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TECHNICAL REPORT 

Grant 14-08-0001-G-482 and Contract 91622 

Baseline Studies of the Feasibility and Reliability of Using Animal 

Behavior as a Component in the Prediction of Earthquakes 

INTRODUCTION 

This project was established to determine if it were possible to advance 

the state of the art in earthquake prediction by learning more about claims that 

unusual animal behavior was an earthquake precursor. We used intensive post-

earthquake interview surveys to gather objective reports both of instances of 

unusual animal behavior as an earthquake precursor and of instances in which 

animals behaved normally prior to a moderate or large earthquake. We prepared 

briefing volumes describing the cultural significance and interpretation of 

seismicity for cultures other than our own with which we were likely to have 

contact. This information helped us assess the impact of cultural expectations 

on our data set. These briefing volumes are one of the work products of our 

project and are included in this final report. 

Since our goal was to increase the ability to predict earthquakes, we 

avoided study of earthquakes with known foreshocks since in those cases the 

unusual animal behavior might have resulted simply from the foreshocks. Our 

data indicates that unusual animal behavior occurs a few hours to a few days 

before some, but not most, earthquakes that do not have known foreshocks. 

Our studies of earthquake folklore support the same conclusion (pp 121-144 

of this report). Even when unusual animal behavior is a precursor to a 

particular earthquake, most individual animals behave normally. This creates a 

signal to noise ratio that will reduce the potential for direct use of unusual -

animal behavior in earthquake prediction, but the analysis of some animals 



reactions might help to identify physical precursors to at least some 

earthquakes. 

Each phase of this research program has produced one or more completed 

work products. These products, which follow, compose our final report. 
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Physiological Sciences 
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Geology 
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Introduction 

The High Cultures of ancient Mexico originated in the central highlands and 

along the valleys and coastal plains of south-central Mexico. From that central 

geographic province, began a stream of emigration to the south and east, 

extending as far as the lands that today are Guatemala, El Salvador and 

Nicaragua. Tbgether with the Maya-speakers already present in these new lands, 

the Mexican emigrants, although of differing linguistic stocks and cultural 

achievements, were similar in a great many respects and formed what has been 

called "a great geographical culture province" (Seler, 1960). Mexico and 

Guatemala are particularly represented in the historical record by the Maya, 

Aztecs, and other groups such as the Zapotecs, Mixtecs, and Huastecs. Groups 

such as these are generally considered to have developed a relatively greater 

complexity in religious beliefs and ritual activity than other groups of Mexico 

and Central America. Thus, south-central Mexican and Guatemalan culture traits 

are more closely related, and of a different nature than those found in most 

other far south and eastern regions of Central America. Additionally, Mexico 

and Guatemala now share a common basis in the relatively greater population 

density and variety of cultural practices than do their neighbors to the far 

south and east (Foster, 1950). It is important to realize, however; that while 

cultural details vary in assemblage, pattern or emphasis from settlement to 

settlement, a single cultural tradition appears to exist throughout the 

highlands of Guatemala and Mexico. 

Maya-speakers today inhabit areas of south-central Mexico (especially 

Chiapas), Guatemala and Belize. They are largely found in the central highlands 

of Chiapas and Guatemala, lowlands of Yucatan, parts of Belize, Tabasco, 
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Campeche, Vera Cruz and San Luis Potosi (Vogt, 1969b). Of the remaining 

indigenous peoples of the New World, Maya-speakers rank high in population size 

and distribution, second only to the Quechua-speakers of South America (Vogt, 

1969b). Much of the land which is now occupied by Maya-speakers lies in an area 

of high seismic activity. This region extends diagonally from the highlands 

plateau of Chiapas through the highland of Guatemala, north to nearby 

mountainous parts of Honduras, and South-east through El Salvador and Nicaragua. 
• 

Although most strong earthquakes have had epicenters located just off the 

continental shelf in the depths of the Pacific Ocean basin, the occurrence of 

strong earthquakes in the above regions of Central America is certainly well 

documented (ESSA 1970). Therefore the discussion of ethnographic information in: 

this paper will restrict itself to these areas. 

In the Mexican state of Chiapas lies a region occupied primarily by the 

Tzotzil, Tzeltal, and Tojobal peoples, about 167,000 Maya-speakers. These 

Indian groups largely populate the Chiapas plateau in widely scattered 

settlements and share the area with Ladinos in towns and villages, occasionally 

interspersed with fincas (plantations) and cattle ranches (Vbgt, 1969b). The 

Guatemala highlands, with the greatest predominance of Indian populations, forms 

the second great realm of Maya speakers, and may be roughly subdivided into 

three major regions: 

(1)the northwest highlands--located around the Cuchumatanes mountains are 

found primarily in the departments of Huehuetenango and San Marcos. Here reside 

the Mam, Aguacatec, Ixil, Kahobalan, Jacaltec, Solanec, and Chuh peoples 

totalling approximately 278,000 Maya-speakers. 

(2)the midwest highlands--located around Lake Atitlan, are largely in the 

departments of Solola, El Quiche, Chimaltenango, and Quetzaltenango. The 
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predominant Indian groups include the Quiche, Cakchiquel, Tzutuhil, Rabinal, and 

Uspantec, about 573,000 Maya-speakers. 

(3) the eastern highlands--located east of Guatemala City are found in 

several departments including Jalapa and El Progreso. There is a considerably 

smaller Indian poplation in this region, consisting mostly of the Pokomam and 

Chorti, about 23,000 Maya speakers (Vogt, 1969b). In addition to the Indian 

population of each of these regions, there also exists a significant although 

smaller population of Ladinos. 

The continental divide runs through the central highlands of Guatemala. The 

mountains of the highlands range in altitude up to 10,000 feet, averaging at 

about 4,000 feet. The Western highlands, where the greatest numbers of Indians 

reside begin just to the west of Guatemala City and extend westward into 

Chiapas. This western mountainous region represents approximately one-fourth of 

the area of Guatemala (Nash, 1969). 

Some general statements can be made about the Chiapas and Guatemala highland 

areas: climate is predominantly cool and deep deposits of volcanic ash are 

present. The dominant vegetation includes "grassland and trees, sedge, and 

meadows for sheep" (Nash, 1969). The midwestern highlands being generally 

better suited to subsistence Indian agriculture rather than the European form, 

is generally "a stronghold of Indian settlement" (Nash, 1969). Thus one would 

also expect fewer Ladinos and less ladinoization. Likewise in regions where 

European agriculture is dominant, one would expect to find other European traits 

and a greater degree of ladinoization. 

A second and useful classification system of agricltural zones can be 

applied to these areas we are examining: 

(1) tierra fria - land above 1600 m. Usually characterized by one dry 
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season, one rainy season, this region produces one crop of maize per year. This 

zone may have pockets of humid or arid conditions which influence agricultural 

production. 

(2)tierra templada - 800-1600 m. Generally more humid than the tierra 

fria, this region has one rainy season and One dry season; two maize crops per 

year is usual. In these elevations, European crops such as coffee, citrus, and 

sugar cane have been successfully introduced. This agricultural pattern may 

have demographic implications, i.e., Ladino populations might be expected in 

greater numbers in these regions. 

(3) tierra caliente - sea level - 800 mm. This region has one short dry 

season and a regular rainy season with abundant precipitation. In this 

elevation, mean annual temperatures and rainfall assures two annual maize crops 

(Palerm, 1967). These lowland areas generally do not correlate well with the 

regions of Guatemala and Mexico which experience great earthquake activity. 

