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INTRODUCTION

Great amounts of evidence are ar present available relating to abnormal
animal behaviour priot to earthquake {1-4, 6-12L. Most of this evidence was obtained
by questioning the residents, which was as a rule done following the earthquake.
However, there is as yet no unified, well-developed thesry that could explain the
ability of animals to feel an imminent catastrophe.

Observations of extensive abnormal behaviour prior to earthquake, several
successful cases of earthquake prediction using biological precursers, demand special
attention to this problem. The most impressive success has been achieved in China
in forecasting the Haicheng earthquake of February 4, 1975 with magnitude 7.3
when a successful prediction was made from a combination of precursors, abnormal
animal behaviour playing a decisive role at the final stage of predicting, during
the short term stage [12],

The detection of patrerns governing this phenomenon, but which are still not
known to us,should rely in our opinion on those as yet unique cases in which cata-
strophic earthquakes were followed by systematic interrogation of local residents
and by data collection from various organizations. An example is the Tangshan,
magnitude 7.8 earthquake of June 28, 1976 with 2093 cases of unusual animal
behaviour detected as a result of an investigation carried out by Chinese scientists.

We know of 50 earthquakes in the USSR area [4,6,7] that have been preceded
by uwesal animal behaviour, twelve out of these occurring in Armenia and adjacent
areas (Fig. 1)

This paper describes biological precursors of the Spitak, Armenia earthquake
of December 7, 1988.

INVESTIGATION TECHNIQUE AND DATA COLLECTION

The work on identification of biological precursors to the Spitak earthquake
was organized as a direct questicning of eye witnesses and a questionnaire (given
in whole in Appendix) among local residents and organizations, the questioners
summarizing the main criteria of abnorma! animal behaviour, the state of vegetation
and the sensations of people prior to the earthquake. A brief questionnair was
published in the central newpaper "Komsomolskaya Pravda". To sum up, the array
of information to be processed consisted of records of oral answers, questionnaires
which had been filled, and written answers. The overwhelming majority of this
information had been collected during the first two months after the earthquake.

Most responses came from professional people, i.e. farm and zoo workers,
natural reserves, veterinary services, as well as from amateurs who had been obser-
ving animals for long periods of time. Although the response, particularly those
coming from nonprofessionals, did not always accord with standards of scientific
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data acquisition, most of them are trustworthy. This conclusion is based on exact
and characteristic details in many reportsy on tallying facts obtained from different
people; on attention being called to unusual animal behaviour and its being discussed
with other people before the earthquake. For example, a citizen of Leninakan,
A. Garibyan, being uneasy about an extremely unusual behaviour of his pets, had
tried to warn about the danger and telephoned the town authorities.

Uncertain and doubtful cases have not been taken into account here. There
is significant evidence concerning reptiles, rodents, aquarium fishes and especially
trained dogs. We have managed to collect more than a thousand reports from over
120 sites. It should be noted in this connection that many were concerned with
groups or populations of animals rather than with single individuals, hence the
number of animals that have shown abnormal behaviour was several times the number
of reports.

Description of Collected Data -

Numerous facts of distinctive response by a number of animals to the approa-
ching earthquake have not confined to the northern area of the Republic Armenia
directly near the epicentre, but came from the distant areas too. There are also
many reports from the neighbouring republics. It must be noted that in some cases,
including some from the epicentral area, the residents did not notice any changes
or refused deviant animal behaviour to the earthquake. :

There is another important fact, viz., when several animals of the same group
were kept under observation, representativesof the same species did not all respond
to the signals that arrived, some of them remaining indifferent, 1o be attributed
to different levels in sensitivity.

The map of isoseismals (Fig. 2), a preliminary version compiled by workers
at the Institute of Geophysics and Engineering Seismology, Armen. SSR Acad.
Sci.. (S.N, Nazaretyan and his associates), shows sites where abnormal animal behavior
had been recorded, as well as those sites where no information on biological precur-
sors was available.

