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ABSTRACT

I;studied the selection mechanism of :ermine (Mustela

erminea) by tracking rad1o tagged ermine. and four prey (a

male and female of each of Clethr1onomys gapper i and‘

Peromyscus manicu]atus) in a 900-m? enclosure An automat1cv

radlo scanner located the an1mals with a p/§&$1ona1 accuracy

of 0. 75 m, and co]]ected and stored the data at a - maximum

rate of once per\ second. Prey preference was stested by -

¥

presenting ermine wjth two live prey “simultaneOUSly in . a

small arena. ' ¥

The ermine showed overall "prey’ selection. ‘They

approached C. gapperi more frequently than P. maniculatus,

and once approached, male prey had a greater chance of being
Captured than did females. However, this was not because of
a preference for males. Once prey were captured female P.

maniculatus were eaten less than the other prey. Selection

at the approach step was independent of predator satiation,

’tpredator and prey activity, and temporal overlap of actiyity

‘betWeng?predator and prey; but was a result of the ermine‘

searching in those microhabitats that C. gapperi 1nhabited

Selection for male prey was Lndependent of predator. and preys

activity, and of microhabitat type
% \
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. 1.  INTRODUCTION
Most predators spend much of their time and energy-

3

searching for, capturing, and eating food Often they eat
prey in d1fferent proportlons from those found in. the”
env1ronment \f(More 1978, - Tinbergen v1960, Royama 1970,
MacDonald 1977) - 'i.e. they select' their food. Optimal

, foragﬁng theories SUggest WhQIif‘would‘be advantageous for .
an an1ma] to select for prey fPyke et al 1é77) 'Krebsf'and
Cowie (1976) stated, in relat1on to forag1ng theor1es .that iﬁ

“In looking for genera]1zat1ons, we are concerned with

functional aspects of foraging behaviour, rather ‘than

.
9

deta{]s bf mechanisms . Thjs statement suggests that
TE' is not necessery‘to understand how prey seleciion_oqcursl_w”
(i.e;'the mechanism) for en understanding of why it occurs.
However selection could occur for various reasons -eg. a * ’ w;
preference for the selected prey, or a h1gher encounter rate |
with the selected prey. In fact, most foraglng models do not
anélyse the. whole  predatory i Sequence, ‘but ‘ccnsjder
indivfaUaT steps. For example; the question of how en animel_
. can maximize energy intake or minimize time spent foraging,
"inae‘been studied by asKingithese”quéstions: what pafierns cf

v . S )
‘movement will maximize rate of prey encounter (Royama 1970, ./ A

&

' For this paper. "selection" is defined as.any differential
response by the predator to the prey (e.g. differences in
capture probability ~or _ encounter freqguency), and
“preference” as an actual ch01ce made by the an1ma]




!

MacAr thur and Pianka 1966f and what is the optimal choice of
prey (Emlen 1966, Schoener 1971 Rapport 1971, Pulliam

: A
187417 Therefore we must have an understanding of the

mechanism of prey selection before we can ask why it occurs.

4

Overall prey selection  is usual]y‘%determined by
~ comparing the prébortions of prey items available to the
predator to those found in its diet. However, the term
[?yai]able” is often used ambiguous}y. For example, are prey
available if they:use‘space and tHPe in sdch‘a way that the
predator does not encounter  them? I wi]]hconsider prey to be
available "if they are presenL in the same generdl habitat
tybé as the predator, and- therefore I will regard prey

encounter as part of the predation process.

1.1. Study animals

I studied. ermjne,u or short-tailed weasels (Muétela
erminea)'. They are large enough (60 to 120 g) to carry

radio transmﬁtters, "and therefore could be folliowed as they

‘ Fitzgerald's (1977) nomenclature was used for common
names of various weasel species. The New World varieties
are: Mustela frenata: Jlong-tailed weasel (the largest
weasel], M. erminea: short-tailed weasel or ‘ermine and M.
nivalis: least weasel (the smallest weasel), The O0ld World
varieties are: M. erminea: stoat and M. nivalis: European
weasel. This distinction between Old and New Wor Id varietiesg
1s important because although M. erminea and M. nivalis are
present in both the O0ld and New World, the 0Old World
varieties are the size of, and are ecological equivalents
of, M. frenata and M. erminea, respectively, in the New
World. I will use "weasel" in a geperic sense only.



hunted for.préy in their "natural habitat. They are also
small ~enough f(and therefore eat small prey) to allow
manipulation of prey densities: ermine mostly hunt small

mammals.

We must first Know how the ermine searches for,
detects, and captures prey, and what Kin of prey it
consumes, .to~be able tos understand how it selects for prey.
The ermine is a solitary.predator which usua{ly searches on
the ground, although de Vos (1960) and Frith (1958)Preported
seeing weasels hunting in trees.  There are conflicting
reports about how prey are detected. Quick (1951) suggested,
from subjectivé field observations, that weésels generally
’do. not use smell to track prey over long disténces. Long-
- tailed weasels were observed trailing rabbits in fresh snow,
(Murie 1935, Addy 1939), but we cannot qénc]ude whether they
used smell or yision. Herman (1973) s%owed that Teast
weasels can detect scent trails that are.up to 10 min. old,
and 1.5 m long, and that substrgte-borne rather than air-
"borne cues are used. Observations by Smith (1978) on ermine
in a small (1m x 2m):énglosure agreed with this. However, in
another enclosure (30m2) study, Erlinge et _i  (1974) “found
that stoats used sound most oftén to locate prey, and thaf

smell was quite unimportant. It seems that smell, if at all

important, is only used for short-range prey detection.

Weasels spend much energy and time searching for prey

relative to capturing prey (Erlinge 1974, 18977, and not all

£
\\

'\

-
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phey that are detected.are sUbsequently captured (Erlinge et

«

al. 1974). Wustehube (1960) studied prey catching— behaviour
and noted tﬁ?t) smell is not jmportant for stoats and
European weasels as a releasing :siiﬁulus. Once prey are
Killed, they may be cached (Polderboer et al. 1941) whi]é
the weasel returns to the hunt. %X

Even though there is disagreement over how weasels hunt
for prey, most auth: s agree thatﬁvoles are thev main small
mammal in Weésel’s diets (the larger stoats and long-tailed
weasels often eat S&gnificant amounts of lagomorphé and
other larger prey (King and Moors 1979) ). Microtus is the
ma jor food item of ermine (Fitzgerald 1977, Aldous and
Manweiler 1942 and European weasels (Tapper 1976). However,
none of these authors estimated prey Qensities[ so they’
could not demonstrate that the weasels were selecting

Microtus over other available prey.

tAuthors who  did estimate prey density reportéd
conflicting results. Erlinge (1974, 1975) and Wobeser (1966)
both conciuded that weasels (European and long-tailed,
respectively) »eat prey species in the»same proportions as
captured in traps. Again, Microtus were eaten mos t

frequent]y.

On the other hand, other authors report that weasels do
select forA‘brey. ADay (1968) found that both stoats and
European weasels ate more Microtus than Apodemus and

Clefhriondmys, even more than expected from trapping

o

.
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results. He gave no reasons for this selection. Simms (1979)

suggested that ermine catch fewer P. maniculatus than.

~

'expected ‘because of differential habitat wuse; male P.

maniculatus were found in climax areas, while ermine in his

study area used early successional areas. King (1980)

thought that European weasels ate more Clethrionomys

glareolus than Apodemus sylvaticus because of diffeéences in
the use 'of cover by prey, and in the reactions of prey to
being hunted. Northcott (1972) studied ermine food habits
near my study area, and found that they selected heavily for

Zapus hudsonius. This result seems unlikely for three

reasons: (1) Wooley (unmpublished data from scat analysis,
1977)  found that ermine at Heart Lake feed mainly on

Microtus pennsylvanicus, Clethrionomys gapperi , and

Péromyscus maniculatus, in that order, (2) Z. hudsonius are
extremely Faré_ in that area (Fuller 1969, Nams pers.

observ.), and (3) C. gapperi and Z. hudsonius hairs are very

simi]af and perhaps they were not identified proper]y///

(Wooley, pers. comm.). The authors that demonstrafe¢
/
selection also suggested reasons for it, but gave /ho

concrete evidence. , ‘ .

»
-~

I used C. gapperi and P. maniculatus as prey in the

this study. Even though M. pennsylvanicus is usually. the

main food item, it is common only in grassy headows (Mdbre
1978) and lowland habitats (Doyle 1979), whereas C. gapper i

and.P. maniculatus both commonly occur in the upland habitat

type where the study was carried out. Therefore this study



only consfdered one habitat type.

1.2. Predatory sequence

We can use the aforementjoned information about the

ermine’s hunting. behaviour to 1list  the "steps in its

" predatory sequence {(Fig. 1). This approach involves

dissecting the act of predation into the separate steps
which the animal - goes through (it is anaiogous to the
"feeding cycle” of de Ruiter (1967) and Holling's (1964]
"component analysié”). Prey select{on could occur at any

step in the sequence.

1.2.1. Approach

During this first step, the.ermine and fHé‘nprey comé
close enough together for the erminelto be able té\detect
the prey. However, the ermine may not actually detect the
brey, rather it may approach the prey and go by without
detecting it. Some of the factors ‘affecting se]ect‘bn at
this step are differentia] microhabitat use (Rdyama~1970);
and tempo;al overlap of activity patterns between predator
and prey (Curio 1976). |

-

1.2.2. Detection ~

After the approach; the predator may detect the prey,
using vision, hearing, or smell. Detection may be affected

by prey camouflage, prey activity, and pJéce of encounter.



Tinbergen (1960| proposed that predators form a specific

searching image for some prey types, in that they "learn to

see” them. This concept can be extended to a composite of

all the senses.

1.2.3. Choice

Once the predator  has detécted and identified a prey

item, the ermfne must choose whether .or not to aitagk_ it.

Selection at this step is, by definition, a preference.

1.2.4. Capture

Once the choice is made, - it 'ié assumed that the
(obability-of~capture is independent of any preference thé
predator méy have (de Ruiter 1967) - i.e. the predator
"tries" just as hard for all prey types. The4 capturé
probability depends on such fhings as defense reactions bf
the prey and place of encounter. Selection will occur if

some prey types are more difficult to capturé than others.

1.2.5. Consumption

<If several prey items are Killed before any are eaten,

the predator may eat them preferentially.

The purpoSés of my. study were two fold - first, to

determine whether'or not the ermine selects for certain prey

»
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types (spécies and/dr sex), and seéond, by quantifying,‘ -

~certain steps in the predatory seqUenée, to find out at

which step(s) selection occurs, and provide an empirical

y

test of some predictions based on optimalwforaging theory.
; (o ’
o ' o J :
N x ,

B e N
2. METHODS

.1 carried out the field work durihg fall of i978, and
sprihg and summer of 1978, at Heart LaKéVBiological Station,
Northweét Territories (60;51’N,116°38fW). The . prédation
seqﬁencé was studied by trackiqg a weasel as it'searchédqur‘
and captured prey " in an enclbsed area of naturallhabitét,

and I used a small arena to. test for prey‘preference.

