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A NEW LODK AT PREDATOR-FREY INTERACTIONS USING A SIMPLE ENZYME
KINETIC MODEL

WAYME E. HEIMER, Alaska Department of Figh and Game, 1300 Collage Road, Fairbanks, Alaska 99701
(MNew address as of this printing: 1098 Chena Pump Foad, Fairbanks, Alaska $970%)

[Author's more: [n 1993 the Alwska Depertment of Fish ond Came unelerionk a research plomning effon designed i guide
recearch for the next two decadrs, Integral to this process was the establishment of a predator-prey specialiss group.
1 prepared the following eseay fo stimulme inrospeedion and thought by this group. [ offer i i this semposinm for the

Eaamm reio.

Abstract: Modern study of prodator-prey interactions coniinues o produce imcreasingly sophasticaled mathematical and
mﬂlﬁﬂ! Some afl these modely lrep.l'l:]rﬂﬂ:rr[lnle u.ﬂ'n'lemqme I!n'uh'lnﬂ md[l'ndldnll:ﬁ.l'lnl.lu:.l
The obwaous complasaty of these models further mystifics the numm'dhﬂmulplmwﬂum
Further mystification increases i risk of distmeing predulor-prey biology from the pracical mainstream of waldlale
runapererd readting in compromised benefits for wildlife nsers. In an effon (o demyatify predstor-prey biology, predator-
ey sysdams may ba consdenod in the fremework of clesse ensyme-cotalyred biochemical resctions. Approsching predator-
prey study from this perspeciive sugpests claesic methods peed by wildlife ressarchers, while productive in describing the
proces of predatyon, may be misapplicd i aflempls to shizly predalor-prey inlerssinoms ol the coosystem level I so, 1l
fellows that progresive development of nencasingly complex ierative models may well e o distrocting, result of
insppropriate research methadalogy. 1t may be time to resiamine methadology and seek o new perspoctive. This paper

oilcrs that opgroriuniiy.

I freely admit to being & relative "outsides” to sure is determined by the relative concentrations of the
predator neseanch. However, throughout the history of  reactants and prodocts. A memerical constant {called
soinee, ‘outsiders” have effected interdisciplinany the equilibrium constant, K.} is defined, accarding the
transfiers af peripective which have sccelerated prog- Law of Mass Action, as the ratio of reactant comcentra-
ress. To this end, | suggest review of the well-devel- tions on the lefl side of the squation to the congentra-

oped field of enzyme kinctics (to which | am also an thons of products on the right side of the cquation for
“oulsider”) may be belpful in prodation rescarch, The the reaciion,

empirical findings and mathematical models commonly A+ BeeaC + D the
applicd in e atudy of cryme kinctics may satisfacio- 1AL18]
rily quamtify and explain much of what we have learmsd K= TCI1DI.

in pasd studics of prodator-prey baology. In fact, much

:ﬂfmﬂm‘ﬂr - “”’I m“‘“:g“ Life and Enzymatically-Catalyzed Reactions

1 R . Living organisms are highly organized

simple enzyme kinetic models than the complicated o nicl

“ﬂm hl. ph:u::mnil:li:hrmm'm : “.:]r Rk Ky ooty ture and channel encrgy into maintaining Ii':uﬁﬂﬂl;-

- teoan s Function requiared for life. Failure to capluse

METHODS and suitably channel this encrgy results in decreased
order (increased entropy). As organized meiabolic

To cstablich a basis of anderstanding, | shall re. gystems become increasingly entropic, thear function

vigw some concepls from basic chemisiny; progressively detenoradés. Wlen an organiam becomes
sulficiently dicorpanized, that entropy & enchecked, we
Basic Chemical Reaction Theory describe the condition of the organism as “dead,”

Im uncatalyzed reactions chemical cquilibrim s Death results from failure of scpamie, but ntegrated,
desermined by what chemists refier 1o as e "Law of enceymalic syslems 1o caplure and channe] encrgy into
Mass Action.” That is. the dirsction and rate of n resc-  organization. 1t resulis either from progressive deterio-
tion under defined conditions of lemperature and pres-  ration of necessary enyme systems ar from rasmatic



digruption & the organ systems nacsssary o suppon
the enzymatic systema that process eneTgy,