From this map one can see that, out of 127 sites where preseismic abnormal
animal behaviour had been recorded, l% lie in the intensity X zone (on the M3K-6%
scale), 15 in the intensity IX area, 24 in the area of intensity VIIl. Thé greatest
-number of sites (37) lie within the intensity VII zone, 32 sites are in the intensity
VI zone, and 5 in the intensity V zone.

The sites where positive intormation is available are sufficiently uniformly
distributed over the area around the zone epicentrgl. This makes it possible to exa-
mine some spatial properties of the biological precursors detected.

The distribution of the number of cases with abnormal animal behaviour as
a function of epicentral distance is presented in Fig. 3. The epicentral distance
was measured from the midpoint between the epicentres of the two main shocks
as determined from felt effects, About 200 cases have been identified within
20 km of the epicentre, double that number within 40 km, reaching the maximum,
334 cases. Afterwards, that is, with greater epicentral distance, the number of
reports gradually diminished to a few cases, The data coilected indicates that
stable information on abnormai animal behaviour was available within about 100 km -
to the southeast of Erevan, Razdan, Sevan (a town), to the north of the town of
Akhalaki, Tbilisy., A  few reports came from sites situated at much greater
epicentral distances, namely, the town of Kirovabad (180 km) and the town of
Orjonikidze (220 km). To sum up, premonitory behaviour of various animals was
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detected, not only in the epicentral zone and zones of high intensity, but also in
areas where the shaking occured at intensity VI or less. Naturally enough, most
reports came from large cities like Leninakan, Erevan, Razdan and so on. A brief
description of a small fraction of the total list of reports relating to changes in
the p:haviour of some animal species prior to the Spitak earthquake can be found
in Table 1.

An analysis of the entire intoimation obtained relating to the character of

‘changes in animal behaviour from the physiological point of view enables us to

jdentify two main types-of response behaviour before the approaching earthquake
[8,101 The two are widely different as regards both intensity and precursor time
and the duration of the changes. This circumstance can be explained by, on the
one hand, different manifestations of the intensity of premonitory phenomena at
different epicentral distances and, on the other, by differences in the threshold
level of individual sensitivity of animals.

The observed character of clanges in animal response during abnormal excitation
or depressed state is in pyr opinion due to the appearance of two relevant uncondi-
tioned defensive ceflexes "what's this" and "what is to be done" in the organism
at that time [8).

When the "what's this" reflex arises, which is essentially an investigative
one, animal behaviour experiences merely changes in the general emotional respon-
sivity - the appearance of a vague anxiety, agitation, increased motional and vocal
activity, panic fear, the use of large amounts of water while not being thirsty
and so on. Al these manifestations are clearly signs of uncertainty and an absence
of purposeful behaviour. .

The orientation reflex "what is to be done" reinforced by the instinct of
self-preservation typically exhibits specific purposeful actions - going into open
spaces from shelter, the tendency to free themselves from a leash or tether, to
flee from dangerous zones, the disappearance of fear and agressiveness towards
the others, the care taken to preserve the offspring or its masters and so on.

A more detailed analysis of the material relating to abnormal ammal behaviour -
before the earthquake shows that the appearance of any of the above reflexes
depends primarily on the intensity of stimulus which varies significantly with epi-
central distance, The "what's this" reflex arises when an animal organism experi-
ences a moderate stimulus, while a strong stimulus evokes the "what is to be done"
reflex, '

It is important to emphasize that all evidence of abnormal animal behaviour
before the Spitak earthquake shows no qualitative difference from those recorded
before other earthquakesin other seismic regions [1,3,i1,12]. This is true, not only
for the signs of -unusual behaviour themselves shown by several animal species,
but also of the fact that just not all animals have responded.