2.1, Justification \

VIAS noted in Section 1.1, there are conflicting results
in studies of prey selection by weasels. This may, in part,
reflect problems in technique. To study prey selection of

free-roaming wild animals, ong;muSt measure relative numbers

~

of available prey (= density) and relative numbers eaten by

the predator, both of which are hard to do accurately. -

Pbpu]ation density estimates not invo]ving trapping are
-generally hot.practical for most small mammals (Smith et al.
1975), but trapping also has . its problems. Traps do not*

sample  different species (Martell 1979) nor different

S



,“p‘/

’ . N N .
segments of one population (Smith 1968, Tanton 1865)
equally[ In addition, these trapping biases may vary with

season (Tantbn 1965), habitat (Smith et al. 1975) and - trap

~type (Boonstra .and Krebs 1978, Martell '1979) Present

methods generally are not adequate for accurately est1mat1ng

prey «densities (Smith et al. 1975). ‘ ' 7

(Predator food habits are usually determined by‘scat and
stomac;’content ahe]yses (Day 1966), which are affected cy
differenf rates and extent of d1gestlon (Marti 1972 Lockie
1959), even among d]fferent size classes of one food species

(F]oyd et al 1978). It is almost impossible to collect all

scats from a’ free roaming an1ma1 SO scat collections may be

biased. Therefore it is usually not possible to accurately

‘estimate proportions of prey items in a preddtor’s diet,

Prey density can be confrolled and food input can be
measured in an experimenta] laboratory situation However

the two exper1menta1 weasel predation studies that Dave been

T

. done were limited by the difficulty of creating a realistic

environment. The small enclosures used (1m x 2m: Jami son

(1875); 30 m2: Erlinge 1975, Erifnge et al. 1974) resulted

in prey densities (5000 and - 4000 individuals/ha,

respeciively) much higher than peak densities of most small
mamma ls species‘ observed in nature (several hundred
1nd1v1dua]s/ha (French et al. 1975)) Also, weasels were

severe]y 11m1ted in their search1ng behav1our by the size of

“Mthew;enclosune¢mebemsma]1 enclosures were required, because
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i
. :\ .
theﬂexperimenters relied on visual. observations, but this

also meant that animals could not be observed in the dark.
In”additioh, the enclosures did not contain natural weasel
and pﬁey habitat, and it}'is not Known what specific

(micro)habitat features affect weasel predation.

We need to know initial densities of prey eateﬁ by the
pFedator to bg able to measure.ée1¢Ction, and movements of
predafor'and prey must be fo]lowéd accurately to find out in
vwhich’steb or‘steps of the predatory sequence selection
occurs., vIdea]ly all thié' wou 1d be done in the animéls’
natural habitat, with Tittle influence by man. ~I. used a
large natural enclosure and an'automafic tracking system: to

accomplish most of these objectives. S P

2.2. Tracking system

The predation sequence was studied in a permanent
enclosure used by Herman (1977) for an earlier study of C.
gapperi activity patterns. The study area consisted of a

900-m? fenced-in area of natural jack pine (Pinus banksiana)

,fbrest; over ~which an ortthonal grid of antenné wires,
spaced 1.5 m épart, was suspended 1 m above ground ‘level;
Signals coupled to each antennal wire were carried to a
receiver by means of co-axial cables. This a]]owéd radio-
tagged animals to beklocated, with én accurécy.of éont 75
cm, by finding fhe intersection of the two orthogonal wires

carrying the gredtest signal strengths. The size of the pen



was limited by signal attenuation a]dng the antenna wires
and co-axial cables. Details Qf the enclosure are given in

L4

Chute et al. (1974).

In order to ‘determine whether differential miérohébitat
use gffected ~selection, microhabitats in the enclosure
were described./ I made a detai]ed map of tﬁe enclosure, and
from it measéfed the following structural features of
microhabitat in a 2.25 m2:area around each.grid coordinate:
- total length of (1) Tlarge (>5cm) and (2) small (<5cm) -
diameter logs:; (3) number of 1ogé; (4) érea of rocks (on a.
scale 6f 0 to 3) édded to the number of overturned - stumps;
and (5) number of trees. Although variable 3 was correlated
“with variables 1 and 2, (Spearman’s r=0.55 and 0.48,
respecfivélyf, log intérseétions may provide moré, or a
different type of, protection than logs, per se. A1l of tHe
burrows that 1. found . in the pen wére either hear rocks,
~upturned stumps, or at the bases of f§?eem édéﬁs, ahd
therefore 1 assumed ‘that variables 4 andh5’reg;esented

availability of burrows and befuges.fdr statioﬁarx‘animalé.

A computer-controlled radio SCanner‘ i(DaVis 1978)
aUtomati?al]y locafed the positions of up to 5 animals at
. once and storéq the information on magnetic ‘tape. Animals
were located at a maxiTumAscan rafe'of once per second; and
the storage rate was set as a multiple of the ééan”'rate -
i.e. positions were determined every X seconds, and were

stored every Y scans. However, data were stored only if an
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animal’s position had Changed in the interim. Whenever one
animal (the predator) moved to within a "critical distance”

of any other (the prey), the storage frequency automatically

increased . to one pef‘ scan (i.e. Y=1), which ensured that

information would not be lost during encounters. A marker

was stored with the position coordinates if the signal

© strength of a test .antenna outside the enclosure exceeded a

‘threshold value. The .marker indicated possible radio

L3

interference..The'operafor could pre-select storége and scan
rates; criticél djstance, and interferencé threshold ~leyel{
as part of ;he 1nitia112ation procedure. |

‘Transmitteré (about 1 cm diametér) (Chute et al. 1974)
were attacﬁed to the animaTsiby méans of/Collars that“séfved
as transmitting antennae..The total paé%;;e‘(Q.B to 2.8 g
weight) - weighed from 2 to 4% of'the ébdy weight of the

weasels (male weasels weighed 110 to 130 g and females 55 to

85 gl and from 8 to 12 % Sf the body weight of the mice. The

latter proportion is'Jahge,‘but I tried—to use prey of

~simitar wéights,’so that all prey would be affected equally

by transmitters. I tested to see if prey types differed in

weight relative to transmitter weight (Anderson and Lydic

(1977) suggested the use of ANCOVA, since Atchley et al.

(1976)  showed that parametric tests using ratios of random
variables are invalid) and found that C. .gapperi. weighed

significantly more than P. maniculatus (24.3 and 21.0 g,

respectively; Appendix 1). However the difference is shall,

with the transmittebs wéighing 10. 1% of the body weight of
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= o C. gaggeri and 11.7% of the body weight of P. maniculatus. I
thénefore assumed that the prey species would be affected

equally by the transmitters.

The radio-telemetry system gave tsome;;unexpected
results. lf,was designed'tq’give a positibna] acéﬁracy of 75
cm (i.e. within one grid unit), but thev actual pdsitibn
coordinates had a random compdnent - i.e. there was some
scatter. The amount of scatter was a\functioh‘of bOSition of
animal,‘orientétion of anfma], transmﬁtter signal | ,Pengfﬁj//
microﬁabitat, /ﬂfggﬁﬁrgégig:inierfé?éﬁEET//?SI;T,/;jidomness

___—occurred in two experimental trials, perhaps because of -a

——

malfunction. These results were exc]gded from the analyses.

~Random scatter also affected storage rate. With a 1

second scgn}rate and a 15 scan storage rate, it would be
}'exbected that data'wbu1d be stored every second, .every 15
seconds; or in multiples of 15 seconds (when an .animal’s
position did not 'changé). However, in reality, the storage
rate 'yarjéd from 1 ber 'second to 1 per sevéra].hours,

because an ocq&%iona] erroneous position would cause a

ess‘ than the fqritiéal distance"

predator-prey distance of ]
. : i W

and increase the- storage. rate for several seconds, bf
becauée the animal did not move for severé] hours: Sometimes
when a prey animal was killedf _ihe transmitter was 
inactiQatéd, which resu]ted' invqompletely‘random observed

positions and a variable storage rate.

Radio interference also affected the resQTté." Posifion,
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coordinates recorded wheh/fhere was a 51gn1f1cant amount of

/

1nterference were erjeetlvely lost, because'the_ data could

not be trusted. MosSt interference occurred during winter .and

N &
duringrthe/day, whereas all trials took place during spring,

summep/ahd fall, and most actlylty occurred at night.
Despite these problems, the wholeg system had many

, o - : \ SR N

advantages - over those used in the AsFudies mentioned

previously (Section 2.1). The largé enclosure meah' that

relatively low 'prey densities (20/ha - equal /fo peak

densities of , C. gapperi and about twice the peaﬁsdensities

of E.'maniculatus at Heart Lake (Mihok 1979))'could be used.

that  just

Ermine could actually search “for. prey, rather
:choose and Kill them I could expect the anlmals t
normal behaviour, because the area was natural habitat for
both predator and prey The tracR1ng system allow fme to
follow events remotely, and was- partlcularly useful a night
| when the animals were most likely to be active. I Knew\ exact

prey dens1t1es and by collect1ng prey Cfrcasses found

wh1ch were eaten. This approach solved most of the problems

—

mentroned»befqre:
v *
2.3. Protocol

All exper1mental anlmals were captured in live- traps in
i

»the v1c1n1ty of the research stat1on M1ce used as prey were

Kept in cages under natural light and .temperature regimes

for “up to 2 weestbefore being dsed.‘Weasels, however, were

exhibit

e L% 0 B,

O TR



Rept for the duration of the experiments. fhey were fed both

live and dead (skinned . carcasses) P man1cu1atus vand C
gapperi, but were starved for about 12 hours before each

trial began.

\ Exper1mental animals were anaesthet1zed w1th ether
(LocK1e and Day 1964) and fitted with radio- transm1tters the
morning before they were-tntroduced 1ntovthe pen. I assumed
that preydwere»acchtomed to‘the transmitters by the time

,data collection began, but it should be . noted that Hamley

and Falls (1975) showed that although transm1tter carrylng,

- Microtus Qennsylvan1cus behaved normally as Judged by casua]

observat1on 'and live-trapping, their activity on exercnse"

wheels was reduced for several days.. I did not outfit

animals with transm1tters ear]1er because the rad1os had a

1

short l]fe span, - and could'not be,turned off while on the

animals. Also, if transmittehs were left on for 10ng periods -

of time, they often became entangled in terylene nest

material and the mice died.

The origina]'pfotocol was as fo]1ows. A maleﬂand female

of each'preyfspecies was introduced into'thevpen at 2000 to

2100 hr, for a 24-hr famitiarizatton period"Then they were

tracked at 1 scan per 15 sec and data was stored every scan

for' a further 24 hr. Ther predator” was”1ntroduced,sthe;

criticat"distanoe was set at 4.5 m (3 grid units), animals
were tracked at 1 scan per second, and data was stored every

15 scans for 24 more hr. This protocol was modified later n

T R



order to complete more runs. Herman. (1977) showed that there
were no significant differences in the activity and
movements of - female C. gapperi between a second and third
consecutive 24-hr time period in the enclosure, so | omitted

the familiarization period.