The paint of all this is that biclogical svetams are
enzymatically based from the modecular level upward.
Henee, | hope o cstablish some credibility for consul-
cration of enryme kinctie models st higher levels of
ugu,muu_ Life, ot the malecular, cellular, tienas,
organ, organism, population, community, mim-:-
tem levels may be linked by threads commaon o the
tapesiry of organization and catalysis. [T s0, predation
may be prafitably considered within this framewneic

Prodatcss Hyve by disnspling the supporting organ
systems ol their prey and hastening e enrymatic dexth
Oince prey aro dead, the encrgy in therr highly organized
gystems is approprisied by ibe predodor fo maintnm ids
organ-supporied enryme-cainlyeod systems. The quesi
of lifs may be thought of as an engoeing effort to appro-
priate energy o maintain the highly organized, but
exiremely delicate enayme systems which support me-
tabolism.

tions o fsnction at sulllciently low energy levels thai
ithe energy mnsformations do not disnapi the
delicaic and fragile structure requared for life. This is
sccomplished by eneymatic cainlyeis. Ensymes work
by organicing 1ife"s chemical reacianis, called sub-
strates [by binding and onenting them 1o increase tha
chances of fruitful molecular nteractions at lifc-sup-
parting lemperaiues) so that metabolic renciions can
proceed st koawer encrgy levels. Chemists refer to this
as lawering the activalion energy requinsd to initinte &
reaclicn,

Onee the reaction is completed, the substrute has
become the product, but the enzyme & unaliered. This
produces the common gencralized reaction for enzy-
matic catalysis:

E + 5 Enpyms¢-Substrale Complex «=E + P
(Where "E” i enzyme, “5 18 subiirale, and “F7 i
proaduct]

Carmivores and ungulsies (whese our inlesesd in
prodators and prey usually ceniers) ane both homeother-
mic species ErOUpL. Cummmlhr I shall assume

works ol @ given cfficiency of rate. That is, the raie af
which cach enzyme molecule attaches (o {or binds)
substrale, facilitates conversion io product, and releases
ihé product b consdant. Hence, unlets ihere id more
subsirate than ench encyme mobsciels can process, any
changes of substmile concentralion n an ensymatscally
caialyred reaction will change the ric of the reaction,
Put another way, unlil an encyme's “enviroament’ is
*snfurnied]’ with subsiraie, the mie of the resction il

catalyzes will ineresse wilh incresses in substrie con-
centraton

Becauze holding the amount af ensyme catalyz-
ing a reactbon constant and varying the amouni of sub-
strofe svailable o i) affects the mie of the reaction,
reaction rales are slow o very low subsirale concentra-
tiona. There are more enryme malecules avoilable than
subgirate molecules 1o convert to product. As the
ptsoial of suletrste s ncrescsd. more of the availabbs
enzyme modecules are supplied with subsirals and the
rale of the resction incresces. [ substrale concentration
is flarther increased, eventually coch enzyme molecular
will be “pubstrate-zaturnied, ™ nod the resction mte will
plateais a1 maxbnem velocity, Ensymologlsta eall ihis
mie, V. This veloeity will be linited only by the
inherent speed” of the enzyme itselll

Through the application of the Law of Mars
Action and mathematical manipulation, a fomula
defining the numesical constant describing the inherent
ability of an enzyme to work of standard conditkons can
be derived. [ shall aot o into the malhematical exer-
cize et 1i can be found in any elemeniury biochenls-
iy text. This constant, called the Michaelis-Menien
constant (K.} afler the biochemists who pionesred
enzyme kipelics, hns uniis of mbgimis concentration
and is, o5 a general mule, hallol W (Fig 1) liis
similar in concept o maximum sustainable vield being
half of carrying capacity in wildlife carrying capasity

Once there is envugh substrate that every en-
nyme malecale is lunctioning st WV, the mate af ress-
thimn can only be increased by incroaging the number off
eryme molecules. A plot of reaction mie o a function
of enzyme concentration when substrate is in excess is
Tepresented in Fig. 2.

