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ABSTRACT

y

Seloctive ptedation (Le@e, non-t&ndon fooding) vas
studied inva 1aboratory systea that alloved individnal |
“lycosid_spidots,“ 15359313;1, to feed on prey ’

jpopnlations consisti of one or two kinds of insects. .

Yarious co-biuhtions of male and female fruit flies

(2;212211}; ]glgnggggxgg) 'slall' and 'large' beetle larvae

(Tensbrio melitep) , amd nymphal -ilkveed bugs - (Qncopeltus
- fasciatug) vere used as prey. Spidérs of both sexes and tvo

age classes vere used as predators.vlh 14:exp¢;ilenté, the
spiders shoved strong selectiom in six, lodetafe to weak
sélection in five, qnd véty,ueak or no selection in three.
Generaily, fruit-flies vere selected by the spide:s over
mealvoras or ailkveed bugs,rind ‘*small’ leiivorls over
‘large' ones. Very weak or no selection occurred between male
and female flies and between beetle larvae and milkveed bugs.
Subadult and adult spiders always showed similar selective
tendencies. Prior feeding experiences did not alter feeding’
selections, but changes in the physical complexity of the
environment did. Thus, by adding tree leaves to the cages,
the nyaber of flies eaten by the spiders decreased |

1 4 -

significantly.

Potential benefits to the spiders which were measured

included percent maturing, perceant surviving, rate o veight

iii
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-

gain,'size gaina, aod production of false eggfsacs. In prey
conbinations that produced aoderate to strong seloction, 7,‘1‘
out of 28 benefit measuréaments statistically favored. the
spiders. PreyvCOlbinations thet produced veak selection‘
tendencies gave no benefit leasnrelents (l = 2§) that 1»
statistically favored the spiders. Spiders fed the less—
selected prey exhibited no benefits that vere superior_to .
those fed the more-selected prey. Spiders fed the lore-J
selected prey did jnst‘as veil as spiders fed both prey..It
is hypothesized that~this'particniar selective predation
process involves prey saapling, Remory of prey attributes,<
and selection of prey that possess certain attrihutes.
'Selected prey seeam to confer certain bene:its to the
predator. As most bemefits were associated with increased
biomass within time limits, P. yancouveri tends to be more an

energy maximizer than a time.aminimizer.

iv
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IﬁTBQDUCTION

1. General Introduction

Before wve can predict popnlatidn changes acéurate%y or
learn hov to manage porulations efficiently, wve nnét first'
understand which processes regulate them. The qctual causes
of natural poﬁulation changes have been vigorously debated -
since the begimning of this century. Though most ecologists
now agree that many environmental factors influence the
nu;bgr of organisas tha£ exist at any given time or place,
they conclude that, for animals, food relations are an
important part of-this process. Some ecologists go further
and claim that only the constantly changing balance between
food and feeders provideé fhe necessary feedback
relationships that maintain the peculiar c¢oambination of
stability and variability that is characteristic of animal

populations.

In order to live, all animals must feed om organic
nolecplés vhich are obtained from other 6rganisns. Animals
have thus been classified as to what they eat (e.g.,
'carnivores, herbivores, insectivores, omnivores), uhére they
eat (e:g;, endoparasites, ecﬁoparasites, arboreal feeders),

and how they eat (e.g., filter~feeders, grazers, Fredators).

Animals can also be classified according to their range

of acceptable food items. fhis range varies coasiderably. 2

-



2
Some animals feed only on one species (i.e., monophagy) or a
very lxlited nulber of spec1es (i.e., oligophagy); most feed

on many species (i.e., polyphagy).
o )
¥hile an aniial may obtain food from a number of o

sQurces, some acceptable sources aré used»nore fréguently
_tﬂan o;hers. This non-random feeding processs is called -
selective feeding. Thoﬁgh selective feeding is often called
food preferéhce or food choicé, it may not be clear vhether ’
active preference or choice is actually being carried out.
Observed differences in feeding frequencies may simply
feflect differences in the number of ghcounters between the
food and the feeders or the ability of the feeders to}obtain
and ingest the food. Purtﬁerlore, even if it is proven that
a feeder actively selects‘certain foods, the gueStion’still‘

t

arises as to uhy it selects these foods and not‘others.

This thesis is concerned with (a) whether a éolyphagous
predator (a predator is defined here as an anilal>that kills
and eats other animals - - its prey) is cipable of certain
formas of selective feeding ‘apd (b) vhether‘the'selective
feeding benefits the predator in terms of its survival and

reptoduction.

The predator used inm this research was the wolf spider
Pardosa vyaacouveri (Emerton). The method of detecting
selective predation compared the numbers of each kind of

prey eaten in environments where only one kind of prey‘nas



b

was available Qith those eaten in enviromments containing
. .

e

twvo kinds of prey.

2. Significance of Selective Predation to Biology

Selective predation is importaant to a number of
theoretical aspects of ecology, behavior and evointion, as
well as to the applied areas of population management and

biological control.

’

In the area of ecology, observations that amimals do
not use all of the potential foods in their enviromments

have led to:
‘(a) the concept of the trophic niche (Elton 5927);

(b) much of competition theory includ}ng the competitive

displacement principle (De Bach 1966) ;

(c) thesheory that predators help maintain specie;’

polymorphi (Lees and Creed 1915) and community

diversity (Paine 1966, MacArthur 1972, Schoener 1Q74);

o

- (d) the suggestion that the d selection processes can be

used to determine which populations are limited by food

‘resources (Emlen 1966) ;



(e) the idea that these processes can be used to discover
how enmergy is partitioned vithin food webs (O'Neill

1969) ;: and

(£) the,concept‘that vhen the relative abundance of prey
species changes, the pre&ators will *switch' from
feeding on certain prey to feeding on other prey and gd
maintain stability of prey populations (Elton 1927,

Murdoch 1969, Murdoch and Oaten 1975).

| Ié éhould'alsd be noted that, in mathematical modeling
of predator-prey systeas, fhe nulerical,'functional and
developnéht#l résponses'of predators to their prey (Holling
1965) and the opti-izafion of energy resoufces‘(Cody 1974)
vill be affected vhen more than one kind of prey is

available to a predator.

In the area of beh;vior,}selective predation supposedly
has led to certain methods of prey recogmnition (Tinbergen

1960) as well as to certain hunting and escape tactics

(Bollimng 1966).

rhough all of the above points relate directly or
indirectly to evolution, workers in this area of biology are
especially concerned with how selective predation affects ‘
character dzsplacelent and syampatric speciation (Btoun -and
iilson 1956) , the existence of mimics of unpalatable species

‘(Bolling 1965) , and the developaent of de ensive-cffensive

h S



structures and mechanisas (Eisner and Qeinvald 1966f:

%

Various individuels and institutions associated with
agriculture, fisheries, fbrestry@ hunting and medicine are
also concerned in one way os another u%th selective
predation: Thej have to deal vith such gquestions as:

(a) are coyotes going to continue to feed upon small
rodents vhen sheep are available?,

(b{\\if ve introduce trout into a strean, vill there be
enough suitable imnsects for then to eat?,

(c) wvill native birds turn from their normal diets to those
that include iatge nelberstof en introduced forest
pest?,

(d) do wolves kill more 'non-trophy' than 'trophy' moose?,
and o

(e) -does the mosquito-fish really feed on diseese-cattying
nosquitees and not on harmless crustaceans?

Selective predation is also ilpertant in the area of
biological‘;ontrol.‘BefOte a predator is teleased to control
‘a pest, vork must be done to easute-that the predator does
in fact, feed on the pest”and not on.a beneficial species,
that it can survive on alternative prey vhen the pest
population 1s lovw, and that ié\fan conpete ‘with native
predators. Raising predatory animals for biological conttol‘\{

purposes may also cause probféms. For example the food that

the éredators initially eat in captivity (i.e., 'pre-



‘ 'fbeding') may affect the predahqfs' later feeding behavior

o

vhen they are confronted with other kinds of préj.

3. Components of Selective Predation

Hutchinson (1959) stated "It has long been.realizéd‘
that the presence of two species at any [trophic] level,
either of which can be eaten by a predator at ghﬁfvel above,
but vhich may differ in palatability, ease of capture or

seasonal and local abundance, may provide alternative foods

for the predator.® This quote summarizes the major factors

that affect selective predation. In most studies of this

process, howvever, the factors are not clearly defined. This
has led to some confusion about the meanings of such words

as selection, preference and palatability.

delective predatjog is here defined as occurring wvhen a

predater that is exposed to a mixture of possible prey feeds
on certain kinds of prey more frequently than would be

expected from the relﬁtive abundance of each préy kind. In
ik . ’

it

other words, selective predation means non-randoa feeding;
prey are selected on some basis other fhan the chances of -
predafor-prey‘enconntets. Sélective predation can be ‘
prédnced by § n&ube;rof f&ptork,"inclnding such things as j
availability, catchability and preference. These factors are

considered below. J



A‘ v
a. Availability Pactors

The factors that influence pref availability to
predators fall into three groups: (i) coexistencé in tinme

and space, (ii) density and (iii) distribution.

Before aﬁy‘predator-prey contacts are possible, both
animals must coerxist in time and space. If this condition is
‘not met, the availability of the préy is zero. Coexistence
in time relates tO'iig:atioh, both seasonal a;d daily, and
to'life cycle strategies. Coe;}stence in space involves such
abiotic factors as temperature, light, lo;sture And
substrate. It is also teiated to the tolerance liaits bf-the
animals and thé role these factors play in deterlihing

’

micro- and macrohabitats.
L]

If the above conditions of coexistence are met, then
tﬂé degree of availability may depend upon the denmnsity of
both prey and predators. Norlélly, as prey density '
increases, the number of contact; betveen prey and predators
also increases. This in turn results in increased predation.
The amount of predation continues to increase with increases

in prey density until a point is reached vhere‘ptedation

rates tend to be comstant, even iﬂgttey &ehsity increases

further. This relationship was called a functional response

by Solomdn (1949).

Note that if the rélative frequency of encounters is
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the only factor affecting the nnmber of prey captﬁred. then’
predqtion is non-selective. Selecxionbexists, hovever, if
there is a prey density belof wvhich prey are not eaten even
though predator—prey-contacfs do 6ccﬁr, driif there is a
prey density above whi¢h prey are eaten at a higher rate

than vould be éxbected froa their're{ative density.

Solamon (i9u9) also described a numerical response that
is related to predator deasity. Numerical response includes
the long term consequences of functional response which

kY ‘\/’
affect the survival, reproduction and migration patternmns of

the predators. Further, it should be remembered that
increases in predator density usually cause increases in
competition for prey. An exception is found in social

predators vhere a minimum number of animals is necessary for

the benefits‘of cooperative hunting.

-

With respect to distribution, organisis are classified
as béing distributed in a randoi, uniform or clumped manner.
The availability of a prey to a predator will depend oam the
conforaity of the predator's S;E}ching behavior wth the
distribution of the prey. For a rahdonly d;spersed prey, the
best search pattern for a predator. is a random traverse of
the environaent; for an evenly dispe;sed prey, a systematic
traverse; and for a clilpeﬁ prey, a random traverse until a
prey is detected, then a syste-atic’search in the viciﬁity

of that prey.

'_., \
- 3 ) ‘ : .
\... .o | '

.



b. Catchabilitf iactdrs o -

e-h

Catchability, a tera used by Rapport and Turmer (1970),
refers mainly to the aspects of morphology and behavior of
both predators and brey that are involved when a predator

stalks, éaptures,and consumes a prey. - (

Prey posse$5 a vide variety df‘defgpsive structures and
mechanisas for use against predators. Tﬁese include: spines,
armor plating, teeth and clavs; urticatihg hairs, stingers
and obnoxious odors and tastes} cryptic forms, colors and _
| behaviors; autotoay; fapid gscapé movements, schooling |
'behavioc¢/flash alars dispiéys and‘varning colors; and
foras, coldrs and bebhavior that mimic dangerous animals. All

, -
- prey have some of these devices, but no prey has thea all.

On the other hand, predators have an equally diverse ("‘\—/"
array of structures ahd mechanisas useful for éaptnriné
ﬁrey:_sharp teeth or mandibles; gtasping legs; claws;
protective in£egunents; venoas; silk snares; cryptic colors
and fo:-s; ambush anq pursuit tactics; and r&pid éttack and
capture movements. As with the prey, all predators have soie,ﬂ '
of these devices, buy no predator \eg thea all. As a result \\\\v,
of these adapations, a predator may 6vercone some of the
prey defénces sone_of the time, but nof all of the defeqses

[

all of the time.

Size is also important in deteramining whether a
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predator does or does mot capture a certain prey. Prey that
are too small or too large may be ph}sically dnav;ilable io

a predator because of the nature and size of 1ts~food  . ,
acguisition appar;ius. Also, for any given predator; there

is an optimal size of prey..As prey depart fros the opti;al .
size, they become less and less catchable (Holling 1965, Y
Brooks ;nd Dodson 1965, #acArthur 1972, May 1974, Schoener
1974, O'*Brien et al. 1976, Hall'et al. 1976, Goss-Custard

. 1977) . As prey become less catchable, the} lay‘teguite too
much of the pfgdatOt!s tise and energy per unit.of prey

.\,\

obtained to bé uo;th eating. -

]

Finally, the state of health éf e., the amount of
physxcal injury, disease, para81tls-, pesticide poxsonlng
and malnutrition) of both the predators and prey affects the

catchability of any prey. - \ '

—~ . f" b
C. Preference Pactors .
iPieference' is often used as a catch-all ters to

include the factots 1nvolved in availabi;{:;,and

catchability as well as all the physiological ‘and ?osjsbly
psychological tactors that lnflnence a predator's decision
to eat or reject am available and catchable prey; Here. .
gggxg;gngg is defined as the innate or learnod‘atttibntss ot

an anxnal thatwptedispose it to expend relativel;);ore .time ..

J

and energy tQ locate and ingest certain food itens than it
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’w;nld expend on other available and catchable food iteas.
Préfetehge can'hé-detected in predators that take'lore of
certain kinds of prey wher a number of otyer prey iteas are
"both available and catchable. It is possible.that preference .

4

is expressed only ;:;) a surplus of food is available.

Palatability is defined here as the extemt to which a
fbod_;(el is tagreeable', in teras of its tasge, odor and
texture,vto a feeder. It is not equivalent to{ but is a part
of, preferemce. Palatability is influenced hy'the kinds of
'shott,range( sense récebtors on ghe ingestion organs of the
feeder’as vell ‘as by the structural and cheaical |
characteristics of both the external and internal features
of the food. What ié palatable to one feéder may or l#} not
be palatghle to another. What is palatable to a feeder at

one time may or may not be pal&tgble to the same feeder at

another time (Holling 1965).

The digestive capability of predators‘zs a factor of
preference that does not come into play until after
ingestion. It J&} act as a dela(éd pilgtahility factor in
organisas, such As birds, that do not have very sensitive

odor and taste receptors (Brower et al. 1968).

It sust be reamembered that:

-

“

(a) high palatability is not necessgfily associated‘vifh a

high degree of prefereamce (i.e.,

» &

sa food lai taste

. e
//
4
P



12
*good*' but may not be preferred or it may be preferred
- but tastes 'bad'), and
(b) high palatability is not necessarily associated with a
highly nutritious food (i.e., it may taste 'good' but

Ray provide little or no food value to the feeder)..

Hunger is a major factor affecting preference. As
hunger increases, predators start to feed on prey which were
previously not exténsivgly used for food (Young 1945; Ivlev

:1961; Holling 1965, 1966; Pritchard 1964; Emlen 1966).

-

‘* The physiological ages of both the predators and the
prey are important in preference. Af different times in its
life cycle, a predator may require different kinds of foods.
Por example, it may require a diet high in prot;in only at
times of egg laying. Another point is that the usefulness of
a prey to a ;iedatOt may change as the prey ;ges and the

relative proportions of potential nutrients change.

In susmary, the most preferred prey is not necessarily
eaten most often bf a predator. Prefete;ce as a criterion of
food selection is alvays coapromised by the .factors of
§vailability and catchability. If the density of the most

preferred prey is low, or the prey is very difficult to

- catch, the predator may not even attempt to search for it.

N
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AN

4. Past Studies of Selective Predation

.
-

The close relationships betfeen the populationsydf a °
predator and its érey ﬁaye long intrigued both biologists
and mathematicians. Since the 1920s, many mathematical
lodels have beew produced (see Royama 1971, Hassel 1976)
vhich try to predict, at any moment in time, the number of

.the prey (which is constantly reduced by predation) and the

number of the predators (which is restricted by the number

of prey). J//

Though these models have formed the basis of many of
our present concepts about population regulation by
predation, they have a number of deficiencies. As they are
lﬁrgely deductive sodelS pased on a few simple assumptions
that can bé readily fittéd into simple mathematical
equations, they fall short of describing the observed
behavior of animals. Most of these models also assume that
the frequency of predation is based on random encounters
betveen predators and prey and that predators are strictly
monophagous. If there is more than one kind of prey
available, then it is tacitly assumed that the only
difference betveﬁpzthel is their frequency of occurrence.
None of the prey species supplies morée worth to the predator ql\
than any other, and costs of capturing a prey are the
same. These assumptions severely limit the usefulness of the

mathematical models so far produced. A recent exceﬂtion to
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this is a model produéed bj Krebs et al. (1957) that

incorporates prey with différent energy,values,

Elton (1927), uﬁen speculating'pn the reason predators
seldom over-exploit their prey, conclu&ed that “..: iosﬁ
carnifores do not confine theaselves E&gidly to dne.kind of
prey; so that vheﬁ their food of the lbnent becomes scarcer
than a certain amount, the enemy no lonéer finds it
worthvhile to pursﬁe this particular prey and turns its
atténtion to some other species instead.” Though thisiidea
has been around for 50 years, very li€tle hgs bgep édded to

it (Murdoch 1969).

To state Elton'i‘fgga,a little more pfe¢isely - he
proposed two (or‘lore) kinds of prey populations, say Préy 1
and Prey 2, and one kind of predator population that
initially feeés almost exclusively on Prey 1, the more )
abundant prey. Partly because of prédation, Prey 1 declines
in numbers to the point vhere the predator no longer obtains
enough food from it. Instead of the prédator decliyinq in
numbers because of starvation, as is usually proposed in
aathematical models, the pr;dator stops feeding on Prey 1
and 'switches!' to anofher prey snch}as Prey 2. This
indicates that Prey 2 is an acceptable food source and
raise;-the question of whj Prey 2 was not part of the

predator®'s diet previously. There are several answers to

this guestfyﬁ.



One ansver is snpplled by Tinbergen (1960). He
suggested that a predator ‘normally will forl a ' search
image' for a particular prey and vwill confine much of 1ts
feeding taq that prey as long as the prey.relains above a
certain threshold dénsity. This theory implies that there is
an advantage to the predator of confining its search and ’
. capture act1v1t1es to a lfllted nulber of prey types at any
one time. If svltchlng to other prey in itself requires
expenditure of resources, then switching should be
- minimized. Thus in the above exélple, the-predator‘had a

search image for Prey 1 and would not feed on Prey 2 until

Prey 1 failed to meet fhe prédator's food requirements.

A second possible answer is that predators have
preferences for certain kinds of prey and will select the
preferred prey as long as }hey are available. This mechanism
implies that preferred ptéy give more benefits to the
predatoi than non-preferred prey. In the Elton mddel, thg
predator preferred Prey 1 and continued to eat it until it
vas unavailable. Then the predator switched to feeding on

. the less preferred frey 2.

Holling (1965) has brouéht these two explanatioas
together in-veitebtate pred;tors by explaining Tinbergen's
.search image in terms of 'learned preferences' based on the
*palatability* of the prey. He proposed that at a high level

of hunger, a predator will sample any potential prey ites.

\\\\/, -

-2



‘Vhen any prey 1s'2aten, its degree of palatability- ~

" unpalatability will be associated with soae recognizable

feature of the prey and will be relelbereﬂ’fbr a certain
length of time. As long as encounters with known palatable

prey are freguent,enodgh (i.e., high prey density) to keep

the hunger level low, the predator forms a search image and

predowinantly feeds on known palatable prey. However, vwhen

encounters are infrequent (i.e., low prey demnsity), the
palatability of the previously preferred prey is forgotten,
the ptey‘is drdpped from the predator's diet, and as hunger
increases, the predator becomes more polyphagous. ths |
continues until the predator discovers a new kind of

palatable prey and begins concentrated feeding on it.
. Vs
This outcome is similar to Emlen's (1966) model in

vhich he assumed that predatqrs oyght to adapt a feeding

strategy that gives a maximum amount of energy per unit of
time. Eamlen argued that when prey are abundant, the best '
strategy is to,§e1ect only *preferred' prey, but when prey

. {
are scarce, the best strategy is to exploit all available

prey. * - -

Burdoch (1969) has also examined the process of
selective predation from the aspect of predators (i.e.,
shail s) suitching'frOl one prey to another. He coancluded
that switching oceqrs rarely and omnly under certain

circumstances. These circumstfiices occur vhen the degree of

~,

P

P
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selective preditibn'is ueak or’absent or vhén'the éredatbrék_
feed’bn only’bne kind of prey for a-tiie before othér prey
become available to them. One of the difficulties with .
nurdochfé experiments iS that the predators, vhen released_
from starvation cond{tion§, ate less than predators thagﬂ
vere fed'regularly. This raises the follouin§ problea. If 4
‘the snails were not stimulated to feed even éfter‘a month |
vithoﬁt'food, there would not bé any (hunger inducéd) reasoﬂ
for the predators to sviich from the 'preferred' to less
'prefetred' pfey'vhen the }prgferred' prey were still
available at lowv depsities. Remember that Elton's model
requires a shortage of }p:eferred' prey to stimulate feeding
on alternative prey and thd® Holling's model requires an
increase in hunger éaused by a shortage of 'prefefred' prey

to stimulate attacks on alternative prey.