Live-traps were constantly in operation around the

outside of the pen, and were set inside the pen whenever a

~trial was not in progress, to guard against the presence of '

unmarked mice in the pen.

At the end ofegeach experimental trial, the ermine
readily entered a live-trap, and I collected all working

transmitters from the pen. Dead prey were separated into two

‘groups - those that were at least 50% eaten, and those that

were uhtouched, or with'just the head eaten.

2.4. Analyses

;

I ranked the prey within each trial according to the
order in which they were captured. If the capture time of
én; ‘prey was unknown, the ranks were treated as ties and
were divided up equally - e.g. if the order of capture of
prey items A to D was either B,D,C,A or D,B ,C,A, then prey B

and D were each ranked 5. while C and A were ranked 3 and

4, respectlvely Prey not captured were ranked 4, . which.

represents the lowest capture probab1l1ty

Animal activity may affect selection, so activity
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- periods were determined. Changes in observed position
céordinates were a result of actual movement by the anima],
and/or a result of random variation. Short-term changes in
the random effects could be caused by changes in ofientation
of the transmitter - . i.e. when an animal was active.
Therefore the amount of change in observed  position
coordinates.per unit time (from now on called "scattef") can
be used as an index of animal activity. If the scatter is
low, then both real speed and animal activity must Be léw. I
calculated the scatter (distance  between observed
coordinates per unit' time) for . each animal, in eachr1O
minute interval, in each trial. ‘Position coordinates for
:%vera] fixes were averaged, and "distance" travelled was
éaICU]ated as the straight line distance between sucdessive

L)

mean coordinates (Appendix 2).

Plots of scatﬁer against timg showed a series of
cycles, which I uéed to determine periods of activity and
inaétivity for "the énimals. It was not. feasible to use a
single scatter value to d}fferentiate activity states (i.e.
active if above and inactive if below that vé]ue) because
the whole cycle shifted up and  down with changes in the
otéer factors (besides transmitter orientation) that affect
random variation (discussed in Secfion 2.1)  An activity
period occurred when the scatter values were in .the crest of
a cycle, and inactivity occurred during the trough. The

division between crest and trough was set at 1/3 of .the

amplitude of the cycle, measured up from the trough. This
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"division was necessarily an arbitraé}-choice. Fér the first
10 hr of each run, 1 coﬁputed,'for each prey type, the time
spent éctive,‘and the overlap in time between the activity
periods of the weasel and prey When either predator or prey.
were active. These overlap values were calculated using the
prey data from the first 24-hour period of data collection -
i.e. the period without the predator present - because most

prey were Killed when the weasel was introduced.

\

thbers of approaches wére counted. Whenever a weasel
and a prey item were less than 3 m (2 grid units) apart, I
considered it to be an “épproach“, and I counted multiple

abproaches within 30 min of each other as one.

Activity of predator and prey‘ at each approéch was
noted. Three separate activity types for each animal can be
cdnsidered: moving (M); stationary but awake, or active (A):
and sleeping or inactive (I). An animal was considered tq be
moving (M) if the,posiiionhat approach was different from
ité Tast Known previous position - by "known", I mean thoﬁe
posiiions which were obviously not due to random scatter. If
stationary, the anfma] could be awake or sleeping. When
awake, -fhe ahima] would  change or:eﬁtation . of  the
traﬁsmitter relative to the antenna wires, which would
result in a greater random variation in the position
cooﬁdinates than when the animal was still. Factors that can-

affect random variation are transmitter orientation,

position coordinate, microhabitat, signal strength  of



transmitter, and radio interference. Only transmitter
orientatﬁon will cause random variation‘to change in a short
‘tihe span while the animal is stationary. After an animal
stops moving, random variation, and therefore the scatter
measurement, are high while the animal is active; then drop
as the animal falls asleep, or bedomes inactive. Therefore ]
considered an animal to be "active" (A) if it was stationary
and if the appfoach occurred during an activity period -
~i.e. scatter was in the crest of a cycle. Appendix 3 qgives

some examples of approaches and scatter estimates.

Each type of approach w111 be symbolized by a pair of
letters represent1ng the act1v1ty states of first the
: predator then the prey - e.g. MA means predator moving (M)
and prey active (A). 1 grduped mA and MI as type 1 (predator
moving), and IM and AM as type 2 (prey'moving); MM apﬁ?oach
types | were rare (6% of the total), and therefore
djsregarded. Since almost all apphoaches,took place between
2000 and 0600 hr, only those are considered here. Approaches
were divided ‘1nto two subsamples, those occurring before
(t1me period 1) and after (time period 2) midnight. Numbers.

in these two groups were roughly equal.

Microhabitat use in the runs was calculated for eéch
animal in each trial by :
sum of: (microhabitat variable) x
(time animal spends at that position] / (total time) .

 This was done for 2 activity states (active and inactive,
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defined by speeds greater than and less than, re'spectively,
1/4 of the maximum speed of the animal in that trial), and
vfor each' time period mentioned‘ above. Correlations of
normality plots (Ryan et al. '198Q) showed the resulting

variables to be norma]}y-diétributed.

I also determined the microhabitat at each approach.
However, most ‘of the variables were not normally
distributed, as there Were too many zeros. Therefore
whenéver a variable was zero I ca]culated‘a value between 0
and 1, which was an inverse function of the distance to the
nearest feature of that variable (e.ng if there were no
trees at.b ‘the place \of approéch, then
5/(distance to nearest tree) was used). This value was
traﬁsformed by a linear transformation (a different one for
each variable) and the resulting variables were Hbrma]]y
bistributed. I considered it»qutifiable to transform these
data, because exact values of the variables are not

. . ] )
important, only the ordinal values are needed to test for

differences in microhabitat use.

~ Tests of'differences be tween microhabitats were done
with  the Hotelling T2 statistic (Morrison 9976).
Microhabitat use by prey was based on the first 24-hour
period of data collection - i.e. the period without the
predator present. This was done because most prey were
Killed when the predator was jntroduced, and because animals

épproached ~more  often would have greater a priorj



21

microhabitat correlatiaons with the predafor.

%

2.5. Preference expegiment

A method was néeaed té test for’ pbey preference
in;ependently of the ;probabil{fy of detecting, or of
KiTiing, a.prey item. I used an 80 x 12.5 cm -arena (Fig.
2) in.which the weasel could simultaneously sée, smell, and
hear, two live prey but choose only one. The small (6 x '12
Cm) prey chambérs ensured that both prey would be visible at
the same time, and that prey defense reactions would have
little effect on the final choice. A red 25W light bulb
illuminated the area. Prey types were distributed equa]iy

/

between the right and left Chambers, to ensure independence

between prey preference and a'possib]e,chamber preference.

The ermine was hglg .for about 5 min in a covered
p]exig]aé holdjng box,v fhen 'reJeased into the arena. 1
considered that the weasel had médq a choice when it entered ;
a prey chamber, and és‘soon as this happened, I ldcked‘the
door to the other chamberl Time to choose a prey; yand to
Kill a prey once choseh (which were measured with a Key—
board activated Esterline Angus event recorder), were used
as more precise measures of preference than simply prey type
chosen. Weasels presumably were satiaged at the time of
testing, because I took them straight:frém their cages where‘

food was available.
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2.6. Statistical analyses

v
Y

I used the gu1de11nes suggested by Cochran (1952 1954)
for' determ1n1ng minimum expected values in coht1ngehcy
tables: when 1 < d.f. < 30, and léss than 20% of. the
expected‘va]ues were less than 5, I ‘allowed a minimum
expected va lue of 1, but when more than 20% of the expected
values were less than 5, I allowed a minimum expected value
of 2. A significapce. level of }b=0.05 was used in all

analyses.

4

The stattstical computer packages used were MINITABV
(Ryan et al. 1980) for normal1ty tests and simulation, MIDAS
(Fox~ and Guire 1976) - for Hotelling T2, SPSS (N1e et al
1975) for d1scr1m1nant functtons analys1s and BMDP (D1xon
and Browh 1979) for analys1s of covar1ance Other computer

programs .were written by myself in PL/1.

3. RESULTS

‘Twenty~two useable.trials,were completed (9 with female
and 13 with male ermine). During seven of these new prey
Qere ~introduced 1nto the enc]osure part way through the
trials. On]y datar from the time period before the-
introduct1on of prey were used in the analyses. Appendix 5
summarizes the number of approaches ahd the fate of all
prey. Note that the number of useable captures depends on

the method of analys1s - e. g. order of capture was Known for



more prey than were actually retr1eved after the trials (and

&

used to study consumption).

-
[

"~ 3.1. Prey preference

: R
The preference experiments simulated the tehaviour of
ermine after prey was detected Ermlne showed no preferenée
for either sex (X2=1.13,d.f.=1,P50.1) or species (X2-

1Y

=O.53,d.f.:1,P>O.1) of prey (see Appendix 13 for‘raw data) .
There was no significant difference between time taKen' to |
- choose.  male or . female . prey (median test: - K2=
’E'O.Cd,d.f.=1,P>015), but }once ae ermine entered‘ a
compartment, . female prey were Ki]]ed'vfaste;' than males
(median test: X2 5 43 d.f.=1, P<,025). Therefore if a
pfeference eXisted it‘wasﬂveby‘weak and was for fema]es

In order to isolate the cho1ce step from the detection and
»vcapture steps, a small art1f1c1al arena was,used,ewhich may

have affected the natuba]}behaviour of the ermine. The other

Steps, however, were studied in natural ermine habitat,

3.2. Field trials

3.2.1. Prey selection

I first tested the null hypothesis that the propor tion
of prey types eaten is the same as the proportion of prey

types initially available to the predator (Fig. 1, T.1). The



null hypothesis was rejected for species, but not for sex

(Table. 1), with C. gapperi consumed sighificantiy mon§

freqaently than P. maniculatus. Therefore>1 concluded that

overall prey selection occurred in this study, and I

proceeded to examine intermediate steps 1in the predatory:

sequence.

3.2;27 Selection mechanism

The predatory sequence can be divided into two segments

i

- probabiiity of -capture-(Fig. 1, T.3)_and.pr0babi]ity of

- consumpt ion once Captured (Fig. 1, T7.2}). The null hypothesis

for the consumption step (Fig. 1, T1.2) is that the

proportions of each prey type eaten is 1ndependent of prey

type. The hypotheSis was reJected (Tab]e 2.), but this'-

result” could have been brought about by ainoh:randoh?order

of capture of prey and subsequent'consumption in the .order

of capture Therefore I tested the nuii hypothesis that the

proportion of prey eaten was independent of the order,m f

capture. The null hypothesis was}not rejected (Table 3.).