Inn this sitaation, the mie of neaction can be con-
tralled by allening ihe elfiztive concentralion of e-
pyme. Adding more eneyme molecules icreases the
rate; reducing the number of functional enayme mole-
cules reduces the mte. Becanse it ks difficult 1o ake
enoryme molecules oul ol B reaction syslem, enzymaol-
ogists imterested in the kinetics of catnlysis (analogous
o population dynamics in wildlife biclogy} found ways
tor decreass the effective concentration of enryme with-
oul varying the sstual amounl of eneyme piggent. This
wai done throuph introducing substances called en-

Enzyme inhibitons come in two basic vaneties,
called “noscompetitive” and “competilive™ inhibatom.
MNoncompetitive inhibitor reduee elfective caryme
voncentmation by reversibly “tving up” the reactive
siies of individaal enryme modecules. Ohnee Buse reac-
tive giles are lied up, the eneyme no longer warks. [t is
functionnally “dead.™ Hence, tha effective concentriion
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Figure 2. Enzyme caialyzed reacion et a5 a function of
BREYTE Concamiraton with subsirate in cxcess

is diminished; and the conversion of substrate to prod-
uct shows,

Competitive inhibitors skow the rate of reaction by
tempornnly binding enzyme active sites in a reversible
manner, The wilidlife immobiliziag agent, swocinyl
choline (uzed in early chemizal wildlife captuse) was a
competitive inhibitor of sors. 18 competed with the
reatural neural tranemitter, acetyl chaline, for enzymatic
"space” at neural receptor sites,  Acetyl and suscinyl
choling have the same chemical structure excepd thal
succinie acid i pwo carbon mobecules longer than the
neetie acid malacils in acetyl choling, S, succiny
choling was structurally similar enowgh that it attached
io nearotransmifter sites; it just didn"t work a5 a neuro-
transmitter. Hence, nerve (and muscle) function were
imterrupied and animals coubdn't use thear muscles antl
the succinyl choline was metabalined and nerves (and
muscles) renurned to normal, scetyl choline mediated.
funciion.

L

The kinetic mathematics of inhibitad enrymatic
systems have been well worked out in general, and for
many spesilic competitive and nonpompetilive cneyme
inhibitors, |suggest these kinctics may be relevand to
prodator-prey dynamics.

RESULTS

‘What Dogs This Have to do With Predator-Frey
Sysrems and Wildlife Management?

I wo think of erczyme systems as analogs of
arise. Lt us consider a simple wollimoose svalem a8 &
beginning  Remenyber that an enrvme modisies the mate
of a reaction without being permanently aliered. |
suggest we think of woll predation as an ensymatic
system where moose are the substrate, wolves ane the
enzyme, and the product is woll fooes. That is, wolves
muy be thought of ns catmlyzing the conversion of
mocse 1 woll scan

Predators must defecate 1o live, and they mes
o 30 reasonably frequenly, Hence, thoy must ba
prety good of killing prey and comventing if 1o fees
This means that unless predators are on the biter edge
of sinrvndion they will pretty much = pet theirs™ from a
prey population.

If wolves are, in fiacd, good at killing, eating, and
fecal production, it follows that, in enrymatic tecrms,
substrate (prey) is in effective excess as long as wolves
cominuc o prodoce moosc-generniod scats, Hence,
there is no reason to expoct moass ot low densities 1o
recover from woll predation without lowening the con-
version mie of moese 1o woll feces. [n ferms of our
more complicated, and mone alliierstively appealing
multipls equilibrium moded, mocss ane in a “predatar
piL”

Typically, the rate of conversson of mogse i
wolll scat will be a direes function of 1he number of
wolves [analogous 10 enryme molesules) catalveing the
conversion of moose to woll scat (Fig. 3. Furiber-
e, il we know substrale (mopse) concentration 15
not limiting the ability of wolves 1o convert them 1o
wolf seat, the “enzyme rate constant (KL, for walves,
and the conceniration of wolves, we will be able io
calculale the equilibrium direction and rale of moose
conversion o woll scat, 1 we know these things, and
can determing mooss concenirations, wollmoose dy-
mamics can be described,

We can debermine the “woll rats constant™ (K.
for wolves in two ways. [5we could find an ecosystem
where the concentration of moose limited the produc-
tion of moose-generated woll scat, and could cxperi-
mertally increase the concontration of moose until
moose-genernied woll scat production reached WV,



we coubd then read the concentration of moose (mooses
density) requined to produce half of maximem velocity
from Fig. 1. Maore practically, wo could stdy the
activity af “the eneyme” | waolves) directly 1o determine
their kill rate on moass becanse K i homologos 1o
this kill rate.