5. Economic Nodels

Recently, economic models have been used to deisfibe
biological phenomsena, including predato;—prey telatioﬁships
(Schoener 1971, Cody 1974, Covich 1976, Rapport and Turner
1977) . In general, models concerned uigh predation atteapt
to predict hov predators allocate their resources (e.g.,
time, energy) to obtain certain amounts and kinds of prey.
These economic-ecological models fall into thfee categorieé:
consuaption models, production models and producer-

consuaptiog models (Rapport and Turner 1977). As there are
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definite analogies, and perhaps even homologies, betveen
these econoaic lodels and selective predation, I have Y

L4

_briefly outlined their sililaritzes and differences belov.

a. Consumption Models

In econOllcs, the goal of an optilal consumer is to
laxznlze ut111ty within hudget or income coOnstraints.
Schoener (1971) described an ecologica;,nd@el to deteraine
the utility of maximizing energy intake ﬁg; unit time versus .
the utility of minimizing time needed to obtain a specific
amount of energy - all vithin the cbnstraints‘of such things

as the time and energy available to a foraging apimal.

Cody (1974) presented a model for gaxilizing the
.utility of certain measures of biological fitness (e.g.,
reproduction) within the restraints of time and energy
expended in searching for food. He d¥ncluded that when prey
types are available that cam result in maximuam fitneés, a
predator will feed only on those prey, that is, the §iedator
~acts as a specialist. As the number of these 'preferred;
prey declines, it hecoies more economical for the predator

to be a generalkist (cf. Emlen 1966).

b. Production Models

In the_ppoluction area, fhe economist is concerned vith

the amounts and costs of inputs such as capital, labor and
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land and the alouqsfdggd revenues of outputs such as gbods'
and services. The ecologist is éoncgrned with tgg alounts
and costs of tile}and energy that are expended to produée

of fspring whichk, in turn, vary in numbers and‘viabilityﬂ'
Beproduétion, in predators, can 6ccur only wvhen the costs of
obtaining the prey are less than'the benefits detivéderOl
the.prey. In the economist's terms, the revenue must be
greater than the cost. The amount of benefits derived and
the rate at vhich they are derived help deteraine whetherb
the organisa produces many small batches or ome big batch of
of fspring (Gadgil and Bossert 1970).

c. Producer and Consumer Models

This is the reals of supply and demand curves. The

3
~

economist deals with such things as the amounts and costs of
goods and services available to the coansumer (1:9.,‘supply)
as opposed to those purchased by the consumer (i.e.,
demand) . The ecologi#t deals with such things as the amounts
of prey available to predators at certain times as opposed
to the rates at which the prey are eaten. These factors lead
to feedback relationships. In econoiics, increased
consulption stimulates further production. In ecology,
consuaption first leads to a loss in the number éf prey
capéble of reproduction. Hovever, in the 1long run, inéreased
predation may promote increases in the number of young

produced by the prey because of the reduction of
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intraspecific co;petition vithin the prey popdlation. Also,
in évolutionary time scales, bbt@ the predators’ahd the~preyy
tend to evolve structures and/or lechaniSls to'incieASe,

respectively, the facilities to hunt and to escape.

Another example of an attribute ?f supply and ﬁelaqd
curves_that does not (at first) seem to apply to gtedatoro
prey syStq-s is the area of "brand loyalty“. It is well
known that humans wvwill of}en continue Buyihg a certain trade
naae of nerchindise even if they are providéd with evidence
;hat other brands are cheaper and h#vé‘t)e Same OIr even more
utility. This situation may be similar to predators that do .
2¢t switch to alternative prey wvhen it seeas to human

observers that it is to their benefit to do so.
S—
There are differences, hovever, between economics and

ecology with respeét to these models. In econoamics,
rroducers normally compete to have their products consumed.
Obviously, prey do not norlaily compete to be consumed.?
Apnother difference is the mechanisa for measuring revenues
and costs. In economics, money, which has no intrinsic value
in itself, is usually used to produce equivalent units. In
ecology, energy, which is of use to the organisas concerned,

is the usual standard.of méasurement.

1 Possible exceptions to this are birds that 'advertise!
themselves as potential prey by calling and feigning broken
vings when predators come too close to. their nests.
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One common problem with ecdnonicdl—eco;oéical nodels " -
that are concerned with supply and dela;d cutvesfis.thé
assumption that the consumer has coamplete information about
the selection situation. Thfs is, of course, not tﬁe case. A
predator about to pursue a prey does not have knou;edge ,
about the quantity or quality of the next pte; that iar*or -
may not be just "coming *round the'corngrﬁ. Nor does it ‘know
the exact prdbability cf the prey escaping or the potential
‘of the prey to inflict physical injury. The predatér can!
only deal vwith the limited pieces of information ihdt it has
about past and present events. However, it is usually
assumed that the net result of .a number of selection
situations is the same as if each predatbr had complete

information about each situation.

6. Otility of the Prey Selection Process to Predators

All models concerned with food selection processes
assume that the result of.selection is asspciated with food
quality. In other words, animals *like' those fodds that are
'good' for them and 'dislike' those foods that are less
nutritious or yarlful. This assuaption follows froa

conventional evolutionary theory. That is, most of the

traits associated with catchability and preference are .
genetically controlled and are selected for according to the

degtee of reproductive advantage the traits suﬁply to the
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individuals vho possess them. Thus, the traits that lead to
acquisition of superibr foods are retained in the populatibn

and the traits that lead to inferior foods are eliminated.

.Pigure 1 is a model of the factors that affect a
predator's *decision' to eat or not to eat a certain prey.
The model centers arouhd a utility function that is
influenced by the factors of availability, catchability and
ptefetence (as discussed in the last section) as well as |

such factors as the predator's 'fitness strategy'.

’To_the predator, the utility of any prey is»the
difference betveen the 'revenues' and 'costs' associated
with capturi;g, ingé;ting‘and'digesting that prey. That is,
revenues - costs = utility.knevenues inc¢lude fhe increases
of energy and nutrients thaf the prey vi\l confer to the
predator. Costs include the losses of tine,'energy-and
nutrients associated with the act of predation. Encounters
vith nbxious cheliéals and physical injury resn;ting ffon

capture are tvo examples of costs.A

If the above equation results in a positive utility
(i.e., benefit), motivational drives in the predator, such
as hunger, are reduced. The resources gained are usuallyA
first used in maintaining body functionms for Luriival Ihile"‘

the rest go for maturation (i.e., growth and developsment),

reproduction (i.e., gamete production, mating, care of
‘ ) . ’ \-._/
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Abiotic Environment__
- - temperature, light,
substrate, etc.

.

Biotic Environment
- attributes of

potential prey and
competitors )
"PREDATOR ‘ }
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Screening oﬂf\formation by Sense heceptors

Physiological Status

Utility

(hunger)
- age -

- energy and nutrient reserves ’

Memory
- palatability of
previous.prey

|

Function
(Revenues-

‘Preference Instincts

Costs)

- tastes, odors, colors,
sizes, etc.

Fitness Strategies
- energy maximizers
- time minimizers

]

[

‘Decision’ to

1 eat or not
to eat

-

Figure 1. Fact.ors that affect the ‘decision’ about whether a predator does or

does not eat a certain prey.
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gve)

.offspring) and dispersal (i.e., exploitation of new ox
nnder-exploited’habitats).v - o | //

The utility functxon can also result in a. negative

-

atility (i.e., loss). ror example, this nay happen uhen a
predator encounters an unfamiliar prey or when a predatdr'
- eats a prey that is highly palatabie but non-nntritions.
'Hovever; if the ptedatox persistsiin this line of activity,.

it will eventually die of starvation.
' T Y

Hov an organisa apportions the‘nse of its benefits I;on

A\

feeding between survival, natnration, reproduction and

d1spersa1 is often called its fitness strategy. it is
generally assumed that organisas tend to increase fltness by

naxlnzzing potent1a1 beneflts.

~ g
P

i P

-
~strategies. The energy maximizers are one extrese. "rhes¢ 'f
’

., Schoener (1971) desctihed tvo extremes of fitness
are aninais vhose fitness is naxinized vheéz%et enengy is
maximized for a given time spent feeding." Animals felloning :
this‘strategy exhibit a relatively fixed age of.natntation.‘
However, the number of offspring that they prodnce varies
directly with the amount of energy that they have
accumulated during a fixed time iaterval. Por exanple,‘
passerine birds tend to mature at the same tinme hnt their
clutch sizes vary vith their nntritional histories. The time

mininizers dre the second extreme. 'these are animals wvhose

fitness is maximized vhen time spent feeding to gather a

A
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inen e nerg reghirelent B is minimized..."™ Schoener goes on
to say, '.ﬂrno reproductive output is achieved until ﬁ
energy-nni€§ are gaéhered,_and eherg! beyond Y gathered
dqring’[t%ie period] P does not further increase expected
reprodqcfive output...” This strategy tends to minimize
development time and may lead to increases in the number of
generations produced pet season. It is advantqgeous to those
animals that;producé a fixed number 6f offspring per clutéh,'
have a “variable number of clutches per year, are
.parthenogenig, or do not need synchronous maturation of the

)
tvo sexes. ‘

Schoener's work leads to a number ofvcriteria for
describing predators, vhich select .prey from a number of
alternatives available to them, as either energy -axilizers'
or time minimizers. Energy maximizers shoul& have the

following characteristics: .

(a) synchronous maturation of local populations,

(b) increaseg® in body size and/or ueigpt of adults is
correlated uiih increases in number and/or vigor of
df f£spritg prodnced, and

(c) survival of’yonng increases with increases in parental

*

caree.

\
ri-7~|§nilizers, in order to fully exploit available
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enetgy’supplies, should have the folioving characteristics:

(a) variable age of maturation,
(b) variable rate of growth, and

(c) maturation after achieving a threshold weight or size.

If the adults of time minimizers are capable of reproduction
after the first clutch of eggsﬁis produced, there are two
more characteristics that can be measured. These are:
V%
(i) a varying duration of adu;t survival after amaturity,
and \

'(ii) a varying number of clutches produced after maturity.

7. Objectives, Approach, and Limitations of Present Study

The first lajor‘objective of this study was to
deternine whether a common type Af polyphagous invertebrate
predator, a volf spi&er, was capable of selective fpredation
vhen the factors of availability and catchability vere
greatly reduced. The secgnd major objective, pt?viding that
the predator was found to be capable of sélection, vas to
deteraine Hﬁe{het the prey selected henefited-the predator
in teras of improving its chances of maturing and

reproducing.

Though naturalists have long recognized the concept of

fe

“\
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selective predation, it has only reCently been studied in a
quantitative way. &anly et al. (1972) reviewved four basic
approaches td the measurement of selective predation. The
first‘:ethod compares the number of prey'sampled froam an
environment by a predator vith.the nulber of prey sampled
from the same environment by an investigator. The second
me thod anaiyzes differential pred;tion by the use of mark
and recapture techniguesf The third method repeatedly offers
prey in alternative pairs and the frequency of each prey
eaten is compared with the frequency with which they were
.presented. In the fourth method, sample populations of two
test prey are presented to predators and after a certain
fraction of the total nﬁlber of prey is eaten, the

experiment is stoppéd and the numbers of each prey eaten are

compared. -

-

The first tvo methods are suitable for estil;ting
selective predation of natural or field populations.
Hovever, these methods have major difficulties associated
with obtaining accurate estimates of: the relative abundance
df each prey species, the nulbérs of prey eatemn, eamigration
and immigration, and non-predator mortality of prey. Th:,‘
last fvo methods are suitable for laboratory experimentation
but possess difficulties in presenting prey in wvays that do
not prejudice the cho;Eesrnade by the predators, and in
dealing with changing proportions and densities of the prey

species as predation depletes their numbers. Both methods
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are suitable only for short term experiments and thus are of
little value ia estimating any benefits that might accrue to

the predators from the selections made.
, . .

Though-qach method ha§/its ova advantages and )
disadvantages, all have a common problem. All are based on
the assumption that if the proportions of the various kinds
of prey eaten by the predators differs from the relative
density of each kind of prey in the environment, the
predator is discrimipating between the prey types. That is;
‘the predator 'prefers' certain prey over others.’ It is ay
viev that this assumption is not necessarily justified
because of the possible, but ﬁ%ihaps unknovﬁ, differences in
the availability ;nd catchability of various prey that may

greatly exceed the differences ;elated to preference.
. ~ |
Rapport and Turmer (1970) proposed a method of

assessing selective predation that atteapts to overcome most
of the complicating issues of availability and catchability.
Basidally, their method estimates the feeding rateshof
predators in situations where only one prey type is
available to situations where many prey types are available
at one time. This method vas used in the present study and

is described in detail in the next section.

As stated above, the term 'benefits' refers to any
feature of growth and/or development that results in a gain

of usable energy, time and/or nutrients. These gains are



29
assumed to increase the chances of survival and reproduction
ofgthe feeder. It is difficult to predict on an 3 priori
basis what constitutes a benefit to P. vancouyverj. However,
keeping 5c£oener's (1971) ideas on énergy maximizers and
time minimizers in mind, the £olloiing afe tentatively

consider. as possible benefits:

(a) anything that increases the probability of the predator

surviving to the reproductive stage; " m,

(b) anything that reduces the time required by the predator

to reach sexual maturity;

(c) anything thijincreases the size and vigor of the adult

predator; and

(d) anything that increases the number and viability of the

- offspring. .

The altual characteristics tha‘ere measured are

described more fully in the next section.

&
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_MATERIALS AND METHODS .

1. Predator

>

Adult and subadult wolf spiders, Pardosa vyancouveri

(Emertoan) (Lycosidae), were used as prédators.i This spider
species is commonly found near or on short herbaceous
vegetation in 6pen areas of forests of coastal British
Coluabia, #ashington and Oregon. It does not spin webs, but
does produce drag-line silk. It captures prey by a
combination of ambush and stalking. Because spiders ingest
only liquid food, they produce food balls or 'rejectamenta’
made of unconsumed remains of their prey. The rejectameanta

vere used to -help estimate the number of prey eaten.

B- xggggnlggj has a one year life cycle. The immatures
overvinter and moult into adults in the spring.2 Immature
spiders that were suitable for experimentation were .
available betveen Septélber and May and the adults betveen
May and July. Por most selective predation experiments,

immatures were collected in September or October. °

Specimens vere collected with mechanical aspirators

1 See Vogel (1970) for taxonomic characteristics. .

2 Por examples of the life histories of other lycosid .
spiders, refer to Englehardt (1964), Bason and Whitcoad
(1965), V1lija and Kessler-Geschiere (1967), Bason (1969),
Edgar (1971), Vamn Dyke and Lowrie (1975) and Humphreys
(1976) « '
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(Husbands 1958) from cleared areas in a second growth forest ~
on the south slope of Burnaby uohntain, British Columbia
(latitude 49° 16°'N, longitude 122° 55'E). The cleared are#s
contained patches of bare ground and clumps of pioneering
plants. Spiders wvere either used immediately or, more
usually, stored in individual containers at ca. 2 °C until
required. The storage containers were 36 al glass shell
vials stoppered with cotton. Water was supplied by means of

cellulose sponges or dental rolls.

s

~

2. Prey V4

For these experilenfs’the ideal prey should have the
following characteristics: 1) acceptable to the predator, 2)
easy to rear and handle in 1argé nuabers, 3) not
cannibalistic, 4) not predacious on nor detrimental to other
prey, and 5) able to survive without food for at least two
days in the éxperilental cages. It vas desirable to keep
prey without food during the spider feeding experiments
because spiders caa ingest non-living food, that is, food

meant for the prey (Peck and Whitcomb 1968).

[+

Five typq\h?f test prey were used: male and female
fruit flies, two sizes of beetle larvae, and one size of
nymphal bug. Though mot all of these prey coampletely
fulfilled the above criteria;(see Part 1 gf the Resﬁlts

section), they were satisfactory £ By purposes., The
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rearing, separation and handling methods of the teé{ prey
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are outlined below.

a. Drosophila melanogaster

Adult male and female vestigial-vinged fruit flies,
Drosephila lglgngggggg; Meig. (Drosophilidae), served as two
typeﬁ of prey. Flies were reared ;ﬁ the laboratory in
sterilized 500 ml Brlenmeyer flasks stoppered with cotton
and cheesecloth plugs. The medium consisted of ca. 30 g
Carolina Instant Drosophila Ee?iun No. 67-5002 (Carolin;
Eiological Supply Co.), ca.- 23 ag dry yeast and 75 ml tap
vater. Ten female and 10 male flies were added to start new
cultures. The first generation started to eletge after 14 to
15 days under laboratory conditiéns. Bach culture produced
about 1000»f}ies within 20 days. *Standard* flies were
adults that had emerged frca cultures that were 14 to 21
days old. Only standard flies were used for test prey and to
start new caul tures. 'lpn-sfandard' flies (i.e., adults froa
cultures that vege older tham 21 days) vere\gffasiona;ly

used to feed spiders prior to the actual experiaments.

b. Ienebrio melitor

Tvo sizes of mealworas, larval Zenebrio meolitor L.
(Tenebrionidae), also served as prey. The beetles were

reared in 10 1 plastic buckets kept at éo to 25 °C. Bran,
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occasionally supplemented'vith fresh slices of apple, was
used as food. The larvae wvere sized by allowing theam to
Ftavl down through alseries of fouf sieves. fhe openings
vere 1.52 x 1.64 mm for the first sieve{ 1.08 x 1.36 mm for
the second, 0.88 x 0.96 mm for the third, and 0.32 x 0.32 mm
for the fourth. After ome to two hours, 'large’ larvae veré
ieloved from the second sieve and *small' larvae from the
fourth. Larvae not eaten by spiders within two days uére put
in holding containers with bran until needed again. These
larvae were allowed to feed at least one day before being
re-sieved and ré-nsed. Because the strength of the cuticle
of T. politor léy have been an isportant factor in their
catchability by -the spiders, only larvae with fully

sclerotized and pigmented cuticles were used.

c. Gacopeltys fasciatus

Nysphal milkweed bugs, Qpcopeltus fasciatus (Dalias)
-{Lygaeidae), served as the fifth prey type. The bugs were
reared in the laboratory inm 3.5 1 glass jars; Cracked seeds
of sunflover, Helianthus apnuyus L., vere used aé food.
Dental rolls,'bartially inserted into 125 al Erlemmeyer
flasks, acted as vické to supply vateg to the bugs. Cotton
balls served for oviposition sites. Nymphs were sized by the
sane sieves used for I. politor but the sequence of sizes
was reversed as the nyaphs tended to love'npvards.'Snnflover

seeds and vet sponges, placed on the top sieve) stimulated
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upward loveient through the sieves, separation ta}ing place
overnigﬁi.’lynphs used in the expgrilentslcale froa the sanme -
size sieve as the small . jgliig;. Nymphs not eaten by the
spiders within tvo days uef% re—sieved,and re-qSed only .

after at least one day/gf feeding by the bugs. ' 7
{ , 7

A\

AN

.
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3. Handling Methods, Ca{gsfand Laboratory Conditions

The spiders and D. pelanogaster vere handledﬁuith
aspifators; 1; politor amd Q. fagsciatug with flexible
licroéissecgion forceps. Fluon %an‘aqueous dispersion éf
polytetrafluoroethylene, Imperial Chemical Industries Ltd.,
#elyn Garden City, England) vas applied to the inner
surfaces of holding contéiners to lihilize the number of
escapes of spiders, fliés—;nd bugs. Pluon produces a surface

on qhich arthropods find it difficult to climb (Radimovsky

and Krantz 1962, Ebeling and Wagner 1963, Storch 1968).

Tvo ;inds of cages were used, plastic and wooden. The
plastic cages vere tran;patent 'Lastoﬁare Retrigéfation.
Dishes' (Bordqn Chemical Co., Columbus Plastic Products
Division) modified by relovinglG X 6 ca p}eces dt the lids
and covering the résu*;;ng holes with plaéﬁic screen .
(maximum size of openings 0.32 x 0.32 ll).‘Inside dimensions
were 7.2 x 7.5 x 9.3 cs. The wooden cages had a back of ‘

plastic screen (maximum size of openings 0.52 x 0.56 am) and.
a sliding front panel of clear plastic. Inside dimensions

H



35

were 5.5 x 7.6 x 7.6 cm (Nicholls, 1970). Unless othervise
noted, plastic cages vere.used in the -experiments.! The
wvooden cages were mainly used in *pre-feeding' spiders
(i.e., feeding the spiders in the laboratprj vith prey

before the actual pxperi;§ntslzt

Teaperature vas regulated in the laboratory by a
thermostatically controlled gas furnace and am air ?

Conditioner. The mean temperature wvas ca. 23 °C.

