37%, followed by adults (20% and neonates (18%.
Differences in prey type and frequency anong age cl asses were
significant (Table 4). Once again there were several cells with | ow
expected val ues (Appendix A). The diet of neonates and juveniles
primarily consisted of tadpoles and fish (Fig. 10). Adults took a high
proportion of larval and neotenic sal amanders, but al so took sone fish
and tadpoles (Fig. 10). These differences in prey type also
represented a shift in prey size as snakes got older. The fish and
tadpol es that nade up the bulk of the diet of neonates and juveniles
were relatively small; up to 50 mmtotal Iength (H Wl sh, unpublished
data, USDA Forest Service, Redwood Sciences Lab, 170 Bayview Drive,
Arcata. CA 95521). The larval and neotenic sal amanders taken by the

adults were relatively large; up to 133 mm SVL (Lind and Wl sh 1990).

Attack Behavi or and Foragi ng Success

Thirty-five foragi ng observations included attacks on prey; four
by neonates, 22 by juveniles, and nine by adults. Three of four
neonat es attacked usi ng anbush or crani ng behaviors, and the other
attacked while substrate-crawming in a shallowriffle (Fig. 1lla).
Juvenil es used a variety of foraging behaviors prior to attacks (Fig.
Ila). Al adults attacked while underwater substrate-craw ing; six of
the nine adults were seen prior to attack, the other three were
observed in the process of subduing prey so attack behavior coul d not
be determ ned (Fig. 1la). Habitats where attacks occurred were simlar

to overall habitat use for each age class (Fig. |Ilb and Fig. 7)
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The proportions of prey types attacked were simlar to food
habits (Fig. 10 and Fig. 12a). Unknown prey were those that could not
be positively identified (i.e., an attack behavi or was seen, but no
prey was seen). Prey attack success rate was hi ghest anong adults and
no successful attacks were observed for neonates (Fig. 12b). Even
t hough sanple sizes are small, it is reasonable to speculate that this

Is due to foragi ng experience.
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DI SCUSSI ON

For agi ng Behavi ors of Aquatic Garter Snakes and Water Snakes

Drumond (1983) studi ed the behaviors of Thammophis couchii and

ot her species of garter snakes and a species of water snake Nerodi a
spp.). Laboratory (n = 8 individuals) and field observations (n = 3

i ndi vidual s) of small juvenile T. couchii foraging for fish indicated
that they spent the greatest proportion of their tinme underwater
substrate-crawing and that nost prey were attacked fromthis position
(Drumond, 1983). Though this appears to be in conflict with ny
results, I found that juveniles used a conbination of sit-and-wait and
active foragi ng behaviors, Drumond's results probably were influenced
by his small sanple sizes and the fact that he only observed snakes
foraging for one prey type (small fish - mnnows, nosquito fish, and
dace). There also could be differences in foragi ng behavi ors anong
popul ati ons of western aquatic garter snakes.

Drumond (1983) al so found that juvenile Thamophis

nel anogast er, anot her aquatic-foraging garter snake, and juvenile

Ner odi a si pedon, used underwater substrate-crawling in both |aboratory

and field studies. In addition, N sipedon used underwater open-nouth
searching, and crani ng behaviors with dives to attack fish. Studies of
ot her species of Nerodia have descri bed the "underwater open-nouth
search" behavi ors as conmon though the possibility of ontogenetic

changes in behavior were not considered (Evans, 1942; G I|ingham and

Rush, 1974; Mishi nsky and Hebrard, 1977).
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Ontogentic Shifts in Foragi ng Mbde, Stream Habitat Use and Food Habits

My results provide strong evidence of ontogenetic changes in
foragi ng behavior, stream habitat use, and food habits in western
aquatic garter snakes. Conparisons of these variables anong three age
cl asses indicated that adults noved at a faster rate (Fig. 4) and used
nore active foragi ng behaviors than either juveniles or neonates (Figs.
5 and 6). Adults also used a wider variety of stream habitats and
wat er depths than the other age classes (Figs. 7,8,9). Food habits al so
di ffered anong age classes (Figs. 10). Neonates and juveniles
primarily fed on young of the year sal nonids and tadpol es inhabiting
streammargins (Fig. 10). Adults fed on these prey, but also took
| arge larval and neotenic pacific giant sal amanders, which are nmain
channel substrate dwellers (Fig. 10). Attack behaviors and foraging
success appeared to differ (Figs. 11 and 12), though sanple sizes were
too small to test.