An eneymoleps woald consider definition of the
“enryme rabe constant” (K, moose predation raie e
wolves) basic to understanding the system, | sugpgest
pmmﬂimdﬂﬂuﬁmhm
approach in stodving woll kill mies.

The Management Issue

Once we assess the kineties for os wildlifers call
them, the dynamice) af a predator-prey sysiem and find
that mooss ane being converted o wolfl scat faster than
they are being produced, we may decide the equilibrium
should be ahifled o favor moode (substrae) conocnir.
tan, At that paint, the question of how to lower the
conversson of moose o woll scal becomes relovant.

From the above, il is obvious that decreasing ihe
numher of aciive enzyme sites is the only way o cause
a reduction in reaction rate. This can be done by redoe-
ing the number of eneyme malecules (wolf popalation
reduction) of making them less sffective through the
use of inhibitors, Diversionary feeding of predators
would be ong woy to do this, [duthor's nore: Alaska
Deparment of Fish and Game was considerimg diver-
sionary feeding of wolves and bears, using railroad-
killed maraze, iman efford o increase canibow herd nem-
bera im [nterior Alaska wien this prsay way weriten |

Within the framework of this discussaon, the
relevoni question relating io diversionary predaior
feeding is not, “Can we make more carthbon or moose
uging this methad™ Instead, il is, "13 carmion an effeg-
tive competitive inhibitor of wolf (or bear) catalysis of
caribou (or mopse) conversion from living animals to
woll or bear sear?™

In the same frame of reference, the questions
abbout socinlly acceptable methods of woll comtrol
should mod only address (he issue of whether the public
will tolerane them, but whether or not they will affect
the averall rate of prey conversion to wall product,
[Awihar s nare; Alarka Deparmmens of Fial ard CGoame i
o imvefed i aieplization of aimhe paies of wofeer in
i afferp fo fnereaie caribor ealf survtval i the Fort-
mile Caribow herd in [nterior Alaska, |

DISCUSSI0MN

Here it iz important that we not confuss “rae”™ and
“dvnamics” As developed above, "rate” s a function
of concentration, however “dynamics™ are the cumuda-

I7T

tive resulis of associated reaction “rates.” Obvioasly
managers are more mberested in “dynamics” than “mic”
because aliering the dymamice of the sysiem o prodoce
miore moost for human consumption i3 the raditional
mansgensent goal. To approach defining “dyiamics™
using “rabes,” | suggest solving a system of simulia-
neous equations describing the plots of Fig. | and Fip
2 (where the wollfmoose K, i 8 common conatant)
wiould be a begmning,

What About Resenrch MethodsT

As long as substrve is in excess, it 15 improcti-
cal to monilor disappearance of substrate as a measure
of the reaction rate. Tha ia, it is semantically (and
scientifically) mapproprinte for us to defing sur moni-
toring of the disappearnnce (a mte stsdy) of marked
mooss (or ofher substrates) as “predatos’prey” rescanch,
IT subsstrate is kn cxocss, moniloring its disappewance
wonld be conmectly térmead "prey” research,

If we are primarily interesied in prey rescarch,
pnd what we really want to know is the rate of rdic-
collared moose disappearance, moose mortality stsdics
are appropriate. Studics of this type serve premanly (o
confirm existing knowledpe. They demonstrate conclu-
gively that predators medinie (by accelerating) tho rocy-
cling of moose in the ccosysiem. However, studying
subsirate comversion whene substraie is ped limiting
cannd elucidate the dynamics of the system, it can only
document the e of prey disappearancs, When biolo-
gists engage in stodics of this type, they may alwo infer
the causs of disappearance (which predater did the
killing) from study of carcass remains. Oy on rare
ectasions i3 predation actually observed. Whithan this
frame of refercnoe, an cnnmalogist would ask:

1f woui e interested in dymrmica, why do you
study' (e disappedrases of mooss L méssiane i
conversion b woll s in svstems where vou
doni't think monse concentration sctaally limits
woll pracation. Wauld 1t net be better 10 study
wiltves and see howy often they sccomplish the
conversion, of allemately, why not study the
kinctecs of moosc-generaicd wolll scat nppesr-
amca? Adber all, how aflen doea o moose tam
Enier wol " scat in the shacncs of wolves!