The Spitak earthquake is different from most earthquakes in the USSR area
with premonitory biological phenomena only in that the identified manifestations
of abnormal animal behaviour were much more numerous. This is another proof
of the fact that we deal here with a phenomencn that is quite real, even though
not yet studied in sufficient detail, and which requires a deep study and penetration
into ity causes,

To characterise the precuréor time for animai behaviour prior to the earthquake,
we have plotted this parameter as a function of epicentral distance for the more
frequent species encountered in the reports (Fig. 4). It has turned out that the
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closer an animal was to the epicenter of the future earthquake, the earlier was
the perception of it. A more detailed analysis of the material collected for different
animal species reveals the greatest difference in this index in favour of the so-
called more sensitive animals. . ’

There are about 200 reports providing evidence of unusual animal behaviour
2 to 3 days before the earthquake. Manifestation of abnormal behaviour were
occuring on a mass scale 24 hours and especially a few hours before the earthquake
within a few tens of kilometers of the future epicentre. The same thing happened
half an hour to one hour before the earthquake. Just as was the case for other
earthquakes, the number of anomalous signs, that of individuals showing them and
the degree of response were increasing as the Spitak earthquake drew near. A
few minutes before the main shock, its approach could properly speaking be det-
ected by any observer living in northern Armenia, provided he or she ascribed some
significance to biological precursors.

Some interest attaches to data on the distrtibution of the number of observa-
tions over animal species (Table 2}

Looking at Table 2 one can conclude that the greatest amount of information
concerning changes in animal behaviour related to the approaching earthquake
as classified by animal groups was obtained for domestic animals (57.1 %), rodents
(L1.1 %), hydrobiontes (5.3 %), poultry (5.0 %), cage birds (4.2 %), etc. Among
animal species predominate dogs (26,3 %), cats (17.4 %), hens (5.6 %), mice %58,
aquarium fishes (53 99, Domestic animals, certain species of poultry and pets, as well as worms ooy
an intermediate position by this index in this list. At the end are wikd animls, same insect species

and reptiles. However, even these few reports should not be undervalued, if only became cheervation
of thess are strorgly limited in soope.  Also, similir .cases.in the overall list of biological precursors
are considered more reliable in the most seismic regions of Asia and Burope [1, 4, 10121

The sequence of species nottd above is largely due to differences in . the
occurrence of the above animals .over area in the earthquake zone. Consequently,
the quantitative index of abnormal behaviour is in our opinion inadequate in forming

judgement on the sensitivity of an animal species to the earthquake under considera-
tion,

SOME ADDITIONAL OBSERVATIONS

Precursory anomalies have been noted for plants too, although in much smaller
quantities. Thus, for example, grass and potatp tops dried up in the epicentral
zone as early as in June, dramatically diminishing potato output, while the output
of cabbages in theGuUgar region, in contrast to this, sharply increased. Some 12-13
days before the shock one noted the appearance of fresh grass and flowers, changes
in the color of various plargs during this unusual season, when air temperature
in mghttime dropped below-10"C.

Signals of different origin propagating from the source zone of the future
earthquake aiso affected people, particularly pregnant women, younger children,
and persons subject to chronic diseases. More than twenty people reported changes
in their condition, beginning from 16 and less hours before the main -shock, the
changes being unaccountable sense of anxiety, weakness, headache, dizziness, sen-
sation of heat, palpitation, buzzing in the ears, asthmatic fits, sensation of burned
matter in the mouth, nausea, vomiting and so on.

Researchers at the Chair of Botany, Erevan State University, started investi-
gations in the spring of 1989 within the epicentral zone of the Spitak earthquake
just around the ground breakage that formed on the earth surface on December
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7, 19838. A study of mycotoxic, destructive, fermentative and other properties
of micro-mycelia of different systematic groups on the basis of long-continued
work experience in different ecological zones of Armenia might be of great theore-
tical and practical interest, since most Mushrooms are produced by antibiotic,
toxins, ferments, growth stimulators eic,

Preliminary data from this study provide evidence of peculiarities in the
structure of soil and above-soil micro and macro-mushrooms complexes, expressed
as changes in the occurrence ratio of typically frequent and typicaily rare species.
well,  For example, cultures of soil micro-micelia have acquired bright colors,
copious exudates, the pigment diffuses into the surroundings and makes them coloured.