Therefore, 1 conclude that there -was se]ection at' the

consumption step - female P manicUiatus tended to be eaten

least often.
_ /

Do capture probabilities differ between prey types

(Fig. 1, T1.3)? In many of the experimental runs all prey

were eventua]iy captured, so a comparison of the order in

which -prey were caught is a more. precise test of the

24
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question than a comparison of the number of prey- caught. I
modifiedx the Friedman two-way analysis of vahiance,‘ a
honparametr.ic test, to include those runs withlmissing data
(Appendix 4. Th1s test measures the goodness-of-fit of the
rank totals for each prey type to those expected under the
null hypothe51s of a random order1ng (Marascuilo and

McSweeney 1977). The order in which prey were captured was:

male C. gapperi > (female C. gapperi, male P. maniculatus) >

femalé P. maniculatus. C. gapperi were selected over-P.

maniculatus, and males over females (Table 4.){ Therefore

ermine tn this study selected both species and sex of prey

in the approach to capture steps, inclusive.

Probability of capture can be further divided into

o “Aeapproachw_nate-tF}g——+—~%—ﬁﬁ'and probability of capture once

approached (Fig. 1, T7.5). I tested the null hypothesis for
the former, that each prey type Known to be alive at a gtven
time has an equal expectation of being approached. Thus, at
the beg]nn1ng of a run, each of the four ava1]abte prey‘
-types had an a legg_ probab111ty of approach of 0.25. When
one’ an1ma1 was approached, it was scored 1.0 in the .
"observed" column, and all four were scored 0.25 in the
"expected” column. After one was _captuyed,. the survivors
each had a‘probability of 0.33 of betng.approached; and if
an’approach occurred, then each animal'was scored 0.33 in
the‘>expected_ column, and the one approached was scored 1.0
in the observed»column, and so on until the ~end of the

trial. Analysis of the resulting data showed that C - ga pperi



‘were approached more often than.expected (Table 5.), but
there were no differences in approach fréquency between prey
sexes. Therefore interspecific selection occurred at the

approach'sfep;

Do capture probabilities differ between’prey types once
they are approached F(Fig.7 1, T.5)?7 If N is the numbér of
approaches‘before eVentual capture of‘a certain 'prey type,
then 1/N is an estimate of the probabi]ibyypf capture oncé\
approaChéd.‘The nuTT hypothesis is that prey typés are all
approached an Vequal, number of times-before'capture'(i.e.
they have équa]lN-vaiUes): There Were nOtvenough .apprOacheS .
to test for homogeneity‘betWeen trials, but-inSpectibn of

o _ the data suggested that the-patterm—differed widely among
- trials (Appendix 10}, which would render a chi-squérefteSt
of the number of approaches inva{id. Therefbre I ranked the
prey fypes in each trial, according to their N¥va1ues'(a.low
rank means a High prdbability of capture once approaéhed)

and used the modified Friedmanfs 2-way -ANOVA., The N-values

were similar for -C. gapperi and P. maniculatus, but males
were selected over females (TabTe"G.). Therefore sexual
selection occurred in the detecfion, choice, and capture

steps.

Different capture probébilities © - once prey were
approached may be a result of an actual preference for the
“ selected prey (Fig. 1, T.6) - the ermine may not have tried:

to capture females. However, preference experiments showed
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that male prey were not chosen‘over females (Sectton 3.1).

Therefore select1on for male prey in steps 2 to 4 was not a
simple‘result-of preference on the part of the weasel in
- step :3 tohoice). I cannot‘distinguish between step512 and 4

with my data.

In summary, C. apperi were selected over P.

maniculatus at the aporoach step, males over females at the

detection and/or capture ste%(s), and female P. maniculatus

were selected against in. the consumption step.

N

?trm1ne are nearly tw1ce the s1ze of females SO it
gexpected that they differ in behav1our There‘here
xfcaptures to test for overall d1fferences 1n prey
idon between sexes and for select1on at the consumpt1on
_ste; E'However male and female erm1ne d1ffered in the orderx
) of~35;ture between C. gapperi sexes, in that males caught
'mal%;~g. gaggeri first, and females caught female Q. gaggert/
first,(Appendix 7). Male erminetwere used’jn more runs than
females were (13 versus 9, respectivety),%so_nale selection
affeoted‘the overall capture order more \than did female
selection. I adested the order of caoture test (Fig. 1,
T7.3), for the different numbers of runs, and found the ‘same
result as Before (kppendix 8). Therefore the overall. pattern

of cap,ure order is not an art1fact of unequa] sample sizes

betwel; (;mlne sexes, but the result of a stronger selectton.
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by male ermine for male cgﬂ gapper | ‘than by. females for

female Q; gapperi.

I attempted,"unsuccessfully, to discover at which
stepl(s) the difference occurred.. Male and*feméle ermine did
not approach prey in different proportions, (X2=1.82,d.f.=3 »

'Jﬁﬁﬁ%ﬁﬁfz%oportions

.f.:3;P>O.1)} Largéﬁ_sémple sizes

P>0.1),  nor did they capture prey in

once approached (X2z0+927

o —ar needed to clarify‘thesé besults.

3.2.4. Factors affecting selection

Selection at the approach step could be affected or

caused by: 1) whether the predator or‘prey are moving - i.e.

approach ‘type, 2) time of day, 3) whetheb”predator and prey
over lap wifh,respect to their activity rhythms, and 4)

whether predator ahd prey oVer]ap with'respeét to thé Kinds -

of places they use. ‘ ' A

It was\possiblé to test for interacting effects of the -
first two variables on seTection,, SO they'wefe analyzéd

together. The null hypothesis for no‘effect on selection is

that prey ‘type is independent of approach type and time of

day with reSpect‘to-the épproaéh ‘frequency. A contingency

table analysis of all 2- and 3- way interactiohs-(préy‘typé"
| vs predator sek, approqéh type, and time‘of_day) showed that

:only thé prey x approach type term is significant (X2=

19.1{dhf.#9,P<0,025) (see  Appendix 9 for vbbsebVed and

expected values). However, Cramer’'s measure of association
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(which .iS"analogous - to the r? of parametric correlation

(Marascuilo and McSweeney 1977)) is only 0.04, so thﬁﬁ@h/f//ff//
the interaction is statisticalls 1gntfiCant it is so weak

that it

€ ignored Therefore prey selection at step y
(different approach frequenc1es for different prey types) is

1ndependent of time of day, approach type and predator sex.

Clethrionomy5~ggppert may be approached_more frequently

than P. maniculatus -becaUse' temporal overlap of activity

patterns between the erm1ne and C ‘ga pperi greater than

between the ermine and P. man1culatus Approaches can occur

only when at least one of the animals is moving. Oyerlap
times for- the two pairs were 5.5 and 6.2 hr,'respectively{

this would lead to selection for, P. maniculatus, not C.

apperi. When the prey were moving, the 'species active for
the longer per1od of time would be expected to approach the

ermine most  often, but C. gapperi were act1ve for shorter

. periods of time than P. maniculatus (3.3 ‘and 4.5 »hr,
»reSpectively). Therefore temporal oVerlap does not_appear to
cause selection. N - Lo ‘xw

-

Clethrionomys gapper i may approach the ermine more

frequentty than”p. man1cu1atus because of - greater spatial

overtap between ‘Q.' gapperi and the ermine than between P.

-

maniculatus and the ermine. However, the two prey species
were active" in - similar . kinds  of microhabitats
(F(5,63)=0.91,P=0.50) , and they approached the ermine in
similar microhabitats 5 25)-1 97,P=0. 12) ~TTherefore :

i
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spatial overlap does not explain selection for C. gapperi at

the approach step when the prey are moving.
i

The ermine may approach C. gapperi more Frequently than

P. maniculatus because it searches in C. gapper i

microhabitats rather than in P. maniculatus microhabitats.

When the prey were inactive, the two species used different
microhabitats during the trials (F(5,24)=3.16,P=0.03). The
ermine spent time in differenf}microhabitats from those used

by P. maniculatus (F(5,112)=4.32,P=0.002), but not different

from those used by C. v‘a eri (?(5,506)=O.93;P=O.45), and
most importantly, the predator approached the two prey
species in different microhabitats (F(5,103)=2.46,p=0.04) &
discriminant functfons analysis between prey microhabﬁtats

showed that C. gapperi occurred closer to logs than did P,

maniculatus (Table 7.). 1 conclude that C. gapperi were

approached more Vfrequént]y than P. maniculatus because of
spatial overlap between prey and predator: wheﬁ the predator

was mov1ng

Selection for male prey at the detection and/or capture
steps could be caused by differences between males and

females in 1) activity or 2) microhabitats ‘used.

Sex and activity of prey may 1nteract with respect to
probabi hty ‘of capture once approached‘. ;‘tested the null
hypothesis that the number of Kills for each sex and

activity type did not differ from that expected from the

‘observed distribution of approaches (Append1x 12), by means



of a chi-square goodness-of-fit test. Sex of prey and
activity type were independent (X2=0.25,d.f.=3,P>0.5), and
therefore ~activity affects the probability of detect1on

and/or capture in the same way for both sexes.

‘Even though sex and activity of prey do not interact
with respeet to capture probability, capture probab1]1t1es
may be dependent upon prey activity. I compared the nUmber
of Kills for each type  of prey activity to the values
eXpectedtﬁrom the distribution of approaches, and %ound that
more Kills occurred than expected when the prey were
inactive (the M1 approach type) (X2:8.86,d.f.=2,p<0.01).
This would cause a greater capture -probabilify %or males
oﬁly if a disproportionate number of males were approached
at the MI approach type, but prey type is independent of
approach type at ghe approach step {(see p 29). Therefore

selection at steps® 2 and 4 appears to be independent of prey

activity.

Female prey may use microhabitats that offer more -

protection from detection and/or capture than ones that
males use. However, male and female approaches occurred in
similar microhabitats (F(5,103)=1.14, P=0.33). Even though
prey sexes use similar types of places, females may Use
certain microhabitats for defense more efficiently than
males. If so, then males and females would be captured in
qifferent Kinds of places, but they were captured in s1m11ar

microhabitats (F(5,9)=0.85,pP=0. 55) Therefore microhabitat

z‘a

<oy
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does not appear to be involved in prey selection in steps 2

and ﬂl

>

4. DISCUSSION

Part of the validity of the analysis of approaches

hinges on choice of approach distance. As discussed

previously (Section '1.1), researchers do not even agree on

what senses are used for prey detection (although smell
seems to be least important), let alone at what distance

prey can be detected. If ermine consistently used smell to

track'phey in this study, then approach probability would be

inversely related to the time since thé prey last MOved:
fresh scent trails are easier to ‘follbw than " old ones.
However, my data show no difference in the humber of
approaches between inactive and active prey (P=0.54, N=103,
Binomial one-tailed probability). Therefore I assumed that
erminé do not use smell to detect prey at long distanceé,
and that the 3-m approach distance I used is not

unreasonably short.