. Relative humidity outside of the .cages ranged betveen
' 33% and 68%. Water vas suppiied in thg cageqi}ith 8 ca3
pieces of cellulose sponge éach of vhich held 5 to 7.5 nl.
The sponges were re-wetted every second day. When spiders
vere kept for a week or more before or after experiments,

vater vas supplied in 20 ml glass vials stoppered with

cotton.

Most illumination came froa two banks of four 80 W cool
white fluorescent lamps suspended above the cages. These
were turned on for 16 hr daily (08:00 to 28:00 local time)
and provided a minimum of 200 tp a maximum of 1200 lux
inside the plastic cages and a minimum of 10 to a maximum of
600 lux inside the wooden cages. Light intensity varied dqé
to the position of the cages with tegpect to the laaps.

Supplenentil light was periodically provided during working

1 Experiment 6 (see Results section) used vooden cages.

o
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hours by similar ceiling lamps covered with frosted plastic.

They increased the light intensity by about 20%. Natural and

other external light was excluded by covering the laboratory

vindows with alumibum fQil.

4. General Information onm the Various Predator and Prey

Classes
/

A1l linear wmeasurements of predators and prey vere done

vith a dissecting microscope fitted with an ocular

_micrometer. Measurements vere recorded in eyepiece scale-

ﬁﬂits under 6X to 50X magnifications, and later converted tam, ¢

the nearest 0.01 mn. The length, width and height of the

prey vere measured at the largest part 6f‘their bodies but

excluded the lengths of their antennae, legs and vings.

Mature spiders have fq_l.iy deyelopéd palpsét epigyna.
Ianature stadia vere detetéined by measuring the width of
the cephalothorax with a aicroscope and a sjmplified version
of Seligyfs holding apparatus (Seligy 1970). The apparatus
consisted of a piastic cylinder, 25 am in dialéter and 30 ma
tall; that vas closed on one emd by a bircnlat glass |
coverslip cemented on vith hot paraffin. A piston of plasticv

foan was used to hold the spider in place against the

. coverslip. A paired t-test performed on data derived fron

replicated ceph&lothorax Reasurements of adnlt female P.

1;391313;1 showed no signiticant diffcronces between
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repeated measuresents (P = 0.76, t = 0.51, df = 36). Spiders
that were considered to.be prepenultimates (i.e., tvo moults
fronm latnrity) and ;hat>lonlted once, wvere ;aheied as ‘
‘subadults"'. Subadnlt males éonld be distinguished froa ‘
subadult females by their expandej, but not fully developed,
palps. The sexes of spiders younger than the subadult stage

could not be distinguished consistently.

'Wet' veighings vere done on live or freshly killed
(vith solid ca:hon dioxide) animals. 'Dry' wveighings ;ere
doneiafter more than three days of drying at 60 ©°C. A
Mettler H20T balance (Mettler Analytical and Precision
Balances, ‘Zurich, Suitzetland) vas used for samples’ weighing
more than 10 mg; and a Cahn 6ram Electrobalance kVentron
Insétulents Corp.,.Pafalonnt, California) for sasfles

wveighing less than 10 ag.

~

Some génera% behavioral observations were made on the |
predators and prey in the cages to determine the
gvailabilitx of the various prey to the predators and any
difficulty exp’ iencedaby the predato;s in capturing a
particular pre:ELype. Prior to the selective p:edatioi
experilengs, the test prey vere checked for the amount of
mortality not caused by.spiders and, té a limited cxtogt,\
forlc01¥atabilit1 with other prey. Behivioral‘dhta_on'the
prey and p;edators vere obtained by observiag the same

animals once a day over a period of a number of days. A st
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of obse;vations made on one cage, which conéa;ned one or
more animals, is called an 'obsetvation4day'. For ex;lple,-
observations made for 26 days on 10 cages vith—five i. J
politor in each gave 200 observation-days. Details of the
measurements, weights and behavioral information on the

various predator apd prey types are given in Tables A-I1I to )

A-V of Appendix I.

'5..iest for Selective Predation 4

The general experimental design used to test for
selegtive predation wvas a modification of that proposed by
Ripport and Turfder (1970). In éssence, Rapport and Turner's
method congareé the numbers of each kind of prey eaten in
environmengs c;;taig;ﬁg only one prey kind with the nusbers
eaten in environments-containing mixtures of these same
kinds of prey. Por instance, if a predator eats three of

Prey 1 per day from an environnent confainlng only Prey 1,’

and fife Prey 2 per day fros an env‘:onlsnt containing oaly

Prey 2, thenm, if the predator does ot discrilinate betveen
the tuo kinds of prey on any ba31; and if all otho: factor
are kept cdmstant, the lapport-rutner method assumes thaa
_an environment containinq,both Prey 1 and Prey 2, the tatio
of Préy eaten is oxpocted to be 3:5. If the observed ratio
of -the numbers of Prey 1 and 2 Qat;n doviatos-sighit#canflr
froa the expoct;d ratio, it is taken as ovihinqolthaé'thq

predator diffétentiatos between the various kiads of prey-.
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The method used to test for selective predation in this

vork differed fro-,that.}eported by Rapport and Turner
(1970) and Bapport et al. (1972) in$$he following pbihts: 1)
Densities of each prey in the two préy treatments were thel
same, rather than one—halﬁ the densities of the single prey
treatments. This meant that, as long as there vere no
overcrowding effects, the amount eaten would be more
conp;rablevin all treatmeats. Zi The mean feedihg rates of
individual ptedatorsﬂ yather than the relative
discriminatiqon coefficients. (see Bguatioﬁ 6 below), were
used to calculate the-probability that selective predation
occurred. This vas done because of the uneven and limited
number of replicates. Also, Rapport and Turner distinguished
betveen catchability of prey and preference for prey, and
claimed that their method can discriminate between these two

ele s of the selective predation process. It is my view

that it ot make this distinction conPletely, but that it
is a valigd method of testing vhether or not selective
predation occurs. this matter is elaborated upon in the

Discussion.

In the oxpéiinents described here, prey types were
tested 1ndividnally and ir pairs to &e£§r-1ne vhetheqﬁ*;f
predators differentially selected for either;ode éf :‘pait
of prey. For exci'pait of prey tested, three treatmsents vere

applied. One predator group‘v;s supplied Prey 1 alone at a

’

- . <3

3 [ 4
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density of D1, (i.e., Treatment 1) a second pr&hatorrgronp
vas supplied with Prey 2 alone at demsity D2, (fié.,
Treatment 2) and a third predator group was supplied a
nixture of Prey 1 at density D1 plus Prey 2 at density D2
(i.e., Treaflent 3). Density D1 did not necessarily equal

D2. ' A

Densities D1 and D2 wvere set at levels such that at all
times more prey were available than the ptedators could
catch in the time interval allowved, but below levels vhere
inhibition of feeding,‘because of overgrovding, occurred.
Pfeviously, these densities were found to be 10 pér cage per

day of male and female ). .glgnggﬁg;g; and Q. fasciatus and
5 per cage per day for ssmall amd large T. molitor. It had

- also been determined that the predators could capture each

of these kinds of experimental prey.

The three treatsents gave four feeding rates (i.e., the
numaber of préy eaten pet spider per day): u, for Prey 1
alone, u, for Prey 2 alone, u% for Prey 1 wvhen both prey
vere present, and u*%, for Prey 2 vhen two prey vere

present.

In the absence of selection, the number of prey eaten
in the tvo prey situation (u,,,) should equal one-balf the

number eatem im the two single prey situations. That is:



Upg = U, ¢ U, (1)

2 2
or u, = u%, x 2 : (2
and upy = u* x 2. (3)

Equations (2) and (3) serve as the null hypotheses for

the selection tests. If selection occurs, equatioms (2) and

(3) are not true.

It is convenient to express the relative degree of
selection in teras of a single number. I have called it the
‘relative discrimination coefficient! (cf. Rapport and

Turner 1970, Rapport et al. 1972), It is calculated as

follows:
C;= u¥, x 2 ’ (4)
ol
and Cy = “*z X 2 ' (5)
“ug

and é::ﬁfic,- Cga- (6)

The symbol c, is associated with the amount of
selection for Prey 1; and ¢y, for Prey 2. The relative
discrimination coefficient, Cia ¢ is the difference between

< and Cy

Theoretically, the coefficient varies between -2 and +¢2

;or coaplete selection for Prey 2 and Prey 1, respectively.

the absence of selection, the coefficient equals 0.

)



§2

The spiders used for the selective predation )
experilenis included ai least one of the following types: 1)
adult fe;ales,-Z) adult males, 3) ;ubadult females, &)
snbadu;; males. Ihese four main types wvere further
subdivided into *pre-fed' spiders (i.e., spiders that were
fed flies in the laboratory before the actual experiments)
and 'field' spiders (i.e., piders not pre-fed in the
laboratory) as veil as into types based-on their subadult
moulting histories. If the date when the spiders moulted to

the subadult stage was known, they were placed in one group;

if this date was unknown, they were placed in another group.

In order to obsérve feeding from the beginning of the
subadult stage, the following procedure was followed for
most of the experiments. Immature spiders veré collected,
identified and measured. Only those that were judged to be
in the prepenultimate stage vere retained. These Bﬁiders
vere then fed qi;h (usually non-standard) flies for up to
tvo veeks. The.sp rs that loﬁlf.edi within this period wvere
then :anﬁ&jly assign?d to one of the three treataent

regimes. ibch spidey in each treatment was then observed

daily until it matuwred or until 70 days had elapsed simce it

had reached the s;;:EFIQ stage, Even though feeding data

!

vere obtained for up to 70 days on each subadult spider,

1 These spiders were assumed to have moulted imto the
penultimate stage but are labeled bhere as subadults.

B
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only the first 20 days were used to estimate the mean
feeding rates. Most of the spidérs wvhich matured uithi@ fhis
70 day .period were then observed for an additional 20 days.
Thus, uhless othegvise indicated, selective predation data
6nkadu1t spiders veré derived froam spiders tha¥ had been fed

the same diet as both subadults and adults.?

It should also be noted that in order to reduce the
number of spiders that had to be collected and laintainea,
tvo selective predation‘expeyilents vere often run |
-concurrentiy. This in;olved five treatments with one single-
prey treatment being used for both experiments. For exanmple,
in the case of testing female D. pelanogaster vith small .
politor and female D. ;glgngggg;g;‘vith 0. fasciatus, the
five treatments were as follovs:\it'g. Belanogaster alone,
#2 I. molitor alome, #3 both D. melanogaster and I. melitol,
#8 Q. ig;g;;;aé alone, and #5 both D. pelapogaster and Q.
fasciatus. In this case, treatlent‘§1 vas used as the single
prey treatament for both the D. .glgnﬁgg&;g; - T. molitor amd

‘the D. pelanogaster - Q- fasciatus tests. However, evem with
using this method of reducing the required number of

spiders, nét all possible combinations of five types of prey‘

were treated because of the difficulty in obtaining emough

1 Though 20 and 70 days are arbitrary cutoff points, most
subadult feeding took place withim the first 20 days after
moulting, most subadults moulted into adults after 20 days
but before 70 days, and most adults produced an egg-sac
somevhere betveen 10 and 20 days after reaching maturity.
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spiders of the proper stage andiééi. Por example, if 100
immature spiders were collected, about 30 would be too young
(small) or too old (large), about 20 would not moult within
the defined period into the required stage, and half would
be of one sex. Thus, only about 25 épiders of one predator
type couid be obtained for every 100 collected. Coupled with
_this problem vere the difficulties of rearing large enough

nulbérs of prey to feed much more than 100 spiders per day.

The following variables were recorded,daily for each
cage:.date; time:; number of live, dead and rejectamenta of
each prey type; and presence of spider‘exuviae and egg~sacse.
Vet ueights and cephalothorax measurements of spiders vere

recorded periodically.

#hen the above information was recorded, all
re jectamenta, dead prey, and exuviae were removed. Unless
othervise noted, prey were completely replaced with fresh
prey every second day (i.e., ‘reneval! days) and enough
fresh prey were added on alternmative days (i.e.,
:Féplenishnént days') to restore the piey densities to the

initial levels.: On renewal days the sponges vere also re-

! Though prey vere usually reneved every tvo days, an early
atteapt vas made to run the experiments on a wveekly basis,
i.e. vith three renewal and four replenshment days each
wveek. Havever, because of high mortality rates after two
days, this wvas stopped. The observations affected by this
procedure are Bxperisents 8 and 9 in Table V and the
experiments related to Table A-V. .
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vetted. Most observations vere made between 14:00 and 17:00

hours, the time of least daytime feeding activity for P-

yancouveri (Hardman 1972).

In all selective predation experiments, omne spider
feeding for/bo consecutive days equaled one Eeplicate (€. g.,
10 cages with one spider each observed over 20 days gave 10
replicates). About 10 subadult spiders were used per
treatment, but because some of the §piders failed to mature
and others died, the number of spiders imvolved in the adult

calculations were fewer than the number of subadult Spiders.

Twvo experiments were'éone to determine vhether pre-
feeding caused a change in selection of prey. EBach
experiment included three treatments. The first group of
spiders was fed with )D. jglgngggg&g;valéne,-the second with
small I. solitor alome, and the third vith both. prey. After
about one veek (see Results for exact times), spiders in all

three treatments vere fed both prey.

One experiment was performed to test whether increasing
the physiéal complexity (i.e., 'spatiai heterogeneity') of
the cages would affect selection. This vﬁs done vith two
treatments, both using subadult female spiders supplied with
female D. pelapogagter and small I. mQlitor. Ome treatment
had three flatté&qd red alder (Alnus rubra Bong.) leaves
added. The leaves increased the surface area within the
cages by 62% (i.e., from 385 to 62& ca? per cage) fhd

/
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created a nuamber of fugia for the prey and predators. The

second treatment, that is the control, had no additional

material.

6. Otility of the Prey to the Predators

6p to 12 factors that uéke potentially beneficial to
the spiders vere monitored in most of the selective
predation eiperilents. These characteristics wvere:
1) Maturation “
a) Percentage of subadult spiders which reached
maturity within 70 &ays from the time they moulted into
the subaduit stage.
b) Mean time (days) for the subadult spiders to reach

-maturity.

c) Percentage of spiders that produced ,extra’ (i.e.,
more than one) exuviae before reaching maturity or

within 70 days from the start of the experisment.

2) BMortality
a) Percentage of subadults that Gi;d before reaching
maturity or before the 70 day lilit( ‘
b) Percentage of adults that died within thegzo day

period’that adult spiders were observed.

3) Height and Size Gain ,
a) Hean weight gain (excluding exuvia) between subadult
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Aveight and adult weight (= subadult weight gain);
b) Mean weight gain between éile of moulting into an
adult (day *0') and ten days later (day ‘¢ 10').
c) Mean rate of weight gain between”initial subadult
and adult wveights. Rate of weight gain = Subadult
veight gain divided by timé tin days).
d) Mean size increase of cephalothorax width between

subadult and adult stages.

4) Potential Number of Offspring
a) Perceatage of mature spiﬁers that produced a 'f&lse
egg-sac't within 20 days of reaching maturity.
b) Mean time (days) for the pgoductioa of the first
false egg-sac. |

C) Mean dry veight of false egg-sacs.

One experiment was done to determine if snbadult
feeding affected the benefits that vere monitored in the
adult spiders. Two groups of subadult female spiders wvere

used. the first group was fed female D. pelanogaster, and
.ihe seéond vas fed large I. politor. When the spiders
matured, all vere fed large I. politor.

1 The term *false egg-sac' is used because the fesales
produced abnormal egg-sacs that contained 'a mass of yolk
rather than separate eggs. Probably this vas the result of
the spiders not being mated or fertilized. I found it
impossible to have the spiders mate in captivity.
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" 7. Statistical Analysis

The data vere recorded on co&ing sheets and then
transferred to computer punch cards for statiStical

analysis.

The number of prey eaten couid not bé estilated by
simply counting’the nuaber of'rejectanenta because (a) there
was not a simple one-to-one relationship of préy eaten and
rejectamenta produced and (b) the I. molitor occasionally
fed on both'rejectalénta ahd dead‘pgey (See ?a}t I of the
Results section). For thesexreasons, the following two
equatibns vere used to calﬁulate the nﬁlber of prey eaten
per spider per day. If there were no rejectamenta of prey
species 1, the Eétilatud'nulbef of Prey 1 eaten (Ep;) vas
Zero. | | ; ‘

That is, Ep, = 0 ‘ o e e . (7)v
If rejectamenta were present, Bp,- = lip;-(ip:i+ Dp')lv- (8)
wvhere Ip, = initial nyaber of Prey 1, Lp, ; number of'Pféj 1

alive, and by = number of Prey 1 dead froa causes other.

than spider predation.

It vas assumed that errors associated with calculatiag
the number of prey eaten were minimized by the use of these
tvo equations. Tﬁi dead prey in equation 8 were rcadily
separable fron prey killed by spiders (i.e.. those that vere

formed imto rojectanenta).

Sy .
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Peeding rates were calculated for each prey typé for
each spider for each day over a certain petiod of time
»(usually 20 days) and used to calcnlate a mean nulber of
' prey eaten per spider. These means ggre then conpared _

statistigally (see below). | | 3

5 co _ N

Before any variables vere statistically analyzed, the

’ replicates (i.é::fbe cages) vilthin each .treataent wvere first
checked for independence of poAitional ‘effects by a rums

i . -

test.! Note: No treatmeats showed trends (i.e. non-
- .- . = >* .

randomness). !

4

Secondly;'tbe data vere tested as to whether or not
they wvere norlaily-distriﬁuted. This vas done by. means of
the KolnoQorot-Slirnbv_test (D-maximum test) as described in
Sokal and Roblf (1969) but with tables given by Lilliefors
(1967) - | ‘

If the data vere normally diét;ibuted or could pe
transformed to the normal (see below), the following
procednreé vere performed before coaparing meanms. . .

‘ Honoj;neity,of-variaﬁcds‘vgs checked with ﬁaftlett's test or-
the P maximus-test. If the variances were not heterogeneous
(i.e., homogenous), t;tests or ahe-iay analyses of variance

verBEPérforned. If the variances wvere heterogeneous, an

»

! Unless othervise indicated, Sokal and Rohlf (1969) and
their associated tables (Rohlf and Sokal,’ 1969) vere used
for the statistical teats. , .
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approxinmate test of eqpality of means or an approximate t-

test was used. o

If the data did not neetvthg requirements for -
parametric tests (e.g., not transforlaple’to tﬁe horlgl ‘
distribution), thé follouing non-parametric tésts iere used
to compare léansi the ﬁon-paired uanh4ﬁh1tney U-test for two
' treatments (used to test for selectivé predation), the
Wilcoxon two sample test vhepxu > 20, the Kruskal-Wallis
test for more than two treatments (= ﬂopeparaletric single
analysis of vafiance), and an 3 pogteriori simultaneous- test
procédure. Pisher's exact test vas used to fést vhether two

percentages wvere equal.

The results of observation-days were not indépendent
because they involved\the use of the same organisms for more
"than one day in succession. Thus, they could not- be tested

statigtically Athé usﬁal parametric tests. In all cases

these \results are simp expressed as percentages.

The means of norsmally or near no:qally'ﬂistggputed

variables are folloved by their standard e rs (SB). Meams
of variables that were transformed are followed by tﬁ:ﬁlouér
‘and upper 95% confidence limits, with all three ialnes
changed back to the original scale, The nnlber of

| 'observations (l) “that were used to esgj‘ate LQsh mean is

also listed.
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Except for the Kruskal-Wallis test and the test of
equality of means vith heterogeneous variances, all
probabilities given are two-tailed. Though all probabilities

are stated, probabilitieS‘betueen 0.05 and 0.01 are regarded

as *statistically, significant' and ate marked vith one

~

asterisk (¥*). Probabilities less than 0. 01 are regarded as
'highly statistically significant' and are narked vith two

asterisks (*¥%).

14

Statistical analyses vere done on a IBBM 370 model 155
computer using programs listed in Sokal and Rohlf (1969) and
version 5.0 of the Statistical Package for the Social

Sciences (Nie et al. 1970, Nie and Hull 1973). \2”' _
; )



- . 52

RESULTS

1. General Inforsation onm Calculating Peeding Rates -
L, ' . ‘

Consider the following situation. An experilehter
places a singlé predator in a cage vith‘ten‘specilené\biL:
'"“potential ptey species. He then leaves for a petiod of time.

ihen he comes back, he observes that five prey are ‘still .’

‘ zZFgL, tvo are dead and sone\prey re-ains are strevn about
e

cagé. If he concludes that the prethot k[ll;d five‘prey
and ate three of theam, he conld easily be vrong. It is
p5§§ib1e that the ptedatot killed nothing, that the dead
:ﬁ\by vere the result of natntal mortality, and that the '
missing prey vere the result of cannibalisa, escape or
_gilpie couAting errors. this’ef:;gib, evén thdngh '
hypothetical, helps to illustrate that in any predator-prey

»
sitnntion involving non-continudbus observ&tion, the ptc&ator,

and ptey themselves may confound the evidence telating to

‘the number of prey eaten by the predator. It is- thetttoru e
inportant that, before ptesentinq the main rosults ‘of the

thesis, I sunlarize here sose ral intorlation on thc “a
L

problels involved in calculating feediag rites, and honoc‘in'
’detatl;ning vhéthet or not selective prodttion_occntrodif

- -

rirst ot all, even in the abseace othpidors. thirc vas

soncfproy lOttllit’:’;;:\:;gl rates of noa-predator - ) f'

sortality for each prey class were: ¥ L :



4

| Q. fasciatus | 0.08,
< fe.nale D- 38lanogaster - 039, .
small I. politor ~ 0.35, | -
large I. solitor | ' 0.‘42, and
male D. melapogaster ‘ -0.75 dea;l iniuls per

cage per day.! The mortality wvas telativelj low in Q.

nm, high in male D. pelanogaster and moderate in the
remaining prey.?