One notices the violent energy of growth, copious and very early spore forma-
tion to be observed already during the second or third day. It is noticeable that
persons handling the culture Trichoderma lignorum acquire increased sensibilization
expressed as allergic rash, cedematoseness. A high toxicityof isolates of the As-
pergillus ficum mushroom from the A. niger group has been recorded. Physiological
activity of this mushroom and Trichoderma lignorum is considerably higher than
that of the isolates studied in previous experiments,

In the area around the rupture, abnormal biological activity of another biological
object was detected too, namely, algae. For example, an area of occurence has
been determined for a complex of land-living blue-green-algae in a region evidently
under the action of extreme factors of chemicai and physical nature; in this area
species typical of stoppe regions predominated (personal communication of L.A.
Akopyan). L.A. Akopyan works at the Chair of Botany mentioned above. The
fact of this species tlourishing there is quite out of the ordinary and has never
been recorded in Armenia. Cases of violent growth of blue-green algae, which
are proecaryotic and the oidest autotrophic organisms, are described in thé literature
as a result of electrical phenomena, radiation, high temperatures, chemical contami-
nation and so on. They are explained by the weli-known adaptive ability of these
algae in extreme environments, the growth proceeding by rapid splitting of chains.
It should be noted that blue-green algae typically show mass growth in locations
where other organisms are repressed in growth.

DISCUSSION AND CONCLUSION

All the abbve discussion indicates a mass manifestation of abnormal animal
behaviour before the Spitak earthquake.

Comparison of these data obtained on'the precursor time of -abnormal animal
behaviour before the Spitak earthquake with relevant data for previously investigated
earthquakes has not revealed any relation of this parameter, either to earthquake
location or to the magnitude of the shock. As; to the degree and duration of
the changes in animal behaviour, they seem to be controlled merely by special
features in the preparation stage of the earthquake concerned. ‘

Collected data convincingly show that the existence of biological precursors
to large earthquake is real. Their principal. manifestations are typical of seismic
catastrophes like that of Spitak to wit :

- a stable character of abnormal behaviour for different animals, within 100 kmg

- the number of anomalous signs, of the individuals that have manifested them,
and the degree of response increased as the seismic event approached;

= the precursor time on a mass scale for the event being prepared did not
exceeda few tens of hours.
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Consequently, one of the causes why the earthquake was so unexpected for
people living in northern areas of the Armenia can be considered to be the low
level of their seismological education. For this reason seismological i self-education
and keeping in touch with specialists on the one hand and popularisation of recent
scientific advances in the field of biological precursors by specialists among the
population of seismic regions on the other, constitute the necessary elements for
ensuring safety of the people,

The principal conclusion of this paper is that, in order to integrare biological
precursors into an earthquake prediction system, it is necessary to organize exrensive
competent observations to obrain maximum amount of reliable information. At
present the responses shown by animals are largely known. To exclude prediction
mistakes, especially at the most critical stage, short term prediction, these responses
should be carefully studied and summarized.

Biological objects, from the simplest organisms to man, experienced an intensive
action of different factors during the Spitak earthquake. The resulting changes
in the biological activity of individual organisms, their communities and biogeocenoses
may have lasting and significant consequences for a considerable part of northern
Armenia. It is known, for example, that the appearance of stress situations in
areas of high seismicity can lead to unpredictable genetic mutations and changes
in the biological activity of organisms at all level. There are indications in the
literature -pointing to relation between a high seismic activity in an area and intensive
chromosome formations in the higher animals [13],

Even these data (far fromcorplete)on the action of earthquake preparation processes
and seismic shocks proper and accompanying phenomena on biological objects indicate
the necessity of a long-continued multidisciplinary biological study of the area hit
by the earthquake for all living organisms. A biolggical monitoring of this kind
should combine the recovery of the picture preceding the earthquake, the study
of subsequent migrations, repression of oid populations and development of new
ones, comparison to adjacent and similar zones, identification of organisms and
biological processes that can detect these changes.