\

Instead of a constant selection for C. gapperi over P.

maniculatus during the whole trial, the observed order of

capture of prey may have occurred because ermine selected C.

gapperi at first, and Yater switched to P. ‘maniculatus;

because ~experimental runs were all started at approximately
the same time of day. However, independence between time of

day and selection shows that the overall selection pattern



did not éhange with time. Such.a switch would be expected if

temporal overlap caused selection, and if the overlap with

P. maniculatds was greater in the second half of each trial

than in the first half.

~Satiation ‘may have affected prey selection, because
ermine in the enclosures probably became satiated with time
- they require oné to two prey ber da; (Short’1961). It has
been shown that vertebrates decrease searching activity with
decreasing hunger (de Ruiter 1967), but ermine préy
selection in this study - was independent of time, and

4

therefore, presumably, of satiation. .

My data show that ermine approach ‘Q; gapperi more

frequently than P. maniculatus ~because of differential

microhabitat use. Royama (1970) hypothesized that the  Great

Tit (Parus major) optimized its diet by selectively:

searching in specific microhabit%ts, rather than by
selectfvé]y choosing prey items. He argued that the greater
thf profitability differences between microhabitats (that is
if prey are found in different Kinds of p]aces);( the mofe
time would be spent by the~§redator in the most profitable
microhabitats. Prey species did use différent microhabitats
in my‘ experiments, and there would probably be re]ative]y
large profitability differences between thesé m{crohabitats,
because of the following reasons. Within a microhabitat, at
high prey densities, rate of prey capture would be 15N ted

by hand1ing time, which would result in an asymptotic
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relationship between prey density and microhabitat
profitability. Therefore profitability différences between
microhabitats would be greater at low, rather than at high
pre& densities. The ermine has a short handling timé
relative to searching'time, which suggests that the animal
hunts in areas of reiatively low prey densities. Therefore
any differences in prey densities would result ih ré]ativé]y
large profitability differences betWeeﬁ/ microhabitats.

Royama predicts that in this situation the predator should

select prey by searching in specific mierohabitats, and my .

‘results support this prediction.

Microhabitat selection imp]ies that ermine ’'Know' which
microhabitats éfe more profitable. The study animals were
captured aé adults (and were therefore experjgnced), they
~were familiarized to the enclosure before the experiments,
and = the 'enclosed area was natural ermine habitat. Therefore
,I assumed that they treated the pen as' they would a part of
their natural home range. This assumption would hold even if
knowledge of the most profitabie micfohabitat(s) must be
learned - i.e. if it is not a‘heréditary trait. '

/
My data show that prey selection 1is independent of

temporal overlap of activity, but other studies have shown

that activity patterns of predatdrs over lap those of ‘their

main prey - e.g. pigmy owl (Glaucidium passerinum) and bank

vole (Clethribnomy§ glareolus) (Mikkola 1970); pine marten

(Martes americana) and (. gapperi (More 1978). Because

\
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neither of these predators can enter small mammal burrows,
they are restricted to capturing prey active outside
burrows, so acfivity overlap would be important. Ermine,
however, readily enter burrows, (Simms 1979) so their prey
| need .not be active above ground in order. for the’predator to

be able to encounter and catch them..

When the pbey was movingi and the predator was
stationary, C. gapperi approaéhed the Jéasel more‘frequently

than did P. maniculatus, but neither temporal nor spatial

overlap provided an explanation. Stoddart (1976) showed that

Microtus aqreStis ,avbided 1ivé-traps sméared ’with least

weasel anal gland secretion, but Apodemus sylvaticus were

not affected.-Perhaps P. maniculatus and C. gaggeri respond

differently to weasel scent, but it is not known at what

distance they can detect a weaée].

The only study of weasel predation fn which prey were

sexed was.that of MacLean et al. (1974}, who examined the

remains of ‘lemming (Lemmus trimstronatus and Dicrostonyx

groenlandicus) winter nests in spring, and found that Teast

weasels had preyed more heavily on breeding fema]es'than on
‘lméles. No reasons were given for this result. In several

cases avian predators have been shown to prey selectively
:upon male microtines (Beachamn1979, P}telka‘1957), which may -
be a result of greater mobility, and therefore exposure, on

the part of the males (Thompson 1955, cited by Beacham

1979). However, this would explain neither sexual selection
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by ermine in my study, nor by least weasels in the
~aforementioned sfudy, since'weaséls can éntec burrows  ahd‘
subterréneén tunnels (Simms 1879). |

My study shbWed that 'probability of capture is
" independent of hicrohabitat type. However, Er}inge et fgl,
\(1974) noted thaf- once,”séén by a weasel,lprey had the’
hiéhest chance>of.escape'1f they ran intd'holeé or tunne]s,
and that diffefent4 prey species used ,different' escape
£actics.'This,discrepancy might be a result of thé labée
nUmber of f.artificial "runways and dens' in Erlinge’'s
enclosure, which ‘WOU]d‘ give prey a wider kchoige‘ of
micfohabitats. Also, the stans he used are about twice as

llarge as ermine, éo would be less able to enter prey tunnels

and burrows.

Preferencé fests were done in an artificial arena, but
the results were probébly ya]idfdﬁredators show the greétest
prey preference when fhé&varé satiatéd'(ZaCh;and FaTls 1978,
Iviev 1961),' as were the ermine. used in the preference
experiments. It would be easier for weasels to choose more
profitable prey when the prey are  encountered
simultaneously, as in the exberiments, father than when théy
are encountered sequentially, as in the wild. These two
points imply that' ermine in the expefiments would be
expécted to exhibit a maximum preference. Therefore the lack

of preference for C. gapperi over P. maniculatus or males

over females in'the experiments probably holds in the wild
' - . . .
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as well.

Most optimal foraging theories predjct ‘that  once

epcountered, prey should be e%ther ignQred or Captured -

i.e. if a prey type is to be included at all in the diet, it

should always be captured (Pulliam 1974, Manrthur and
Pianka 1966, Schoener 1971, Emlen 1966). Some-experimental
tests have not supported this prediction (Zach and 'Fails
1978, Krebs et al. 1977), A»graduated rather than an”allgof_
none phefeﬁeﬁce would be predicted if the animals
occasionally sampTed all prey to estimate profitability of
different prey types (Krebs et al. 1977), if there were
.certain nutfitiona] constraints en the dfet (Pulliam 1975),
or if they made "miSfaKes"_(Eh]en and Emien 1975)[.Perhaps
v.we would see a graduated responSe in the ermjne if a wider
range’ of preyv items had been tested, but the 1ack of
preference is not surpr1s1ng At the re]afive]y Tow prey
densities in  the wild, a weasel that rejected -less
profitable but acceptable prey would face another long

search that would probably outwelgh any advantages ga1ned by

choos1ng only the most prof1tab1e prey (MacArthur and Pianka -

1966), L

Weasels ate prey preferentially in this study. Prey

density in the pens at the béginning of a trial was 22

an1ma1s/ha for each prey spec1es-- approx1mately the maximum

density forx C. gapperi in the area and about twice the

maximum density for P. maniculatus (Mihok 1979). However, it
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is not unreasonable to expect ermine to be exposed to even

h1gher dens1t1es of P. man1cu]atus elsewhere in the1r range,

because small mammal densities at Heart Lake are much lower
than in other areas (French et atl. 1975). Therefore the high o
capture rate of four prey per night (high relative to £he‘
one or two requwred) is to be expected, as evidenced by
reports of weasels caching, or sforing, prey in the wild

(Polderboer et al. 1941, Parovshchikov 1963) .

'Cacbﬁng-behaviour has also been observed in red foxes

(Vulpes vulpes) (MacDonald 1876) and American kestre]s (Falco

sparverius) (Mueller 1974). Polsky, (1975) 'suggested that the

acts of Killing and feeding on prey by experienced
predators, especially the Carnivora, are not linked, - and
Kruuk- (1972) argued that satiation does not inhibit further
'catch1ng and K1111ng of prey Once several prey are cached,

it 1s advantageous for a predqtor to rank them, and eat the
most profitable ones first, because another preferred item

may be captured before a]] cached prey are eaten.

Other prey selection studies‘mentioned here so far do
not cdnsjder'the whole predatory,Sequence.“However, E]liot’
et »él; (1977) studied prey capturevby the African lion,"and
separated the components intc "search”, Y”Stalk", "attack”,
and “subdue". They showed that capture success is priharily
dependent upon the failure’ of the prey to .. see the
‘approaching lion until it is wifhip its effective distance,

but also that overall stalk success did not differ among
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prey types. .Mech - (1970) followed 4%131 wotf-moose
interactions, 6 Of‘ which went to completion (capture).

Hunting success here was dtrectly related to prey behaviour
- if prey followed a series of behav1ours while being
chased, then they were captured Se]ectron occurred wheh
some prey types acted d1fferently. For examp]e animals that
stood at bay when the wolves caught wup to them »were not_*
captured. Most select1on occurred during capture attempts -
1.e. the capture step However ermine do not have such lohg a

capture times as do l]ons and wolveé. Instead, the .approach

step is. most important for ermine; this is where selection

for C. gapperi occurs.

My study>showed that ermine selected C. gapperi over P.

man1culatus because of different frequenc1es~ of' approach

whlch;‘may, in turn, be related to d1fferent1a1 microhabitat
use. Once prey were approached males had a greater chance
of 'being captured than did females, but this was not a

result of a preference for males. Female 'E; maniculatus

tended 'to be eaten after the other prey types, if%eaten at’
all. This select1on mechanism can be related to the ermlne S

hab]ts in that it 1s a predator that spends - much energxg
searching, and little 1in the ftnal attack and capture.

Therefore Jt wou]d be advantageous for it to select by
hunting in those microhabitats in which the more'profitab]e
prey are found, rather ‘than to'attack only these prey, once

théy are  encountered. If  captured prey are stored

temporar1ly before they are eaten the ermine should eat



40

more profitable items first, becaqse there s alWays a
chance that it can capture another more profitable item

before it has to eat the less profitable ones.
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Table 1. Overall prey selection: . number
of prey consumed and not consumed, in all

experimental runs.

Species Sex Consumed Not Consumed .

C. gapperi Moo 10 -3
C. gapperi Fo- 10n 3
E..maniculatus M . b 6
P. maniculatus F 2 j2

X2= 14.5, d.f.=3, .P<0.005

Partitioning

of X2 d.f. X2 P
Species x Eat T 11.2 <0.0f
Sex x Eat 1 2.0 >0.10

Species x

Sex x'Eat 1 1.3 >0.10




Table 2. Number of captured prey

recovered: consumed and not consumed.

Captured But

Species  Sex Consumed Not Eaten
C. gapperi M 10 3.
C. gapperi F 10 2
P. maniculatus M <) 1
P. maniculatus F 2 | 7

N e

X2= 11.5, d.f.=3 P<0.025

Partitioning

/ of X2 d.f.- X2 P

Species x Eat 1 4.1 <0.05
Sex, x Eat \ 1 1.8 >0.10
Species x

Sex x Eat 1 5.7  .<0.025




Table 3. Number of prey eaten, and

order in which they were captured,

from all experimental runs.