The relative importance of the factors that caused non-

- predator sortality are indicated below (1 = least important,

c 3 = nost important):
facto; ' emesecescco-- --Prey affeétgd-- -—-
e Q. fasciatus  D. Belanogaster  I. melitor
S S ——
( Starvation 2 i 3 | 1 .
_ Drowminag 1 1 3
‘Boulting * 2 il 2
lccidutal- *
mechanical °
injary 2 ‘ 2 1
Cananibaliss . 2 Nil 1
. N
Al .y 2

1 POy details, see Tables A-V and A-VI in Appesdix I.
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Secondly, there vere interactions between the various .

kinds of pref that affected the cglcnlati&n of feeding .
rates. These were sainly confined to I. politor because it
has cheving mouth parts. n; ;gi;nézzkgg; does not have mouth
parts that are capable of killing 6r completely ingesting
the dead or rejectamenta of aﬁy of the prey types. Q.
fagciatus bas piercicg and sucking mouth ﬁarts that cAh be
used to feed on body fluids of other animals. Though there
vas no evidence that Q. fasciatuys harmed ). ]glgnggggtg; or
I. politor, it did kill members of its own species when they
were in the ptocess of moulting. These corpses were easily
distinguished froa those produced by P. yamcouverji.

.~ ' / -
By supplying . jgli;g; vith live, dead and spider

rejectamenta of D. pelapogaster, it vas found. that the
beetl; larvae: . B ’

(a) 4id got feed on live flies;

(h) did feed on dead flies; amd

(c) did feed on the rejectamenta produced by spiders.?

~

Froa these results, it was assumed that I. politor also
. A S
fed on the dead and rejectamenta of Q. fasciatus as well as

on the dead and re jectamenta of other beetle larvae.

t Por details, see Tables A-VII, A-VIII, and A~-IX ia
Appeadix I. ’ .
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Thirdly, the spiders theamselves contributed to the
problem of estimating how much they ate. One'p:oblel vas
prey comsolidation. Usually, P. 1§gg§gzg;1 killed one frey
and fed upon it until only a ball of chitinous remains vas
left (i.e., ‘one prey, one rejectalentul%. However, when the
spider was very hungry (as uhen}it wvas just brought in froa *
the field or just after moulting), it often fed on ipre than
one prey .at a time and so produced only one rejectamentua
that consisted of tvo or more prey. This phenomenan occurred
vith Q. fasciatus and D. but not with I.
politor. A second probleam was vith fragmentation of
rejecténenta. That is, one prey could be formed into more
than one rejectamenta. This was far more common with J.
politor than with any other species of prey. There was no
e;idance to indicate that the spiders killed any prey on

\ [
vhich they did not feed.

Ay

Por the reas;ns given above, equations‘(7) and ]8) (see
Part 7 of the Materials and uethozs‘ section) veie used to
_ estimate the number. of prey eaten by the spiders. The kind,
direction and size of the errors inherent im using th;se

" equations are outlined below:
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. . | ' )
I Prey affected Direction Estimate
Brrorh = (in order. of of error of relative
* increasing size of
importance ' error
from left
to right) 1@

-

Counting live prey D.n.;o.f.,r;l. v'i 1
Counting dead prey DeBeyOef.,Tane S , 1
Counting rejecta 0.f.,D.Be,Tama e 1 ' .ff
Fannibalisn Ocf.,T.N. + 1 ‘
Prey escape from cage O.f.,D.m. + 2 .
T.m. burroving into
sponge Small T.n. P 2
Consolidation of :
rejectanmenta Oc.f.,Den. - 1
Pragmentation of o . KQ
rejectaqgnta' T.l.,D;l., O.f. + 1 i
T.m. eating dead prey D.m., O.f. + ’ 2
T.m. eating rejecta- ﬂ.n.;,o.f. - | 2
menta

{

! Hereafter, D.m. = D. Belanogaster, T.m. = 3. peliter., O.f.

= 0. fasciatus.

\:
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lConnting errors vere jndéed to be small .and, being both
positive and negative, tended fo»cancei4each‘6thet out.
Capnibalis- wvas a very ligof factor. As pentiodsa above,
cannibaliss in Q. fascjatus usually occurred wvhen an
individual moulted bnt the results could be easily
Qistingnished fros ‘the rejectanghtq formed by P. Y3RCOUYSEi-
Cannibaliss in I. politor was also rare and could be
4 distinguished froa spideghpredation.'xscape of 0. fasciatus
and D. selanegaster fros the cages and the burrovisg of
saall I. ;gligg; into sponges, which supplied water to the
" animals, were greater probleams. Hdwe;er, except in the case
of Q. fasciatus, these errors were sua{;. Bstilates/;£ th‘

'+ size of escape errors for the various prey classes vere as

follows:
~ large 3. molitor 0.00%,’
. female D. pelamggaster 0-19%,

' both male and female
- D Bmelapogagter coahined 0.51%,
* .
small I. politer 2.92%, and
Q. fagclatas . 8.58%.1 .
- The effegt of esc&po‘errOts vere ainimized by the use of the

single and\the two prey method of calculating selective N

r

1 For details, see Table A-X in Appenmdix I.

Iy
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predation. It vas assused éhat equal proportions of prey
escaped in b;th single and two prey treataments; thus the
ratios of the nuambers of each kind of prey in each treatament
were only minimally afte;ted. Consolidation and
fragaentation of rejectamenta had little effect on tﬁé
estimates of the nuaber of prey etten because the
rejectamenta were scored only as.beinj present or absent.
There were no pfoblels in differentiating Setﬁeen the .
rejectamenta of each prey species. However, it vas not
possible to distinguish betwveen rejectamenta of male and

fenale De .glgnggg;;g;. Pina;ly, the probleas of I. molitor
‘ eating dead prey (+ error) and rejectamenta (- error) ;lso
tended to can;el each other out. Thus, even though the
letiod for estisating the number of prey eaten was judged to
give results slightly/highé: than the aétual asount, it wvas

considered satisfactory.

2. Selective Predation Bxperiments

Selective predation was tested by comparing the numbers
 of prey takea vhea ohly one kind of prey vas present vith
the numbers taken when two kinds of pfey vere prps;nt. In
total, 14 experisents vere done. The togults are givea below

in Pigures 2 through 5 and in Table I.

Figure3\2, 3, 4 and 5 illustrate the feeding rates of
the selective predation experimsents that iavolved subadult
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male, adult male, subadult female and adnii feyale spiders,
respectively. 'The ‘a' and b pafis_of the expe ilent;lahals
link the expetipents ih;t vere done v;th the same spiders.
Por example, in Experiment 2a of’riqdre 4, I used the
spiders that latureq'frOl 3xperf-ent 2b of Pigure 5. For
each_experilent: the first -bar indicates the mean number ;f
Prey 1 eaten p;t spider per day (i.e.; u;). The second bar
indicates the mean number of Prey 2 eaten' per spider per day
(i¢e., ). The third bar indicates the feeding rate on Prey
1 éhen both prey were present (i.e., u¥ ) and the fourth
bar, u*; . The letter E on the third and fourth bars are the
estimated feeding rates - assuming there vas no selection
(i.e., the first E equals one .half of u; and the second E
equals one half of u,). ror‘eialpie, in Bipetilent 7 of
Pigure 2, u; = 7.64 male D. pelapggaster per spider per day,’
the observed u*|‘ﬁ 6,“2; and tié expected u#¥ (or E) 8 3.8?.
Note that the bars aré arranged so that.thg more-selected
prey is illustrated on* the lgft.,and the les;-seieqted prey
on the right. Peeding rates are not nécesqarily coupara‘lé
between experiments because of differences in ptocedures:
Por example, in Experiments 7 and 8 (Figure 2)_th; feeding
rates for subadult male spiders feeding on male ).
pelanogaster are 7.5! and 3.13 flies per spidg: per day,
respectively. This is due to differeaces 15 pre-feeding and
. length of observation perion. For information on

exceptions, repliéates, probabilities, etc., see below.

?
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Table I summafizes the parts of the results of the
selective predation experiments not presented in Pigures 2
through 5. The fi;st'colu-d of the table uses the same
labels for ;he experiments as described above. The second,
third and fourth coluans refer, respectively, to the stagé,!
sex, and numbers of spidérs used 1q eaghyexperilent.'ln the
fourth column, there are three numbers related to the
experiment described in that rov. Of these thfee nuabers,
the first refers to the number of spiders that vere fed the
lgrefselected prey, the second to the number of spiders fed
both prey, and the third to thé number of spiderg fed the
less-selected p;ey;bnor exa-ple,tin Bxpgri-ent 2a, tlere- .

vere 8 subadult female spiders fed only fesale ).

* sdlamogaster, 10 fed both female D. pelanogaster and Qi

fggg;g;ng, and 12 fed only Q. fagciatus. !he_lbre~selected

prey is placed first for the convenieance of’having all the
°

,rolagive discrimination coefficieits come, out positive.

The probability that-no selection_pccdrted is given in
columa seven. The prohabilities are uiually stated as less
than a cartiin figure because the method .of calculating
églection actu;lly involved t'o_probiﬁilities, one coaparing
‘Bean numbers of Prey 1 eaten in single and two pray

treataeats, and the other comparing mean numbers of'Proy 2



s9

*sInjve O pPej3Je3s siepyds sv (gz 3Iou) uuno

uo p unno uou uuv
oa«»uso- TAOCUNEN WITA cnc oaauoou La03vz0qet -aoﬂ-oum INOYITA SIOPTI

*siep 0Z UWY3 SSOT GT peIRIvE tuocdan,ii
ssa®deq (0pZ x sieptds uo uon-s-o ueyy ssey uaunaqda u»-uonoaanruonao 30 nonln

..l

fuypes3 3Tupe ounavoaeo ©3 POSD S®A SOTIOISTY HUTITROE TAOCUYUR §IFA sSIepids Jo
I9yg3jouy °exn3wu 30U PIp YOITTOWN % oauaa Ltuo uo pe3 uucoanu 3T QRS uo ucc

to«aan

3&& . ,..

o8 3¢

TOWE & .
......m

1

LY

uoT3IDeTes 80 °0 0Z°0> °u°l TtvEs °3°0 .o—.ap.op d
ou 10 6£0°0 0Z°0< °u°l [TvesS : *3°0 98’9 d
yeoa Liep 9£°0 QZ°0< °u°Q OV  °u°g aTvwe] 6°6°L d
LS°0 oL°0> ‘u°q OoTwN ‘u°q oTvmayd .Nr L’6 R 3ITapeqasg 0
uotIdeTes g8°0 0Z°0> °E°] TTess - . °w°Q ®TwR L7°tZ’ 0z, R siTopeqgesg L
yeon G6°0 *50°0> °8°] [TeES ° °uw°(q oTvwe] 8°8°6 ° d ITNPY s
uotidetes zZL°| *G0°0> °u°] TTvES *u°q oTvwad ni‘9lL’ni d s3itopeqnsg 9 .
83RISPOR 8F °| 0L°0> °u°] obiwy *‘H°L TIPES obL’81L°CL d Jrapeqesg i ¥
Z9°iL *=l0°0> *3°0 ‘u°q otvewey *9°6°% d . ITapY qz
. T8°L  »2Z00°0> °W°y [IevEs - °w°Q oTvWed 4ZL°’hl’CL d ITnpequs g
_UOTIDeTeS g6°| *2200°0> °¥°] TTvES *ucq oTewey nil’Si’s R ' 33T0DY )
bvto1is 80°Z #20°0> °w°l abieT’ *w°l TIess 6°S’n d ITRPY (113
L LL°Z  *2Z200°0> . *3°0 *‘ucq atemag ZL‘0OL‘S d RIRpEqus |14
N\ 6L°Z »%700°0> °u°] 8baeT] *B°q oTvEdg ni‘ni’s B/ 23T00Y i

JUSTOTIIS0D UOTIDBTSS
UOTIVUTETIOSTP
2ATIRIQx

ou jo
*qo1d

%

pejdetes
-S89

" pejdeTes
-930H

PP AP | -} 7 P

1 X8S

sbuas

"--"--'-“.Oﬁ&m"-----"'-

juewn
oﬂuomun

*uoT3vueTdxe I8Y3Inj 103 3IX83 89§ .uaoao«uutoo ao«v-aa-auondo
aAfiIeTal1 8yl 03 Hutrpioooe peyuel nunwuauwﬁno uotrjevpead eafidoetes #| Jo Kivmmns °I oaaua




66
egten in single and tvo prey treatseants.® Only in six of the
14 expérilents were the probabiiitiegbthe same. In this
table, the higher of th;se tvo probabilities is presented.
Por example, in Experiment 3a the probability of '<0.10' is
recorded in this table, but the probabili that more small
I. .gii;g; yete_eaten in tﬁe tvo prey eatpent was a&tually
between 0.002 and 0.01, and the probab lity that fewer large
I- litor vere §aten was betv;en'o.osra Q:10. Note that
the first set of probabilities are statistically significant
vhilerthe second set are not. Results that vere
statistiéally significant with one prey and not with the
other, also occurred iﬁ4xxperilents 7 and 8. The

probabilities given in Table I are therefore very

conservative. '

o’ )
-

Colulﬁ 8 gi;es the relative discrimination coefficient
associated vity.each experiment. The results are ordered so
the exberiients that showved the stromngest select;ve . '
tegdeicieg are lisged first. The e;pér;lents‘are further
caieqorized by gro@ping theé into those that showed stroag
seléction_(i.e;, vith a relative discrimination coefficient
above 1.5), moderate selection (i.e., %;0 to 1.5), veak
selectiOl‘(f.e., 0.5 to 1.0) and very weak or no seieé;ion

(i;e., 0.0 to 0.5).‘

~ . -

1 Por details, see Table A-II in Appendix II.

5
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Frqm the .results in Table I, one can make several

67

r

generalizations. Pirst, some experipents showed that p.
Igggggzg;j may or may not be highly selective_{n vhat it

_ eats, depenéing‘on,the citduistanéeé.'Second; subadult and
adﬁlt§spiders tended -to select the same kinds of prey (i.e.,~
Bxperinents‘Za and 2b, 3; and 3b, 5a and 5b). Third, the
degree of selection in subadults and adults was not\‘ .
consistent. For exaaple, in Bxpefiients 2a and 2b, the N

$o-s
relative dsttillnation coefficient wvas 2.17 for subadults

and decreased to 1.62 for adults, vhile in 3a and 3b, the
céffficient uas:}.38 for j:jadnlts and igg;ggggg to 2.08 for
adults. Pourth, there vas 40 indication that lale and felale
spiders selected for dif etent ptey (Lie., Experinents 4 and
5b, 8 and 9). Fifth, as tthe relative discrilination A
coeffic1ent decreased, the ptobability incteased ‘that
selection d;d Dot octur. Sixth, the relative discrimination

coefficient sometises exceogéd the thqoreticai linif of 2.

fhere vas little or no evidence that pre-féeding the

S
<

o

spidots‘£0t seven to eight ﬁqys’!ith one prey species _
influenced their suh;ogueﬂt selection of prey when t‘ey vere
given access to both the pre-fed prey and another ptéy. The
results of the gxpetineéts designed to test for the

imfluence of ére¢fooding aré giyen in Table II. IQ the first:
expetipent, fouale spidets vere pre-fed with either female

.gljggggg;g; or slall'x. ;g;;;g; or both. ltter eight -
days, the spidors vere all fed both prey for another eight

-
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days. A Kruskal-Wallis test reveatéd no significant
differences (0.50<P<0.90, H = 0.!117). In the second
experinent,/ﬁsing male spiders, a Kruskal-Wallis test was
significant (0.01<P<0.025%, H =47.7au) but a subsequent test
(i.e., the a posterjorji simultaneous test procedure) to
determine which of the three treatments were statistically
different was not significant (P>>0.05). In general, the
test; indicated that the selection in favor of ).

Pelanogaster vas not changed by pre-feeding with either prey

species, or a mixture of the two.

Table III was based on subadult female P- vapcgouyveri
feeding for six days in a tvwo prey systea of female D.
Pelanogaster and small T. poljtor. By imcreasing the
physical conblexity of\}he cages (i.e., by adding three tree
leaves), the number of D. pelapogaster eaten decreased‘
significantly. Though the number of I. politor eaten
increased in the treatments with lea;es, it was not 7
statistically different from the controls. (¥t Jwvas con¢luded
that changing the physical coamplexity of thevcages did

affect the relative amounts of prey eaten by the spiders.}

3. Utility of the Prey to the Predators

When the null hypothesis, that spiders fed the less-
selected prey did just as well as those fed the more-

" selected prey, vas tested, seyer out of 54 tests Ji.e., 13%)
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did not uphold this hypothesis (i.e., P < 0.05). In these
cases (see Table IV) the differences between the spiders
alvays benefited (i.e., gézztér and faster weight gains,
less mortality, faster produ;lion of and heavier false egg-
sacs) those that fed on the more frequently selected prey.
In all other cases (i.e., 87%) no significantly different
benefits were achieved from either of the prey. But in no

case did the less-selected prey provide any significant

benefit.t

When the null hypothesis, that spiders fed the more-
selected prey did just as well as those fed both prey, vas
tested, only two of the 62 tests (i.e., 3.2%) did not
substantiate this hypothesis (i.e., P < 0.05). In other
words, in‘97$ of the tests vwhere spiders wvwere supplied with
only the more frequently selected prey, the spiders fared 3t
deast as well as the spiders provided with two prey specie;.
In one of the two exceptional cases, subadult female spisdlers
fed only small I. politor matured sooner than spiders fed
both small and large J. .glijgg (i.e., 28.8 days vs. 48.0
dafs, P = 0.040*). In the secodd of the two cases, adult
female spiders fed Q. fasciatus gained less weight than
those fed both Q.lggggigxng and small T. politor (i.e., 5.81

L3

1 Por details, see Column A=C in Tables A-XII to A-XVII of
Appendix III.
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g vs. 9.76 g, P = 0.025%).2

Table V summarizes the benefit criteria‘exalined in
Experiments 2, 3, 5, 8, 9 and 10. It excludes Experiments 1,
4, 6 and 7 because in these experiments the spiders were not
observed from the beginning of thevsubadult stage. This
table shows which prey combinations that produced relative

discrimination coefficients of about 1.4 to 1.9 (i.e.,
moderate to strong selection) gave a relatively high

/;;oportion of benefit criteria (i.e., 25% of 28 tests) that
favored the predators. On the other'haand, those combinations
that gave a coefficient of about 0.1 to 0.6 (i.e., weak

selection) showed no differences in the benefit criteria

that were measured (i.e., 0% of 26 tests).

~

Table VI indicates that a group of spiders supplied
with prey that were more-selected (i.e., female ).
pelapogaster) fared- better in the subadult stage, in teras
of four out of seven benmefit criteria, than another group of
spiders supplied vith prey that were less-selected (i.e.,
large I. politor)-. ;ut when the adults produced by these two
feeding treatments were all supplied with a common prey
(i.e., large . p9litor), no differences in the adult
benefit criteria could be detected. In other words, benefits

accruing in the sub-adult stage from a prey that was more-

2 Por details, see Column A=B in Tables A-XII to A-XVII of
Appendix III. ‘ ’ ’
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Table V. Percentage of benefit criteria that favored the more-
selected prey.?

Experi- =—====---Prey---—-——---- Approx. Total Percentage
ment More- Less- relative number benefits
selected selected discriam. of better for

coeffic. benefits amore-
measured selected

prey

==z===z=z==r==TS—==SEs===S=SZ=S=S=SZE==ZS=-S=SI=SSITSTTSITTSTTIS==
2a,b Female D.s. O.f. 1.9 12 25

3da,b Saall T.n. Large T.n. 1.7 | g2 25

Sa,b Female D.s. Small T.n. 1.4 12 25 {

8 Female D.n. Male D.n. - 0.6 73 0

9 Female D.n. HMale D.n. 0.4 7 -0

10a,b O.f. Small T.as. 0.1 12 0

3 Only those criteria that had a probability greater than
0.95 than the more-selected prey gave greater weight and
size gains, higher maturation rates, or less mortality than
less~selected prey are included.

2 Subadult spiders did not mature on large T. BQlitor so
some subadult and all adult benefit criteria could not be
measured. ~

° . S
3 Nale spide;s. Adult data not collected.

¢ Adult data not collected.