[f this frame of reference is relevant (obviously | think
sa | wouldn't be writing this), we have inapproprisiely
labeled our research into predator-prey dynamics for as
long as | can remembeer us having identified it as sach.

Earlicr investigaiors studied predators more-or-
less separalcly from prey.  This approach was prodiss-
tive 1o the extent that it documenied the now-gbvious
fact that it &5 po problem for wolves 1o kil enough prey
to survive and thrive. This was not a rivial finding



becaise, at the beginaing of nkodem preadation shsdies,
the popular scicntific perception of predation (as a sori
ol biological toathbrush aking only "the wnfil™) was so
far froem reallity it was both necessary and expedient io
document the hagic fucts of life and death, [dwhar’s
mate: T Alaska this docwmentation was mone pecessary
Jor the seientlfic commiwnin thn ihe exprrienced Alas-
hrm,pl'HF:. Unforfunaiely, part of the credibility coat
Jiner borm in “comrvincing ourselves " bas been
huq.l"mptﬂﬁmhﬂu whr already knew i from em-
pirical observalion over long peviods. bt that ‘s another
-lmﬂ-'c-f
Cince an adequate data set demonstraged that
wilvis were ellicient predators without a compelling
aliruistic evolutionary mtionale driving their prey selec-
tion, research biologists decided to nddress the problem
al preduthon resesreh more Inclusdvely. They began s
think of predater-peey research sz a “systems analyeis”
problem, and attesnpied 1o describe the larger picture
{presumably with an eye iovwnrd managing ibe system),
In retrodpect, T sugpen predsioe-prey specialists
began to ask “systems-type” questions without making
appropriate changes in methodology. That is, they
began 1o ask "dynamics” quéstions based firsl on quali-
iative and then “mic” methodology, This methodology
had been effective in pewermg the most basig qoes-
fions relating to predabor biclogy, but wos exiremely
difficuli to “manmy” io svaiems analysis. As a resuls,
the data gathered didn't dircctly answer the questions
being askad. This ts not an anconumen sifeation s
rescarch questions become more complex. Meither is
imnique 1o wildlifs research. Nevenheless, we were
quite resoarceful in our effonts 10 mbonalize the dispar-
ity Bebwea what we hopad (o know amd what our
methodology revealed.  We urned 1o modeling
In an ci¥fort o make the daia oblained using
traditional, matural history=tvpe methodoldogy relevant
o the complex mansgement situslions nvolval, g-
scarchers purswod modeling. After all, weve all been
assured that maodeling is the way to identify strengths
and weaknesses in knowledge. Through expericnce, we
eventually discovered the obvious (within the tradi-
wonal wikdlife msans frame of reference]). that
manapers noed (o know how all the vanables in as
system will affect each other before they can, with
surety, predict an oulcome within the numow range of
probable results dermanded in programe as controver-
sial a3 woll control. This was not a partcalarly satisfy-
ing prospect because knowing how unpredictable syz-
tznag will react s smpossible. Stll, we kept of neodel-
ing, and owr models bacame incressingly sophisticaed,
These complex medels soon =0 dominant cur thinking.
that we began o focus mooe on their refinement than on
the management task af hand. The msull las been hal

our models have become 50 complex and esotoris that
they are beyond ithe reach of most manapers

I ghink this is risky for two reasons. First, mas-
ngemend is most often justified 1o the public and imple-
menied by area managemend biologigis.  These binlo-
sty are iypleally too basy with “real lile™ to Focos on
ithe esnteria details of models which, to date, have flane-
tioned primarily as research tools, Hence, managers
are often in o dilficull position when it comes 1o justify-
ing a manngement action denved from a rescarch
maodel. Az aresull, managers mury be more comforiable
managing on the basis of local knowledge ihon by ihe
uncerizin or probabiliny-defined model outpute. This is
particularly true when model outputs are based on
questionable, assumed, or extrapolated inputs

Second, the ephemeral noture of models imvales
criticizm fmm cthers. This i on inleresiing and per-
haps edifving excrcise for those who are “inio model-
ing,” but generates conflesion and endless debate
over alleged points of biokogy whach may not be vitally
relevant 1o ihe big picture. Public confuzion sompro-
it management clfectivencss, partcularly when it is
easy 1o find “expert wildlife scientists™ with campeting
wiews or philosophics who can always find something
1o critieize in o complex model.