Rank order captured

- Eaten 10.0 7.6 7.2 3.2
Not Eaten 1.3 3.9 2.9 4.9

X2z5.29, d.f.=3, P>0.10

Note: Fractions are caused by ties and

some unknown ranks.
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Table 4. Modified Friedman 2-way ANOVA: Capture order

O

between all prey types.

Prey Type

CM . CF PM PF

> Rank Total 28.5  34.0 39.0 615 .
Expected :
Total 34.0  38.5  40.5  45.0

Variance-covariance matrix

CM CF PM  PF
15.88  -4.72  -5.13  -6.04 CM
15.13° -4.88  -5.54 CF
ﬁ 15.96  -5.97 PM

17.54 PF .

X2= 17.54 d.f.=3 P<0.005

Planned Comparisons 0-& - Var . Cov X2 P

i 2 1.2

Species CM+CF PM+PF £15 21.59 21,58 -21.60 10.42 <0.005
Sex CM+PM- CF+PF .12 21.58 21.58 -21.53 6.62 <0.01

Sex x ,
Species CM+PF CF+PM #6 21.33 21.33 -21.33 1.69 >0.10

Note: see Appendix 4 for rank data.

£
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Table 5. Numbers of approaches: expected
numbers were Cajculated for all prey present

*at times of approaches.

Species Sex . Observed Expected
C. gapperi - male 27 222
C. gapperi female 42 " 33.0
P. maniculatus male 35 42.5
P. maniculatus female

~70 . 76.5

Aﬁong all prey: X2=5 .47, d.f.=3, P>0.10
Prey speciesg P$0.03 *
Prey sex: P=0.76 =
Séx‘x Species: P=0.76 *

* Binomial exact probability test

R R R e b ey e e gt e e



Table 6. Modified Friedman 2-way ANOVA: Number of

fed

approaches_before capture among all prey types.

Prey Type

CF PM PF

Rank Total 25.0° 30.5 . . 26.0 44 .5

Expected

Total 28.5  30.0  32.0  35.5

Variance-covariance matrix

cM CF

PM . PF
10.00 -3.25  -3.58 -3.83  CM
10.25 ~ -3.58  -4.08 . CF
. 10.92  -4.42 PM
11.33 PF
| o
X2z 8.41  d.f=3  P<0.05
R
Planned Comparisons ~ O-E Var Cov X2 P
1 2 1 2

Species CM+CF - PM+PF
Sex CM+PM CF+PF
Sex x ‘

- Species CM+PF  CF+PM

*3.0 13.75 13.41 -15,07 0,66 >0.10
¥3.5 13.76 13.42 -15.08 6.64 <0.01

5.5 13.67 14.01 -15.33 2.19 >0.10
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Table 7. Discriminant functions analysis of
microhabitats used by C. gapperi and

~ E;‘maniculatus in the experimental trials.

Standardized

Microhabitat variable coefficient
-, ' ' :

logs > 5 cm diameter _ -0.77

logs * 5 cm diameter : -0.59
stumps and rocks N -0.34

trees -0. 11
log intersections : 0.34
Group centroids : C. gapperi: -0.31

'P. maniculatus: 0.24

Difference between‘grbups:

F=2.46, d.f.=5,103, P=0.04

&



Fig. 1. Idealized predatory sequence of érmine.rThe T's

-refer to tests which are presented in the results.
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Do weasel and prey

Step 1: . - come close?
APPROACH No
<
| Yes
vV

Can the weasel detect

Step 2: and identify the prey? -
DETECTION  No SR
| Yes
v

‘Does the weasel decide

Step 3: to attack the prey? - .
CHOICE | No |
| C ——
| Yes
Vv

Can the weasel

Step 4: ' capture the prey?
CAPTURE ,  No -
S e
| Yes
v

:Does the weasel
eat the prey?
No -

(= .
: | Yes
vV

Lo

? T.s

,F\T.ll..

5T.3
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_ Fig. 2. Arena used-to test for prey preference.

A. Top view of whole arena.
1 - Prey chamber.

2 - Plexiglas holding box for wease].

B, Side view of one prey chamber .
3 - Screen top to arene.
4 - Screen barfier part way down‘front‘entranCento
~ chamber . |
5 - Scréen door; hinged at top. A
6 - Bars which are hinged at door (#5);,they,sfide
_up when door epens,_to keep prey from climbing
onte top of doer. | |
7 - Sl1d1ng door to back of chamber for
| 1ntroduct10n of prey ‘ ,
8 - Opening behind sl1d1ng door (#7). .{-D,;
~9 - Door‘]ock' is locked by pulling str1ng;

JO - Part1t1on between prey compartments
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Appendix 1. Analysis of covariance amdng‘weights of

different prey, with transmitter weight as the covariate.

Sum of

Source of Variance d.f. Mean F-value P
B Squares Square '
Equality of adjusted
prey weight means 3 229.39 76.46 7,148 .000
Zero slope 1 3.91 3.91 0.37  .546
‘Error ' 79 840.79 10.64
Equality of . slopes 3.7 35.96 11.99 1.13  .349
Error 76 804.82 10.60
Total - 83  1074.08 12.94
Contrasfs - T-value P
z
Species CM+CF-PM-PF 4.584 .000
Sex . CM-CF+PM-PF 0.710 480
0.186

Spectes x Sex  CM-CF-PM+PF

. 853

Group Means:

Species Prey weight
{ (g) SG

Radio weight

% Body weight

(g)
C. gapperi 2431 2.46 10.1
9.47 1.7

P. maniculatus 21.07
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‘ \
Appendix 2: Scatter alébrithm

"\

Scatter was calculated as disfance between éuccessive
observed coordinates per unit fime. The rgndom va?iation in
the position coordinates}was hfgh relafipi"tc> the actual
‘distance travelled. To decrease this random variation (from
now on called "bias"), position coordinates weré averaged
'over several fixes, and the distance was measured between
successive averages. The pfoblem is to determine over what

time interval or number of position coordinates to average

the fixes.
Let |
| M = number df points to average
'Tf= time between scans (seconds] .
L = MT = length of time to average.
N = number of intervals in 10 minutes ’
(Xij,Yij) = position coordinate:number i Jjn interval

number j: i = 1 toM, j = T-to N.

M and L could hot both be held.constaht, because the
store frequency was not constant inh the runs with the

predator; T varied from one sec to several hours.

Let us assume the position at any one time is'an
unbiased gstimate:of‘the true position, and let
(;ij,$ij) = (Xij,Yij)+(Aij,Bij)
be measured position coordinate number i, in interval number

J, where Aij and ’Bij are random variables which are



; 60
(e
distributed as N(O,V); V =-Var({Aij) = Var(Bij). Therefore

the estimated mean position for interval j is Qa\

A A M A . M A L L
(X3, ¥3) = (7 xij/M, 7 vij/m) = (X3,Y5)+(%j,B3j)
izt iz1
Moo M M M
= {7 Xijg/M, L Yij/mi+( 7 Aij/M, 7 Bij/M)

Q\ i

and the estimated distance travelled from interval j

i=1 j 1 i=1

to j+1 is:
" i h ) eae (Tt
Di = ({XGri-Xj)**x2+(Y =Y ] )**2)**1/2 . Co
= ((XJH J+A_]+1 AJ)**2+(YJ+I YJ+BJ+| BJ)**Q)**1/2
= ((dXJ+dAJ)**2+(dYJ+dBJ)**2)**1/2
= (de**2+2dedAj+dAj**2+dYj**2+2dedBj+dBj**2)**1/2
where

dXj = Xju-Xj and dAj = Aj,-Aj, etc.

If Dj is the true distance travelled, then

Dj = (dXjee2edYjex2)ex1/2.

Let H |
| bDj = Dj-Dj = the bias in the distance estimate
Lj = length of interval number j (in seconds).

Therefore the estimated speed throughout the N

intervals (10 mfnutes) is:
A

S (tota]fdistance)/(total time) : .

Nar. o N
( 7 Djl/( 7 Lj)
j=1 j=1



where

S

real speed

1"

bS bias in scatter..

We want to know how changes in T, M and L will affect
bS, and how to choose M and L, such that: 1) the bias ‘(bS)

is constant with respect to the scan frequency and 2) M does

Y

not become very large. Eq. 1 does not simplify, so I
simulated the behaviour of bD and bS.by using a random
nUmber generator for dAj and dBj.

M M |
CE(dAj) = E(AJ.)-E(R3) = [ E(Aiju)/M- 7 E(AT)/M =0
izl =t

1=

Var(dAj) = Var(Aju-Aj) = Var (B je) +Var (]

g.

oo : M.
Var (A3s) = Var(Aj) = var( 7 Aij/M) = 7 Var(Aij)/M2 = V/M

i=1 iz
I assumed that Aij and Bij for successive cobrdinate points
are all independent. Therefore |
Var(dAj) = 2V/M
and dAj and dBj are distribu}ed as N(0,2V/M).

For the simulation, I used V=1.5, which gives *2.4 grid

units as 95% confidence intervals for each coordinate point.

The maximum mean speed any animal travelled, over 10
minutes, was about .12 grid units per sec, which/corbesponds
to atdistance of 7.2 units during time intervals of 60 _sec
leng£h. Fig A shows a graph of bD against Dj. Note that the
bias is greatest at zero speeds, and duickly dropsj‘L
Therefore 1 used Dj = 0 to simulate the action of dS. I

tested several tactics for determing M and L.
. ,
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1.0 -
X
- 0.8 4X (
X X: M= 2
X
X .
X O:'M = 10
BIAS 0.6 A
(bD)
0.4 N -
\ X
0.2 4
(0} X .
x.
0 X
0] X X
0.0 A 00 00 0] 0] 0] 8
H 1 ¥ 1 v L
16

0 4 i 8 12
DISTANCE (IN GRID UNITS)

Fig. A. Simulation of bias component of distance

estimate.
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T M L bS

(sec) : ~ (sec) (grid units per sec]
Tactic 1 |

5 : 5 .050
20 5 100 .00013

Tactic 2 ' l

: 60 60 . .00011
20 3 60 . 00042

Tactic 3 o

1 25 25 " L0011 .
20 %.3f//////’gng\f .00035

//Tg;;ic 1. Keep M constant, and let L vary with T. bS isx

_JLﬁ?ge‘ for T =1, and changes by a factor of 300 between

1 s tand T

-
e V
- .

20.

Tagtic 2. Keep L constant and let M vary with T. bS is
small, and. Changes by a factor "of 4 between T = 1 and

T =20, but at T = 1, M = 60.