The differences observed in overall foraging node need to be
exam ned in the context of the ecological factors affecting this
popul ati on. Habitat structure, anbient tenperatures, prey
avai l ability, exposure to predation, and resource partitioning probably
act in concert wth norphol ogi cal and physi ol ogi cal constraints (e.qg.,
jaw size, nobility and strength, buoyancy control, and therma
requi renents) to influence which foragi ng node was used by each snake
age class. Sone of these factors have been exam ned by others for
rel ated species of snakes as well as lizards (Huey and Pi anka, 1981;
Voris and Moffet, 1981; Pough and Andrews, 1985; Stevenson et al.
1985).
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Prey Availability and Predation

Huey and Pi anka (1981) provided insight into the potentia
advant ages and di sadvantages of sit-and-wait foraging versus "w dely
foragi ng" (active) for several species of desert lizards. Prey type
and frequency of exposure to predation were directly related to
foragi ng node for any given species, although sone intraspecific shifts
in foraging node were observed and were attributed to fluctuations in
prey availability. However, they al so noted the inportance of
nor phol ogy and physi ol ogy as factors limting "the flexibility of
f oragi ng node".

Prey availability and exposure to predation also may be
important factors for western aquatic garter snakes (Table 1). The
ontogenetic shift in diet fromrelatively small prey for young snakes
torelatively large prey for adult snakes may be a result of an
advant age gai ned by foraging |l ess often for |larger prey. Foraging |ess
often may result in | ess exposure to predators (Huey and Pi anka, 1981;
Lind and Wl sh, 1990). This idea is confounded by the fact that adult
snakes forage nore actively and | arge neal s usually reduce snake
mobility (Garland and Arnold, 1983; Lind and Wl sh, 1990), resulting in
i ncreased vulnerability of the snakes to predators. The foragi ng node
of predators on snakes nust al so be considered. For exanpl e,
sit-and-wait foraging neonates may be targets of active predators like
soaring or wading birds (Table 1), while large adults foraging

underwat er may not be visible to these sane predators.
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These conpl ex questions require carefully designed experinents
in which each factor can be controlled at each trophic | evel. Even so,
expl anati ons based solely on prey availablility and exposure to
predators ignore norphol ogi cal and physiological limtations on

foragi ng which Huey and Pianka (1981) and others (G eene, 1983;

St evenson et al., 1985) considered inportant.

Physi ol ogi cal Limtations and Habitat Use

Aquati c foraging snakes are confronted daily with fluctuating
tenperatures and the difficulty of foraging in noving water. Al
aspects of snake physiology are affected by tenperature (Stevenson et
al ., 1985) and snakes nust conpensate for thermal fluctuations
experienced when novi ng between | and and water. Body tenperatures of
smal | snakes change nore quickly than | arge snakes when exposed to
changes in anbient tenperatures (C. Peterson, pers. comm, Dept. of
Bi ol ogy, Box 8007, ldaho State University, Pocatello, 1D 83209). This
aspect of physiology could influence the frequency of use of active,
underwat er foragi ng behaviors by small snakes, although it may be a
seasonal effect.

Foraging in noving water requires buoyancy control, strong
swinm ng ability, and endurance. These abilities are likely to change
as snakes grow. Drummond (1983) reported that his |aboratory juvenile
western aquatic garter snakes study coul d achi eve negati ve buoyancy by
expelling air, but his study was conducted in a pool of still water.
Pough (1977, 1978) found significant differences in endurance of

neonate and adult garter snakes (Thamophis sirtalis) and water snakes
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(Nerodi a si pedon). He found that adults could sustain maxi numactivity

for five to eight tinmes |onger than neonates and suggested that the
physi ol ogi cal characters of small snakes limted the types of foraging
behavi ors they could use and the habitats in which they could forage.
Ont ogeneti c changes in these factors mght explain the differences I
observed in the use of stream habitats. Neonate and juvenile T. couchi
foraged mainly in shallow, quiet water; adults foraged in deeper,
faster nmoving water (Figs. 7,8,9). | know of no studies that have
addressed the question of ontogenetic changes in habitat use for garter
snakes, but Tiebout and Cary (1987) and Scott et. al (1989) noted this
in species of water snakes (Nerodia spp.). Specifically, Scott et al.
(1989) reported that adults of three species of water snakes were found

nore frequently in deep water than were juvenil es.

Food Habits and Resource Partitioning

Anot her possi bl e expl anation for ontogenetic changes in foraging
nodes is resource partitioning. Food and habitat partitioning anong
synpatric species (Carr and Gegory, 1976; Mishi nsky and Hebrard, 1977,
Hebrard and Mushi nsky, 1978) and ontogenetic shifts within species
(Mushinsky et al. 1982; Plumer and Goy, 1984) have been studied in
Ner odi a spp. Resource partitioning was observed in these studies, but
sone overlap in habitat use or diet also occured anbng species or anpbng
size classes within species. In ny study, the food habits of neonate,
juvenile and adult snakes differed markedly, but no prey type were
taken exclusively by one age class (Fig. 10). This overlap in diets

anong age classes may be a result of differing prey availability
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t hroughout spring and summer and fromyear to year (Kephart and
Arnol d, 1982; Garcia and Drunmond, 1988). One possi bl e explanation for
an ontogenetic dietary shift, is the habitat of the prey. Small fish
and tadpol es are generally found in streammargins and |arge |arval and
neot eni ¢ sal anmanders are usually found in the main channel of the
streaminhabiting substrate crevices. If snakes are only
physi ol ogically able to forage in certain habits, they would only
encounter certain prey.

