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A large Ieoily of thenry reganting the evalution of
life history passmseters in populations has been de-
weboped with emphasis on the importance of inter
specific interactions and environmendal dncertainty
{ere Stearns, 1976, for a recent review of the ideas,
&ndd GEll, 1974). Stramgely, although the development
of theoreteal models of predatar anid prey rebstion-
shipe. has been equally elabarate, peedatar-related
parameters o5 evolvid characteststcs of prey life his-
tory have vel to be incduded 6o the array of by
patheses concerning life history evoluton. This
umizion becames more glanng when the docemen-
Latian af the svilutionary importance of predation is
nuded in comparizan with evildence concerning re-
soirre compebbng as g selective agent,

Adapation 1o predatlon smay cccur In nuinerous
wiys fe.g., crypiic colortion, mimicry, unpalatahil-
ily, evasiveness, indigestibiliy, defensive tastles,
structures or chemicalz), and the evalutlan of a par-
ticular tactic will ultimately infBusrce either the ratp
al which the prev are caplured ar the time required
far ingestban

This paper describes an experiment deskened 1o
sess Uhe evolotionary Impsct, if any, of @ predator
on il functionad response relatinnship with its ey
To do this, I present estimates af the functiennl re-
spivise parameters for prodation on syspatric and
allopatric stralns of prey, ie,, prev which have
evilved with amd without he predator.

The mws1 frequently used descriplion of experi-
merital functional response relatiorahips is the dise
eqquatien of Haolling (1050)
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Thie eguation predicas that the number of prey killed
per predator will rise with prey density (V) in 2 neg-
atively accelerated fashion until a platens & ap-
proached, af which the number of suceessful atlacks
(Vb will b Himites by the hondbing time {T,) which
incarparates the Groe spent by the predator afeer cap-
ture has oocurred it the predator seslce il nest
prey. The height of 1the plateau in experimsental cons
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itloms is delermined by the ratia of the total time of
exposure (1)t the Bandbing time, The rpidity with
which the pateau is renched is determing by ihe
attack rale j@i, or “rate of successful search ™

The valid uee of this equatian reguires the BC]-
lance of a namber of pesumptions, The atack rate
aned Baneling ime ase assumed 1o he canslants, de.
lermined by attributes of the prodator which relane
to efficient search, capiure and ingestion, sl prey
attrihutes rolating lo evasion, dispuise, escape, ris-
tusicfuliess or defense, Interactons ameng preda.
tors, such as cansibalizm ar interference, and among
prey are assummed o be unimpestant, The deseriptive
uze of the equation foe oxperimental data [rre=enls
further difficultics, particularly becnigse no allow-
ance i made for & change in prey density adug 1o
predation (Reyama, 1971; Rogers, 19723, The pred-
atnr iz aepaasl not to farm asy type of search image
which would modify the attack rate in o denzity de-
foident manrer, Severe depariuses from these s
sumptions produce more complex relatienships
Blascoll et 2l (19780 ane! Murdoch and Chaten (1575
provide thorough reviews of functicnal Fesponse re-
Batiomships. The widvspread adequacy of the disc
cimation in the description of experimental data for
inveriebrate preclators indicnies that departares from
thess assimptions are either minor or that they leave
the general form of the relationship intac

The accuracy of the disc equatian in the absolute
determination of attack rates anal handling times has
heen questioned by Rogers (19720 The abjection s
dusstified by the fadlure af the disc equation woisoor-
porade changes in prey dersily due to explodiation
Rogers bos proposed an allernative equatlen in
which expledistion is considered, Unforiunately, the
alternative eguation, in its loesr Torm,

In|:] = -h] = aTy N, — allP, (2}
N

canmnol be used in regressian aoilvaes for the estl-
mitinn of the paramelers ¢ and T, withowt vialating
stufistical mesumpiane [Livdahl and Stiven, un-
pabl). Despite ils shortcoming, the disc equation
praviles o nseful method for sstimatine thes: parm-
etere for comparative purposis, The wse of such po-
rameters ln the prediction of population dynamics

wiald assume o mieh larger risk
i imvalidity.
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MATERIALS anNn METSHONS