Most of the central highlands are tierra fria lands, however in the areas 

bordering these highland regions, mountainous terrain may have interdigitating 

belts of all three climate types, depending on altitude (Palerm,1967). This 

situation is found both in the Guatemala and Chiapas highlands, which.are 

similar, in many respects including vegetation, geology and topographical 

features (Vogt, 1969b). 

According to Nash's map of the geographic provinces of Guatemala, it appears 

that the earthquake of February 22, 1978 was felt in the Upper and Lower Pacific 

Piedmont regions (Nash, 1969). Nueva Concepcion, the site of the reported 

epicenter of the 5.6 earthquake (February 1978) is located in the Department of 

Esquitia. Located on the coastal plain at the southwestern base of the Sierra 

Madre range, Tiquisate, a Municipo of the area, appears to be a crossroads for 
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several transportation routes. The close proximity of these areas allows one to 

make some cautions assumptions of cultural similarity among peoples of this 

geographic region. 

Because of the epicenter's close proximity to predominantly Quiche-speaking 

peoples, Quiche may also be encountered in regions affected by the earthquake, 

in addition to Mam can languages (Mam, Aquacatec, and Ixil) (Nash, 1969). It is 

interesting to note (and may have significance in the use of field interpreters) 

that Indians apparently feel no socio-cultural unity based on "linguistic 

affiliation beyond the municipal level". Neither do they identify themselves as 

Quiche or Mam for example, nor do they distinguish themselves from other Indians 

on the basis of the language they speak. Where different Maya languages abut, 

speakers do not necessarily understand each other; such is the case with Mam and 

Quiche (Nash, 1969). 

SOCIAL AND murIcAL ORGANIZATION 

A common socio-political form of organization occurs throughout much of the 

highland regions of Chiapas and Guatemala. Largest in scope is the department, 

similar in function to a state. Each department comprises usually several 

municipios (small cities or towns) each having a pueblo or cabecera (capital) of 

the same name. The cabecera forms the central hub of economic, political and 

religious activity; larger cabeceras may be subdivided into barrios,calpules, 

or secciones each having distinguishing socio-cultural traits or activities. 

Municipios may be further subdivided into units termed aldeas, cantones, 

congregaciones, or caserios. Probably the most common of these sub-divisions is 

the aldea, which generally connotes an 'Indian settlement and is found in areas 

surrounding the pueblo (Wisdom, 1940; Camara, 1952). The typical highland 
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(Indian) population resides in a village or rural area around a central town. 

The town proper (cabecera or pueblo) takes on the significance of a "common 

civic and religious center" to which residents of the community feel a sense of 

belonging (Redfield and Tax, 1952). In this community center, public office 

holders perform their duties, markets are held, churches and homes are present. 

The term "vacant town" is used to describe towns or pueblos which have no 

permanent Indian residents. In these towns, Indian families reside in the 

surrounding countryside working and living on their farms. These people may 

live in either nuclear or extended family situations. Then on market days, 

fiesta and church days, people come in from their country homes and live in 

their town houses, using them as "headquarters" during these times. This type 

of settlement pattern is typified by the municipio of Chichicastenango. A 

variation of the "vacant town" municipio occurs when Ladinos are present as 

permanent residents of the pueblo in addition to the "oscillating" Indian 

population. Such is the case in Totonicapan, where Ladino residents are found 

in the pueblo at all times and Indian populations tend to be interspersed about 

the periphery. In these instances, it is probably common that Indians became 

attracted to employment opportunities offered by Ladinos, and in doing so may 

tend toward becoming more permanent residents themselves. A third type of 

settlement pattern, like many communities of Lake Atitlan, is that of the "town 

nucleus", where most of the Indians are permanent residents of the pueblo. In 

this case, most residents are to be found in neighborhoods along fairly 

well-defined streets. Plots of land used in agriculture are still located in 

the surrounding countryside, however men leave early in the morning to work the 

land, leaving women and children to perform their tasks in the municipio (Tax 

and Hinshaw, 1969). Variations in settlement patterns such as these must be 
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taken into account when respondents are chosen and contacted. 

Municipios are important ethnic units of social organization. Residents 

make distinctions between themselves and those of other municipios. Each 

municipio is dharacterized by a unique set of culture traits: habits, speech 

accent, rules of etiquette, methods of prodUcing goods, and ways of dressing to 

name only a few. However "culturally distinct", the strong sense of group 

affiliation with one's own municipio does not preclude contact with people fran 

other municipios at markets and through other commercial, political and social 

events (Tax, 1953, and Camara, 1952). One of the chief marks of identifying a 

specific municipio is that of the economic specialty it produces. This type of 

specialization arises fran a variety of environmental "determinants". Economic 

production may vary with altitude which limits uniformity of crop zones and the 

types of domestic animals which may be raised. Access to resources such as 

availability of water, arable and grazing land may determine the types of crops 

and livestock which can be raised, (Tax, 1952). Thus resource distribution such 

as this may influence the choice of interviewing sites in order to obtain 

observations of animal behavior. 

As mentioned above, political activity within a municipio is generally 

organized around a central building or cluster of buildings. Office-holders 

form a hierarchy which is generally recognized as an affiliate of the national 

state government. However, in addition to' political activities, these officials 

also often serve as functionaries of the religious hierarchy providing 

leadership in local religious activities and during other festive occasions 

(Redfield and Tax, 1952). These politico-religious leaders are usually a few 

older and experienced men of the canmunity known as principales, pasados, or 

cabildos, alcaldes, jueces, gobernadores or jefes. These men are obeyed and 
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highly respected largely because of the economic success they have attained, 

their ability as leaders, because they are learned and wise or because they have 

great knowledge of religious and political ritual (Carrara, 1952). In Indian 

municipios, the principales constitute an "informal Indian power structure" 

which generally makes decisions on which persons will fill administrative 

offices. The alcalde fulfills the role of mayor and justice of the peace; local 

grievances are heard at the municipio town hall, the juzgado (Hirshberg, 1958). 

Often the high-backed sandals, and a long black ceremonial robe are signs of 

authority worn by municipio officials. Additionally, most officials carry a 

staff of some kind which marks their status (Vogt, 1969c). It is interesting to 

note out that while formation of socio-econamic classes is atypical in Indian 

society, it is very characteristic of Ladino culture. Leadership in Indian 

groups is considered as a community service obligation, whereas Ladinos 

generally consider office-holding as a measurement of success; therefore those 

positions are competitive and highly sought after. 

ETHNIC RELATIONS 

In spite of the strong inclination .toward the peculiarities of one's own 

municipio, a general attitude of neutral acknowledgment of cultural differences 

of other municipios predominates, at least in western Guatemala Indian 

populations (Tax, 1953). Thus it appears that there is very little prejudice in 

Indian-Indian relationships. Such is not the case, however, in Indian-Ladino 

relationships. The term "Indian" may be used by some to indicate socio-economic 

status, however the term most often is a cultural one. The basis for 

identifying the Indian lies in a cultural definition, thus the distinction 

between people of Guatemala and Chiapas is an ethnic one rather than a racial 



9. 

one. A man is considered an Indian if he adheres to Indian customs, beliefs, 

occupations, dress, and if he speaks a non-Spanish language (Salz, 1953). 