Gape and head size also limt the size of prey that can be
taken. Small snakes can only swallow prey up to their naxi num gape,
and though | arge snakes can swallow small prey, they nmay not be able to
forage in small crevices that sone small prey inhabit (Voris and
Mffett, 1981; G eene, 1983).

Dietary shifts also may be evidence of an overall shift in
foraging "strategy"; fromfeeding frequently on small prey to feeding
infrequently on large prey (Lind and Wl sh, 1990). Such a shift nay be
facilitated by a change in foraging node fromsit-and-wait to active,
if there were advantages to eating large prey itens instead of, or in
addition to, small ones. Before concluding that resource partitioning
is a factor in this system a nore detailed | ook at prey type and size
relative to snake size is needed. Studies of seasonal and yearly
fluctuations in prey abundance, and an exam nation of other aquatic
foraging animals (e.g., dippers, otters, etc.) that nay conpete with

the western aquatic garter snake (Table 1) are al so needed.
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Appendi x A. M N TAB (1988) CQutput from Chi-Square Contingency Table
Anal ysis. Tabl es Show Cbserved and Expected Val ues.
Chi -square Val ues for Each Cell and Overall are G ven
Bel ow Each Tabl e.

BEHAVI OR (8 TYPES) AND AGE CLASS

Expected counts are printed bel ow observed counts

Jw ADL NEO Tot al
BASKI NG 19 11 4 34
17. 88 9.94 6. 18
PEERI NG 23 12 3 38
19. 99 11. 10 6.91
CRANI NG 5 1 2 8
4.21 2. 34 1.45
CRUl SI NG 3 3 2 8
4.21 2.34 1.45
ANMVBUSH 18 0 12 30
PCS. 15. 78 8.77 5.45
SUBSTRATE- 5 13 0 18
CRAWLI NG 9. 47 5. 26 3. 27
ATTACK/ 3 3 1 7
FEEDI NG 3.68 2.05 1.27
MARG N- 5 2 4 11
WANDER 5.79 3.21 2.00
Tot al 81 45 28 154
ChiSg = 0.070 + 0.114 + 0.770 +
0.454 + 0.072 + 2.212 +
0.149 + 0.765 + 0.205 +
0.347 + 0.188 + 0.205 +
0.313 + 8.766 + 7.855 +
2.108 + 11.391 + 3.273 +
0.126 + 0.445 + 0.058 +
0.107 + 0.459 + 2.000 = 42.451
df = 14

12 cells with expected counts less than 5.0



Appendi x A. M NI TAB (1988) Qutput from Chi-Square Contingency Tabl e
Anal ysi s. Tabl es Show Cbserved and Expected Val ues.
Chi -square Values for Each Cell and Overall are G ven
Bel ow Each Tabl e. (continued)

FORAG NG MODE AND AGE CLASS

Expected counts are printed bel ow observed counts

JWw ADL NEO Tot al
SIT & 31 0 21 52
VAI'T 27.39 15.08 9.53

ACTI VE 26 37 2 65
34.24 18.85 11.91

BOTH 12 1 1 14
7. 37 4. 06 2. 56

Tot al 69 38 24 131
ChiSq = 0.476 + 15.084 + 13.818 +

1.982 + 17.462 + 8.244 +

2.902 + 2.307 + 0.955 = 63.229

df =4
2 cells with expected counts less than 5.0
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Appendi x A. M NI TAB (1988) CQutput from Chi-Square Contingency Tabl e
Anal ysi s. Tabl es Show Cbserved and Expected Val ues.
Chi -square Values for Each Cell and Overall are G ven
Bel ow Each Tabl e. (conti nued)

HABI TAT AND AGE CLASS

Expected counts are printed bel ow observed counts

Jw ADL NEO Tot al
LOW GRAD. 24 14 2 40
RI FFLE 21.04 11.69 7.27

H GH GRAD. 2 5 0 7
RI FFLE 3. 68 2.05 1.27

RUN 2 11 0 13
6. 84 3. 80 2.36

GLI DE 3 4 0 7
3.68 2.05 1.27

M D- CHANNEL 2 2 0 4
POOL 2.10 1.17 0.73

EDGEWATER 42 5 23 70
POOL 36.82 20.45 12.73

ON SHORE 6 4 3 13
6. 84 3. 80 2.36

Tot al 81 45 28 154
ChiSg = 0.417 + 0.457 + 3.823 +

0.768 + 4.268 + 1.273 +

3.423 + 13.652 + 2.364 +

0.126 + 1.868 + 1.273 +

0.005 + 0.591 + 0.727 +

0.729 + 11.677 + 8.292 +

0.103 + 0.011 + 0.171 = 56.016
df = 12

* WARNING * 1 cells wth expected counts |less than 1.0
* Chi square approximation probably invalid
13 cells with expected counts less than 5.0