T
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Table VI. Benefit criteria for female P. yapcoyveri in one
prey systeas involving large I. molitor. Results are

expressed as means (SE, N) per spider or as percentages (N)
of all spiders. (

Benefit Criteria Treatments!? Probability
A B A =B
P $ 3 32 -+ > 3 3+ -+ 2+ >+ > 4 3+ 2 3+ £ 3 2 5 3+ 3 5 + & F F &+ 3+ ¥~ F ¥ 2

Subadult Spiders

Subadult to adult 14.81 7.30 <0.002%=%
veight gain(mg) (0.910, 15) (0.974,10)
Subadult to adult 0.55 0.20 <0.002%%
rate of weight gain (0.049,15) (0.033,10)
(mgsday)
Subadult to adult 0.35 0.23 0.010%
size increase(mm) (0.027,15) (0.031,10)
Days for 30.1 41.1 0.020=%
maturation (3.17,15) (4.13,10)
——

Maturation 94% 67% 0.144
within 70 days (16) (15)
Mortality before 0% 20% 0.202
mRaturity or 70 days (16)- (15)
Extra moults 7% 6% " 1.000

(16) (15)

Adult Spiders

Adult day 0 to +10 4.48 6.44 0.200
veight gain(amg) (1.380, 15) (1.342,9)

Spiders producing 7% 22% 0.762
false egg-sacs (14)‘ (9)

Adult mortality os (" 0% 1.000
within 20 days (16) (15)

Days to first 18.0 14.0 ca. 1.000
falge egg-sac (0.657,2) (0.00,1)

1 Treatment A vas first fed female D. pelapogaster umtil
maturity. Treatment B was fed large J. politogp until
maturity. After maturity, both treataents were fed large T.

politor.
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selected did not improve the performance of the adult

spiders.
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DISCUSSION

SR

1. Detection of Selective Predation
-
a) Critique of the Experimental Design
A

Though selective predation is commonly estimated by

comparing the densities of each kind of prey in an

environment with the number of pref taken by predationm
within that environsent, Rapport and Turmner (1970) rightly
pointed out a serious flaw iﬁ this method - diffétent kinds
of prey are not equal alternatives to predators. In other
words, prey vary in such features as availability,

catchability and preferableness.

Rapport and Turner's method of detecting 'preference’
was io remove the complicating aspects of catchabilii} ang'
availability by presenting a group of predators with many
kinds of prey and comparing their feeding rates with groups
of predators fed only single kinds of prey. Whatever
selective tendencies vere left, with regard to predators
feeding on some prey more freguently than vhat wvas expected,

vere lumped under the term *preference’.

#hen a polyphagous predator is restrieted to feeding on
a single kind of prey, its degree of selection is reduced to
tvo choices: to eat or not to ea;. Under these
circg:sfances, the predator will tend io take &s many érey

as it can within the time and mechanisas available to it to
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seargh,~stalk, attack, subdue, ingest, store anh digest the
prey as well as to eliminate thé tesulting vastes.-The kind
and extént_of these limitations are not essential to the:
pteseht vork because the same limitations éexist in both: the
one and tvo prey systems. The Qply difference is that, in
the two prey systeas, the pred&tor has.lore choices: not. to
eat, to eat only Prey 1, to eat omly Prey 2, and to eat both

Prey 1 and Prey 2 in equal or “unequal proportionms.

Generally, the method used in this study to test for
selective pred#tion vas satisfactory. It allowed long tera
familiarity of the predators with the different prey, more
than adegquate tise for prey capture and ingestion, ready
.access by t#Z predators to the g;ey,‘lilifed disruptioﬂ by
the experimenter, 'acclilﬁigzation' to the laboratory
conditions, and feeding during a period vhen the thysiology
of the predators changed with agé and lonlting\céndition. It
also required few replicates to demonstrate strong selection
even though strong selection biased the results towards the

less-selected prey as the demsity of the lore-selectex prey

vas reduced by feeding.
.' ‘

The method wvas ®nsatisfactory in that the relative
, ‘ ,
discrimination coefficient sometimes exceeded- the

theoretical maximum of 2.0, the tdo probabilities within onme
selective predation experiment were not always the same, and

the use of single prey treatsents did not coampletely rule

i

»
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out the factor of differing catchability. .

Though the relative discrilinetionicoefficient\
theoretically cannot be.greater than 2.0,'it e;ceededfghis
value in three of the 14 selection experiments. Coefficients
greater than 2.0 meant that in the tvo'prey treatments, the '
feeding retee increaeed as a{re$u1t of either synergisa or
eornal variation. Since thejﬁifferences‘in the feeding rates
vere neither consistent nor seafiétical;y different, it vag
concluded that the incfeases vere ahfeSult'of normal
variation and not synergisa. ﬁaéport4et al. (1972) had.
reiative preference ceefficieets ranging .up to 5.9. My
results vere closer to the theoretical'laxin?l (i.e., the
largest ialue vas 2.&9). -

EN

The second problem, that of unequal probabilities
uithln the selective predatlon experxlents, is also best

explazned by nornal varxation in the feeding rates.

.

" The thlrd problen concetned &he elimibation of the
RS IO P
catchabxlxty factor. Most lxxaly, thégihfgg'z. politor were .

¢
no€ selected because of their large size, thef% posse381on“

of a strong cutlcle and their active resistance to-.
predatlon. Host spiders caught and’k;lled large :. ggiiﬁgg
only after several. days of starvation but a few spiders..l 31
never fed on this’ preya Thus, large I. politor vere'no¥ S
egually catchable to all the predators. lith this -

experlnental nethod, the single prey treatlents eliminate

s -
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iheﬁpbssibility that certain prey are totally qncatchablé.
Hovever, £he method is not completely satisfactor} in-
borderl;ne cases vhere the prey may be catchable to only a
~certain percentage of the predatots. Similar prohlels could.

arise if the prey vere glaghtly obnoxious in taste.

[N

The procedure used c¢ould be improved by iﬁc;easiig
teplication;'by chgnging the source of vdfgr so that it vas
accessirtle but did not contribute to ptgy mortality (e.g.,
 droHning of~I.'1911;g;&and escape of snéll 1.1191132; into
* the sponges), and by using larger cages wvith a physical
complexity aéproaching.the natural habitat. The use of
‘artificial leaf litter (Martin 1969) léy be useful in

bringing laboratory systems closer to natural situations.

b) Selective Predation in Rggdgﬁi vancouveri

The results indicated that P. Ignggglgjj are cdpable.of
selective predation under laboratory conditions. Of 14,
selectivé.préddtion experilentg, six showved strong
selection, tvo shoved moderate selection, three showed weak
seléction, an?_three showed ygry veak or no selection.?

S

-

2 In this stndy, expetilents vith relative discrimination
coefficients less than 0.5 were classified essentially as
shoving ne selection. This result will not nécessarily be
the case in other expértments. It should be possible to
obtain true instances of selection with relative_ -
coefficients less than 0.5. That is, veak selection but with
high probabilities that the single ‘and tvo prey t:eatlont
feedlng rates are different.

w0
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>
Spiders are often assumed to be polyphagoys predators

that feéd upon all suitably sized animals that chance their
way (Savory 1928). However, this work shows that ;hey may be
somevhat selective ip what they eat; Bristowe (19u]) stated
that spiders were selective, at least to the extent of
rejecting 'distasteful’ organisns. However, as Bristowe's
experiments lacked controls and vwere inadequately .
replicated, his conclusions are questionable. Turnbull

(1960) observed that a web-building spider sometines
accepted and sometimes rejected certain prey. ﬁe speculated
that this might be dué to a learned selectidn process, but

was unable to support this idea.

Thompson (1951) suggested that‘lost predators are more )
specific in their feeding habits tham is realized. He seeas
to have meant that few predators feed randomly, taking prey
indiscriminately on an opportunistic basis. But food
discrimination by a predator does not necessarily‘lean that
the predator is a specialist. Specialization ﬁlplies innate
or Jenetically fixed feeding behaviors. It is likely that
spiders, as other polyphagous predators, while exploiting
very !any'kinds of prey are still capable of discriminating
between them. This may bpe especially true wvhen resources are

"abundant (Cody 1974).

-

Some of the prey pairs used in these experiments were

i
H

chosen so that, on an a prjori intuitive basis, no selection
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was expected (e.g., male and female R. gg;ggggaslgg). Other

.pairs were chosen so that a high degree of selection vas

expected (e.g+., D. Belanogaster anmnd larg‘}i. molitor). Still

other pairs were chosem with no a priorj expectations (e.g.,

Q. fasciatus and small . molitor). i

The a priori expectations were largely substantiated.

No discrimination between -male an

ale D. melanggaster
could be shown even though femMales were nsiderably larger
and therefore perhaps 'more/profitablet to' t spiders. High

discrimination did occur between the smaller jprey (i.e., D.

or) and the larges ﬁfey (i.e.,

!g;anoga§ter, small T.
large f. molitor). This was expected because layge T.
mQlitor were known to approgch the maximum size

r

the spiders could handle.

In the experiments vitH no a priori expectationg, it
was fouand that D. !glaéogg§;g£ vas‘selected over all pther
experimental prey and that there was very weak or no
selection between Q. fascjatus and small T. molitor.

Though not all of the coabipnations of prey pairs jpere
tested, thnere Qas a hie%archy of selection similar to [that

found in seastars by Landenberger (1968). By combini the

results of subadnitg/ghq\adults, the hierarchy fo

<

vapcoyveri was: e
Female D. *’//;dle‘g. ‘Small T. Large T.

Relanoggster = pelapogaster > melitor > molitor
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Similarily, for female P. vancouweri it vas:

Female ). Male D. Small T. Q. : Largg T.

nlmw=;ﬂmmm>m=£s§gmg§>m£

It is possible that hierarchies may be useful to
predict sélection in untested prey conbinations. For
example, if Prey 1 is selected over Prey\z and Prey 1 is
Fqually selected when paired Hitthrey 3, Prey 3 may be
selected over Prey 2. -

If polyphagous predators,'like P. vancouveri, are shown
to’be more selective than is comaonly believed; there are a
nuaper of hypotheses that can be predicted. For exaample, in
tvo ecosystens with the same species diversity, the one that
is older, and therefore has had more time to establish
stable interspecific relationships, should have the
foiloving charécte;istics: i
(a) simpler food ﬁebs (i.e.; less variety ip kinds bf foods

s eatep),

(b) imQre efficient transfer of food_ energy betwveen trophic

J

levels (i.e., increased chances for specialized
i '
digestive systems and enzymes),

(c) more prey with highly elaborate defensive mechanisas

(i.e., specific prey defenses evolve aga;?ét specific
, .
kinds of predators), and
(d) more predators with highly elaborate offensive

mechanisas (i.e., specific predation weaponry and
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tactics arise for'specific kinds of prey}; .
Another example is more fpractical. If selective predation is
. Common underAfield conditidns, there is an increased
potential for contrblligb peSt species vith p;edators.

2

2. Transiemt Nature of the Selective Predation Process

In the section above, the hierarchies qflselection were
taken as being fixed. But it is not that simple. Selection
seens to be a transient phenomenon and may change for many

reasans (Rapport 1972).

Tpdugh tne sex and age of the spiders and their pre-
" feeding . did not seen ;o eake a difference in their selective
tendencies,\ the physical complexity of the cages did. When
a few leaveéluere added to the cages, the degree of
selection between D. gg;ago;gsger and small T. molitor *
changyed. This may have been the result of a number of
l’factors such as changes in the escape reactions of the prey,
incieased shelter for:the~prey and/or predators, and changes
in ﬁne efficiency'of prey capture. Thus, with changingv

environmental conditions (both abiotic and biotic), the

degree of selection or even the selected prey may change.

1 Even though these were negative results, they do not rule
out the possipility that factors such as age, sex and pre-
feeding may atfect food selection urnder different
circumstances with different predators.
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Different diets fed to larval flies have been shown to
affect tasté responses of adult flies (Dethiér'aﬂd Goldrich
1971) . Also, chgngés in seléétive predation have been shown
to occur with differences, in thé nuaber of prey choices
available (Landenberger 1968), geographical location (Dix

1968) , relative food frequencies (Murdoch 1969, Manply et al.

1972) and hunger (see references in Introduct;On)J

Though hunger 1is usuaily thought of in terms of energy
and carbohydrates, it is possible that there arevseveral
kinds of hunger (e.g.,'hunger for protein-ricp foods, hunger
for specificchmino acids, énd hunger for certain vitaains).
If tnis is true, it is possible that the hunger results froa
certain physiological needs that are ia turn related»to sonme
aspect of growth and/or répréduction. This is then a
possible mechanisa for inducing changes in patterns of food
seléction. For example, Ross and Bras (1975) have sahown that
rats select different ratios ofvcafbohydrateé or protein.&t
different ages andgghat these selections afféct the
longevity of the rats. McNeill (1971) noted that a mairid bug
fed on the leaves of its host plant during its early stages,
but then fed on the flower heads when the bug reached
maturity. However, it is not clear from McNeill's paper 1if
this shift of feeding occurred only when the flover heads
formed and thus became available to the bugs (i.e., the
problea of availability vs. preference). Also, Rodgers and

Qadri (1977) have demonstrated that the calorific values of
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aguatic ioverteprates vary significantly from season to
season and House (1972) has shown that the food value of a
diet may change with temperature. This means that the cost-

revenue balance may not be static, even with one kind of

predator and one kind cof préy.

3. Benefit Criteria

In order to detect whether the selective predation
process resulted in any positive utility (i.e., benefit) to
the spiders, twelve measurable criteria were selected that'
intuit;vely vege expected to be closely associatea with
achievement of maturation and reproduction of pP. gggggglg;i.
These benefit criteria were mounitored over an extended;
periodeof time for most of the spiders used in the selective
predation experiments (i.e., up to 50 days for s;;éers that
vere in the subadult stage and, for those that matured,
another 20 days while they were adults). For example, for
c;ose to three months sope ifidérs vere only fed female B.

”n
pelanogaster, cthers only small T. 3aoljtor, and still others

both female D. pelapoggster and small T. molitor.

Of the 12 bemefit criteria used, four did not shgwn any

<

statistical differences between any of the feeding
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treatments.t A1l four of these were measured as percentages.
As statistical pmethods for detecting differences between
percentages with few replicates are not sensitive,! it wvas
_concluded that these criteria may still be appropriate for

Beasuring benefits, but not for these experiments.

ot tbér:emaining‘e}ght criteria tnat showed statistical
d%fferences only four (i;e., subédult to adult veight gain,
subadult to adult rate of weight gain,. days for maturation,
and adult weight égin between moultimg and 10 days later)

vere signifiéantly different more than opce.?

Of these eight criteria, two were related to maturation
(i.e., percentage of subadults that matured within 70 days,
and days fof maturation), four were related to weight and
size gain (i.e., subadult to adult weignt gain, subadult to
adult rate of weight gain, adult weight gain between
moulting and 10 days later, and increase of céphalothorax
size), and two were related to increasing the pofential
nueber of offspring (i.e., time to produce first false egg-

sac and velight of first false egg-sac).

1 For subadults, these were the percentages of spiders that
patured within 70 days and that produced extra exuvia. For
adults, thes¢ wvere the percentages of spiders that produced
false egg-sads and that died vithin 20 days of reaching
paturity.

1 Only one criterion measured as a percentage was
statistically significant (i.e., percentage of subadult
mortality within 70 days?)

2 Tables IV and VI. v



In tae expériuent where a more-selected prey was fed
during the subadult stage and a less-selected pgéy in'the
adult stage, there ués no evidence of a carryv-over -of
benefits.from the subadult to adult stage3. This supports
the i9ei that pepefits obtaiped in the subadult and adult
stages c;n be treated indepehdently. For example, benefits

measured in the subadult stages were not derived from the

(unknown) prey that were captured in the previous stadia.

Having shown that P. vancouveri are capable of making
selections between two kinds of prey, and having commented
on tne benefit criteria used, the question rnow arises - "Do
the attriputes that were measured really benefit the

spiders?™ My answer, with some reservations, is "Yes".

All of the criteria measurements were directly or
indirectly related to increasing the spiders' chances of
surviving to maturity and reproducing successfully. The
ability to reach maturity is an obvidus advantage, but the
advantages orf the criteria Connected>uith weight-size gain
and increasing the potential number of offspring are less
obvious. All of the criteria connected with ipcreasing the
welgnt and size gains are mutually related. That is, in
lycosid spiders, vweignts have been directly aéd positively
Lorrelated with carapace size (Hagstrua 1971) and carapace

size similarily has been correlated with the numbers of eggs

produced (Peterson 1950). Minimizing time to produce the
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first egg-sac is ;egarded as an advantage because lycosid
spiders tend to produce more than onezegg-sac ;nd if a
spider can produce a second egg—saé, its total egg
prqductidn is increased. ‘Finally, the size of the false egg-
sacs areAaﬁsuned to be correlaged with the number orjat
least the ue;ght of the eggs that would have been produced
if they had been fertilized. In all of these cases it is
" assumed that more eggs will increase the‘likelihodd of more

offspring and help ensure the continuation of the species.
/v -

Whereas Slobodkin /196&) ﬁas advocated that the bést
criterion to judge evolutionary fitness is long tern
survival of tahe species, the advantages or benefits thét
vere measured in this study vere all short term factors
directly or indi}éctly related to either -maximizing the
longevity of the individual spiders (taken as sampples of a
population) or maximizing potential number of éffépring;
These factors have the folloiing problehs:

(a) excessive numerical increases in the predator
population may lead to severe conpet!&ion and
overexploitation of the prey;

(b) “adult survival past reproductive requirelenfs may lead
to cannipalisn;

() an extessive increase in physical size may increase
rates of predation and parasitisn;ﬁand

(d) an excessive shortening of the life span may result in

losses of potential food supplies and problems in-

Vs
7
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-

synchronizing the time of matumation of both seixes.

¥

+

Factors (a) and (b) are potential problems for both energy
maximizers and time minimizers. Factor (c) is a problem of

energy maximizers and (d) of time minimizers. '

In the words of€Cody (1974) : "... optimal aﬁd maximal
reproductive effbrt are like;y to differ,uand overail
fitness is maximized by a reproductive effort that is less.
than all out". AlsoAuha: is optimal varies "...with respect
to the given constraints of history and a variety of
sipultaneous selective forces" (Cody 1974). As it was
assumed that the spider population, from which the
individual predators were taken, had not fully exploited
thear natural habitat, and as very'long term studies (i.e.,
over many generations) were not possible in Qrder to
determine optimal sizes and maturation times, it was
concluded that the kinds cof criteria used in these
experiments were the best a&ailable for measuring survival

and reproductive success. N

4. Eelationship Between Selection and Benefit in

Pardosg vancouveri

The single prey experiments could have led to the -
following possible outcomes:

(a) the spiders that were fed the more-selected prey
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exnibited a gpeater expression of the benefit Criteria
than those fed the‘less-selected prey;

(b) tne spiders that were fed the less-selected prey
eihibited a greater expression of the bemefit criteria
N

than tnose fed the'}ore-selected prey; or \
4

(c) there was no relatfgnshgp betvween the selected prey and

thg beneflt‘crlterla. W/

’

The results showed ﬁhat outcome (a) was slightly .
favored -when all experiments, ranging from strong selection

to weak or no selection, were considered (i.e., 13% of 54

H

tests were statistically significant) but was moderately
favored wheu only strong to moderate selections were
considered (i.e., 25% of 28 tests). Prey combinations that

gave only weak selections (i.e., male and female D.

melanogaster, Q. fasciatus and small T. molitor) produced no

benefit criteria that were detectibly different (i.e:, 0% of
26 tests). Qutcome (b) was not supported by any tests (i.e.,
0% of 54 tésts). Thus, these results conform to the ideé

that benefité, at least when they were detected, arose from

the process of feeding on the K more-selected prey.

) Id
t4 A N

A possible consequence of diséovering that increased
. -

benefits. are associated uit\\h\higﬁ#degree of selection is a

3 -2

simplified method of detecting sel ive tendencies in

predators. That is, based on th¢ prey species that, when fed

its to a predator, one may be

! )

alone, gives the most b
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o

able to predict which of two or more prey vill be selected

- -

for most frequently. This ni§}l be useful as a fast
screening’device fog&gélecting‘potedtially useful predators

for piological control yotk.

There was a second set of possible outcomes froa the

selective predation experimehts. That is, the spiders that
fed on the more-selected prey did (a) ‘'better' than, (b) °
!ggég' than, or (c) as well as those fed both prey. The
results indicated that in 97% of 62 tests, (c) held true. It
»was cdncluded that there vas no major difference between
spiders fed the more-selected prey and those fed both prey
because 1n the two frey systems the spiders had access toi
and fed more extensively on the prey_ that provided the mogt
utility. In other words, evem if the spiderLs had two prey to
choose from, they fed mostly omn, say, Prey 1 and so the ’

benefits derived were not significantly different than those

spiders fed only Prey 1.

—
p

There were two exceptions to the above conclusion. In .
one case, outcome (a) was supported ihen spiders fed small
T. molitor matured sooner than those fed both small and

- . . .
large I. molitor. The best explanatiomn for this is that in

y
the two prey system the large T. molitor ifterfered i%;sone
way with the normal feeding process of P. vancoyveri. In the

second case, outcome (b) was favored. In this situation,

adult spiders fed both Q. fascjatus and small J. politor

> _ &
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gained aore weight thak those fed only 0. fascjatuys.
However, this might expected becausé there ua; little or
no selection between these two prey species and because
neither prey species, when tested with other préy, vere

higaly fé;:}ed. These exceptions may also be the result of

random eventd.

