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- Connectance of Large Dynamic

Gl

ystoml- Critical

: lAnlylwrmbﬂngltndwdtodaymdynmw.lu-plnd

—

complex: traffie at an sirport with 100 planu. slum areas
with 104 persons or the human brain with 10'* neurones.
In m;,ch systerms, stability is of central importance, for
instability usually appears as a self-generating catastrophe.
Unfottunately, present theoretical knowledge of stability
inl systems is meagre: the work described here waa
intended to add to it.

Most of these large systems, often biological or ooowl

. aro grossly non-linear, which increases the difficulties

associated with them. Here we consider linear systems
merely as a first step towards & more genoral troatment.
We have atteanpted to snawer: What is the chance that
& large system will be stable ? 1f s large system is assembled
(ornnected) at random, or has grown hazardly, should
we expact it Lo be stable or unstable ? how does the

bgcm»on change az n, the number of variables, tends to
i

ity ?
Monte Carlo-t svidence!:! had suggested that the
m’obohhby of ility decreased rapidly as n was increased,
porhaps as fast as 2, an exponentially-fast

vanishing of the chanos that the system will be stable.
This result, howsver, was for systermns thet were fully
connected, where every variable had an immediate effeot
on every other variable. While this case is obviously
important in theory, it is not the ocese in most large
systema in real life: not every person in & silum hes an
immediate offect on every other person, and not every oetl
in thebmndxmdynﬂectaevaryotheroen The amount
of connectednoss {*‘connectance’) is often far bolow 100

. per cent. We have studied how such incomplete connect-

* tion has s peak at sero, sampli

-~

ance uﬂocuuloprob.blhty of a system’s stability.

Let the linear system's’ state be represented By the
vector X (= <X, . .,Xs>, where each x, is a variable, &
function of time), and its changes in time by the matrix
squation

x\-Ax

To *“join the variables at random” is to give the elemhents
in values taken from* some specified distribution.
*‘Non-connexion from-X; to X, corresponds to giving the
element ay the value zero, Thuu,ll'tho distribu-
from it will give the
%:uduxtp(ndynm systemn with many non-oconnsxions.
emnechnoe(}oﬂhouydmneanthmbooonwmenﬂ
defined aa the of non-zero values in the distri-
bution. Thu, if the ta are drawn from s distribu-
honmu:”petomtmmdlfn-looo then each Hne
of the equation would contain ‘sbout ten non-sero coeffi-
corresponrding to & aystem in which each variable is
direotly affected by about ten other variables.
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of A corresponded to & systom of individually stable parts, Ie apite of
connected so that each ;):-t was affected directly by about expoctption
C per cent of the other to about m
On a digital computer, & ‘value for n was given end a posaibility N
value for C. Random numbers appropriately distributed to rage. P
were then sampled to probide s matrix A. Hurwils's r contributior
criterion was applisd to teet whether the real parte of Thlu !xcuh
A's latent roots were sll negative (the stable case) and the in a jot-bla
result recorded. Further p ing further As, § insuperablo
dlovedt.ho robability of |ty()loboutunuad , fm-mthf
b.bJ:t,y was re-estimated for another value
ol C, md so on, until the variation of P with C became ably Q““llﬂt
clear, might bhe ¢
The results showed the feature that we wish to report deeper over
here. Al o system was made larger, & new simplicity There is &
ig. 1 shows a selection of the results, encughto 3§ on demogra
il ust.raw t.he prmolpd fact. neutrally re
When n = 4, the probability that the would be of the work
stable depended on C in & somewhat com ourve (which level. 1t is )
could perhaps be predicted exactly). But as n inoroases, and project:
the curve changes shape rapidly towards a step-function, judgment bx
nﬂmtavmwhennuo:glomodnpom t be s ctml‘all
regarded, at loast for some | purposes us, even
at n = 10, questions of stabi tyeanbemndnmplyby ¢ to develop ¢
asking whether the connectance is above or below 13 per globe, even
oent: 2 per cent deviation either way being sufficient to dozens of m
convert the answer from ‘“almost certainly stable’ to | il inadequa
* “almost certainly unstabile'’. care and ing
The matter is being mvuhgatod further, but it may be containing
ofgmordmhnuwnoﬂwthnthuwwkmumthu lessons in fun
all 1 dynamio systems may be expacted to thermodyna
‘r&pmpertydbeugmbhuphluiﬂodwof pollution ha:
oonnecunoe.mdthan aa the connectance incressss, to go such as resi
suddenly unstable. eoological ba
This work was supported in part by the US Office of are speculati
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Metabolic Effects of Polychiorinated
Biphenyls in the American Kestrel

PoLYCELORINATED biphenyls (PCB} have been widely
found in wiidlife samples’:s. PCB ase used as plasticizers
in plastios, resin and chlorinated rubber. They have
been recommonded for improving lindane rosidues* and
have been shown to increase the insecticidal properties
of DDT and dieldrin®. PCB are highly stable, insoluble
in water and soluble in lipids; eo that they can persist
and undergo ‘biologioal ification in the environment.