In a discussion of possible causes giving rise to biological precursors, one
may admit that the appearance of fresh grass in an unusual season of the year
could be due to increased underground water level and changes in the temperature
regime of the environment. The same causes can be invoked to explain premature
awakening from their hibernation of repiles and some insect species, and their appear-
ance on the ground. However, these causes could no means produce the abnormal
behaviour of dogs, cats, aquarium fishes or cage birds. It also hardly
explanesanomalies in the behaviour of fish in Lake Seven before the Spitak earthquake,
the only instrumentally detected factor being aitered chemical composition of the
water (personal communication of the doctor of biological sciences, director of
the Seven hydrobiclogical station, N.O. Oganesyan).

The current attitude to biological precursors as an element of the earthquake
prediction system should be rapidly and radically altered. It seems advisable to
start, on an international basis, field, laboratory, theoretical and practical studies
to develop an efficient concept of a reliable biological service of earthquake prediction.
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TABLE 2

OF ANIMAL SPECIES

DISTRIBUTION OF THE NUMBER OF REPORTS ON ABNORMAL BEHAVIOUR

No. Animal species Number 9% No. Animal species Number %
of of
reports reports
L. Domestic animals 6. Wild fowl
i, Dogs 267 26.3 28. Sparrows 13 1.3
2. Cats 174 17.1 29. Crows 7 0.7
3. Cows (17 4.3 30. Bullfinches 3 0.3
4. Sheep 24 2.4 31. Buntings 3 0.3
5. Goats 8 0.8 32. Siskins 3 0.3
6. Pigs 13 1.3 33, Goldfinches 3 0.3
7. Hourses 37 3.7 34. Bramblings 3 0.3
8. Donkeys 7 0.7 35. Pheasants 2 0.2
2.  Cage animals 7. 36, Bats 3 0.3
9. Rabbits 21 2.1 8. Insects
10. Foxes 3 0.3
11. Hamsters (3 0.6 37. Bees 16 L6
12, Guinea-pigs 3 0.3 38. Lady-birds 5 0.5
g PIg . 39, Flies 3 0.3
40, Cockroaches 2 0.2
3. Poultry 4l. Crickets 3 0.3
13, Hens a5 3.5 42. Moths 2 6.2
14, Ducks 7 0.7 43, Ants 3 0.3
15. Geese 5 0.5
_ : 9. Rodents
4 Cage birds 4. Rats 57 5.6
16, Parrots 29 2.9 45, Mice 46 4.5
17. Canary birds 14 1.3 46. Cophers 10 1.0
5. Wild animals 10. Reptiles
18. Bears 4 0.4
19, Wolves 3 0.3 o5 Smakes n o8
20. Jackals 2 0.2 ‘ .
21. Llions 2 0.2 . .
22. Tigers 2 0.2 11. Hydrobionts
23. Jaguars 1 0.1 49, Fishes 6 0.6
24, Leopards i 0.1 50, Aquarium fishes 34 5.3
25. Pumas 1 0.1
26. Monkeys 6 0.6
27. Artiodactyla 7 0.7
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Fig- 1. Map of Earthquake with Premonitory Abnormal Animal Behaviour within
the Armenian SSR
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Fig. 2.

Map Showing the Distribution of Sites of Biological Observation for the

Spitak Earthquake of December 7, 1988. Observation sites :
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where positive evidence of abnormal animal behaviour before the
earthquake was stable in character;

where the number of positive reports did not exceed 3
no reports on changes in animal behaviour have come;
isoseismic with intensity indicated;

boundaries of the Khosrov and Dilizhan nature reserves;

epicentres of the first and second shocks as determined from a
study of felt effects.
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Fig. 8. Precursor Time shown Animals for the Spitak Earthquake i
. of Epicentral Distanoel:y S % & Function

1 - dogs; 2 - rats 3 - horses; &% - aquarium fishes.
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