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Estimating Chaos in an Insect Population 

R. F. Costantino et al. ( 1 )  state that their 
laboratory data of the population dynam- 
ics of the flour beetle Triboliz~m castaneum 
show con\.incing evidence of transitions 
to chaos. Their ~nethodology was similar 
to earlier studies ( 2 )  that assessed the 
population dynamics oi  a time series by 
fitting some mechanistic or empirical 
model and then inspecting realizations 
i ro~n the deterministic skeleton of the fit- 
ted model. However, Ellner and Turchin 
(3) argued powerfully that such an ap- 
proach was flawed because it did not allow 
for a random component in the dynamics 
and might lead to the misidentification of 
series dynamics. 

Ellner and Turchin identify three 
sources oi  variation that might influence 
the sensiti\.ity oi  the system to initial con- 
ditions-endogenous dynamics, exoge- 
nous dynamics, and measurement error- 
and ask how fluctuations can be catego- 
rized as stochastic or dynamic if the tneth- 
odology assumes the absence of noise. 
They presented methods for calculation oi  
the Lyapunov exponent that allow for dy- 
namic noise; these methods halve now 
been supplemented by associated random- 
ization tests that indicate the variability of 
Lyapunov exponents under two popula- 
tion dynamic hypotheses (4) .  While this 
new methodology cannot disentangle the 
relative contributions of measurement er- 
ror (which is usually assumed to be small) 
from exogenous dynamics, it does identify 
the eiiects oi  the exogenous dynamics, 
which is usually the aim of the exercise. 

The estimates of the Lyapunol. exponents 
given by Costantino et al. must be shown to be 
robust to the presence of noise [that the au- 
thors themselves estimate in their variance- 
col~ariance matrix sum (Z)] if a valid charac- 
terization of the Triboliurn dynarnics is to be 
obtained. We urge Costantino et al. to provide 
such estimates tor the stochastic \version of 
their model and then to compare their data 

with such output, rather than to use estimates 
irom the deterministic skeleton. 

Joe N. Perry 
Ian P. Woiwod 

Rothamsted Experimental Station, 
Institute of Arable Crops Research, 

Harperzderz 
Herts, PL.5 21Q LTrzited Kingdom 

E-mail: joe .perryObbsrc.ac.uk 
Robert H .  Smith 

University of Leicester, 
Leicester, United Kirzgdom 

David Morse 
LTrzielersity of Kent at Canterbury. 

United Kingdom 

REFERENCES 

1. R. F. Costantino. R. A. Desharnais. J. M. Cushing, B. 
Denns, Science 275, 389 (1 997). 

2. P. Turchin and A. D. Taylor, Ecoiogy 73, 289 (1992): J. 
N. Perry, I. P. Woiwod, I. Hansk, Oikos 68. 329 (1993). 

3. S. Elner and P. Turchn.Am. /Vat 145, 343 (1995). 
4. X. Zhou, J. N. Perry, I. P. Woiwod, R. Harrlngton, 

J, S. Bale, S. J. Clark, Ecol Entomoi 22, 231 ('997). 

3 March 1997; revsed 23 Apr  1997: accepted 28 Aprll 
1997 

Response: We agree with Perry et al. that more 
st~ldy is needed of nonlinear dynamics in the 
presence of noise. We have colxlputed the 
Lyapuno~. exponents (LE) for both the deter- 
ministic and stochastic \.ersions oi our model 
(Table 1)  by using our published estimates for 
the model parameters and variance-covari- 
ance matrix. If one accepts a positi\.e stochas- 
tic LE as a hallmark of chaos, then these 
results derno~~strate that our statements about 
chaos are "robust to the presence of noise." 

We remain unconvinced, however, that 
the stochastic LE (2 )  advocated by Perry et 
al. should be viewed as an objective hall- 
mark of chaos. Consider, for instance, a 
population model in which population size, 
N,, obeys a stochastic Ricker (discrete time 
logistic)   nod el 
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where r ,  a,  and cr are positive parameters, and 
2, is normal (O, 1) noise. For the value T = 1.9, 
the deterministic skeleton i u  = 3) predicts a , A 

stable eci~~ilibrium. For values of u greater 
than about 1.5, hone\.er, the stochastic LE is 
positive. Chaos is indicateii by the stochastic 
LE for nhat  many n.ould co~lsider a stable, but 
no is^. eiluilibrium. It is not clear to us that 
ecolilgist; at large w o ~ ~ l d  want to class$ such 
a systeln as chaotic. 