Indian mannerisms may commonly be viewed as "backward", "inferior" or "vulgar" 

by Ladinos, especially urban Ladinos (De la Fuente, 1952). There seems to be a 

fairly strong tendency for Indians to adopt Ladino (or westernized) traits in 

order to gain social status. The process of "ladinoization", as this transition 

is often called, is accompanied by adopting Spanish as the primary language, 

withdrawal from Indian life styles, the division of religious and political 

activities into two domains, and adopting European customs (western dress, high 

values of money and manufactured goods, among others) (Camara, 1952). There is 

also disparity in more basic attitudes between Ladinos and Indians. Within 

Indian families, the husband is "officially dominant"; however in a practical 

sense a reciprocal division of labor and decision-making occurs. The position 

or status of Indian women is relatively high. Women and men make joint 

decisions on family financial matters. The advice of an old woman is valued as 

highly as that of an old man (for example when both are relatives). In 

addition, politico-religious posts may occasionally be held by women, although 

most offices are held by a couple (Guiteras-Holmes, 1952). The machismo or 

masculine dominance ideal is less present among Indians. C►n the other hand, 

among Ladinos, Trachismo is much more obvious. The woman assumes a less 

assertive role and is not readily accepted as a participator in politics and 

business. The Ladino marriage is essentially a "contract between families as 

well as individuals, and tends to be calculated with heavy attention to the 

social status of the prospective spouses, a feature which does not occur among 

Indians" (Gillin, 1952). Although accessibility to respondents may vary from 

group to group and among individuals, the above points should probably be 

• 
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recognized in the course of fieldwork and dealt with appropriately. 

Ladino-Indian and Ladino-Ladino tensions seem to arise from a variety of 

circumstances: (1) reciprocal prejudice between agrarians and non-agrarians, 

(2) prestige of having Caucasian features (especially light complexions), (3) 

wealth-status levels (Humphrey, 1953). (Note: Although this passage refers to 

field-work in Jalisco, Mexico, by Humphrey, the statement is essentially 

applicable to most areas of Central America). Indian-Indian conflict is not 

serious in political, occupational, or in religious spheres. However, there may 

be greater conflict among Indians in response to economic competition and access 

to land, than among Indians and Ladinos (De la Fuente, 1952). 

"Indians exhibit some prejudice against unknown Ladinos and resent regional 

Ladinos, traditionally dominant as well as those (generally governmental 

employees) who exercise political and general dominance. Regional Ladinos 

exhibit suspicion of Indians of particular villages." (De la Fuente, 1952). 

The intrusion of Ladinos into, and plundering of Indian territory has 

resulted in great hostility toward Ladinos on the part of Indians. Apparently 

that hostility is returned by Ladinos in certain regions. Conflict also occurs 

in places where formerly peaceful Ladino-Indian relations have deteriorated into 

a situation of "double conflict". Indian resentment and fear of Ladinos (as a 

result of recent plundering, destruction and usurpation of Indian property) has 

sometimes been "directed toward Ladino authorities" charging that they are 

protecting the Ladino exploiters. Ladinos, "in turn, resent the relatively 

greater favor accorded the Indians in the regional [political) organization" (De 

la Fuente, 1952). These facts suggest some features the field worker must 



11. 

. consider in finding appropriate and culturally acceptable interpreters, or 

persons introducing them to each of the types of communities thy wish to study. 

WORLD VIEW 

For the Indian, the universe is confined for all practical purposes to the 

limits of the local community. While some Indians may indeed travel and 

experience contact with regions outside their community, the contact is not 

perceived as a part of their "structured life experience". The Ladino typically 

has a more expanded view of the universe. Socio-economic and political ties 

connect Ladinos with other communities (Gillin, 1952). Thus for both groups, 

the degree of contact with other people and ideas, particularly those of Western 

orientation, may in turn influence their thinking about certain issues, such as 

the causal mechanisms of earthquakes, for example. 

Ladino culture maintains a strong interest in its European heritage, its 

ancestors its history. Indian culture, on the other hand, does not extend 

temporally out of the present. There is very little "collective memory" 

concerning the past, and little or no projecting into the future (Gillin, 

1952). Thus, the perceptions of the two groups concerning past and future 

personal events may also "spill over" into conceptions of natural events (such 

as earthquakes) resulting in distorted answers, although this statement largely 

refers to events occurring in the long-ago past. 

Ladinos and Indians also differ fundamentally in the way they picture the 

world in relationship to themselves. The Indian will try to adapt him- or 

herself to a peaceful coexistence with the universe. A basic Indian belief is 

that man must learn to act in such a way as to reap the greatest reward and 

least misfortune as possible from a universe which is inevitably controlled by 
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supernatural forces. The Ladino, on the other hand, wishes to control the 

environment and assumes that both the natural and the supernatural realms can be 

manipulated by man (Gillin, 1952). It is quite likely that these fundamental 

distinctions in worldview will color attitudes and beliefs about 

cause-and-effect relationships between events in the natural world. 

Another factor which may influence answers during interviews involves the 

status the respondent acquires by participating in the interview. Among 

Indians, the individual per se is less important than the group as a whole. The 

Ladino, however, accords the individual a great deal of status (Gillin, 1952). 

These factors may or may not affect the validity of responses given in 

interviews; however they should nevertheless be kept in mind during fieldwork. 

For Indians, continuous practice of traditions is greatly valued. In 

contrast, Ladino practices and values change through time to a much greater 

degree (Gillin, 1952). There is a general inclination for Ladinos and 

individuals becoming ladinoized, as a group, to overtly ridicule the 

magico-religious aspects of Indian traditions. This derision may in part be the 

result of newly acquired Western "ethical and moral values". (1) On an 

individual basis, the Ladino may still perform activities peculiar to Indian 

traditions; however he does so only when this participation will provide 

personal benefit. (2) In addition, this small acceptance of Indian ways is done 

so, covertly or through rationalization or justification of the activity 

(Gillin, 1952). (3) There does not appear to be ridicule of Ladino beliefs by 

Indians per se, however, Indians who are trying to imitate Ladinos for social 

benefit are considered to be disloyal or "putting on airs" by other Indians. 

Thus, field interviewers may be likely to find Indian respondents emphasizing 

the supernatural quality of earthquakes and other natural phenomena, while 
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Ladinos may be inclined to dismiss Indian beliefs (including earthquake-lore) 

and to approach natural phenomena from a more Western or European perspective. 

SUPERNATURALISM 

Certainly belief in the supernatural is a common element in Indian and 

Ladino life-styles. For these people, the universe is populated by a wide 

variety of beings: humans, spirits, ghosts, deities and forces which influence 

each person's life. The perspective is thus largely animistic in that many 

natural events and phenomena are attributed to supernatural beings or their 

activities. Much of the natural world is both spiritually and personally 

meaningful. Omens are seen in out-of-the-ordinary natural events and in the 

actions of certain usually wild animals (snakes, coyotes, bats, etc.). 

Supernaturalism, as it is found in Middle American today is a mixture of Spanish 

Roman Catholicism and the ancient indigenous Indian religions. The accent on 

either of these two foundations may vary by locality. For excimple, in Mexico, 

the Catholic element is the strongest, while in Yucatan and eastern Guatemala 

the indigenous element is strongly upheld (Redfield and Tax, 1952). Elsewhere 

in Middle America the emphasis on either Catholicism or Indian religion varies 

with the degree of ladinoization. In either case, the fusion of the two 

religions has resulted in a unique product which, while containing elements of 

the two religions, is recognizably distinct. 

Redfield and Tax discuss this new synthetic religion, 

"The sacra include a large number of supernatural beings 

and also sacred places and Objects. The supernatural beings 

are conceived as in a vague hierarchy with God, of Christian 

name, at its apex. With God is associated, and in some cases 











































































































































































































unusual behavior reported here was much less than that reported 

before the Willi-; ;is earthquake, where 17 of 41 interviews yielded 

positive reports. Moreover the reports that we did get from 

Coyote Lake make much less sense biologically than the reports 

obtained at Willits. 

We believe, based on our expe .rience with animals and their 

owners, that the rate of unusual animal behavior at Coyote Lake 

was not greater than the rate that would be observed on any 

ordinary Aay. 