5. Mechanisms Behind the Selective Predation Process

. ‘ / N :
So far, I have tried to avoid suggesting why the
spiders selected the prey that they did. I was especially

concerned about suggesting that the spiders selected certain
»

prey because they 'preferred!' these prey.
y

There are five major categories of reasons why
fredators may discriminate betveen different kinds of prey
vhen they are given altefnatiQes froa yhich to select. They
are:

(a) differepces in the availability of the prey,

(b) differences in the catchability of the prey,

(c) differedces in the energy and/oéﬂnutrient content of
the prey, .

(d) differences in the palatability and/or digestability of
the prey, and -

(e) innate and/or learned preferences of the predator.

—

In these experiments, the variables of availability

(i.e., coexistence of fpredators and prey in time and space,



differences in density, and distribut;og of prey) vwere
eliminated by the use of the one and two prey treatments and
by the selection of suitable prey .densities. Thus,

availability [i.e., category (a) ] was not a reason why some

prey were selected over others.

The one and ‘twvo prey ireatuent Bethod does remove most
of the variapility dﬁe to differences in prey catéhabilipy
(i.e., cétegory (b) ). Hsuever, it is possible that the
reason why a predator sele:ted certain prey wvas that they
wvere easier.tp capture - in terms of less energy expenditure
or less risk of physical injury. Large T. molitor larvae
probably were not selected because they dpptoached the
paxinum size that thae spideps could handle, and they
violently twisted frcm side-to-side when they were attacked.
For p. ¥ oyveri, feeding on large I. moljitor is an energy

consuming and 'risky' business.

Category (c) includes the possibpbility that predators
selected prey that have the greatest amounts of énergy
and/or nutrients. Certainly large prey contain more grossi
putritional units than small prey. Also there may be
qualitative differences in the nutritional values of
different kinds of prey. For example, a prey may be highly
favored because it contains essential minerals, amino acids

or vitamins.

Another possibility is that selection occurred due to a

4 .
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conbinaiion‘of ease of capture and the amount of ‘energy
av;ilable [i.e., a combipnation of‘categories (b) and kc)].
Whether a prédator is an'eﬁergy maximizer or a time
minimizer, the best feeding strategy is to utilize the
greatest possible amount of energy fron eaéh prey captured.
That ié, naxinuﬁ utility results from the greatest net
energy gain. ihus, the most-selected prey maj not be the one
that yields the greatest amount of food or is easiest to
capture, but is the one that results in the greatest

positive utiiity (i.e., after costs are deducted froa

revenues) .

/

Category (d), that is, palatability, tries to e&plain
selective predation in terms of the predators taking more
prey that taste "good"™ and less prey that taste ;Bad".

Palatibility may have played a role in the experiments that
used the brightly colored Q. fascjatys. Gelperin (1968)
observed that nanfids may avoid 0. fascjatys after attacking
one, and Jackson (1977) observed that jumping spiders
rejected thea. Thus, it is pos§ible Q. fasciatuys were not
readily eaten by P. 1gg9931g;i;because of their taste.
However, this possibility is slight for the following
reasons: 4
(1) 9. fascjatys vas readily accepted by P. vancouyverji when
it vas-supplied alone, and the spiders successfully

 matured;

(2) wvhen Q. fascigtys was presented with . m@litor (which



has pno record of being obnoxious to arthropod
predators), P. !gggogve;;?shoved no selective (¢/
tendencies that were statistically significant;

(3) the most probable active components that refel
predators (i.e., cardiac glycosides), are not present
in 0. fasciatus reared on sunflover seeds (Duffey and
Scudder 1974); and

(4) Q. fasciatus has been observed peing eaten by other .
arthropod predators including spiders (Andre 1934,

Sauer and Feir 1972).

As mentioned in the introduction and as discussed
below, foods that are highly palatable and/or digestable may
or may not be highly selected. Also, though it is usually
assumed that foods that are highly palatable should be

highly nutritious, this may not alvays be so.

Category (e) is concerned with the innate and/or
learned attributes of the predator that predispose it to
select certain kinds of prey over others - that is,
preference. The possible kinds of attributes that could be
used by the predator to detect preferred kinds of prey
include such things as size, fora, color, odor and taste. If
preference for certain prey is based on taste, some
recognition character of the prey probably will be
associated with highly palatable foods. There are possible

exceptions however. An example of a highly preferred food

o
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that 1s not highly palatable may be one associated vith a
preferénce for a very important mineral, such as irqn in
humans, that tastes "bad" but is taken because it is needéd
for naiétaining a good state of health. However, as with

‘palatability, strong preferences may or may not be

associated with highly nutritious food.

If palatability and preference are associated with high
quality prey, their effects cannot be separated, by the
experiments used here, from those conferred by categories
(b) and (c). However, if palatability and preference are
associated with low quality prey, one would expect that/the
more-seﬂgcted prey (i.e., the one more palatable or more
prefé?éed) would yield fewer benefits than the less-selected
prey. It is also possi?le that palatability and preference
-do not play more than a minor role in selection of prey. -

These factors may Lke conmpletel vershadovwed by other

features of the selective predation process.

o

One or more of categories (b) tsrough (e) could have
caused the strong selections observed. In cases of no
selection, either all contributing factors were equal or the
factors that influenced the predator to select, say, Prey 1

were effectively cancelled by equally important factors that

influenced the predator to select, say, Prey 2.

Though it is not possible, with these experileﬂts, ;d

indicate exactly wvhy the spiders chose the prey that they
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did, the results do show that the testbprej varied in terlg
of tne degree of utilitf that they conferred to the spiders,
and that the spiders were able to detect‘thesg differencés
and use the information obtained to provide themselves Qith
benéfits. That is, the selections made by the spiders tended
to be the optimal ones for maximizing individual fitness |
vith respect to survival énd reproduction. Thus, I
-hypothesize that the ultimate reason that certain selections

were made was to maximize fitness.

In this hypothesis, I do not suppose that a spider
makes a conscious decision, every time it encounters a
certain prey, about whether that prey will provide it with
pore benefits than some alternative prey. The choice at any
one time may be made for more iamediate reasons such as

<
availability, catchability, or palatability and the many

subcomponents that comprise_ these factors.

Neither do I suppose that every selection a predator
makes is necessarily an optimal selection. Young (1945)
showed that rats, while capable of switching from éugar to
casein, did not do so when deprived of protein. Gelperin and
Dethier (1967) demonstrated in the laboratory that a species
of blow fly selected certain sugars that were deleterious to
it. Gill and Wolf (1975) found that sunbirds tended to feed

on open rather tham closed flowers even though the latter

b

e
potentially provided more benefits. These discrepancies may
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arise‘because natural selection is not an.instantaneoﬁs
process. Several or even hundreds of gemeratioas may be
required for a population to respond genetically to an
environmental change.-Neu, advantageous, traits are slow to
become established and old, now disadvantageous, traits dare
slow .to be removed. Thus, a nevw superior food for which a
predator has not evolved selective mechanisms may remain

unexploited, and a currently held innate *'taste' may lead a

predator to take a disadvantageous food. Man's reluctance to

use new nutritious foods such as algal cultures may be an
example of a *taste' that has not evolved, and our innate
'taste! for sweetness, which once led our ancestors to
select fruits that supplied energy and vitamins, may now
lead us to overuse of refined sugars. Also, just because a
superior food exists, it does not necessarily mean that the‘
food will be selected. If no individual eats it, its

L .
superior characteristics will remain unrecognized and no ‘
selective advantage can occur. Purther, even if the trait to
use the food does arise in some individuals, but the
population as a whole is not nutritionally limited, the food

will confer no or little advantage and the tendency to use

it will have little chance of increasing.

Thus, some feeders in a population may ‘'err' in their
selections of certain foods or 'err' at certain times or
under certain circuamstances. However, the majority of the

selections will be associated with foods that experience has
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shown to provide high utility to thewfeéders in terms of ‘
their fitness for tﬂeir environment. If they constantly
'erred', they would ;ose out in the competitive struggle for

survival.

The results of these experiments tend to agree with
this h}pqthesis. They clearly show that P. vancouverj does
discriminate between some kinds of prey. Of the prey
presented, some were selected significantly more frequently
than their alternatives. 'Usually no prey was selected to the
total exclusion of the alternative prey, indicéting that
both of the alternatives were at least sanpled. In only one
casel! was any kind of prey not fed upon because it was
unavailable, uncapturable, or because the spiders were
"ignorant" of its qualities.;The results\also cshovw that when
~ the spiders discriminated betwéen tiovpréy;“}he prey
selkited more frequently provideg greater benefits than the
one selected less frequently. When no discrimination between
prey pairs could be demonstrated, the oghefits accruing from

each of the two prey were about equal.

Having stated that selection is based on fitness, the

next problem 1is to explain how this selection might be -
/
implemented by tne spiders. Pirst of all, the spiders must

1 Exception: Experiment 1 when adult male spiders did not
eat on large T. politor when both the larvae and ).

Belanogaster were available.
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be able to detect what kinds of nutrients (i.e., prey) are
available. Though 1t 1is possible that this could be done at
a distance (i.e., with, visual and odorous clues), it is more
probable that the spider usés more direct contact (i.e.,
clues gained by taste and ingestion). The latter implies
that the spiders will tend to sample all available and
catchable prey. A part of this dé{ecticn process 1is the
question of whetner the spiders use palatability or some
other amechanism to discover the presé;;;\gf nutritious
foods. Though 1 hav repeafedly stated thé; palatability
need not be associai:l with highly favored foods, taste is
prooably the easiest way for discovering which prey are
valuanle as food. Of course the relationship betveen what is
palatable and what is nutritious must have evolved through
tne process of natural selection. If palatability is aot the
mechanism, tae next probable means 1s the use of éhemical
receptors that are associated with the digestive tract gnd
are stimulated by such tﬁings as carbohydrates, proteins,

fats, amino acids or minerals.

Th; next part of tne problem concerns how the spider
uses the information about nutrition to select its prey. The
simplest explanation is that the spiders, thfougb natural
selection, possess innate behaviors that cause them to eat
certain prey that coamonly inhabit their environment and
that possess certain recognizable characteristics (i.e.,‘

éalor, size, foram, texture, and/or chemicalTattributes).
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Thus when a prey is encounteréd, the predqtor instinctively
knows its qualities. This-model minimizes the errors of
attacking dangerous, toxic, or nutritionally inferior prey
and would restrict,;but not eliminate, exploitation of new
and possibly superior prey. Also the qualities of several

hundred, pernaps thousands, of potential prey types would

have to be genetically coded and available for use.

A second model assumes that each predator learns, by
sampling, the gualities of each prey type that it
encounters. This model assumes some risk involved with
sampling dangerous, toxic, or nutritiqnally inferior prey,
but allows exploitation of new kinds of prey and little

expenditure for genetically coded information.

A It 1s very unlikely that any of the prey types used in
these experiments are encountered by P. vancoyveri in

nature.! It is therefore unlikely that the spiders had any a
priori or innate knowledge of the qualities of the
exberimental prey. Thus it is the second model that was
‘tested. That is, there is a learning process that is

associated with the trial and error sampling of the various

Al -

1 Attempts were made discover the natural prey, but of
the 500+ spiders collect™ed in the field, only three had food
in their chelicerae - a colleabola, a lepidopterous larva,
and another lycosid spider. After this study was well under
vay, it was fqund that bther lycosid spiders feed heavily on
Diptera, Hemiptera and other Araneae (Edgar 1969, 1970a,
1970b; Hallander 1970).
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potential prey (cf. Holling 1965).

\
6. Wny Eat More Than One Kind of Prey?

In all cases, except where D. melanoggster was paired
with large T. poljitor, the predators in the tvo prey
treataents ate at least some of the less favored prey. The
question then arises - why should the predators eat any
alternative prey when a favored prey was available? The

seven possipnle reasons are discussed below.

One reason is that the density of the favored prey was
reduced as the predator fed. This meant that as the predator
fed on the favored prey, there were fewer contacts petween
the predator and the favored prey and relati}ely EOre
contacts between the predator and the less-favored prey.
This in effect reduced the catchability of the favored:prey

and so the less-favored prey was eaten.

A second reason is related to the spider's
un familiarity with the prey. In order to déferaine which of
tvo or amore prey kinds is superior, a éredator may first
have to sample the range of uhét is available. During this
saspling period, the predator will try prey that it may
reject in the future. To fully assess the qu‘lity of a prey,
a predator aust not only taste it, but also :bﬁest and

probably digest at least some of it. Also, the memory

function associated with this practise may last for only a
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few days and so sampling may have to be repeated on a

regular. basis.

A third reason is that the prey are eaten.in a ratio
that is optimal with respect to energetics. Un@er certain
conditions, it may be more energy efficient for a predator
to actively go and search for certain kinds of prey, while
under other conditions 1t may be more efficient for the

\ predator to sit and wait for the various prey to come to it.
q‘he former will lead to active selection, while the latter
will lead to prey taken in proportion to those prey that

approach the predator.

A fourth reason is related to nutrition. A certain
mixture of two prey may provide ,a better diet than either

prey alone. That 1s, the prey complement one another -

nutritionally. <f

A fifth reason, in opposition to the first reasom, is
that there was an excess of food. This may be best
illudtrated with an anthropocentric example. Given the
choice between steak and hamburger, I much prefer steak. But
I eat hampurger much more frequently because of the greater
cost of Steak. I select hamburger, but prefér steak.
However, I occasionally purchase steak even tﬁough I anm
aware that it yields less nutritional units per dollar than
hampurger. This is done only when I have a s®mall surplus of

income and can afford to pay extra for the palatability.
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Similarly, when a predator has an excess of food it may
occasionally select a more palatable prey even if it yields
a smaller net energy gain.g |

A sixth possibility is that monophagy may cause
monotony. If there is an excess of food available, ;
predator may sample another prey jus£ because it is
different, not necessarily betfer.,ﬂn example of this in
bumans is found in a once popular song - "Once you've been
éating steak a long time, beans, beans, beans, taste fine". .

A seventh possibility is that predators have some
innate mechanism to allow some highly favored prey to

escape. Possibly, this would allow the prey to reproduce and'\\\
. N }

provide more prey to the predator or the predator's L

of fspring. _ \\

Of these seven possibilities, I suggest that the first
one tended to be important only during the\first few'days of
the 20 day feeding tests. During the begin;ing of these
periods of time, the spiders were vefy hungry because they
had recently moulted and so fed on all available prey. As
the spiders fed, their hunger decreased and the nuaber of _
less-favored prey that ueré eaten also decreased. Though the
%?fefts of the secoﬁd factor (i.e., the need to sasple the
various possible prey) cannot be distiquished from the

effects of reasons five, six, and seven, it probably played

a role throughout the selection experiments. The third and
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fourth reasoms (i.e., energy and nutrition) -are probably the
most important factors because of the relationship between
€ w .

selection and 1increased pbenefits. Reasons five, six and

seven are possible but, in my opinion, improbable.

\ ‘ N
o ‘ .
7. pardosa vancouveri as an Eé}rgy Maximizer
a . )
) // On Schoener's (1971) continudm ‘of energy maximizers and

Lo

time minimizers, I place P. vamcouveri towards the side of
the energy maximizers because relatively more of the benefit
criteria that were statistically significant sided with

‘increasing biomass, rather than reducing time limitations.

The biology of this spider also conforms to this
conclusion - an animal that naxinizgs its energy intake in a
fixed‘period of time. The spider hatches from the egg abdut
the middle of Jude and is carried around on its mother's
back for a few days until it can fend for itself. From then
until about October it has to accumulate enough energy to
supply it throughvthe vinter. Then, within a matter of a few
weeks \during late April or early May, the spiders mature,
mate and produce the next gemeration of young. The factors
of parental care, a constant tiné of mafuration (regulated
by the seasons), aqd the probability of a correlation
between size or body weight and the nuaber 6} eggs produced
(Petersen 1950), all point towards eﬁergy maximization. Y.

4 t
However, there are two factors that side towards time ) '
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minimization. These are: 1) a high percentage of the adult
females survive after producing the first egg-sac and 2) the

tendency for the production of a second egg-sac.

Having thus classified P. vancoyveri as mainly an
energy maximizer, I must point out one thing. %hat is, if
the energy intake becomes excessive it may lead to obesity
and diminished fig;ess. Perhaps energy maximizers would be
better defined as those organisms that maximize energy gain
per unit time yp to gg optimal amount. Normally, most
predators probably do not find enough prey for the ogtinal

limit to be reached, much less exceeded.

. _ : ~
In contrast to P. vapcoyeri, Lipyphjia triangularis

tends to be time minimizing spider. Turnbull (1962)- found
that by increasing feeding rates} the spider's developmental
period could be reduced from about 300 to 70 days..There
vere no differences between the nulbef of eggs produced by
the spiders fed the mipimal or maximal ;htes and the total
food consumed perllife-tine vas nearly constant at all
feeding rates. L. trjapgylaris is, however, a bit of an
energy maximizer because though fhe number of eggs produced
is constant, the weight per egg is increased with increased
food intake. The differences in sizerare due to increases in
the amount of yolk, and this presumably inéreases the

chances of survival of the offspring produced.

Probably most animals will be found to combine both
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energy maximizing and time minimizing strategies.
~
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‘CONGQLUSIONS

The following is a summary of the conclusions derived

this wvork:

P. !ggggglggg, a polyphagous invertebrate éredator, is

capable of selective fpredation.

(a) ©When the fac;ors related to availability and, to a
lesser extent, catchability were reaoved, P.
yancouveri showed a range of discrimination from
high selection to no selection.

(b) A hierarchy of selectiom did occur vith D.
melapogaster being most-selected ard large T.
moljitor ﬁeing least~selected. This hierarchy wvas
staple under certain conditions but may change
vhen conditions are altered.

(1) The kind of selection did not change with the
sex or age of the spiders. Neither did it
change by pre-feeding the spiders with
certain prey.

(11) éelection did change with changes in the.
physical coaplexity of the test environaments.

The test prey varied in their degree of utility to P.

vancoyveri. The spiders were able to detect and use

this information to increase their éurvival rate and
potential number of offspring. , »

(a) Prey coabinations that led to moderate to strong

selection produced most of the benefit criteria
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that were statistically superior. .

(b) Prey combipaticns that led to weak selection
produced no observable differences in the benefits
that could have accrued to the spiders.

(c) The spiders that were fed the less-selected prey
exnibited no benefits that were superior to those
spiders fed the more-selected prey.

(d) Spiders fed the more-selected prey tended to do
just as vell as those fed both prey.

(e) It is hypothesized that the ultimate cause of this
selective predation process is associated with ‘
maximizing fitness. ‘//

(f) It is hypothesized that in this selective
predation process the predator samples the
available prey, determines their attributes,
rerembers these attributes, and then selects prey
that possess certain attributes. Attributes
selected seem to be related to prey
characteristics that confer benefit to the
predator.

(g) P. vancouveri tends to be more of an energy

maximizer thanm a time aminimizer.
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APPENDIX I, Specific Infcrmation on the Various Predator and

Prey Cla'ssegs\

This appendix presents some specific information about
the measurements, weights and behavior of the various kinds

of predators and prey used in the experiments.

Table A-I gives cephalothorax widths, live weights, and
dry weights of the exuviae of the various predator types.
Data were derived from prepenultimate spiders collected in
the field and raised to maturity on D. melanogaster. All the
measuresments of female spider types were larger than those
of the same male types. However because the means were so
close, none of these measurements, whether used alone or
together, vere as useful as morphological characteristics

for separating the sexes. .

Tables A-II and A-III summarize the physical dimensions
and the mean weights of the test prey. Very little overlap
occurred betvween any tvo prey tyges of the same species.
Infrequently, large J. moljitor had a fev smaller larvae
pixed in with them because of incomplete separation. The
standard errors of the dry wveights of test prey vere very
lov pecause more than one individual wvas used per sasmple.
The smallest to largest prey, based on size and veight,
were: Q. fasciatus ‘\3ale D. melanogaster < female D.
pelanogaster < small I. politor < large I. golitor. (the
large J. politor veighed nearly as much as the subadult

e
~
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spiders.) .

Table A~IV shows the usual resting places of predators
and prey at their normal densities in the plastic cages.
These positions are a measure of the accessibility of the
aﬁimals to tne various pérts of the cages. In general,
though the distribution patterns of the various prey typés
varied, the spiders had access to all parts of the cages

and, hence, access to all types of prey.

Except for the predator, the resting positions 1?;e
obtained from experiments Hlé% only one kind of animal
present. The predator results care from an experiment in
which five large T. molitor were also present. The exact
nuspber of individual prej observed was not known because
.some prey were observed for more than one day. The usual
resting place of P. vapcoyveri was the floor of the cage.

Of ten the vertical plastic surfaces were accessible to the
spiders only after one to two days of occupancy, by which
tieme some drag-~line silk had peen deposited. Q. fasciatuys
and D. melanogaster had access to all surfaces within the
cages but TI. moljtor was festricted to the floors. The flies
collected mainly on the sides of the cages. The bugs
aggregated on the ceilings. Evé hough the I. politor often
cravled under or into the sponges (that supplied water to
the animals), most were stifi/accessible to the spiders as
potential prey as only their head regions were covered.

\\

-
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Similar observations were obtained in the wooden cages
except that I. mgljitor had access to the sides and the
screen back. Also P. vapcoyverj rested more often on the

screen pack than omn the floor.