Perry et al. also urge us to compare our 
data to the output of the stochastic version 
of our model. Rea1i:ations from the stochas- 
tic model mimic well the experimental data 
(an example is given in Fig. 1 tor the cha- 
otic treatlnellt c!,,, = G.35). As shown in our 
previous work (3,  4) ,  howe\~er, a more rig- 
orous approach is to conduct diagnostic 
analyses of the differences between the 
model predictions anii the experimental 
time series (5). 

The model presented in our report ( I )  
was based on detailed biological knowleiige 
of the well-studied flour beetle system (6) 
and has been validated bv extensive diap- " 

nostic analyses using time series residuals 
from independent data sets (3 ,  4).  The time 
series (1 )  were generated from an experi- 
lnent that was iiesignecl to test qualitative 
transitions in dvnamics that were predicted 
a priori by this i onl linear model. o u r  stuiiy 
slloulil not be classifieii with other claims of 
chaos that are based on ~u~lvalidateii de- 
scriptlve moiiels fitted to historical data 
sets. 

In contrast with our approach, the sta- 
tistical methods 12) advocated bv Perrv et , , 

al, tor estimating the  stochastic'^^ f&m 
data involve estimating the structure of 
the Jeterministic skeleton wit11 various 
nonparalnetric regression methods a i t h -  
out reirard to the biolo~ical  mechanisms " 

productng the data. The  efflcacy of these 

Table 1. Deiermnst~c and stochast~c Lyapunov 
exponents (LE) for the model and parameter est- 
mates of Costant~no et a1 (I) 

Exper~mental Determ~n~stic Stochast~c 
treatment (C,,) L E  L E  

Control 
0 00 
0.05 
0.10 
0.25 
0.35 
0.50 
1 .oo 

methods for reconstructing ecological iiy- 
~ l a ~ n i c s  has been tested only on simple 
models ( 2 ,  7), with mixed results. Differ- 
ent  regression methods irequently yielded 
different conclusions for the same data 
12). In short. we are skeptical that the ~, 

value of an index calculated iroln one of 
several curve-iittine algorithms consti- - " 

tutes reliable e\.iJence o i  chaos. 
We concentrated in our report on  what 

seemed to be the more testable asuects of 
chaos theory in ecology. The  heart of the 
scientiiic debate about ecological chaos 

Fig. 1. Three-d~mens~onal phase space plots of 
the output of the stochast~c model (A) and the 
expermental data (6) for the chaotc treatment c,, 
= 0.35 of Costantno e ta / .  (I). Exper~mental data 
are for three replcate populat~ons from t = 10 to 
45 (70 weeks). Smulaton data are for three real- 
zatons of the siochastc model from t  = 10 to 45 
started with the same values observed in each 
expermental replicate at t = 10, In both plots, the 
solid dots represent the chaot~c attractor of the 
deiermnistc skeleton. 

re\.ol\.es around whether simple determtn- 
istic models with chaotic dynamics can be 
~rseful representations of ecological sys- 
tems (8) .  O n e  of the maill take-home 
messages of nonlinear dynamics is the pre- 
diction of transitions in svsteln behaviors 
in response to changing parameter \values. 
In our studies ( I .  9), the transitions of the 
attractor of a deterministic model (our 
skeleton, the "LPA model") in and out o i  
chaos, invariant loops, and cycles provid- 
e J  strikingly accurate predictions of the 
responses of our experimental populations 
to parameter manipulations. \&'it11 this ap- 
proach, the hypothesis that simple feed- 
back mechanisnls cause complex popula- 
tion dynamics is far more vulnerable to 
empirical refutation. 

Ecological systems are stochastic, so 
much so that the low-dimensional dyllalnic 
models of theoreticians are widelv derided 
by empirical ecologists. ~l leoret ical  ecology 
needs more studies in which mathematical 
models survive experimental challenges as 
serious scientific hypotheses. 
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