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e Threc members of Hamas, a group that uses terror 1o press its claims against the
e = lsraeli state, and Yasir Arafat’s Palestinian  Authority, recently strapped
v explosives to themselves and detonated the bombs in a market in Jerusalem (The
~ New York Times, 5 Scptember 1997). Both the Isracli state and Arafat’s
Palestinian Authority will respond, and Hamas will respond in kind. Several
inferaclions, going back many years, preceded this most recent cvent. More
@ importantly, similar interactions among protesters’ occur throughout the world:
% protesters and states interact with one another in an interdependent fashion.
r Scholars interested in this interdependence have recently begun using a
-~ simple, two-cquation model to better understand this inlerdependence (Tsebelis
“and Sprague 1989; Francisco 1993, 1996, 1997). The model was initially
developed in biology but has been studied cxtensively by scholars in several
fields and is arguably one of the better-understood mathematical models
available. Tsebelis and Sprague (1989) and Francisco (1997} mike a case for the
theoretical value of this model, and Francisco (1995, 1996) shows that it has
empirical utility as well. We are interested in further exploring the cxtent to
which the model fits empirical reality, and thus replicating Francisca’s (1995,
1996) empirical work using data on Third World countries.

The remainder of this article is divided into four sections. In the subsequent
section we discuss the hypotheses tested in the Francisco studics and the
research design employed. The third section describes the issucs raised by
replicating these studies with particular emphasis on the data we used. In section
four we present the results, and the fifth section is used to discuss the strengths
and weaknesses of our understanding of these models.”
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Hypotheses and Research Design

While the primary emphasis of this study is to assess the extent to which the
predator-prey model fits data drawn from news reports, we wish to briefly
critique the model as a theoretical tool. To begin, we briefly describe the model.
These models have been most widely used to describe the interaction between
the populations of two animals, one of which preys on the other for its food
supply. The model accounts for the number of each species and is based on their
interdependence: the predator’s existence is predicated on an adequate supply of
prey. If the predators eat too many prey, they will later die from starvation.
Predation keeps the prey population in check. Thus, the model is useful for
trying to understand the interdependence of two groups where one is
substantially stronger than the other and their populations are a function of their
interaction. Tsebelis and Sprague (1989) proposed that the Lotka-Volterra
predator-prey model could be used to study revolutions. Francisco (1995, 1996)
extended that work by showing not only that the model described interdependent
and differently powered actors, but that it could also be used to tease out several
extant hypotheses from the literature. We turn now to a brief discussion of the
model.

The Lotka-Volterra predator-prey model is described by equations 1 and 2,
and specifies that the change in the predator population is a function of the
fertility rate of predators (i.e., #) times the number of predators (i.e., C) and the
interaction of the number of predators (i.e., C) and the number of prey (i.e., P).
Equation 1 specifies that the change in the prey population is a function of
prey’s fertility (i.e., P) times the number of prey (i.e., C) and the interaction of
the number of predators (i.e., C) and the number of prey (i.e., P). The parameters
represent the rate at which the interaction of predators and prey decreases the
prey population and increase the predator population, respectively.

(1] dP/dt= oP -y (PC)
[2] dC /dt= - BC +N(PC)

Tsebelis and Sprague (1989) develop a predator-prey model of the
relationship between revolutionaries (as prey) and the government (as
predators), but they do not test the model with data. Francisco (1995, 1996) uses
both the Tsebelis and Sprague model and his own Lotka-Volterra specification
of the relationship between protesters (as prey) and governments (as predators)
as a baseline model that can be used to test four hypotheses. In Francisco’s
Lotka-Volterra model the parameters are as follows:

P = protest

C = coercion

o = rate at which protest increases in the absence of coercion
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B = rate at which coercion decreases in the absence of protest
y = rate at which the interaction between protest and coercion decreases protest
n =rate at which the interaction between protest and coercion increases coercion

The expectations of the direction of the effects of the variables on one another
are indicated by the sign in front of each parameter (i.e., a, B, y, and 1). More
specifically, when agents of the state coerce protesters (represented in equations
1 and 2 by the term PC), the Lotka-Volterra model expects the interaction of
agents of the state and protesters to decrease protest (i.e., y has a negative sign)
and the interaction of agents of the state and protesters is expected to increase
coercion (i.e., 1 is positively signed).

The Tsebelis and Sprague model, on the other hand, is represented by
equations 3 and 4:

(3] dP/dt=-CP +C

dC/dt =nP - xC
(4] dP/dt=-CP +yC
dC/dt =P - xC
where:
P = protest

C = coercion
€ = rate at which protest decreases in the absence of coercion
Y = rate at which coercion increases as a function of protest

n = rate at which protest increases as a function of coercion
k = rate at which coercion decreases in the absence of protest

As in the Lotka-Volterra model, the expectations of the direction of the effects
of the variables on one another are indicated by the sign in front of each
parameter (ie., §,v, M, and K ).Thus, the Tsebelis and Sprague model specified
in equations 3 and 4 anticipates that protest will decrease if there is no coercion
(i.e., € has a negative sign), coercion will increase in response to protest (i.e., y
has a positive sign), protest will increase in response to coercion (i.e., 1 has a
positi_ve sign), and coercion will decrease in the absence of protest (i.e., K has a
negative sign).