It is :worth noting that most of the people giving these 

negative reports believe that animals behave strangely before 

earthquakes. An opinion on this issue was obtained from 31 of" 

the people who reported no unusual behavior either at the time of 

the P wave or earlier. Twenty-four of them definitely believed 

that animals behave strangely before earthquakes, four thought it 

possible and only three thought it was not true. At the same 

time they were sure that the animals they knew about had not done 

so . before this one. The day after the earthquake the news media 

reported that there were many instances of unusual animal 

behavior at a commercial wild animal park 70 km north of the 

epicenter. The park welcomed our request to visit the site and 

arranged for us to interview the people most closely involved. 

with the animals. 

On the basis of 27 interviews focused on unusual animal 

behavior we concluded that nearly all the instances of unusual , 

animal behavior reported were better accounted for in other ways 

and that not enough remained to represent an increase over what 



we supposed would be the base rate. One report involved a tiger 

cub that became irritable and difficult to manage 2 days before 

the earthquake. When we visited 2 days after the earthquake he 

was still in the same foul temper. The behavior was unusual but 

it was not temporally related to the occurrepce of earthquake • 
•AT 

precursors. A second case involved sharks reported by one 

person to be lunging nearly out of the water hours before the 

earthquake, behavior the person had never seen before. However, 

another caretaker who spent much more timAwith the sharks 
;pe,,xs42; 

reported that he saw that. behavior The 

behavior was not really unusual. 

In summary, we searched for evidence of unusual animal 

behavior as a precursor wherever' we had reason to suppbse it 

might exist and we believe that we found none. Thus our findingSs 

in animal behavior conform to those of investigators in the 

geophysical sciences, pointing to an absence of detectable 

precurers to the Coyote Lake earthquake. 
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IS UNUSUAL ANIMAL BEHAVIOR OBSERVED BEFORE EARTHQUAKES? 
YES AND NO 
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Abstract. Following two moderate earthquakes, reports of the 
behavior of animals prior to the earthquakes were gathered using a 
standardized interview schedule. This schedule was developed to 
maximize the reliability and validity of the reports through the appli-
cation of accepted social science methodology. Interviews with 50 
households near Willits, California, produced 17 reports of unusual 
animal behavior prior to that earthquake. Only one of thirty-five 
interviewees who experienced a similar earthquake near Ovando, 
Montana, reported unusual animal behavior prior to the earthquake. 
This difference in the frequency of positive reports and the content of 
the positive reports from Willits support the inference that a number 
of animals at Willits were responding to physical precursors which 
were absent at Ovando. The behavior reported at Willits was unusual 
in the sense that there was no immediate explanation for it, but it 
was not bizarre. On the contrary, it was always behavior typical of 
that species when motivated by generalized anxiety. Unusual behavior 
was often reported in only one or a few animals at a particular location 
so that even at Willits most animals were described as having behaved 
normally. 

Introduction 

It has been said for centuries that strange, unusual, bizarre or 
unexpected animal reactions have occurred prior to many earth-
quakes. In fact, abnormal animal behavior is the oldest and most 
consistently reported earthquake precursorjLee et al., 1976]. Chinese 
claims that animal behavior reports had a role in the successful 
prediction of the Haicheng earthquake of 1975 stimulated both 
popular and scientific interest in this phenomenon. But virtually all 
of the reports of abnormal animal behavior are retrospective, i.e., 
the recollections of human observers subject to the excitement and 
emotional strain caused by an earthquake. The doubts raised by this 
circumstance have been reinforced by recent investigations which did 
not find any evidence of unusual animal behavior prior to particular 
earthquakes [Toksoz et al., 1977; Wallace et al., 1977]. These con-
flicting viewpoints prompted us to ask whether these disparities 
resulted (1) from investigators using widely varying methodologies, or 
(2) from precursory stimuli unique to any given earthquake. In an 
effort to address this issue we developed an interviewing strategy 
designed to obtain unbiased, reliable and valid reports of animal 
behavior as it occurred before an earthquake. We applied this uniform 
methodology to two post-earthquake investigations and obtained 
different results. One earthquake was preceded by several cases of 
unusual animal behavior while the other earthquake produced only 
one account of abnormal animal behavior. 

The two earthquakes studied had several characteristics in 
common. Both earthquakes occurred near semi-rural communities 
where most households owned livestock and pets. Both communities 
are situated in alluvial valleys, and the earthquakes studied at each 
site were of similar magnitudes. A magnitude 4.7 earthquake occurred 
at Willits, California, on 22 November 1977 at 1:16 PM (PST); on 

Copyright 1979 by the Al=lerican Geophysical Union. 

23 April 1978 a magnitude 4.9 earthquake occurred at Ovando, 
-Montana, at 4:24 PM (MST). The Modified Mercalli intensities 
clustered around V at both sites; no foreshockS were detected before 
the main shocks at either site. 

Data Collection 

Our interview schedule has seven goals which we pursued in the 
following sequence: 

1. establish rapport and convince the interviewee that the in-
terviewer does not have preferred answers to his questions: imple-
mented through verbal application of the Modified Mercalli scale of 
perceived intensity. (Since application of this scale always involves 
asking if effects greater than those perceived occurred, the inter-
viewee learns that he or she is giving useful information when he or 
she answers a particular questions by saying "no".) 

/ introduce the subject of precursors in general: implemented 
with a short neutral question "did you notice any changes before 
the earthquake?" . 

3. raise the question of unusual animal behavior without creating 
pressure to answer: implemented by a question that gives the 
respondent a graceful way to acknowledge being unaware of the 
behavior of his or her animals "someone as busy as you might not 
have the chance to notice what their animals were doing before the 
earthquake, but did you happen to?" 

4. obtain an objective description of the animal's actions to be 
interpreted by the animal behaviorists on the project and learn if 
these actions occurrred in other contexts: implemented by ques-

_
tioning by the behaviorist. 

5. check the internal consistency of the report: implemented by 
a repetition of critical points of the interview. 

6. check the external support fora report of unusual animal 
behavior: implemented by viewing the animal, observing the sites of 
the reported behavior, examining damage caused by the animal's 
behavior, inquiring if the behavior caused the informant to discuss 
it with someone before the earthquake. . 

7. find out if the respondent believes that animals behave 
abnormally before earthquakes: implemented by asking the respon-
dent's opinion of reports that animals behave abnormally before 
earthquakes. 

This survey was first used in Willits and again in Ovando approxi-
mately six months later. Each interview was conducted by a be-
haviorist and a research assistant. The assistant took notes and 
conducted the internal consistency checks. Interviews were openly 
but inconspicuously tape recorded. 

After each interview, the two interviewers independently rated 
the interviewee's credibility on a scale from one to five, where five 
is highest credibility. With the exception of one case for each earth-
quake, the behavior of the subjects and internal consistency of their 
reports convinced us that they were faithfully reporting their recol-
lection of the event. The consistency of their reports with known 
behavioral phenomena convinced us that their recollections accurately 
reflected the behavior of the animals. 
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Fig. 1. Distribution of reports of unusual animal behavior in the 
vicinity of Willits, California, associated with the earthquake of 22 
November 1977: Positive reports (solid circles), negative reports (open 
circles), inadequate opportunity to observe (crosses). City limits arc 
indicated by a dotted fine, principal roads by solid lines. Shaded 
area represents alluvial valley. 

Data Analysis 

Those interviewees who were home for any part of the five hours 
preceding the earthquake were categorized as having had an adequate 
opportunity to observe their animals. This excluded those who had 
arisen in the morning, put out food for their animals and gone to work 
with little or no awareness of the state of their animals. Overall, this 
criterion undoubtedly inflated the number of negative reports. 
Several respondents said they were at home but would not have 
noticed unusual behavior in their animals if it had occurred, yet 
these reports were categorized as negative. Moreover, unusual animal 
behavior might have gone unnoticed by people who thought they 
were well aware of their animals. 