Generally, P. yancouveri would kill one prey and feed
upon it until completion. However, when it was very hungry
it often fed on more than one prey at a time (see Hardman

1972) . Also, when feeding on I. moljtor, a spider vould

| of ten stop feeding, drop the partially eaten larva, and

return later to resume feeding. The latter phenomenon was

not observed when the spiders were fed on D. melapogaster or

N

The prey sp%}ies that shoved the greatest struggle when

O. fasciatys.

4

captured was I. molitor. When attacked>by a spider, a larva
usually twisted violently from side to side. This sometimes

resulted in the larfa being rél%?sed by the spider.

Table A-V gives the non-predator (i.e., starvation-
drowning) sortality of D. m ogaster one, two, and three
days after flies were initially placed in the cages. Inm this
experiment flies were the only animals in the cages and vere

reneved (i.e., totally replaékd) tﬁree times and replenished
d)

(i.e., only dead flies replace our times each wveek. In
the column labeled "1", the 0.23 refers to the mean number
of male flies that were dead one day after they vere

renevwed. The dead flies were then replenished. In the next

L
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column, 1.57 1is the mean nuaber of ?Efss that were dead twow
days after renewal but one day after being replenished.
Similarly, the mean of 2.77 refers to the mortality three
days after renewal, but incluges tvo repienisblent days
(i.e., days 1 and 2); The grouped means are mean results for
the same cages 1 and 2 days after initial remewal and 1, 2
and 3 days after initial renéual, respectively. In general,
the results indicated that mortality rose considerably after
two days. Thus, for most experiments?! dealing with selective
predation, prey were renewed every two days and the atteapt

to use weekly schedules was abandoned.

The statistical tests (see bottom of Table A-V) coapare
the non-predator mortality rates found in D. melapodgaster in
the one day renewal-one day replenishaent cycle that was
done for most selective gsedatioy experiments. The tests -
indicate significant mortality diffefences between the males
and females, but no differences within the same sex. That
is, about twice as many males died as females but there was

no change in mortality when the two kinds of flies were

placed together.

Table A-VI gives the non-predator (i.e., starvation-
drowning~-cannibalism) mortality of Q. fascjatus and the two

sizes of T. molitor. The densities of the prey vere the same

1 Exceptions were Experiments 8 and 9 in Table V.
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as in the selective predatién experiments with the spiders.
In Q. fasciatus, nortality vas low; in TI. moljitor, moderate.
The norfality of large I. moljtor increased with time, as
occurred in R melapogaster. However; ﬁortality in Q.
fasciatys and small T. aolitor iainly occurred during ihe

first day and did not increase on the following day. ¥

Table A-VII ¢4indicates that when small and large I.
molitor wvere piaced with live D. melanogaster there was no
increase in mortality over the controls (P > 0.9 for small
I. moljtor and >0.5 for large I. moljtor). This, coupled
with direct observations, indicated that néither'snall or
large T. politor kill‘Q. mela as . Though it was
observed that J. molitor larva sometimes fed on dead flies,
the numbers of dead flies in the cages with J. molitor were
not sighificantly less than the controls (P>0.1). However,
there was a significant difference between the estimated
numbet. of dead flies eaten by the small and large I. molitor

- the small larvae ate more (P>0.01%).

Taf}e A-VIII gives the feeding rates of large T.
moljtor onm cold-killed D. pelanogaster. Notice that the
density of both the beetle larvae and the dead flies were
Buch bigher than what occurred in the selective predation
experiments (i.e., 10 vs. 5 larvae per cage and 10 vs. about

2 dead flies per cage). Thus, the feeding rate of 0.465 dead

flies per larva per day is much higher than what occurred in
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thenselective predation experiments. -

Table A-IX gives the feeding rates of both s;all and

large T. mpolitor on rejectamenta of D. gglggég§§;gg. Agéin,
note that the densities of both tg; larvae and rejectamenta
were higher than the usual circumstances found in the
selective predation experiments. The rates work out_to be
0.090 rejectamenta per larva per day for large T. politor
and 0.015 rejectamenta per larva per day for sﬁall T.
moljtor. These feeding raqtes are very different

statistically (P < 0.001**, U = 2057).

Table A-X lists the escape rates (ﬁlus counﬁing errors)
of tae various prey types. The escape rates were calculated
in tne same manner as the number of prey eaten per spider
per day, except of course, that there were no spiders and no
rejectamenta. There were no escapes of larde T. molitor.
Some, 2.92%, of the small T. moljtor were lost when they
burrowed iEto the sponges. Escape of D. melanogaster was
less than 0.2% when the density was 10 flies per cage but
climbed to two and a half times that value vhen there wvere:
20 flies per cage (i.e., 10 males plus 10 feiales). The
escape rate of Q. fascjatus was the highest at 8.54%. This
was due to tneir ability to move through the small cracks
that resulted fron the imperfect fit of the lids and bases
of tae plaétic cages. The Results section comments on how

these errors wvere taken into account when the feeding rates
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of the predators were calculated.
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Table A-I. The mean cephalothorax widths, live weights, and
dry weights of exuviae of male and female P. yvancoyveri
(SE,N) -

--------------- Male spiders —-===---====---
Antepenultimate Subadult Adult
-

Cephalothorax 1.79 2.05 2.36
width (ma) ( {(0.004,170) (0.004,170) . (0.007,23)
Live weight at ceee 15.58 21.44
moulting (mg) ) (0.324,80) (1.018, 39)
Dry weight rd 0.28 0.56
of exuvia (mg) {(0.010,44) (0.015,29)

------ ------- Female spiders =----=-=—==-=--

Antepenultimate Subadult Adult
LSS TS s =E=Em===== ====#"‘.========:::::::::::::::::::::::::::
Cephalothorax 1. 81 2.06 2.91
width (mm) (0.004,140) (0.005,140) (0.006,93)
Live weight at cene 16.61 31.11
moulting (mg) ' (0.262,177) (0.513,99)
Dry weight 0.31 0.58

of exuvia (mg) (0.012,39) (0.023,26)




Table A-II.

The mean (am) length,

119

width and height of test

prey (SE). N = 30 individuals of each prey type.

<7

Q0. fasciatus D. melanogaster T. moljitor
Male Female _Small Large
Length 1.85 2.64 2.73 5.59 10.08
(0.126) (6.010) (0.011)  (0.187) (0.302)
Width 0.88 0.78 0.87 0.85 1.62
(0.061) (0.003) (0.004) (0.010) (0.013)
Height 0.5¢ 0.94 1.02 0.71 1.32
(0.043) (0.003) (0.003) (0.010) (0.016)
k &
\
N
>y \
. ~_

o e R e
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Table A-III. Mean weights (mg) of test prey (SE).
Q. fasciatus D. melanogaster - I. molitor
Male Female = Small Large
Wet 0.46 0.80 1.23 ,~/§TET‘\‘——72R§6
Weights1 (0.038) (0.016) (0.030) (0.222) (0.731)
Dry 0.238 ‘ 0.253 0.354 1.008 6.350
Weights2 (0.0002) (0.0004) (0.0003) (0.0024) (0.0100)

{33x10] (29x100] [27x100] [12x20] [ 13x20]

1 §et weights were based on 30 individual weights.

2 Dry weilghts were based on a number of saiples of more than
one 1ndividual. This is expressed as [ number of sanmples x
number of individuals per sample].

L 4
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Table A-IV. Resting positions of P. vancouveri and test prey
in plastic cages. :

» )

Animal Resting positions (%) 1t Total Number

number of
1 2 3 4 5 observa- animals
tions " ob-

/ \ served
Subadult 0.0 5¢1 54.5 20.1 20.1 154 18
female P.
vancoyveri
Q. fasciatys 6.2 8.9 5.3 21.6 57.8 415 >1202
Female D. 0.0 30.4 7.8 37.1 24.6 601 >3002
melanogaster
Small 9.2 5.6 85.1 0.0 0.0 141 >502
T. moliter ;

Large 13.0 5.2 81.7 0.0 0.0 115 >502
I. moljtor

-r

! Resting positions expressed as percentages of total amount
of observations. Ccde for resting positions: 1 = under or
vithin sponge, 2 = on surface of sponge, 3 = on cage floor
(excluding sponge), 4 = on cage walls, 5 = on cage ceiling.

2 Obser;gtions vere taken over more than one day and more
than on on each animal.
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Table A-V. Non-predator mortality of D. gelapogaster.
Results are expressed as mean number of dead flies observed
per cage per day (95% confidence limits). Transformation =
square root (I + 0.5).

Prey Number of days after prey Grouped means

(number prey renewvalt
per cage) 1 2 : 3 1+2 1+ 243
Male 0.23 1.57 2.77 0.75 0.98
(10) (0.015- (1.225- (1.946- (0.5t6- (0.729-
0.253)y 2.085) 3.714) 1.003) 1.250)
Female 0.03 0.65 3.17 0.31 0.59
(10) (0.0- (0.417-  (2.566~-. (0.193- (0.417-
0.067) 0.918) 3.834) 0.473) 0.783)
Male (with 0.14 2.18 3.89 0.99 1.31
female) (0.008- (1.687- (1.740- (0.707- (0.990-
(10+10) 0.286) 2.732) 5.317) 1.292) 1.652)
Fenmale 0.07 1.03 2.26 0.49 0.78
(with amale) (0.009- (0.721- (2.192- (0.335- (0.565-
(10+10) 0.133) 1.374) 4.517) T 0.662) 1.012)
Nuaber of 54 54 18 ~108 126
Observation-
days *

STATISTICAL TEST (U values) 2

T e e e O e e - A S W o AN v - W e - T v e et et —
R > R X 2 2 2P P PP

(vith male) (vith male)

Ealg : Male
Fenmale : 304*= Female : L2
Male (with : 186 309*x Male (with
Female) { Penmale)
Female : 271%x 226.5 286%* Female
i

! Flies were 'renewved' every two or three days, as
indicated, and 'replenished' once each day.
2 The statistical test was the 3 posterjiorji nonparametric
simultaneous test procedure and was used on the data for
days 1+2. Numper of treatments = 4, number of means per
treatment = 18, number of observation-days per mean = 6.
P<0.01%** Note: For P = 0.01, the critical value of U =
260.4; for P = 0.05, U = 243.2.

£|

~
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Table A-VI. Non-predator mortality in Q. §%§g;atg§ and T.
BOlitor. Results are expressed as mean nuaber of dead prey
observed per cage per day (95% confidence limits)[.number of
observation-days]. Transformation = square root (X + 0.5).

Prey Number of days after prey Grouped mean
({number of renewvalt
prey/cage) 1 2 1+2
Dt ‘
Q. fascgjatus 0.08 0.00 0.04
(10) (0.0-0.425) (0.0-0.343) (0.0-0.277)
[24] . [24] - [48]
Small TI. molitor 0.36 0.34 0.35
(5) (0.209-0.509) (0.214-0.459) (0.256-0.434)
[16] [16] [32]
Large . molitor 0.40 0.45 0.42
(5) (0.199-0.604) (0.183-0.696) (0.272-0.574)
[14) [14) [ 28]

1 Prey were ‘'reneved' every two days and 'replenished' once
each day.
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Table A~VII. Feeding rates of I. moljtor larvae omn dead
female D. pelapogaster. Results are expressed as mean
numbers observed per cage per day (SE).

T. molitor Number of ‘Initial demnsity (N)°
(10/cage) observation- (10 live D, melanogaster /cage)
days
Number Number Estimated
live dead nunbﬁp
(L) (D) Eate
(N- (L+D))
Small 48 8.42 0.94 0.38
) (0.268) (0.196) (0. 106)
Large 72 8.13 1.11 0. 32
(0-248) (0.173) (0.110)
None 120 8.33 1.65 -——--
(Control) (0.189) (0.190)

STATISTICAL TESTS

Treatments compared U. Stat.tl Probability
that means
are equal

W S A e A o o e e T S S - S T A A o - e A T e ST S S et b o T Y ——— - = — —— — -

Number Live - Spmall :
T.a. vs. Control 2907.5 >0.9

Number Live - Large

T.m. vs. Control 4547 0.5<P<0.9
Number Dead - Small -

T.a. vs. Coantrol 3315.5 0. 1<P<0. 2<P
Numaber Dead - Large

T.m. vs. Control 4767.5 0. 2<P<0.4

Estimated Number
Eaten - Small T.ama. -
vs. Large T.=m. 1544 0.01<P<0.02%*

1 Mann-Whitney U-test.
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Table A-VIII. Feeding rate of large J. moljitor onmn dead
(frozen) female D. pelapogaster. Results are expressed as
Rean nun®er observed per cage per day (SE).

-

Ts moljitor Number of Initial de é;ty (N)
(10/cage) obs.- (10 dead D, gglanZgag;gr /cage)

days
Number
un-

R4 1T T -

Number Estimated
partially number
eaten eaten
(N-UE)
0.67 4.651

(0.088)  (0.362)

! Fumbekr eaten per 10 larvae per day.
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Table A-IX. Feeding rates of I. molitor on D. pelanogaster

rejecta. Results are expressed as mean number per cage per
day (SE).

T !o;itor' Nuamber Initial density ~N)
(10/cage) of obs.- (5 Ds melanogaster rejecta-
days menta per cage)
Number Number
rejecta- eaten
menta (R) (N-R) 1
Large 48 4.10(0.112) 0.90(0.112) 2
Small 48 4.85(0.051) 0.15(0.051) 2

1 Number eaten per 10 larvae per day.
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Table A-X. Escape rates of prey from plastic cages. Results
are eypressed as percentages of the total number of prey

coupfed.
Prey Density Total Estimate
(initial initial of size of
J nurber nunber escape
per cage) of prey ratesl?
Large 5 240 0.00%
I. moljitor
Female D. 10 1080 0.19%
Belanogaster
Both male 10+10 2160 0.51%
female '
Ds Belapogaster
Small 5 240 2.92%
I. molitor
Q. fasciatus 10 480 8.54%
1 Escape rate = (Initial Density) - (Number of Live + Number
of Dead). The escape rates include counting errors and
errors due to small I. molitor burrowing into sponges.

..
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»

APPENDIX II, Details of tLe Selective Predation Experiments

The detailed results of the 14 selective predation
experiments are given in Table A-XI. A shortened version
appears in Table I. The layout of Table I and Table A-XI is
the same except that the four feeding rates and the two
probabilities that are derived from the three treatments are
given in the expanded table. For example, in Experiment 2a.
there were three treatments of subadult female spidérs. One
group of 8 was fed only female D. pelanogaster ;nd these
gave a grand mean feeding rate of 2.31 flies per spider per
da} (i.e., u,). Another group of 12 spiders was fed only Q.
fasciatus and gave a feeding rate of 3.55 bugs per spider
per day (i.e., uy). The third group was fed both female D.
pelangogaster and 0. fascjatus together. They gave two
feeding rates; 2.62 flies per day (u*, ) and 0.19 bugs per
day (u*L ). The 'x2' is there as a reminder that the means
that made up the grand means in the twvwo prey treatment were
each multiplied by two (see Equations 2 and 3 in Materials
section) before they were used to calculate the Mann-Whitney
statistic 'U'. In this case, the probability that the mean
feeding rates of 2.31 and (2.62 x 2) are equal, is less than
0.002. The relative discrimination coefficient was
calculated by the Equations 4 to 6 given in the Materials

and Methods section. For example, in Experiment 2a:
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u*, 2 = 2.62 x 2 = 2.28
- 2. 31 4
u*, 2 =019 x 2 = 0.11

2 3.55
=c, - Ccy = 2.28 - 0.11 = 2.17

o 55



130

{penutiuod arqel)

(*we°q 27ew2a +)

&k Zx61L°0 *3*0 oL ~
z200° 0> 0zl :
: SS°t *3°0 L
LL°Z R P cmmmecmmeeeeceeececeeee—————— 0z d 3Ihpeqns  eZ
(*3°0 +) ‘
*% ZX29°C ‘u*q 9Tewd4 oL
z200°0> 08
Lg°C ‘u*g 92Tewad 8
)
(*w°q o1ewal +)
. Z2xX00°0 *u°l 3bie1q hi
Z00° 0> GLL
* % £L°0 ‘w°l abieq hi
6L °Z feemeccccaececccceccceaccecceeccceccemcececeaean ot N 13TNDY !
(*w°*l abJeT +)
* % ZX66°C ‘m°q aTewad i .
200°0> Zit
EL*C ‘B*°g sTvu3ad 8
JUSTOTIIB0D °qoaig (n) Kep/ pajussaid N skep xas abe3s juom
*ETIDSTP *3e3Ss 1sptds/ Kaxg *sqo jo -Taadx3z
2ATIRTRY KauyTym uaijee - 19quny
auey £Laiad -°ou cececcec-a-33pTdS----- o=
ureey

*uotrjeueydx® 103 3IXa3 893§ .u:Wﬂoﬂwwwoo UOTIRUTWTIDOSTP BAFILT[aI
8Yy3 03 butrpiroooe psjyuel sjuawTiIadxa uoTjepald BATIDBTAS f| JO SITNS’Y °*IX-V dIqel



_ (penuy3uoo aygeyr) ,. . \
- (p2 )

-—

(*weq aTEWd 3 +) .

K xx ZX50°0 "Wl TIeEs hy b
Z00°0> L91L ‘
: ZLo *U°lL TTeES 421
zZ8°i ecemcececcccccetccccccccc e e cccrcecc e ————— 02 d IThpeAns  wg
, ("w°L TTeRES +)
*x Zx68°2 *u*q oTvEas gy
z00°0> L9l o J
S6°2 "E°Q aTENaJ .zl
- _— - - -—

\

A.-.omWanswm +)

. ©ZXEL*0 Puey TTewS Gy
3 z200°0> G*602
LE®L ‘s°L T1eEs hi
86°1L ceeeeccereecccmececescccececccc e e cccecm e ot R 13TNPY L]
(*w°l TieEs +)
% IxXzo°¢e *w*q aTemady Si
z200° 0> S*LZL
€L°c. *arQq afewdy 8
(g TTeES" +)
P ZXZ0°0 *u°] abieg S
200°0 hh
. 6L°0 ‘e'] abiet 6
80°2 meeecmecceccccsccccmcc e ccccceccrecc e e rc e ann 02 d ITNpY  qf
{*w-3 abaeT +)
- . XLz L ‘w°l {Iews S
Z20°0 02

[ W § ‘u°l T1eus h

——

penuTijuod IX-Y 8Iqel



Zavoznﬂvaoo atqel)

m
* ) : (*w°q o2Tewal +) .
S0°0> : ZXgh°0 ‘"L T1ess 91
a d 19t v , .
>Z0°0 Lt ‘E°L TTems hi
ZL°L e e e e T P 8 d z3Tnpeqns 9
(*w°l T1eES +)
T CXgL "€ ‘ucq aTewdyq 9l
200°0> 802
9¢ °¢ ‘U*g O9TeEd] hi
L
: (*w*L TTRUS +)
oL*0> ZXL0°0 ‘u*], abieq hi
d Lt -
>G60°0 G0°0 M *w°L abaeq LL
g€ L i it R L T LT PP, 0¢ d ITnpeqng RE
: * % (@ abie7 +)
L0O°0> ZXn9°0 ‘Tt TTees hti
d LEL .
- >200°0 Lo ‘wcL TTeES 421
) ZXhte°0 (*weq aTewag +)
"y *3°0 6
¢00°0> hS
90°S *3°0 +9
29°1L e b e L LT S 0Z d ITnpy qc
(*3°0 +)
% ZXL0°S *B°q aTewag 6
L0 0> 9¢ :
£2°S *8°(q aTews4 h

panuTijuod IX-V aIqel



ﬁ.cosaﬂunom a1qeyl)

-—

(*w°q aTewag +)

oL°0> Zxreet c“E®°Q BTN L
d - G °G69
>G0°0 £l °€ “E°q OTeR 21
LS°0 ik Rt i 114 W Ifnpeqns 8
(*w°q ateN +)
» ZXZG°\ ‘U°C oTemad o[,
Z0°0 hg
Lz"z *m°q aTeW3dd 6
~4 ("0 °q aTeN +)
0Z.°0> XL L0 NJ-.B T1iess a4
d S°h6l
>01L°0
LL°L ‘8 °L TTeuws i d
. 88°0 gy L W z3itopeqns L
(*u-l Treuws +)
x % ZXZh*9 *w°g °oTeN 4
L00°0> 60N s
A h9 L *weq 97eN 02
-——— - — - g, - - 2
(*we°qg aTewadd +)
* ZXZE"0 ‘WL 8§
S0°0 8¢ .
~ 1L ‘4L TTeus Lj
S6°0 e e T 02 d ITnpY qs
(cuw°l TTeES +)
k *x ZXZO0°h- ‘u°q aTeway 8
200°0> L ,
. 8C°S *u*g sTemdyd 6
panurijuwod IX-V °oIqui



- (penut3uoo ayqey)

M

-—

(*3°0 +) :
0Z°0> CXLS*0 ‘8 °L TTess oL >
d S°0L -
>0L°0 6L°0 ‘u°L T1IeES 0oL
80°0 T 0z d  Irnpeqns g
(*w*l TTeES +)
0Z2°0> m g 1ok Qa4 *3°0 ol
8
>0L°0 SG°¢ *3°*0 Zi
. (*3°0 +)
ZXL0°L ‘E°L T1ess 8
0Z2°0< S°Le
oLt ‘6 °L TT1eus 9
60°0 e e e 02 d ITRPY  qOl
(*H°L TTeus +)
ZXge °¢ *3°*0 8
02°0< he
90°¢ *3°0 9
(*w°>q ayewal +)
. ZX6C "L *u*Qq aTeN 6
0Z2°0< LS v
gL "t ¢ "8°q °Tel 6
9¢ *0 e e 02 d  3rnpeqgns 6
(*w°q afen +)
ZX9¢€ °L *ucq atemwad 6
0Z2°0« S°Lh
¢€ *Z ‘N°*Q 9TvEd] L
F panuTjuod IX-Y @2Iqel



135

*sfep 0z UWyy SSOT UT peinjew sIepyds eI0W
1o @auo osnedsq (pz x sisaptds Jo i1aqunN) ueyy ssa] A13Yby1s sdep-uorivalssqo JO JIesqunu Te3IOL

*fT3uexinsuod o.unou 30U
ang ummaaml 3T abaet uwo »uau:uc- 03 pasTel S8TI03ISTY HufiTnom uwaouyun YIfA si1epyds ~j3Ingeqns ¢

' *sS3T1038TY HuyiThow 3IThpeqns uaouyun
Y3TAa pue (Hutpeey-a1d ou ‘cs°1) bHuypasy Liojzevioqey snotaaid noyITAa siepyds 3ybned Ltyseis 3

*S3T3103STY OHUFITNROE 3 TNPYQNS TAOUYUN Y3ITA SI8pyds

i

IX-Y ©TqVvl 10 $e30uU3004



136
APPENDIX III, Details of the Utility of the Prey to the

Predators y

Tables A-XII to A-XVII summarize the benefit criteria
. °

that were measured in the selective predation exfperiments.

