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SYNERGETIC EFFECT OF ABNORMAL BEHAVIOR
OF ANIMALS BEFORE EARTHQUAKES
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R ABSI’RACI‘

The synergetic effect of abnormal behavior of animals beforé earthquakes is discussed in this pa-
per. The result of a 'simple médel*based on'the inferaction betweén animals can explain the statistical
data. Tt was also pointed out that the System’ of animal' colony reacts to the stimuli of environment
in a nonlinear way, which leads to more complexlty in the apphcatlon of tlus phenomena in earth-
quake prediction. ' o BN o ' ‘
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INTRODUCI'ION

The abnormal behavior of animals before earthquakes had been regarded as one of the most im-.
portant precursors of destructive earthquakes (IBAC, 1977 Andriese, 1979) . The results of many
field investigations and experiments show that such abnormal behavior is associated with the physical

or chemical precursors such as microseismicity, the emanation -of gas and the change of electromag-
netic field (Buskirk, et al. 1981 Jiang, 1980, 1981; Deshpande, 1987) A problem which has-

~ been neither mentioned nor resolved is , in which way the animals affect each other in their abnor-

mal behavror And such a problem is inevitable as we consider the utlhzatlon of this phenomena in
earthquake predrcuon because generally the animals live in oolony and bound to interact with each

. other, especially in the case of anomaly. In fact, before many earthquakec most of the events of ab-

normal animal behavior afe in the form of social reaction (see, €. g. Chen, et al. 1979 in Fig.
1) . And their interaction with others, of their own or drfferent species, played an important role in
the formation of the abnormal behavior which precedes earthquakes.

"SYNERGETIC EFFECT OF ABNORMAL BEHAVIOR
OF ANIMALS BEFORE EARTHQUAKPS

‘ Consrdermg a srmple model, let us assume that in the sense of average the sens1t1v1ty of all
species of animals is at the same level, and there exists an interaction between different individual
animals. Within time interval ‘At the probability of the induction of another event of abnormal be-
havior by a previous events is -A At+0 (At) , and thus a new event: of abnotmal behavior should be
induced by N previous abnormal events with probability A NAt+ 0 (At). ’I'herefore at time t+At
the probablhty of the occurrence of N abnormal events is- '




104 lﬁihﬂﬁ"a’é?ﬁ o . RuEg

Pa(t+ 4) = Pucr() A (N — 1At +Pu() (1 —A N&y (1)
As At—»0, equation (1) beoomen -
A —A N(t)PN(t) FAN@® —DPot) (2)
with the solution - - K LT I 1 -
Py (t) = ( _—11) A e L (3
where iis the number of abnormal events at t= 0 and thus ‘
| E{N()) = E]P,(t) =ie* . - (4)

From Fig. 2 and Fig. 3 it may be seen that equauon (4) can explam the trends of variation
of the statistical data on the temporal scale of day and hour. Wlth the concept of synergeuc effect
we can understand why the occurrence of abnormal behavior of animals does not synchromze with
other physical and chemical precursors causing -the ‘animal reaction and why in average the event

number of the abnormal behavior vanes fh the way of exponental increase. Considering the limit~ .

ed number of animals, the dlfferenoe in sensntmty between different species and the background

noise, more detailed modelsl may ‘be developed, to. fit: the statistical data. However, it is more impor~

tant that the synergetic: effect dominates the_.t)empdral evolution of the abnormal behavior of ani-
lllals. e ’ ’ '
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Fig. 1 Spatial distribution of abormial behavior of animats - Fig. 2 Average temiporal distribution of event number
before the Longling earthquake, Yunnan on May,. ..~ - . . of abnormal animal behavior before earthquakes

29, 1976 (from Chen, et a1,1979)., .. .= . - (from Jiang, 1980), the time unit is hour
1. for abnormal bohavior of colony ) ‘ S
2. for abnormial behavior of mdxvndual animal

The system of the ammal colony reacts to the physncal and chemxcal sumuh in a nonhnear
‘way. In this process two. dominant factors are the mtensnty of the environment stnmuh F and the
strength of the interaction within the colony B. The status of the reaction may .be deecrlbed by the
parameter /\ in equation (4) with a positive A. represents the state of abnormal behavior and a

% ‘
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'5* negatlve one represents the normal. As a qualitative description the simplest form of the system reao-
tion may be expressed as a cusp system as shown-in Fig. 4, in which we see three kinds of paths of
the ‘variation of parameters which corresponds to the three cases we are farmhar m the practloe of

. earthquake, predxctlon (1) -abnormal ammal behav10r precedes earthquake « 2) earthquake without

*. abnormal behavior of animals:and (3) abnormal behavmr of animals without earthquakes
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Fig. 3 Temporal distribution of event numher of abnomml '
aniimal behavior before eenhquakw (from Jiang .
1980). the time whit is day - | r .
a, Haicheng mrthquake haon.lng on Feb. 4. 1975
'b. Longling eanhquake Yunnan on May 29 1976

Flg 4 Relatlon between thc paramcters and lts vnrlauon paths

DISCUSION

The earliest western referenoe to the drseovery of the relation between abnormal ammal behav--
jor and earthquakes was found in Italy as early as 1887, whilst hundreds of years ago Chlnese had
found the same phenomena. Many writings on earthquake prediction (e. g. Rikitake. 1976). men-
tioned abnormal animal behavior as.one of the precursors to be considered as elements for predic~ '

"tion. And it was the abnormal ‘animal behavior before the Haicheng, Lidoning; China earthquake of '

1975 that helped the government to persuade the residents to leave their. houses in the winter days

‘ " before the catastrophe It was pomted out that the mmute physxml or chemical variations ‘before
earthquakes are percelved by the ammals whrch naturaly react according to their specxﬂc anatomy,
physiology, psychology and behawoural pattems To some extent the ammals amphﬁed the physical
and chemical precursors " Anid in the same sense’ we may say 'that the colony of animals amplified
the ammal reaction for the second time. And the second amphfleatxon plays a more important role
in the distortion of information of- the on- commg earthquake whlch can not be ignored in the -
study of earthquake prediction. C C N :
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