A report was judged positive if at least one animal at the residence 
exhibited unusual behavior at least 5 minutes before the shock. 
Reports of behavior less than 5 minutes before the earthquake were 
not scored as positive to avoid scoring responses to the P wave. 
Although the P wave would have arrived only seconds before the 
main shaking, the five minute criterion was adopted to allow for 
error in the judgement of time by the respondents. Two reports 
(from Willits) that were otherwise positive were classed as negative 
through the application of this rule. 

Our first set of data consisted of interviews with 50 households 
near Willits. California, which produced 17 positive and 24 negative 
reports of unusual behavior prior to the earthquake. The relationship 
of positive and negative reports to the epicenter of the Willits earth-
quake is presented in Figure I_ The positive reports tend to be 
clustered in a small region to the southwest of the epicenter. Most of 
the positive reports were in response to the general question about 
earthquake precursors, which preceded any mention of animal 
behavior by the interviewers. 

It is possible that the positive reports from Willits reflect merely 
some chance level of reports of unusual animal behavior and might 
he obtained at the same frequency in the absence of any seismic went. 
The fact that there was only one positive and 31 negative reports 
among 35 interviews following the Ovando earthquake has enabled 
us to reject this possibility (Figure 2). 

This earthquake occurred on a Sunday at 4:24 PM (MST); 
consequently fewer people in Ovando (3) than in Willits (9) lacked 

• 
.t 

the opportunity to observe their animals. In contrast to those from 
Willits. no positive reports from Ovando were reclassified to negative 
status through application of the five minute criterion. Therefore 
the difference in the number of positive reports between Ovando ( 
and Willits was in spite of rather than because of the classification 
scheme. 

The near zero rate of positive reports from Ovando may be taken 
as a baseline level of positive reports, at least for comparative 
purposes. Willits and Ovando both are semi-rural communities which 
experienced earthquakes of similar magnitude. Therefore the data 
from Ovando provided a better comparison (control) for the data 
from Willits than would the results from interviews in a randomly 
selected community which had experienced no earthquake. The ratio 
of positive to negatis c reports from Willits is reliably higher than the 
same ratio from Ovando (x= = 12.23, df = I, p <.001). This differ-
ence supports the inference that a number of animals at Willits 
were responding to physical precursors which were absent at Ovando. 
The possibility of such a difference between earthquakes is supported 
by Toksoa who obtained reports of abnormal behavior in dogs after 
a recent earthquake (M. N. Toksoz, personal communication, 1979) 
in contrast to the negative reports: obtained after an earlier earth-
quake jToksoz el al., 1977]. An alternative interpretation is that the 
positive reports at Willits were generated by the expectations of the 
interviewees rather than by unusual behavior of the animals. If this 
were so, the differences in the rate of positive reports between Willits 
and Ovando would reflect merely the differences in the belief systems 
of the respondents in the two areas: 

We examined this possibility by analyzing the relationship 
between the occurrence of positive reports and the belief that abnor-
mal animal behavior is an earthquake precursor. This data was avail-
able on 12 positive and 12 negative reports from Willits. Nine of the 12 
positive reports were given by respondents who believed that animals 
behave abnormally before earthquakes as were 7 of the 12 negative 
reports. The same data was available on 1 positive and 16 negative 
reports from Ovando. The one respondent giving a positive report 
believed that animals behave abnormally before earthquakes. Four-
teen of the 16 negative reports were by respondents who also believed 
that; the two remaining negative reports were by respondents who did -
not believe it. These data arc subject to a number of interpretations, 
but they are not compatible with the hypothesis that people who be-
lieve abnormal animal behavior is an earthquake precursor report its 
occurrence, while those who believe otherwise report its absence. 

Discussion 

Contrary to some published reports of very strange behavior 
[Lee et aL, 1976], the behavior reported to us at Willits was unusual 
because there was no immediate explanation for it, but it was not 
bizarre. The same behavior had often been observed at other times 
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Fig. 2. Distribution of reports of unusual animal behavior in the 
vicinity of Ovando, Montana, associated with the earthquake of 23 
April 1978: For explanation of symbols see Figure L 
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under various circumstances that one should espect to make animals 
anxious or nervous. The specific behavior varied from species to 
species but was always behavior typical of that species when mo-
kale(' by gcncraliicd anxiety. This outcome -has been predicted on 

'theoretical grounds [Lott, 1976]. Natural selection is not likely to 
have produced animals with a specific response to earthquake pre-
cursors but may well have produced animals which arc made anxious 
by unfamiliar stimuli. 

The following instances of species-specific anxiety reactions are 
among the reports of unusual behavior recorded at Willits. A normally 
calm Arabian gelding was found kicking at the sides of its box stall 
approximately 3 hours before the earthquake. After attempting to 
quiet the horse, the owner released it into a paddock where it con-
tinued to move about nervously; horses in the neighboring stalls were 
calm the whole time. A cat that normally entered the house about 
7:30 in the morning to eat and find his place to sleep, continually 
paced and repeatedly entered and left the house that morning: 
behavior so unusual for this cat that the owners discussed it hours 
before the shock. A two-year old Doberman Pinscher, which normally 
ran about indoors or slept during the morning, remained in her 
owner's presence almost continually from 8 AM until the earthquake, 
sometimes whining, pacing, and acting nervous and excited, at other 
times resting her head in her owner's lap. The owner wondered aloud 
to her husband if she should give the dog a tranquilizer. 

These three cases illustrate one form of external verification of the 
report; namely that the unusual behavior of the animal produced a 
change in the behavior of the observer, such as discussing the unusual 
behavior or making some adjustment to it prior to the earthquake. 
Since the positive reports from Willits conform to scientifically 
documented species-specific anxiety reactions, the likelihood of their 
validity is enhanced. 

Three other points emereed from our analysis of the Willits 
interviews. (1) Unusual behavior was generally first observed a few 
hours prior to the Willits earthquake. (2) Unusual behavior was often 
reported in only one or a few animals at a particular location. Even 
in the area where the positive reports clustered, most animals were 
described as having behaved normally. (3) Several owners reported 
that the behavior seen before the earthquake had also been seen before 
storms. 

Conclusion 

The data from these two earthquakes arc consistent with the 
notion that some but not all earthquakes arc preceded by unusual 
animal behavior. The occurrence of such behavior before an earth-
quake may depend on one or a combination of factors such as distance 
from the epicenter, nature of underlying geology, type of faulting, 
and physical precursors such as forcshocks. For instance, the Willits 
and Ovando earthquakes differed in two ways: (I) the hypocenter 
of the Willits earthquake had a depth of 5 ken while the hypocenter 
at Ovando had a depth of 20 km, and (2) the Willits earthquake 
occurred along a strike-slip fault while the Ovando earthquake 
probably occurred along a normal fault. 
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Toi-Acnt5Ps 1;nlogical Value 2i a Determinant of Eartliqu3ke A 

in Two Peruvian Communities• 

Beverly Crane suggested that 2 folk narrative that persists through time and space within a 
iligurc implies a psychological value commonly felt by members of the community0This cx- 1: 

' Wation rn!ght also be appropriate concerning the persistence of a spt-cifIC folk belief: that irn-
kencling earthquakes are foreshadowed by portents. The great contrast in the nature of 
portents of death and ofcarttluates between the bodies of folk belief in Cuzco and the Sacred TGr 
Valley of the Incas in Peru b a particularly compelling example of this phenomenon. 