Sax® roported the toxicity of chlorinated biphenyls as
moderste to high. One PCB has been shown to pro-
duce chick hydropericardial cedema and growth depres-

' sion proportional to dietary levels (300 and 400 p.p.m.) bf

the t-oxiqant'.

pathol

These effects were aocompanied by such
changes as:. oream-coloured pancreas,
o kidney, enlarged adrenal gland,

: diet
ol‘onedl_yolddmdoookoreh. The dead cockerels were .
injected in tho mmdm«,os .p.m. or 5-0

[} l IGO '

an. (w/w) of either
onsanto trede nemes for PCB ocontaining 54 per oent
ohlorine and 62 oent chlorine respectively) di
ia sceame oil. i &ouilrouﬁ);hoquivnhntto
$ mg/kg PCB to esch hkeetrel. Coc for ocontrol
keotrels were inj with sesamne oil only. It is assumed
that the k consuzned essentially all of the dietary
‘Aroclor’, for the only parte of the cookerel not eaten were
lhobuhnndfm.mdthomng\nﬂwby

: . Kach pelr

m a burlap-covered 8x€x8 foot wire oage
sxperimgtital diet omoe for § months. Ab
of the teet period, the birdd were kifled, livers removed,

Fikine, J. P.. and IN Lusio, N. R., J. Reticlsondothelinl Svc.,

783

and the microsomal fraction was prepared and incubated
sa describeel by Conngy and Klutch®. Radioactive
oestradiol and its metabolitra were extraotod with di-
chloromethanc and separated by paper chromatography!®

. with changes in prooedure aa reported previously®:,

Histological examination was carried out on kestrels
fed 8§ p.p.m. ‘Aroclor 1354" for 14 days. A oentral portion

“of the liver was removed immediately after death and

fixed in Carnoy's fluifl for 45 min. Sections were cut a¢

- 5 um. All sections were treated with deoxyribonuciesse

(01 mg/ml. in 01 M te buffer (pH 7-5)-0-1 per
cent gelatino—0-03 M o) for 3 h at room tomperaturn
to remove DNA which would otherwise stain with arure B.
All sections were then stainod in axure B (0-1 per cent in
0-1 M citrate buffer, pH 4:0) for 2 h at 40° C, washod briefly
with water and differentiated overnight with t-butyl
aloohol'’. The density of the staining with azurc B was
measured cytophotometrioally at 545 nm (ref. 13). Tem
readings of the per cent transmission of » standard ares
of cytoplesm were made for each of five control and five
exgerimentd livers. The mean for oontrol birds was 397
+ 3-3 whereas for the experimental birds it was 26-8 £ 3-6.

- An analysis of varianoe of both the individual values and

the means gave caloulated F values which exceeded the
0-008 tabular F; we theeofore conclude thet the deorease
in percentage transmission ia & oonssquence of the
presence of more cytoplasmic RNA in the ‘Aroclor’-
treated kestrels.

Table 1. I'n elire NIOROSONAL BIBAXDOWN OF CRSTRADIOL
Amount of polar metabolites formed T mmmcies/g microsomal frection
(sampls aize, 4 for ench group)

Diet Mean wd

trol 900 0-00
06 p.p.m. * Aroclot 1254’ Patt 735
5-0 p.p.m. ‘Aroclor 1854° 0050 31-20
0-5 p.p.m. ' Aroclor 1962 1906 11-90
8-0 p.p.m. ' Arocior 1262' 47-9% 25-48

A dose-dependent in vitro breakdown of ocestradiol tc
s more polar metabolite occurred in livers from kestrels
fed sither ‘Aroclor 1254’ or ‘Aroclor 1362' (Table 1).
There was no apparent difference between the effects. of
the two ‘Aroclors’ nor weas there any difference between
sexes. No such conversion took place in the livers from
the control birds. .

The increase of hepatic entyme activity oan thus be
ocorrelated with an inorease of cytoplasmic RNA. Pro-
liferation of the endoplasmic reticulum of rat liver oells
following the administration of chlordane'* and DDT'
has been noted these changes were not quanti-
fied. Our findings suggest the physiological sctions of
PCB are similar to thoss of DDT and ita metabolites.

. This industrial contaminant should be considered as an

sdditional burden to the ecusystemn comparsble with that
imposed by the orgenochlorine pesticides.

We thank Dr T. J. Cade for help viding the
kestrels and Monsanto for supplying * 1254 and
. 1202° and technioal bulletins. This was supported

by the National Institutes of Health, and carned out
while one of us (D. B. P.) was an established investi-
getor, American Heart Amsociation.
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