What Docs All of This Mean?

Perhaps nodhing. However, 1 think it points to
seversl relevani questions abowl the way we plan o
conduct predator-prey receasch in the fufure. First, we
need to decide what questions we arc asking. and iden-
uify the most productive methodology 1o apply in ssok-
ing answers. 1 we really want to stody predator-prey
gyalenag, | dupggest iowill be productive (o nsove beydind
the standard methodology, which fociscs on neanate
mortality stadics. 17 we would undersiand “ihe sysicm”™
with an eye 1o regulating §L we et frst underunnd
“the predatory enzyme™ itself
Approprinte questiong nelude:

1. s prey asctually in cxeess to prodabor food re-

quircmcnis?

2, What ig the per usil rate of conversion of prey
o woll producis? What is K for woll comver-
gion of the species they wtilize?

3. What are the concentrations of “enzyme” (pred-
ators) and "substraze™ (prey)?

[dutkor’s mote: Alatka come close fo addresaing

iheze kineie dymomie pelationabip questions i thie
predator reduction progrants of the bae 19708 ard
early [980s This almasr happened ar we arhirarily
selected apecific predatar: prey ratios ax defined end
point of predotor reductions of thal period, How-
ever, onee chamges fn the political climmte pre-



cluded predoter reductions, research remained

the only predotor-related activity, and research

mrethodology reverted (o prey mortelity studies

(primarily among meomaies),

4, Whai can be done to decrease the rate of
conversionT

SUMMARY

Sociopolitical Fordes and & gyelenss-approsch
based on sdherence (o csiablished, but questionabiy
relevant, methodology have driven predator rescarch
eoward mercasingly cioteric modeh which have yetio
yicld & management bencfit. It might be productive i
returned to a simpler, generalized approach if we hope
io understand the pelual dynamics of prodaloe-prey
systems.  After all, concentrations of wolves and prey
and (he species-spiecific kill miss by wolves ana the
keys 1o undersmncing dynamics.

Additionally, il i3 important Tof us 10 conlimslly
remind ourselves of the impact our models have on oar
perceptions and how we convey them 1o oabers,  For
example, consider the well-wom lom, “predsior pis”
This tema attractively describes the bower level equilib-
ritmn predicted from spruce tree! nsect population
dynamics thot has boon applicd (or perhaps misapplicd)

1%

1o ungulaie’carnivore sysiems. In this case, cur termu-
nobogy affects public perception.

Our use of the term (and concept) of a “predatos
pit” {whsch has its basis in inseet fecundity) ivvites the
public po infer that pnce woll redoction has boosied o
nscse population fram "the pit,” no flarther reductions
in environmental resistance ane reguined to assun
moose (and wolf) abundamce, When we cause or allow
this 1o happen, we fail 10 remind everyvone Brvalved
maintenance of high moose abundanca requires contin-
uous kow environmental resistance, Hence, we should
not kead or allow the pablic to rssume that wolf control
i3 a "onc-shot” prOpOsEton.

When we alkow Facilitate public considertion of
complex thearctical models, the culiured skepticiem
about woll reductions will seire the nation that eavi-
ronmental resisiance (o which woll contrel 15 the mea-
Jor manageable compondnt) can be effectively assured
by intermaittent and infrequent wolf control. I so, the
public may resiit continnoss manipulation of predatos
populations on the assertion that “once in o while™ is
pdequate, Adopting a simplified modiel (the enmyme
kinctic mode], despite ite onfamilianity 1o wildlife bial-
opists, bs much less complicated than the multiple
equilibrium spruce’ insect modely would logically
priechude the opportunity for complicating enroaneous
asgumgeions of this ype.