~

All tables, except Table A-XVI, refer to female spiders.
Results are expressed as means (SE, N) per spider or as

percentages (N) of all spiders.

In these tables colusn 'A' refers to the benefit
criterialthat were associated with the spiders that ate the
more-selected prey; column 'B', both prey; and coluan 'C*,
the less-selected prey. The hypotheses tested in the
'‘Probability' coluamans are: 1) the utility of feeding on the
more-selected prey equals the utility of feeding on both
prey (i.e., A = B) and 2) the'utility of feeding on the
more-selected prey equals the utility of feedin; on the
less-selected prey (i.e., A = C). The rows of the tables are
arranged froa top to bottom by increasing probabilities of
the last column. Because the laxilui limit for observations
wvas 85 days, a few spiders which matured late (i.e., after
65 days) were not observed for all 20 days after reaching
maturity. This gives a few inconsistencies in the

replication of the results for adult spiders.

Significant differences (i.e., 2) for coluamn "A = B"
occur in only Tables A-XIIXI and A-XVII. Significant

differences (i.e., 7) for colummn "A = C" occur in Tables A-
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XII, A-XIII and A-XV. Notice that inmn Table A-XIII most of

the spiders died vhen they were fed only large I. poljitor.

This greatly reduced the puaber of statistical tests that

could be made.

i leh e
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Table A~XII. Benefit criteria for female P. yapcoyveri in
one and two prey systeams using female D. melagnogaster and Q.
fascjatus. Data from Experiments 2a and 2b.

Benefit = = = ——=-se=w=-- Treatment --—-=—==--- Probability
A B C
Pemale D.n. Both O.f. A=B =C
Prey

Days to first 13.0 11.8 19.5 0.784 0.004
false egg-sac (0.58, 3) (3.12,5) (0.50,4) *x
Adult day 0 to +10 11.45 14.03 5.81 0.559 0.038
weight gain(mg) (1.947,4) (2.674,9) (0.854,4) *
Dry weight (ag) 4.93 3.18 1. 04 0.429 0.044
false egg-sacs (0.746,3) (1.488,5) (0.871,4) *
Extra aoults 0% 40% 31% 0.137 0.239

(8) (10) (13)

Spiders producing 50% 56% 67% 1.000 0.266
false egg-sacs (4) (9) (6)
Days for 43.3 38.8 31.5 0.567 0.301
maturation (7.87,4) (3-74,9) (6.79,4)
Subadult to adult .55 16.44 10.68 0.358 0.353
veignt gain (mg) (2.7702,4) (1.657,9) (0-.900,4)
Subadult to adult 0.33 0.44 0. 44 0.172 0.562
rate of weight (0.060,4) (0.038,9) (0.165,4)
gain (mg/day) ’
Subadult to adult 0.36 0.45 0.32 0.404 0.780
Size increase(msm) (0.005,4) (0.002,9) (0.002,4)

Mortality before 38% 10% 23% 0.415 0.819
maturity or (8) (10) (13)
70 days

Maturation 50% 90% 34ix 0.695 1.000
witnin 70 days (8) (10) (13)
Adult mortality 0% 0% 0% 1.000 1.000

witain 20 days (4) (9) (6)
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Table A-XIII. Benefit criteria for female P. vapgouveri in one
and tvo prey systems using small and large T. mQlitor. Data
froa Experiments 3a and 3b.1

Benefit = = = —====e—e-- Treatment -——=-——-=- Probability
A B C
Saall T.nm. Both Large T.na. A=B A=C
Prey
Mortality before 0% 0% 75% 1.000 <0.001
maturity or (12) (14) (12) *%
70 days
\
Maturation* 33% . 43% 8% 0.928 0.320
within 70 days (12) (14) (12)
Adult mortality 0ox 0% 100% 1.000 0.400
within 20 days (4) (5) (1)
Extra moults 17% 21% 0%  1.000 0.621
(12) (14) (12)
Subadult to adult 10.26 12.10 0.80 0.487 ceae
weigat gain (mg) (0. 409, 4) (2.006,6) (0.000,1)
Subadult to adult 0.34 0.35 0.24 0.890 ceas
size increase (am) (0.010,4) {0.013,96) {(0.000,1)
Days for 28.8 48.0 58.0 0.040 csoce
maturation (6.03, 4) (5.01, 6) (0.00, 1) *
Subadult to adult 0.40 0.26 0.01 0.058 cees
rate of weight (0.076,4) (0.025,6) (0.000,1)
gain (mg/day)
Days to first 15. 0 16.5 cecee 0.312 ccae
false egg-sac (1.00,2) (0.50,2)
Adult day 0 to +10 11.43 12.33 ceew 0.672 cose
veight gain(mg) (1.393,4) (1.367,6) .
Dry veight (ag) 1.54 2.14 cees 0.800 ceee
false egg-sacs (0.804,2) (1.908,2)
Spiders producing 50% 40% ceee 1.0007  .ece.
false egg-sacs (4) (5)

1 The only spider that matured on large I. golitor died inm
moulting. Thus, probabilities for some A = C tests and
comparison data for adults are missing.

M
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Table A-XIV. Benefit criteria for female P. vapcouverji in one
and tvo prey systesms using female D. melanogaster and small T.

@molitor. Data from Experiments 5a andLSb. S
Benefit = « ~-----v-e--- Treatment ~-—-~=—--- Probability
A B C
Female D.n. Both Small T.a. A=B A=C
Prey
. Subadult to adult 17.16 15.63 10. 26 0.249 0.002
wveight gain (mg) (1.084,9) (0.674,9) {(0.409,4) **
Adult day O to +10 20.06 18.27 11.43 0.549 0.019
weight gain(mg) (1.962,9) (5?T76K9) (1.393,4) *
Subadult to adult 0.68 0.50 0.40 0.052 0.035
rate of weight (0.070,9) (0.056,9) (0.076,4) *
gain (mg/day)
Dry weight (mg) 3.1 2.53 1.54 0.505 0.059
false egg-sacs (0.299,9) (0.406,8) (0.804,2)
Maturation 75% 64% 33% 0.592 0.100
within 70 days (12) (14) (12)
Spiders producing 100% 100% 50% 1.000 0.154
false egg-sacs (9) (8) (4)
Days to first 12.8 12.4 15.0 0.757 0.364
false egg-sac (1.04,9) - (0.68,8) (1.00,2)
Subadult to adult 0.38 0.41 0.34 0.368 0.473
size increase(mm) (0.001,9) (0.001,9) (0.001,4)
Days for 27.0 34.3 28.8 0.125 0.762
maturation (2.71, 9) (3.63, 9) (6.03, 4)
Extra moults 8% 14% 17% 1.000 1.000
(12) (14) (12)
Mortality before 8% 0% 0% 1.000 1.000
maturity or (12) (14) (12)
70 days
Adult mortality 0% 0% o% . 1.000 1.000

vithin 20 days (9) (8) (4)
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Table A-XV. Benefit criteria for female P. vancoyyeri in one
and two prey systess using female and male D. pelapodaster-
Data from Experiment 8.1

Benefit ——————ee—- Treatment —==-—==—=-=-- Probabilitj
A B . C
Female Both Male A=B A=C
Prey

Subadult to adult 10.37 12.18 . 13.05 0.306 0.094
veight gain (@g) (1.001,6) (1.304,7) (1.033,8)

Subadult to adult 0.32 0.32 0.38 0.968 0.318
rate of weight (0.060,6) (0.045,7) (0.026,8) .

gain (mgsday)

\

Subadult to adult 0.40 0.38 _0.42 0.716 0.408
size increase (sa) (0.001,6) (0.001,5) “(0.001,8)

Days for 35.2 39.1 34.1 0.425 0.789
maturation (3.75,6) (3.07,7) (1.77,8)

Maturation 86% 78% 88% 1.000 1.000
within 70 days (7) (9) (9)

Mortality before 0% 0% 0% 1.000 1.000
maturity or (7) (%) (9)

70 days

Extra moults 0% 0% 0% 1.000 1.000

(7) (9) (9) y

A\
~_ -

1 Spiders were not raised past maturity, so no adult benefits
were measured.



142

Table A-XVI. Benefit cqiteria\fdr male P. vapcouveri in one .
and two prey systems using female and male D. melapogaster.
Data from Experiment 9.1 )

Benefit ————————- Treatment --—---—---- Probability
A B C .
5@ Female Both Male A=B A=C
< Prey
Subadult to adult 0.34 0.33 0.32 0.777 0.224
size increase(mm) (0.001,8) (0.002,7 (0.001,11)
s .
maturation (1.82,9) (2.49,7) (2473,12)
Subadult to adult 0.33 0.29 0.31 0.618 0.806
rate of weight - (0.060,9) (0.036,7) (0.052,12)
gain (mg/day) g
Subadult tqgadult 7.66 7.26 7.47 6.710 0.892
weight gain (mg) (0.864,9) (0.447,7) (1.000,12)
Maturation 100% ¢ 100% 100% 1.000 1.000
within 70 days (9) (7) (12)
Mortality before o 0% 0%- 11.000 1.000
maturity or (9) 7) (12)
70 days '
P
EXtra moults 0% Q% 0% 1.000 1.000
. . * (9) (7 (12)

A ™

1 Spiders not raised past maturity, so no adult benefits were
measdred.
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Table A-XVII. Benefit criteria for female P- vancoyveri in one

and two prey systems using Q. fascjatys and small T. molitor.
Data from Experiments 10a and 10b.

Benefit -

e e W G o A — —— W - - W T e S W T i = e S T —— e =S > > e ——— ———
R R N e e . T T T T T T

Adult day 0 to +10

weight gain(mg)

Days for
maturation

Maturation
within 70 days

Subadult to adult
rate of weight

gain (mg/day)

Days to first
false egg-sac

Subadult to adult
weight gain (mg)

Extra moults

Dry veight (mg)
false egg-sacs

Subadult to adult
size increase (ans)

Mortality before
maturity or
70 days

Spiders producing
false egg-sacs

Adult mortality
vixyin 20 days

N
N

- — e —— —

5.81
(0.845,4)

31.5

(6.79,4)

31%
(13)

0. 44
(0. 165, 4)
16. 3
(1.93,4)

10.68
(0.900, 4)

31%
(13)

1. 06
(0.398,4)

0.32
(0.002,4)

23%

(13)
67%
(6)

0%
(6)

Treatment

B
Both

9.76
(0.987,7)

34.0

(4.72,7)

73%
(1)

0.40
(0.023,7)

14.0
(1.16,3)

12.42
(1.112,7)

27%
(11)

1.94
(1. 003, 3)

0.37
(0.002,7)

9%
an

L
43%
(M

0%
(3)

- s — - -

Small T.n.

8.00
(0.784,6)

43.8

(5.91,6)

67%
(3)

0.28
(0.044,6)

18.3
(1.59,3)

11. 65
(2.414,6)

4ux
(9)

1.02
(0.069,2)

0.32
(0.002,6)

0%

(9)
67%
(6)

0%
(6)

Probability
A=B A=
0.025 0.102
*
0.763 0.214
0.100 0.220
0.737 0.410
0.406 0.586
0.317 0.762
1.000 0.833
0.399 0.960
0.600 1.000
0.749 1.000
1.000 1.000
1.000 1.000
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Appendix IV, Guide to the Important Terms Used in the Text

Availability (of prey to predators) - includes factors
related to coexistence in time and space, densify
and distribution of both prey and predators.

Benefit - positive result of the utility function, e.g.,
gain in usable energy, time and/or nutrient§.

Catchabi}ity - the aspects of morphology and behavior that
are involved when a predator stalks, captures and
consumes a prey.

Costs- - outlay (e.gdg., energy, time, nutrients) used by a
feeder to obtain its food.

Densjty - number of organisms per unit area or unit volume. °

False egg-sacs - infertile egqg sacs produced by spiders that
had not mated; false-egg sacs were incompletely
formed or abnormally shaped and the eggs formed a
mass of yolk rather than separate spheres.

Fitness - the degree to which an organism is successful in
terms of its survival maturation, freproduction and
dispersal; ability to transamit its genetic
material to the next generation.

Fitness strategy - how an organism apportions its resources
such as time and energy between survival,
maturation, reproduction and dispersal.

Functional response - redationship between the density of a

prey and the number that are killed by a predator;
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usually the amount of predation increases with
increaseé in prey density until a plateau is
reached where predation rate reiaining constant
even if prey density increases further.

Hungyer - a physiological drive (i.e., *desire' or 'npeed‘)
fgp/fgzﬁ that normally increases with time since
the last -meal.

Loss -\negative result of the utility function, e.g.,
decréase in usable energy, time and/or nutrients.

Monophagy - feeding cn only one species or kind of food.

Non-standard flies - adult D. Belapogaster that were fronm
cultures more than 21 days old.

Numerical response - relationship between changes in the

\ density of prey and the changes in the survival,
reproduction and migration patterns of their

predators.

Nutrition - relative value of a food to susfain survival and
promote growth. T
Obser;htion-day - a se£ of observations made on the animals
in ope experimental cage; observations made over a
series of days were often made on the sanme
animals, thus observation-days were not
independent and cannot be compared statistically.
Oligophagy - feeding on only a few species or kinds of food.

Palatability - extent to which a food item is agreeable to a

feeder, in terms of its taste, odor and texture.
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Polyphagy - feeding on many species or kinds of food.

Predator - an animal that kills and eats other animals
(i.e., its prey).

Pre-feeding - the feeding of an organism on a certain diet
before it is fed anotkéé diet.

Preference - innate or learded attributes of an animal that
predispose it to expand relatively more time and
energy to locate and ingest certain food itesnss.

Prey - an animal that is killed and eaten by another animal
(i.e., a predator).

Rejectamenta (singular = rejectamentum) - aggregation of
unconsumed remains of prey fed upon by a spider.

Renewal days - all prey replaced vwith fresh prey; sponges
also re-wetted.

Replenishment days - dead and eaten prey removed and only
enough fresh prey added to restore the prey ~
densities to the initial levels.

Revenue - income (e.g., energy, tjme, nutrients) to a feeder
from its food.

>

Selective feeding -Ffeeding in a non-random manner; feeding
on certain items, when more than one kind is
available, more frequently than would be expected
from the relative abundance of:each kind of food.

Standard flies - adult D. pelanogaster that emerged frona
cultures that were 14 to 21 days old; i.e., the

adults had emerged froa their pupal cases less
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than 7 days previously.

Strategy - how an organisa apportions its resources tovards
some goal; see 'fitness strategy'.

Subadult spiders - iamature spiders that were judged (by
size) to be in the prepenultimate stage and that
moulted within a two week period during which they
were fed D. pelanogaster; these spiders were
assumed to be one moult away from being adults,

i.e., in the penultimate stage.

Utility function - the difference between revenﬁes and

costs; positive utility results in benefits,

negative utility results in losses.
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APPENDIX V, List of Non-Standard Abbreviations

* - statistical probabilities between 0.05 and 0.01,
statistically significant.

** - statistical probabilities less than 0.01, highly
statistically significant.

approx. - approximate (1ly)

ca. (¢circa) - about, approximately »

cf. (confer) compgare

C, — amount of selection for Prey 1

C,a2 =~ relative discrisination coefficient

D.m. - adult, vestigial-winged fruit flies, Droseophila
Belanogaster Meig. of the Family Drosophkilidae

discrim. coeffic. - relative discrimination coefficient

D1 - density of Prey 1

df - degrees of freedos N

Dp - number of Prey 1 dead

& g. (eXempli gratja) - for example

et al. (et alij) - and others a -

Ep, - estimate of number of Prey 1 eaten

etc. (et cetera) - and so forth |

F - female

i.e. (id est) - that is; that is to say

Ip, - imitial éensity of Prey 1

Lp, =~ number of Prey 1 alive

M - male
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N - number of observations

obs.-day - number of observation-days

O.f. - nymsphai milkweed bugs, Quncopelduys fasciatys (Dallas)
of the Family Lygaeidae

é 3‘p;obah}lity

Prey 1.— éopulation of one kimd of prey

Prob. - probability

SE - standard error of the mean

T.m. - bettle larvae or mealworas, ggggﬁgig politoL L. of

the Pamily Tenebrionidae; two sizes, "large" and

"small" | —
u, - feeding rate on Prey 1 with only Prey 1 present

- feeding rate on Prey 1 with Prey 1 and another prey

\§2Fesent*’»

a*
|

w®

;
g
4
‘

e o UITE YRR,
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APPENDIX VI, Curriculum Vitae
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HOLMBERG, Robert George | -

BORN:

25 December 1946, Canada

EDUCATION:

Primary schools: Hyas, Sturgis, and Yorkton, Saskatchewan.
1952-1960. |

Secondary scnool: Sturgis Composite High School, Sturgis,
Saskatchewan. 1960-1964.

B.A. received 1967. University of Saskatchewan, Saskatoon,
Saskatchewan. Major in Biology with emphasis on
invertebrate zoology. 1964-1967.

Honours Q£9ree in Biology received 1970. University of
Saskatchgyan, Saskatoon, Saskatchevan. 1967-1968.

M.Sc. received 1971. University of Saskatchewanm, Saskatoon,
Saskatchewan. Thesis topic: "The odoriferous glands
of some Palpatores Phalangida (Opiliones)
(Atachnida)'. Supervisor: Dr. T.H.J. Gilmour. 1968-
1970.

Since 1971. Ph.D.Rprogtal at the Department of Biological

Sciences, Simon Praser University. Thesis topic:

"Selective predation in a polyphagous invertebrate

predator, Pardosa Yapcouveri (Arachnida, Araneae)®™.

v



Senior supervisor: Dr. A.L. Turnbull.
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Government of Saskatchewan University Entrance Scholarship,

1964.
Teaching Assistantship Avard from the University of

Saskatchewvan, 1969.

Teaching Assistantship Unit Scholarship froms the University

of Saskatchewah, 1970.

Simon Fraser University Graduate Scholarship, 1972.

Graduate Student Stipend from Simon Fraser University, 1973.

TEACHING EXPERIENCE:

1) Department of Biology, University’'of Saskatchewan,

Saskatoon, Saskatchewan:

a) Laboratory Deacnstrator in Biological Sciences 100.

Supervisor: Dr. F. Turrel. 1965-1966.

b) Teaching Assistant in Biology 203. Supervisor: Dr.
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laboratory. Supervisor: Dr. T.H.J. Gilmour. 1969-

1970.

d) Laboratory Imstructor for a 6 week Summer School

session of Biology 203. Supervisor: Dr. T.H.J.

\
Gilmour. 19740.



2) Department of Biological Sciences, Simon Fraser

University, Burnaby, British Coluambia:

a) Teaching Assistant and occasional lecturer for
Biological Sciences 409. Supervisor: Dr. R.M.
Sadlief. 1971

b) Teaching Assistant for Biological Sciences 316.
Supervisor: Dr. R.M. Sadleir. 1972.
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Biological Scﬁences 409. Supervisor: Dr. R.M.

Sadleir. 197

d) Teaching Assistant in Biological Sciences 102.

Supervisor: Dr.) B.P. Beirne. 1974.
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3) Environmental Sciences, Athabasca“Udiversity, Edmonton,

Alberta:

a) Course Coordinqtor for World Ecology: The)Scientific
Context 201. Supervisor: Dr. T.S. Bakshi. 1974 to
present.

b) Instructor for Field Ecology Workshops associated
with World Ecology. Co-Imstructors: Dr. T.S. Bakshi,
Dr. L. Fenna. Summers 1975 to present.

Cc) Course Coordinator and Imstructor for Introductory

Biology 100. Supervisor: Dr. T.S. Bakshi. 1976 to
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