 Tactic 3. ¢ It appears that the bias is strongly
inversely related to L, so we want a way of Keeping L from
varyihg a lot, but also not letting M get iVery large.. I
chose L(M#x1/2) = K; where K is a constant. I used K = 120.
The bias is small; variés'by a‘facth ofv3 (which is less
than either Téctic 1 d? 2).betyeen T =1and T =i20, and an
M of 25 is smaYT;r'than the 60 which tactic T_resulted in. 1

used this function to calculate the scatter.

oot
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The L's for each interval wéfe'calculaped from the M

and T of the previous interval, and eq. 1 was used to find

S

"~ the scatter.

Py .



Appendix 3. Position coordinates far MM and MI
approaches occurring on August 24, 1979, between

male ermine and female P. maniculatus and between

ermine and male P. maniculatus, respectively.
Approaches are under]ined. Blank Spaces meanr,_

the position has not changed since then]aSt one

recorded.
: Time Ermine : Prey
by - -
Male - CM PF - PM CF
: ' (dead)
031104 ' 8 “ 8 20 19
031119° 13 11 4 9 20 19
031134 13 11 4 9 19 6
031149 13 11 4 8 19 3.
031204 | 4 7 14 19"
031219 s 5 6 19 19
031234 13 15 4 7 11 3
031249 13 11 5 8 - 20 17
031304 13 11 5 9 816 20 19
031319 13 11 4 9 815 19 3
031334 13 11 5 10 8 15 20 19
031343 13 11 4 10 720 3
031404 13 11 210 11 3
031419 13 11 L2 11 20 6
031434 13 11 2 11 7 19
031439 N 11 3 11 12 11
031440 13 11 | 12 19
031452 12 11 8 3 1111
031453 13 11, 8 2 3 14 10 6
031408 12 11 8 2 13 11 11 6
031509 12 10 3 1t 12 11
031510 ' 2 11 8 16 12 6
/83;255////T§<Tb 111 815 13 3
| | 7 311 816 12 11
: 031528 211 8 15 11 3
- 031543 12 10 4 11 8 15 12 3
031548 12 10 : , 13 11
031543 13 11 13 3




Time Ermine Prey
Male CM. PF PM CF
' (dead)
- 031504 10 11 ' 5 11 19 11
- 031605 8 3 5 11 12 11
031606 8 2 4191 1211
031607 10 10 8 11 5 11 8 16 20 11
031608 12 11 8 3 4 11 12 11
031609 10 10 8 2 3 11 12 11
031610 13 10 4 11, 13 13
031611 10 11 8 3 SRR S
031612 8 10 8 2 4 11 8 15« 12 11
031613 10 8 3 4 13 8 16 10 11
031614 413 815, 19 3
031629 813 8 2 412 815 20 19
031630 812 8 3 s 12 - 20 18
031631 ‘ 8.2 6 12 13 19
031632 8 3 613" 11 19
031633 714 7 12

031634 : , 19 19
031636 6 14 » 12 19
031641 7 15 8 6 ‘ 20 6
031642 6 15 8 2 6 12 8 160 18 19
031643 , 7-2 6 13 B 8 3
031658 2 17 8 2 g 13 8 15 1119
031711 12 19 8 2 8 10 8 15 1119
031712 : 8 2 10 9 19 19
031727 119 8 2 10 7 13 20
031742 . 0 19 8 2 9 6 ‘ 10 6
031757 g 19 7 2 9 6 816 - 9 8
031812 0 19 8 .3 g 19 8 15 9 6
. 031814 12 19 10. 3 g 7 [ i R

i
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Position coordinates'for MA approach occurring on. August

26, 1979, between male ‘ermine and female (. gapperi
Data are for period when prey moving, then for when it~

'\ stops, to show how random scatter decreases.

l

f 4 :
i Time Ermine . Prey - ’
Male CF PF CM PM
: (dead) (dead) (dead)
215543 ©~ 5 8. 3 7 S
- 215544 . 315 13 2 5 9 .
215545 19 13 12 6 11 4 9
215546 12 13 13 5 12 1 4 9
215547 311 13 6 2 1 5 9
215550 315 13 5 12 4 9
215559 20011 12 7 1 2 4 9
215600 211 12 5 4 8
215605 20 11 11 5 5 9
215608 8 211 12 4
215623 111 10 & 5 2
215638 011 11 7 0 1 6 1
215653 1910 10 .7 (S R T
215708 13 8 10 7 1 1102
215723 S0 7 12 12 2
215738 17 1 2 15 2
215753 1 6 .12
215808 2 6 11 6 0 2 20 2
215823 2 6 13 6 .1 2 1 2
215838 2 5 15 5§ 1 2 12
215839 3 6
215841 16 4
215849 .45 19 2
215852 16 5 12
215853 - 16. 4
1215854 4 5 .
215857 | L 1 2
215858 | 16 4 |
215859 ‘gg, 19 13
215900 - _ | 19 2
215901 1 2
215902 5 5 47 7 - 18 2
215905 16 4 ¥ 01 2
215920 | 5 3 17 3 12
215935 6 3 18 3
4% 215950 - 8 2 19 2 19 2




Female C. gapperi now stationary. Random scatter

is quite high, indicating that animal is active:/

Time Ermine ‘ Prey |

Male - CF PF. - CM  PM
. (dead) (dead) (dead)

ODOON =W

220629 7 3 1415 116

220630 20 3 S

220631 14 14

220632 19 3 15 14

220633 02 7 3 14 14

220634 13 2 15 14

220635 - 1.2 13 3 | {15

220636 13 3 1515 i 16

220637 2 3 12 3 15 14 - 1 18

220638 20 3 14 14

220639 2 4 123

220633 1 3 2 3 15 14 | .1

220644 . 20 3 116

220645 703

220646 2 4 20 3.

220647 | | 1

220651 2 3 11 3 15 14 T

220652 2 4 19 3 R

220707 34 20 3 1414 1 0 {1

220713 5.2 7 3 1515 -1 { 11

220717 121 12 3 14 14

220722 5 2 7 3 1445 1 1 ¢

220732 62 7 3 15 14~

220734 6 1 1414 1 0

220736 7 2 8 3 14 14. 1 1 116

220740 7 1 7 3 | 1

220749 11 1. 12 .3 1515 1 1 i1

220754 13 1 12 3 15 14 116

220803 - 16 2 17 3 16 14 { 14

220806 18 1 20 2 1514

220807 19 1 19 3 16 14 | -
| 19 2 | ’

220810

AN
p
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MA approach occurs at underlined time. Random

 scatter lower than ét‘previous time.

A

Time Ermine - . Prey

‘Male-  CF - PF M PM

(dead) ({dead) (diad) s

221836 17 15 7 3 17 15

221837 1715 4
221838 | 1714 113
221839 = 17 14 17 15 114

221840 17 15

221841 17 13 - 7 3 , 113
221842 . 19 3 17 14 T
221843 20 3 . |
221844 - 17 15 7 3 17 14 1 14
221845 17 13 17" 14 | 112
221853 17 13 7 3 17 14 :
021854 o . 17 15
221857 18 13 17 14 115
221300 19 11 17 11 - f
221910 18 10 EEVARE 1 15
22191 18 10 20 3 | 115
221912 18 11 19 3 . 116
221913 - 20 3 S5 1% 16
221915 18. 10 . 116
© 221919 17 13 7 3 47 14 5 16
221921 18 10 20 3 ] 1 16 -
221923 18 11 RYARE
221926 7 3 117
2219 18 6 C 17 8
2219 18 8 7 3 17 8
221942 18 6 . 117
221943 20 5 20 3 17 15
221958 11 4 20 3 17 14 118
222008 8 1 7 3 17 15 ° 118
222000 | ' 17 1 \ 118
222010 7 1 17 14
222011 S 17 15
222016 31 7 3 17 8 :
222017 - . » 17 14 10
222018 2 4 17 15 11
222019 2 - | 10
222020 11 17 14 19 3 18
222022 , | - 1 1
222023 - | 17 15
Q
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AL

4
C lpe

l]'g.lgaggeri is inactive.

3:;}Very low random scatter, indicating that female

Prey

222440

Time Ermine
Male . CF PF CM PM
: E (dead) (dead) (dead)
222358 6 8 7 3
222359 - 7 8. 20 2 17 14 o
222404 6 8 19 3 17 15 6 7
222402 7 3 5 7
222403- ' 17 - 8 o
222404 . 5 7
222405 . C . 6 7.
222406 & 8 - 5 7

- 222407 6 8 7 3 17 14 ' .

222408 S 17 14 67

- 222409 ‘ 17 8 5 7
222410 6 7 17 14 6 7 .
222411 - 7 8 17 15 5 .7
222412 ‘ 217 14 67
222413 17 8 5 7
222415 8 .8 : ,
222416 7 8 17 14 6 7
222417 . 5 7
222418 - 17 15. v
222419 7 9 17 14 4 7

222420 7.8 17 17 -5 7
222421 6 8 17 15
222422 17 14
222423 7 8 17 8 , :
1222424 6 8 . . :

- 222425 7. 8 6 7
222426 ' -
222428 6 8 17 8 7 7
222429 6 6 . ' 6 7
222430 5 7 20 3 T 57
222431 T3 17 14 '
222432 ' 17 .7
222433 . 17 15 Lo
222435 6 7 , 17 15 5 7
222436 5 7 7 3 17 7

6 6 - 17 8

70
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Estimated scatter for same time beriod as previous pQSition.'

data.

SCATTER 0.08 -
v ' g

(GrID UNITS o f]

PER SEC)

e

3 O}OO';ﬁq

TIME (HR) 20 21 22 23 0
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Appendix 4. Friedman 2-way ANOVA, adjusted for-missing data

The Freldman 2-way ANOVA tests the null hypothes1s that_ 
fhe order of K obJects{ replicated N times, 1s=random.
However, this test is not Qa]id with missing .data. The
denivaiign for the Friedman test: w%ll‘be given first, then
the calculations for missing data.
Let ‘ - | , ‘ ' - ' ”"/’,;:"; -
Rij = rank of object ] ih replicate 1i.

. '
R.j =/ Rij = rank total of obJect j,-over all

LI
>

K rep11cates
C = correlation between any pair of rank
' Jtota]s. : ' _ ‘ _
R.j are distr%qued as NIE(R.j),var(R.j)). Under the null

hypothesis, - o A l

E(R.j)

"
N X
o}

[
=
>x

and -

' K
(1/(1=C) ) ( Z (R.3-E(R.j))2/Var(R.j)) (1)

s distributed as chi—square with K-1 degrees of freedom.
This equation cén 'be heduced to the Friedman equation.

by

However, with missing and tied data, the variances, expected

s

AP AT 3TN .5 R A e a3 i e

v The derivation for the Friedman 2- way ANOVA is from
Marascuilo and McSweeney, 1977
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valdes, and covariances, have to be calculated separately.