Cuzco lies high in the Andes Mountains; until 1531 it was she seat of governmc-nt of the In- /000 
ca empire. Follo..ving the' do..vnfail of Inca rule, Cuzco continued to be the politically and / 
economically dominant center of the region up to present times. Situated on the Urubernba,,, acday . a V°. 
River, the Sacred Valley of the Incas lies some t_L---._zu_tp,sir-na.e.44-silzt_a_rayJnkl_LefaToet_10-....LearS-1-) 

than Cuzco. From earliest time; in the history of the Inza empire, the Sacred Valley has been a 
f`ckemajor source cf food for Cuzco. Thcse economic and political linkases have produced subst an. t 

.621 cultural interchange; most features of the culture reflect this long-standing association. 
Nevertheless, there arc very striding contrasts between the two communities with respect to 

portents of events 2S a function of their lo-cal significance. The two areas share a common 

folklore of death portents. People in both communities generally feel that death can - 6 

predict:A from the behavior of animals; 2nd these portents of death arc the same. Therc_are 

three most common portents of death. -
The first two arc common to rnany cultures, perhaps because they generally occur in the 

dark of night, and thus ate easily connected with frightening things. 
, 

(1) The howling of dogs as a portent of death usually takes place at night and may involve 
the dogs belonging to Ill: do:smed person(s) o: all the dogs in town (especially if the doomed 

_ person is important in the community). The barking and howling of dogs before a 

leads—usually at night—h a belief widely encountered throughout Europe and the _Americas() 

(2) When the call of the o•..-1 is a death portent, it usually occurs while the owl h perched on 
''c roof of the doomed person's house or on a nearby neck) 

3) A third common portent of death appears to be far ICSS NvitIcsprcacI than the previous 

two. - The. fact that this portent is fully shared by Cuzco and -A-weacred Valley illustrates the 

close cultural contact between them. The central clement of this portent is an individual cat
. , ,
wnicn assulne-S the mic of a corpse in a cat burial or funeral. The otter cats may merely gathet 

aruond this one as it lies on the g..-onnel, but more commonly two or four of them pick up the 
"corpse" and carry it like people bearing a corpseto its grave..Wayland Hand attests to the 
rarity of this belief, but in the same breath has told the authors that cats have been reported to 
have their spacial conventicles, in Hungary and elsewhere, where they assemble in a large field 

from al! over the country. This betel-parallels, of course, the witches' sabbaths, and is perhaps 
• 

derivative from the more -,.viclespread notion. As witch's familiars, cats arc considered 
somewhat more "human" than dogs. 

The ger,exal content of t!-;,..2 portents is the same in both communities, although the details -. 
may vary from in!mduA to i:-..,3iviLai. (For example, the dogs may begin to howl as little as 3' 

day or two or as much as sever. jeers in advance of a death. Or, the cats enacting the funeral' 
may cry mournfully over the cat which acts as the "corpse," or they may be silent. But none 
of these va:lat7ons stems more typi72.1 of one of these regions than another). The similarity in 
por!cats of death stands in sharp contrast to the marked difference its portents of earth u2kcs 
between ti e two areas. 

Cuzco is loca::cl on an ;:tive fzult and 1:2s a long history of devastating earthouahes, the 
most recent large carthqual:: having bc-en in 1950. There is a rich fund of pnrtents pertaining 
to earthquakes in Cuzco. Site: winds or abrupt changes in the weather arc said to be earth-
qual.-.e portents, as are C1-11:11;e7, in the illurninatiV of the moon, or the :pp: arance of rainbows O.zicund the rising or setting r7.eon. Dust rising from within 1 volcano is ai)other carthouale 
0rtent. In Cuzco, animal prtents of carthqual:es include dogs howling, cats conductin,ga 

oral, and rcx.-.1crs crov.ing in the afternoon or evening (less freciuently this can also portend 
....eath). In One case talp:..!:1*.vhlt.Tipa w;_s rz.tot tec's as a porter.: or car:1-2t-p:21:cs (the informant 

in tars case vans 1 perIC.::E:Aly e,,-zivalent tc a ssitcli cc sorcerer). O 
i.':::,-, of there c2rt11 311:11: po:ter..ts overlap with those relating to death. It is said that dogs 

how/ Lcrote a dear!) because they see the" spirit of the doomed person abroad at night. In some 
cases they howl htkr: natural. disaiters bemuse they s.,-ss the spirit of someone who will he 
!:;11c3. Thus some portents relate to both death in geoeral and to death caused specifically by 



 

T! ‘vh;ch sercete.ty shatter( d have tarely hren percelitihle twenty 

:"Vir, Os.: !.arrcd Va11ey. T!,:: it )idents of the Sacred Valley believe thit the Uruha i nha 

c:lled the Sacred River) :biceps the force of the earthqual.e, and so protects the 

a!k. horn *nat:n. Con..equently, they tel:eve that eartliquakcs. will trr.er be of any teal danger 

vancy, grid therefore also believe that earthquake prediction is of no value to them. In 

:lst to I-At/chefs found in Cuzco, the folklore of the Sacred Valley appears to contain no 

v.:tents of e;rthquAes. In fact, many rccrlc there assert that it is not now, and never will be, 

TD pie.lict earthquakes. 

This Tr-mart:4)1e distinction between the two communities, clesvite their strong cultural af-

and ploxity.ity to er.ch other, demonstrates the power that a psychologically valuable 

'el:ef ell its own entry into a Wier system and its persist( nee throni,13 time. This effect is 
•

:1;i1:;n7 in this case since porrents of death arc shared by the two communities, while 

rortents which are corn:7)0n i a Cuzco have not bccn preserved or perhaps never • 

Lre..e1.-Ted in the Sacred Vali::y of the Incas. 
sitle;:ts of the Sacred Valley feel protect e.1 by the river; they apparently suffer no damage 

• r injory to the effects ore,,ttri::ales, therefore they hive no use for earthquake portents. -

")a the c t'ner han.l, resi3ems of Cuzco experience great damage :Ind feel very vulnerable to the 

disastrous efferts of earthzlual;es. Tl.cy nsz.y feel safer if theyhdieve they possess some means of • 

frt tin an iinlcuding earthquake. !n :he absence of signs of 3 coming ea rthqual.e they could 

zssume thci-e is no imminent dauccr. That assumption would give the residents of Cuzco 
psycl,olop1c21 security; this_rose of security (vzlue) persistence of these 

ed;eis. 

I in:i.ct!f:) t f c,t111,1mid 7,1A5 Y W. HowELL. 

• DALE F. Lore 

-- is We aclnovvIc3g: Tro Paredes, stuck:-.t in anthropology at the University of Cuzco for his 

lid in coll-:.,- -..tion of fluld data, and Christina A. Sanicky for 1,-..-r assistance in translatioits of 

( (1 1raphic references. We are also cl,:eply in(itbted to Professor W2y1311d D. Hand for his111 

re, . rents and recornrnendalions during the prep of this manuscript.' 

' "The Structure of Value in 'The: Roc:min -ate"! Death': A Nlethodology for interpretive 

Ar.ilysIs of Fclk Lf.3ends,"_Plana/ of eu• Fcalorc Institute, 14 (19/7), 133-149. In ler epochal. 

:;:11:tt...-.*:.-s r.,2 S.4a1 (13loorni!:gton, ind7ana: Indiana University Press, 1969). Linda Mgh all-. 
eresfe: IlerLdf to the contimaity of narr:tive treditions.anl tire social and psychological values 

'lot permeate talc-telling; see pp. 45-119_ -

a TLC re.;aCr will fled references it. Wayland D. 1-1:1nd,. ed., P.Tgiar Bclit15 and Syerstitiorts 

f -:nr 1.1,,rrli Cr,;-.)!:*nn, Vols. VI-VII of Ile Fr..5nie C. Brown Colic-akin of Nerdr Caroi:na fen:fore, 7 

vo!s. (4,:nn, N.C.: Dille University Press, 1952-1954), VII, 50-52, Nos. 5205-5214; and 
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Summary: UnusUal or abnormal animal behavior is the oldest and most 

consistently reported earthquake precursor. Yet, even the recent scientific 

literature is fraught with contradictory evidence related to this phenomenon. 