Thee: laege, predacosis e bule mosquito, Tore
mhyechitre rutidur replemivicnalis was selected as the
predator in this stucy. This specice pecuss svmpate-
ically with other mosguilo barvae (dedes bricerimus,
Orihopadomyte signiferg aml Anopheies Sarber)
theoughogl the Seuthenst, extencing north alone the
Enst Caosst inle Pennayivania (Bradshaw and Hol-
zapile, 1973) and into the Micdwest a2 far porth a=
the O River Vakley (Jenking and Carpenter, 10433,
Twe larvae were fouand by Parker (1977 In Paim
Pelee Matdonal Park, Onisrle, slthough there i3 no
information regasding the siablishment of o s
sustaaning population that far noeth, dedes fregemn-
wdws, the prey species in this stady, extends into
Wisconzin, Minneesta and Cntario (Jenkins and
Carpsaler, 1945

Cuollecting sites were selected accariling to this dis-
irbuation. Frey which are allopotric to the predaiar
were tollecled in two forests near St Charles, 10-
ninis. Aedes iriseriodus that have evalved in the pres-
e ol Tosorkywekiter were collected in foresis pap-
roumfing Chapel Hill, M.C. Egge were obilained
from ihe field by suspeniding peastic cups, with oak
slats inserted, an the runka of trees, deders friser-
@t fensales foundd the oak slats to be saitnble ovl-
prsitisin sites. The slats with eggs were ther trams-
ported to the laboratory for slorsge @ homid
oonditions. Forerhpuchide: mtidus were then inten.
sively sought in patural tree boles while the Adedes
eEEs awaiteld submersion for hatching. When enoagh
Texorkynckiles eggs were found At one line, the
experiment el Arder Irfreniaing epgs were ool
lettid i the spring of 1977, Toxorkywckites cgge
were codlected in July, 1977,

The Torerhynckites cggs were Bolated in dewon-
izt wealer within the cells of plastic ice cube travs
1o provenl cannibalism afler hatching. As soom as
hatching amang these egzs began, the prev cegs weee
prepared for haiching by submersion inlo brewer's
weasl suppenaicns. First instar Aedes irmsemains lor-
vae were removed 24 b later, ol dispensed ingo
plastic cocktail cups tn densibes of 5, 6, 12, 18, 74
and 48 larvae per cup. This was followed by the
adlelition of 150 ml deiomiged waler anml one predator
e cup.

The experimental habéiais were then placed in o
comtrolied environment chamber (26 C, 16L:81 pho-
toperiod) for 24 h, after which the predators were
removed and the surviving prey were counted. Pos
sition in the chamber and the omder in which pred-
aters were inseried and removed weee randomized

This technigque allows a fairly high degree of con-
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NOTES ANLD COMMENTS

tral over the size and expericnce of the prev (22 h
simce hatchingl apd the size and degree of hunger of
the predatar (24—48 B since hatching, none had sat-
gl

Crrigimably, there were 50 cupe for each sirin, with
each densty replicated between seven and ten times
Casea fn which the predator had died were fucluided
[rom the analvsis.

RESULTS

Functional response paramseders were calinaied
for hodh straine of prev using the following linear
transformation of the disc equatinn:

F 1 -1 Ta

Jﬂ'rn - aT 'Er- + T- . '.5]

This transformation produces the atlack rale as the
reciprocal of thi slopi af the least squares squation
divlded by the time of exposure, and the hamdling
tikne as the intercept mudtiplied by the tme of ex-
pusure (24 hi. Tahle | summarizes the results of the
regresshins for each srain. The predicted functlanal
respincse relptignehipd, determined by repression, are
[aresentel In Figure | apainst the barkgrounid of ae-
[ETHERRHIHE

A test for the difference botween slopes reveals
that the slaper do net differ significantly F, o =
QLEE] e, Conmseguendly, the attark rates have
been shown to differ. Because the slopes are homo-
genenus, analysis of coviariance can be used 1o les
ihe sagndficance of the differvice between intercepis.
In this case, g = 53575 (P < 0001 The handling
times differ significantly.