Let
Ki = number of objects to be ranked in replicate i
Mi = (Ki+1)/2 = mean rank in replicate' i.
Nj = number of replicates which have objects ]
present.
NjK = number of replicates which have both objects j
- and B present. 2& .
Then
Nj Nj Nj
E(R.j) = EC [/ Rij) = 7 E(Rij) = 7 (Ki+1)/2
i=1 i=1 =1
\ NJ NJ
Var(R.j) = Var( / Rij) = 7 Var(Rij)
- i=1 iz=1
Nj Ki :
:_Z 'Z (Rij-E(Rij))2/Ki) (2)
i=1 j= _

(from variance of discrete random variable}

Njk |
Cov(R.j,R.K) = j Cov(Rij,Rik)
i=1

Nik v
} ( 7 7 (Rin-Mi)(Rim-Mi))/(Kj|2)
iz1 n=1 m=1

n#m:

4

Ki Kj - : ' \

7 Z~iR1nR1m KJ]2 i 2)/(Kjl2) (3)
n=1 m=1 ‘
n¢m ’

Ni j
A
=1

—te

(where (Kj|2) Kj choose 2 = number of pairs of Rin,Rim

with n = m)

These . values are calculated, and under the null

hypothesis, the variables (R.j-E(R.j)f are multinormally

o e RS S il e v T

g

s L i e L R
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distributed with zero means and unequal correlations. If the

correlations were equal, equation fecould be used. The K x K

variance;covariance matrix (S) will have a_rank of K-1.
Therefore, a transformation of these variables to the
principle component space will result in K-1 independent ly

distributed variates, Xj, where Xj are distributed as

N(O,Vj); Vj s eigen value number j of S. If Q is the matrix

of the K-1 eigen vectors of S, and'(RjE) is the vector of
Rj-E(Rj), then o | /
: Q' (R-E) = X
where X is the K-1 vector of the Xj's. Therefore
K- 1

1

Xj2/Vvj ' (4)
J=1 |

is distributed as ghi—square with K-1 degrees of freedom.

Suppose that we want to test for differences between

‘linear combinationsLof(Rj’s - e.g. a nonrandom order between

,prey species. Then we need to find the variancgs and

covariances of the linear combinations. For example, let

(R1+R2) = T1 & (R3+R4)=T2 be two such linear combinations.

\

Therefore
E(T1) = E(R1+R2) = E(R1)+E(R2)
Var(T1) = Var(R1+R2) = Var(R1)+Var(R2)+2Covar(R1,R2)
Cov(T1,T2) = Cov(R1+R2,R3+R4)
= Cov(R1,R3)+Cov(R1,R4);bov(R2,R3)+Cov(R2;R4)
C = Cov(T1,T2)/((Var(T1)Var(T2))%*1/2
and

(1/701-C))({T1-E(T1))2/Var(T1)+(T2-E(T2))2/Var(T2))

a3

T T Ty I
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.1s distributed as chi-square with 1 degree of freedom.
For an overall significance level of P, use a level of
P/M; M = number of planned comparisons (the Bonferroni

inequality).

If the initial null hypothesis 1is rejected, then
supposé we want to see if the non-random order is different
for two blocks of replicates - e.g. whether the two wease]

sexes select differently.

Let
Nj1 = number of replicates in group :1
Rj1 = RjI/Nj1 = rank mean for object i, for
_ replicates of group 1. '
E(Rj1) = E(Rj1)/Nj1 = estimated 'expected value ongj1

‘under the initial null hypothesis of an overall
random order.

Rjt-E(Rj1) = deviation of object j in group

o
L_a.‘
n

from the “ expected value under the randomness
* ' .

null hypothesis.

B S TSPV N

Use similar definitions for group 2.

Theréfore the null hypothesis is‘that\Dj1m=.Dj2 for all
j =1 toK. (Dj1-Dj2) is distributed as N(0,Var(Dj1-Dj2))
where \_ﬁ o _ | o
Var(Dj1-Dj2) = Var(Dj1)+Var(Dj2)
Var(Djt) = Var(Rj1) = Var(Rj1)/Nji2

which is estimated as in eq. 2.

Cov(Dj1-Dj2,Dk1-Dk2) = Cov(Dj1,Dk1)+Cov(Dj2+Dk2)
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/

Cov{Dj1,Dk1) = Cov(Rj1,Rk1) = Cov(Rj1,Rk1)/(NjINKT)
and the‘covariance of the rank totals is cé]gulafed ~as in
eq. 3. The (Dj1-Dj2) are distributed multinormally, and to
test for the null hypothesis, that E(Dji-Dj2) = 0 for all j,

transform these variables, as explained above, and use eq-



Appendix 5. Breakdown of numbers of approaches ana«fate
of prey.in enclosure trials. Type A Eria]s were bhﬁ with
4 ofiginal prey only, whereas Type B trials had new prey
introduced when animals were capturgd. Only original

prey are counted for Type B trials.,

Typé A Type B Total

, . a3 . |
- Number of Trials 75 - 22
Nuhbeh of Approaches’ 163 . . 11 “‘ 174

Number Lost ' 9 5 . 14
~\Tota]'Number Captures » 48 15 ~K 63
Number Useable Captures : :

(time or approach type known) 46 . R 6 ’ 52

.Number Prey ﬁecoVered ,; 36*’f§rﬂ\ S : 41
(# consumed:# not consumed) (26:106) (2:3) (28:13)
| Numbef Prey pr Capturéd 11 o 0 | 11

Total Number‘Prey Used 68 20 . 88

7




Appendix 6. Order in which prey were captured.

(4

|

78

Male Ermine

Covar

Trial # Prey Types ‘Var
CM CF PM PF
, ‘ g
16 1 3 2 4 1.25 -0.417
18 1 3 2 4 1.25 -0.417
20 1 3 2 4 1.25 -0.417
28 2 1 3.5 3.5 1.125 -0.375
29 1.5 4 1.5 3 ~1.125 -0.375
10 1 3 4 3 3 0.75 -0.250
26 1 - & 3 2 0.667 -0.333.
8 2 - 4,1 3 0.667 -0.333
22 . - 2 3 0.667 -0.333
23 1 2.5 - 2.5 -0.500 -0.250
24 .- 2.5 1 2.5 , 0.500 -0.250
13 - 2 1 s v 0.250 -0.250
Rank Total 12.5° 24.0 22.0 34.5
Expected > : :
Total 23.0. 20.5 24.5 25.0

- Variance-covariance matrix
_ - .

T

CM . CF PM PF

9.20  -2.510 -3.251 -3.510
.. /‘ ' ’

©8.000  -2.751  -2.751
9.500 -3.510 -

9.750

CF
PM

P
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" Female Ermine | -
R \ ,
Trial # - Prey Types - | Var Covar
CM CF PM  PF |
T 4 2 1 3 . 1.250 -0.417
25 2 1 3.5 3.5 1.125 -0.375
27 2 1 3.5 3.5 1.125 &« -0.375
12 2 . 1. 3.5 3.5 1.125 - -0.375
0" -2 i3 0.667  -0.333 - |
17 2 1 - 3 0.667 -0.333
9 oo - -2 3 . 0.667 -0.333
15 3 1. - 2 0.667 -0.333
21 - 1 2.5 2.5 0.500 - -0.250
, RN ; :
Rank Totals 16 ‘?0 17 27 :
Expected T é
Totals 16 18 A»16 20 §
I
:Variance-coVariance matrix %

cM  CF PM  PF
6.630 -2.209 -1.875 -2.542  ‘CM
7,130 -2.125 <2792 cF
| 6.460 -2.459  pW |
7.790  PF .
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AppendiX,7; Modified Friedman 2-way ANOVA: Male versus
. female predator '- order of capture of prey types.
)
Prey Typé
cM  CF PM  PF
- Djm-Djf = -1:050 1.389 -0.261 0.086
- Variance-covariance matrix . :
M CF M PR §
228 -.0673 -.0678 -.0723 CM §
©..21g -.0657 -.0666 CF - !
210 -.0680 © PM | ;
77 PF .
-
X2= 10.99  d.f.=3  P<0.025 |




Appendix 8. Modified Friedman 2-way ANOVA: Capture order

between all prey>types - adjusted for unequal number of

male and female predator replicates.

v S . Prey Type

M CF PM - PF

. @ ' ‘
Adjusted Mean R
Observed - Expected ¥ - ‘ .
,»(=Djm+Djf)(see App. 4) -1.050 -0.611 0.006 . 1.641 :
) i o » / R ' .

s

=The variance-covariance matrix is the same as

for
Djm-Djf (Appendix 6) AN .
| , ’_ - .
f - X2=15.66  d.f.=3  p<0.905
",Planhed'Comparispns" 0-E Var Cov ~Xx2 '~PAe,
L 2 - 4l 2. 12
) TR -

v

.Species CM+CF PM+PF -1.66 1,65 .303. .251 -.272 10.02 <0.005
Sex  CM+PM -CF+PF -1.04 1.03 .303
Sex x o ’ L
Species CF+PM. CM+PF -0.61 0.59 .289 .260 -.270

o

2

Sy T

.254 -.273 3,93 <0.05

1.41 50,10

\‘81
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Appendix 10. Number of apﬁroaches_before

Cépture,‘for all prey types.

Trial #

‘ fPrey Types

Ccw o " CF

PF

Total

‘Mhie‘?rédat¢r_'
A
10 .39
6 3 1
R T 3
200 -1 3
ﬁé . ’1;' -

N7 R

26" 1 -

2860 5 1
28 11

' Female Predator

7! " : . - . \ 1.

d , .
R L R
R A S
o1 | " Sy
23 . 1 3
25 2 1
27 3

—

W W N

N ~3 [0 0] D O

19

16

15
14
16

SIS, BT - S S 7o B

o2t

% - no data °

. 83
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Appendii 1. Mod1f1ed Fr1edman 2-way ANOVA Male versus
female predator - number of approaches before capture
L ar ong all prey types (see App 10) |
Prey Typevf
L I Y:
Djm-Djf  -0.438 -0.569 -0.044 -0.016 :
T ok
' e ”
'i‘Variancercpvarianceamatbix -‘ . -L_ A
| CM CF - PM ~ P¥ _ ;
.2930 -.0851 -.0829 -.0787 . CM A
_ 2552 - -.0814 -.0794  CF .
339 -.0789 Pm . ¥

1722 PF

0 X?20.92  d.f.=3 PY0.50
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Appendix 12, thber of.pathhes forfeéch approaéh\tybééand'

prey type. . _ N | L
. i e , ' S

3

VSpecies‘ - Sex ,_>,Approach types : .«Tofal

B U T T

- C. gaggeri“f male 0: 1h2 0 _5~‘r'f9 16 
| Q.‘gaggeri' female “ 0 .f4.  O{If*_a 6 13-
'JEQ maniculatusﬁihélg-j .4 70 ' ,Of. 1 : 7 12
P, manicﬁlafué;fema]e R 2A' if 3 "53  1 .
. Total R R R T I LA T
e 3 * p -
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Appendii\13. Results from pfeférence experiment . The times

are in units of distance on_the recorder chart. ... ..

I

i

Weasel Trial # Prey Type ~ Time to Time to Kill
Choase Once Chosen

CM CF. PM -PF

7.

»
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