We recently completed studies of eight earthquakes in North, Central and 

South America, none of which were known to have had foreshocks. Cur data 

indicates that unusual animal behavior occurs a few hours before some, but 

not most, such earthquakes. Studies of earthquake folklore support the same 

conclusion. Animal behavior seems unlikely to be of much direct value in 

earthquake prediction, but it is possible that analysis of some animal 

reactions could point the way to identification of physical precursors common 

to at least some earthquakes. 
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Successful earthquake prediction involves two steps, the identification 

of areas likely to experience earthquakes over a long period of time and an 

approximation of the time and place an earthquake will occur, within a day or 

two. Short term prediction such as this requires at least one short term 

precursor. Abnormal animal behavior is the oldest and most consistently 

reported short-term precursor and it contributed to the successful prediction 

of the Haicheng earthquake in 1975 (1). If abnormal animal behavior 

consistently occurs prior to earthquakes, it could contribute directly to 

prediction as a part of a predictive system, or indirectly, by leading to the' 

discovery of a physical precursor that can be monitored by instruments. 

Within the scientific literature, there is conflicting evidence of the 

occurrence of unusual animal behavior as an earthquake precursor. Some 

investigations have documented reports of unusual animal behavior before 

earthquakes (1, 2, 3, 4, 5, 6, 7, 8, 9, 10) while others have not (11, 5). 

Different investigators employ different methods for data gathering, a factor 

that may contribute to these discrepancies. The nature and timing of 

reported behavior varies widely and is sometimes puzzling. The behavior 

reported spans a broad spectrum, ranging from mild excitement to bizarre 

behavior exemplified by a panda holding its head and screaming, and a yak 

refusing to eat and rolling over two hours before the quake (12). Most 

reported changes in behavior occur within a day or two of the earthquake, but 

there are also reports of snakes coming out of hibernation 1.5 months before 

an earthquake (13) and changes in fish harvests several weeks before 

earthquakes (14, 15). 

Biological principles provide a means of evaluating the validity of 

these reports. For the most part the behavior of animals is an evolutionary 

adaptation; thus we expect that accurate reports of behavior will reveal an 
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adaptive property of the animal. Earthquakes have never been biologically 

significant to more than a few individuals in an occasional generation of any 

vertebrate species. Consequently, it is unlikely that any species has 

evolved a special detection-response system to physical stimuli such as 

liberation of radon gas, changes in electrical or magnetic fields, ultra 

sounds, sub sounds, or foreshocks emmanating from the future origin (16). 

However, it is possible that earthquake precursors may stimulate a response 

through a mechanism evolved for some other function. Unfamiliar stimuli- may 

cause generalized anxiety, making the animals more alert or predisposing Chem 

to respond more intensely to other stimuli not related to the- earthquake 

(16). Animals also have species-specific generalized anxiety responses: 

some flee, some freeze, some warn their conspecifics. Thus responses one 

might expect would not be bizzare, but would be normal behavior occurring 

outside its usual context (17). 

A RETROSPECTIVE STUDY OF EIGHT EARTHQUAKES 

Methodologx 

Given the great diversity of investigative approaches and the 

contradictory views expressed in the literature, we attempted to apply a 

systematic, uniform approach to the retrospective study of several moderate 

to large earthquakes. 

. We selected earthquakes for study according to the following criteria: 

1) the absence of detected foreshocks (because of their potential for -

producing a generalized anxiety response in animals), _2) proximity of the 

epicenter to a large population of livestock or pets, 3) occurrence of the 

earthquake during a time when most people would have been able to observe 

animals for several hours beforehand, and 4) generation of a magnitude great 



Lott 5. 

enough to make it likely that the earthquake had physical precursors 

detectable by animals. 

We obtained our data through post-earthquake interviews. Each interview 

was conducted by a behaviorist and a research assistant who took notes and 

conducted internal consistency checks. At each site, a number of households 

(R = 35 - 115), located as close as possible to initial estimates of the 

epicenter, were questioned according to our standardized interview schedule. 

After each interview, the two members of.the team independently rated the 

respondent's credibility on a scale of one to five, with five designated 

highest credibility. 

Cur information was taken directly from the recollections of human 

observers. Consequently we had to take into account factors which might 

affect the accuracy of those recollections. Memory falls off gradually; with 

the passage of time the true details of an event may unconsciously be 

replaced with fictitious detail in small increments (18). Cn the other hand 

details of particularly important or impressive events are often remembered 

more accurately, a phenomenon that has been called the "flashbulb effect" 

(19). We expected the recall of detail after an earthquake to be reasonably 

accurate for several weeks. Even so, we attempted to maximize the accuracy 

of recollections by visiting each of our study sites as soon as possible and. 

never more than six weeks after the event. 

Strong cultural expectations may affect the accuracy of recollections by 

either facilitating the recognition of expected events that truly occur, or 

conversely, gay distort the reports of events which are not expected. To 

help us recognize possible cultural expectations on the reports we obtained, 

we prepared suTTaries of cultural elements which might potentially influence 

the gathering and interpreting of reports of unusual animal behavior in each 
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of the cultures in which we anticipated working. 

For each of the eight earthquakes we investigated, we used an interview 

schedule designed to minimize possible distortions of the data induced by 

data collection. Our interview schedule has seven goals which we pursued in 

the following sequence: 

I. Establish rapport with the respondent and convince him 

that the interviewer does not have preferred answers to 

his questions (20). 

2. Introduce the subject of precursors in general. 

3. Raise the question of unusual animal behavior without 

creating pressure to answer affirmatively. 

4. Obtain an objective description of the animal's actions. 

5. Check the internal consistency of the report. 

6. DeteLmine if there is external support for the report of 

unusual animal behavior. 

7. Determine if the respondent expects animals to behave 

abnormally before earthquakes. 

The reports we scored as cases -of unusual animal behavior conformed to 

our expectations of behavioral reactions to novel or frightening stimuli and 

could not be accounted for by other circumstances. Almost all the 

respondents were judged to be highly credible. We deleted the few reports 

that were not internally consistent, or had low credibility. We also 

excluded cases in v,hich unusual behavior began and ended before the 

earthquake, and cases in which the unusual behavior began before the 

earthquake and continued unchanged for a long time after the shock. We also 

excluded a number of positive reports which could have been in response to 
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the P wave. This wave often precedes the surface wave by a few seconds to a 

minute and manifests itself as a sound wave audible to most animals and often-

to man. Responses attributed to the P wave would be of no value in 

earthquake prediction, so reports of unusual animal behavior occurring a few 

seconds to a few minutes before the earthquake were not scored as positive. 

Results 

The eight earthquakes we studied occurred fran November 1977 through 

October 1979. Figure 1 depicts each study site and indicates the location of 

reports of unusual animal behavior. Households Whose-meMbers were not aware 

of the behavior of their animals are not plotted. Table 1 presents the 

occurrence of unusual animal behavior by species at each study site, as a 

fraction of the total number of animals of each species whose behavior was 

under observation by our respondents prior to the earthquake. Animals owned 

by the respondents but not under observafon prior to the earthquake are 

excluded fran Table 1. 