The strength of these models is their interactive and interdependent
specification: the populations of both protesters and coercive agents of the state
are a function of one another. The major weakness of this type of model is its
lack of microfoundations. That is, while these equations may well describe the
trajectory of the relationship between the protesters and coercive agents of the
state, they do not tell us why the actors behave as specified in the model.
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Rapoport (1960) raised this criticism of Richardson’s (19_60) well-known agns;
race model. As such, it is unclear what, if any, releyance this model hag t:d extan
theoretical debates, especially that between the rat}onal actor and depriv ;\cttl(])r
models (see Lichbach 1995) or the collective gctlon research programfan h‘cﬁ
synthetic political opportunity theory (see Lichbach 1996), e:ach3 ;): w‘lco
provides the microfoundations for protester and/or state behav1or.. r'ancilst
(1995, 1996) does not make the case that the preda.tor-prcy models tie mcefy (]
these debates. Instead, he demonstrates that specific hypotheses drawn hrom
these theories can also be derived from the predator-prgy moc.iels and tests them.
Thus, the weakness of the predator-prey models is their lack ofdnll;cro-
foundations and their disconnectedness from f.xtant research program eb ates%
However, Francisco (1997) has shown that this mf)del does have a number ot
interesting conceptual and policy implications, so it wou}d be. premature i(; 75’7)
this model aside in favor of others. Further, as Gillespie et al. ( 4
demonstrate, microfoundations can often be created for extant models, such as
RlCh:Ir:ji?lng s.brieﬂy reviewed the models, we turn our attention to bth(:
hypotheses. Francisco (1995, 1996) identifies a‘nd tests four hypothci)cs ]?1 OE
the relationship between coercion and protest: inverted-U, unstable, ac af s,
and adaptive. He does so by drawing inferences based on parameter estimate
from the Tsebelis and Sprague and Lotka-Volterra predator-prey models.

The Inverted-U Hypothesis

The venerable inverted-U curve hypothesis l_las been put forth by a numf;tr)bof
scholars (e.g., Gurr 1970) and has received mixed emp!ncal support (e.g., Hi 51;
1973 fails to find support for it, but Feierabend apd Feierabend 1972 report suc ]
a finding). The hypothesis addresses the effectiveness of coercion to chlr:peh
protesters to disperse and become quiescent. It contends that low levels and hig

levels of coercion are effective, but that medium levels of coercion tend to incite

rotest behavior. o . .
P This classic version of the hypothesis is cross-sectional: it contends that as

we examine many cases across space (i.e., examine protest ar}d coercion .
across different countries), we will observe the hypothgsxzed r'elatlons ip.
However, Francisco (1995, 1996) tests his.modcls ».v:th a tlme'serlcs

design, and is thus testing a time series variant of this hypothc;.(swil :

Sprague (1989) identify Jackson et al. (1978) as one of the works t .:‘ ) il
time series variant and argue that the predator-pr'ey m.odel provides a usIe -
theoretical tool for understanding how this relationship woulfi unfold(i t
important to appreciate the distinction between the gross-secgonal an
series variants of these hypotheses, yet it has not been discussed in the

so we briefly do so here.
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Jackson et al. (1978) develop what they call the “opposition reaction curve,”

which traces the impact of state coercion on protest behavior. They contend that
this curve can be divided into three zones:

At low levels of coercion, in zone I, conflict feeds on government coercion.
Moderately severe restrictions on civil liberties serve to stimulate further
[protest by] the opposition. However, at some fairly high level of [protest],
zone 11, each successive “turn of the screw” begins to reduce [protest]. . .
.The last zone, III, is where coercion is so high that only low levels of
[protest] remain (632-33).

The Jackson et al. variant of the inverted-U hypothesis is very time dependent,
much as is the more recent work on protest cycles (Tarrow 1989; 1994; Costain
1992; see especially Brockett 1992): in the early stages of a dense period of
protest (i.e., what others call a protest “cycle™), coercion stimulates protest (zone
I), but the stimulative effect declines as protest increases (zone II), and then
coercion deters protest (zone III). That is, over time, the impact of coercion on
protest changes within a specific period or cycle of protest.

Tsebelis and Sprague use the predator-prey model as a basis for specifying
a formal description of Jackson et al.’s “opposition reaction curve.”* Francisco
(1995, 1996) explains that the relevant parameters are M in equation 3, which
indicates the rate at which protest increases (if the sign is positive) or decreases
(if the sign is negative) in response to coercion, and Y in equation 4, which
describes the state response to protest behavior. When both N and Y in equations
3 and 4 are negative, the proper inference to draw is that there is an inverted-U
relationship between coercion and protest.

With respect to the Lotka-Volterra model (equations 1 and 2 above),
Francisco (1995, 1996) focuses on parameters o and M to draw inferences
concerning the inverted-U hypothesis. If o is positive and m is positive,
Francisco infers that the inverted-U hypothesis is confirmed. A represents
protesters’ response to the absence of coercion, thus a positive sign suggests that
protesters increase their activity in the absence of coercion (i.e., low levels of
coercion incite protest behavior). n, on the other hand, represents the impact of
the interaction of protest and coercion on the repressive behavior of the state,

and a positive sign suggests that the state increases its coercion in response to
such interactions.

The Unstable Hypothesis

Francisco (1995, 266) explains that Tsebelis and Sprague anticipate that the
relationship between protest and coercion will not be constant over time.
Instead, coercion might incite protest at one moment and deter protest at
another. If this were the case, “Coercion and protest might combine to produce a
pattern of oscillation over time” (1995, 266). In the 1996 article he specifies the