Appendi x A. M NI TAB (1988) CQutput from Chi-Square Contingency Tabl e
Anal ysis. Tabl es Show Cbserved and Expected Val ues.
Chi -square Values for Each Cell and Overall are G ven
Bel ow Each Tabl e. (conti nued)

WATER DEPTH AND AGE CLASS

Expected counts are printed bel ow observed counts

JuV ADL NEO Tot al
<1-10CM 58 11 26 95
49.97 27.76 17.27

11-20CM 17 19 2 38
19.99 11.10 6. 91

21-30CM 5 9 0 14
7. 36 4.09 2.55

31-40cM 1 3 0 4
2.10 1.17 0.73

41-50CM 0 3 0 3
1.58 0. 88 0. 55

Tot al 81 45 28 154
ChiSg = 1.291 + 10.119 + 4.410 +

0.446 + 5.615 + 3.488 +

0.759 + 5.891 + 2.545 +

0.579 + 2.869 + 0.727 +

1.578 + 5.143 + 0.545 = 46. 006

df =8

* WARNING * 3 cells wth expected counts |less than 1.0
* Chi square approximation probably invalid

8 cells with expected counts less than 5.0
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Appendi x A. M NI TAB (1988) CQutput from Chi-Square Contingency Table
Anal ysi s. Tabl es Show Cbserved and Expected Val ues.
Chi -square Values for Each Cell and overall are G ven
Bel ow Each Tabl e. (conti nued)

HABI TAT (LUMPED - FAST OR SLOW AND ACE CLASS

Expected counts are printed bel ow observed counts

Juv ADL NEO Tot al
FAST 28 30 2 60
MOVI NG 31.91 17.45 10. 64

SLOW 47 11 23 81
MOVI NG 43.09 23.55 14.36

Tot al 75 41 25 141

ChiSq = 0.480 + 9.032 + 7.014 +
0.356 + 6.690 + 5.196 = 28.769
df = 2

WATER DEPTH (LUWMPED - DEEP AND SHALLOW AND AGE CLASS

Expected counts are printed bel ow observed counts

Jw ADL NEO Tot al
SHALLOW 57 11 26 94
49.15 27.65 17.20

DEEP 23 34 2 59
30.85 17.35 10.80

Tot al 80 45 28 153

1.254 + 10.024 + 4.499 +
1.997 + 15.970 + 7.168 = 40.911
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Appendi x A. M NI TAB (1988) Qutput from Chi-Square Conti ngency Tabl e
Anal ysis. Tabl es Show Cbserved and Expected Val ues.
Chi -square Val ues for Each Cell and Overall are G ven
Bel ow Each Table. (continued)

HABI TAT/ DEPTH | NDEX AND ACE CLASS

Expected counts are printed bel ow observed counts

Jw ADL NEO Tot al
FAST/ 17 6 2 25
SHALLOW 13. 30 7. 27 4.43

FAST/ 11 24 0 35
DEEP 18.62 10.18 6.21

SLOW 36 3 21 60
SHALLOW 31.91 17.45 10.64

SLOW 11 8 2 21
DEEP 11.17 6. 11 3.72

Tot al 75 41 25 141
ChiSg = 1.031 + 0.222 + 1.335 +

3.116 + 18.774 + 6.206 +

0.523 + 11.963 + 10.092 +

0.003 + 0.587 + 0.798 = 54.649

df =6
2 cells with expected counts less than 5.0



Appendi x A. M NI TAB (1988) Qutput from Chi-Square Contingency Tabl e
Anal ysi s. Tabl es Show Cbserved and Expected Val ues.
Chi -square Values for Each Cell and Overall are G ven

Bel ow Each Tabl e. (continued)

CENSUS STUDY FOOD HABI TS AND AGE CLASS

Expected counts are printed bel ow observed counts

Juv ADL NEO Tot al
FI SH 43 3 3 49
35. 33 7.98 5.70
TADPCOLES 16 4 6 26
18. 74 4.23 3.02
SALAMANDERS 3 7 1 11
7.93 1.79 1.28
Tot al 62 14 10 86
ChiSq = 1.667 + 3.105 + 1.277 +
0.402 + 0.013 + 2.931 +
3.065 + 15.154 + 0.061 = 27.675

df =4
4 cells with expected counts less than 5.0
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