EMECaUsEIns

The difference in handiing times prehoably eellects
an evolatonnry adaptation by dsdes drbierindus o
the presence of Toyarlyeckifer mititay in North Car
obing, The surprising aspect of this analysis is that
the allack rates are sl shown o differ. Prior inves
tigadions aof adaplation to predation have dealt with
characieristics in the prey which reduce the Bkeli-
hood of attack, &g cevptic colaration (Kettleweld,
18581, productisn of loxing (Whittaker and Feeny,
15713, behaviorad deception (Robinson, 1964, dis-
tasreialoess with conspiounus coloration, amd mime
icry nf distasteful species by palaiable anes | Brower,
195Ra, b Brower and Hrawer, 19621, These typed af
plapdation should decrease the aftack rate, 0. They
are alzo very easy to explain in evolutionary terme
tvpes of Individusals that are attacked with bess (re-

Resuily of regressioms for the esttmabion of the fonctiongl respomse porameiers for alispainic

i {itmoia) and apmepuiric | Nerth Caroling) prey, 88% congidence infervaly are given.

—

RralE S Allack raie Hariing time [
Ilirmis= 0.90 = 0.3 0,038 = 4 w 0,050 1.5 = 048 L]
084+ 028 00 = o= (OGS I.86 > 0.8 k.58
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NOTES AND COMMENTS 6T
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Frz, 1.

485

The predicted functional response relatinnship between peey density (V) and number of ey

eadumt (N, ) for sympatric prey fram Narth Carolina (dashed ling, open circles) and allopatrie proy from Dlineis

isubnl Hne, cbosed circles),

quendy will be the most successful in the perpetua-
tige of their penes. The evilutlon of charcberistics
thai require o higher handling time on the part of
the predatos @ more comples. The charpctestsrics
that contribirle o the handling tinse o nol manifest
themselves until capture bas already voourred,

Selectinn for increas] kandling time coull accur
if ibere b5 & ehance for soape withoul endue Infury
alter the initial capture. This coald lead 1o the dif
ferential sarvival of individuzls with atiribates o g, ,
temghiness, spines, or the tendency 1o iraggle pro-
Tuzelyh thatl contribute to the everall handling time
of the predntur. En some cases, i the prey tke lang
epough for the prodator o subdue and eat, thele
chances for eecape may be improved. Ansther pos-
sibality could ccur if many of the prey within o hab-
at tend 19 be closely related. In this cose, an inddl-
widiad with atiribabes that increise the Wme spent in
s demise will help to perpetuate the genes of s
sibifings merely by oecupying the predator for a long-
ef il of Lime, increasing the probabibicy of ther
survival, Which of these or eiher explanations ap-
plies g this case is uncertain berause the nrechanism
for the isereased handling time and the degree of
relabedmess among the prey within a imee Bole are fot
kninwm.

The evolutsonary adjustmsent of [unctional re-
spanse paramseicrs by the proy will ned likely ocoar
withoul the investment of ome proportion of re-
spgarcess, The resglt should bie a declineg or lase of
charsctirstios which preddace the combination of the
intrimsic rate of increase, competitive abality and per-
farmardce amder conditions of foml or spece limita-
tion. Which of thiese ather lide Blatiey characlerislics
will be mest affecte] willl dopendd an the degree of
sivirnnmenlal uncerlainly, the presence or ab=ence

of interspecific competition, the nature of such in-
wractions lexploitabive or interderemeed, and the nn-
ture af the populasian dyraimics of the predator-prey
interaction.
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