Note that we obtained at least one credible report of unusual animal 

behavior before each of the earthquakes. Presumably, there is some 

probability than any animal might behave unusually on any given day; 

therefore, our interviews should reveal a "baseline" frequency of suclte 

reports. We believe that the small number of reports obtained at all sites 

except Willits reflects that base line probability. The number of reports of 

unusual animal behavior was much greater at Willits than at any of the other 

earthquake sites. We interpret this to mean that the rate of unusual animal 

behavior at Willits was increased by the presence of one or more physical 

precursors to the earthquake. We believe there was no increase in unusual 

behavior before the earthquakes at Ovando, Mexicali, Landers and Coyote Lake 
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(21). The results of our studies of the other earthquakes at Oaxaca, 

Punto Flamenco and Tiquisate seem inconclusive (22). We do not believe that 

unusual animal behavior increased before these earthquakes, but subsequent to 

our interviews the epicenters of these earthquakes were revised to locations 

some distance from our interview site (Fig. 1). Therefore, unusual animal
• 

behavior might have been observed nearer the epicenter. 

The unusual behavior recorded at Willits is the kind one would expect in 

response to physical precursors that evoke fear or escape reactions.. Three 

examples will illustrate this point. 

About sunrise the morning of the earthquake, a retired couple in their 

sixties were awakened by the noise of two horses running in a nearby pasture. 

Although these horses always grazed quietly in the mornings, the unusual 

disturbance of the horses prcupted the husband and wife to watch the horses 

with binoculars at about 10 a.m. The behavior continued for another 30 

minutes. Afterwards, the horses did not resume grazing but continued to act 

nervous the rest of the morning. 

Another resident. of Willits reported a one year old steer galloping 

about its pasture, fruit one fence to another, as though he were frightened 

and trying to escape. This behavior was first observed an hour and fifteen 

minutes before the earthquake and continued for at least an hour. The steer 

had never behaved this way during the year since it was first purchased. The 

owner wondered if it might be sick or bothered by insects, but biting insects 

are absent in winter, and the steer was calm after the earthquake. 

The wife of a Willits veterinarian reported their three dogs tried to .. 

climb into bed with them about eight hours before the earthquake, and all 

morning long tried to stay in the house contrary to their usual habit of 

wanting to go out for the day' at 5:00 a.m. V;hile in the house the dogs 
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followed the owners from room to room, sitting near and gazing at them. 

As Table 1 indicates, unusual behavior was reported iri higher 

percentages of some domestic species than others. This result may be partly 

due to variable domestication effects on the different species. Many 

domestic species have been bred for a lack of response to strange or even 

threatening stimuli which makes them easier to raise or work with. Selective 

breeding of cattle and sheep generally emphasizes a phlesmatic temperament. 

But in other species, artificial selection has often preserved or even -

enhanced ancestral reactivity as in "high-struny" horse and dog breeds (23). 

The data on wild birds should be interpreted a little differently from 

that on other species. Wild birds were generally observed in flocks; members 

of such flocks are subject to very strong social facilitation effects. A 

single alarmed member of the flock normally alarms the other flock members. 

Consequently, a reaction to an uninterpretable stimulus by one member of a 

flock is likely to produce unusual behavior in a dozen or even a hundred-: 

other birds (24). 

An alternative explanation of the high frequency of unusual behavior at 

Willits is that the animals did not behave any differently than on ordinary 

days, but rather that our respondents recalled the behavior of Cheir animals 

in a way consistent with their cultural expectations that animals behave -

unusually prior to earthquakes. We examined this possibility by analyzing 

the relationship between the occurrence of positive reports and the belief 

that abnormal aninal behavior is an earthquake precursor. This data was 

available on twelve positive and twelve negative reports from Willits. Nine 

of the twelve positive reports were given by respondents who believed that 

animals behave abnormally before earthquakes as were seven of the twelve 

negative reports. 
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This relationship was also deterimined on eight positive and eighty-two 

negative reports from the four additional earthquakes where our studies--

seemed conclusive (Ovando, Landers, Mexicali and Coyote Lake). Six of the 

eight positive reports were by people who believed that animals behave 

abnormally before earthquakes and two were by people who did not believe 

that. Sixty-nine of the eighty-two negative reports were by people who also 

believed that; the remaining thirteen were by people who did not believe it. 

These data are subject to a number of interpretations, but they are not -

compatible with the hypothesis that people who believe abnormal animal 

behavior is an earthquake precursor report its occurrence, while those who 

believe otherwise report its absence. We believe these data support our 

final conclusion that there was an elevated rate of unusual animal behavior 

prior only to the Willits earthquake, but not before the earthquakes at 

Landers, Mexicali, Coyote Lake and Ovando. 

Discussion 

We evaluated evidence for unusual animal behavior as an earthquake 

precursor by very conservative standards, but these standards did not 

preclude finding precursory animal behavior at Willits. 

The Willits earthquake was like three of the other earthquakes in 

several potentially important -dimensions. Like the earthquakes occurring at 

Mexicali, Coyote lake, and Tandes, the Willits earthquake had a shallow 

epicenter in a strike-slip fault. All four earthquakes occurred in a 

semi-rural community With a substantial animal population living very near 

•the epicenter. The magnitude of the- Willits earthquake = 5.2) was 

similar to that of Landers (MB = 5.5) , and Coyote Lake (MB = 5.4) and 

substantially smaller than the Mexicali earthquake (MS = 6.9). 
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Yet of the four earthquakes, only that at Willits produced an impressive 

number of cases of precursory animal behavior. It is possible that physical 

events leading to or accompanying the earthquake at Willits produced 

different precursors. Alternatively, the precursors of the other three 

earthquakes may have been so attenuated by the medium through which they 

passed that they were rendered incapable of generating unusual animal 

behavior. Finally, it is possible that undetected foreshocks occurred prior 

to the main shock at Willits and that the unusual animal behavior arose from 

undetected foreshocks rather than from precursory phenomena. Certain 

foreshocks that register poorly on seismographs produce ground vibration and 

sub sounds that might be detectable by some animals (25). Since we do not 

know what special circumstances caused the large number of reports of unusual 

animal behavior at the Willits earthquake and not before the other three, we 

cannot postulate a stimuluseresponse.mechanism for the generation of unusual 

animal behavior prior to earthquakes. 

Our conclusion that precursory animal behavior did not occur before the 

majority of earthquakes we studied contrasts with some published reports (6, 

7, 1, 2, 3). This difference may be due to the criteria we used in selecting 

earthquakes for study, together with our methods of evaluating reports of 

animal behavior. The net effect of these methods is to reduce the number of 

reports we considered to be valid accounts of precursory unusual behavior. 

We chose, for exarqple, to study only those earthquakes with no known 

foreshocks, since foreshocks may stimulate unusual animal behavior. In fact, 

much of the unusual animal behavior reported before the Haicheng earthquake 

may have resulted fram the many foreshocks which preceded that earthquake. 

Aside from the issue of foreshocks, we rejected some reports because the 

behavior did not conform to our expectations of animal reactions to novel 
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stimuli, or the behavior was not temporally correlated with the occurrence of 

the earthquake. We also rejected the few reports made by a person who was--

given a low credibility rating. 

ANIMAL BEHAVIOR PRECURSORS IN EARTHQUAKE FOIALORE 

In many instances unusual animal behavior as an earthquake precursor has 

been integrated into traditional cosmologies and folklore (1, 26, 27). Since 

accurate observations are frequently incorporated into folklore, the. apparent 

frequency of such reports lends credence to the possibility that unusual 

animal behavior is an earthquake precursor. If unusual animal behavior were 

a consistent precursor in an earthquake affected culture, it would be likely 

to appear in the form of predictive folk knowledge. Alternatively it might 

be transformed into a cause of earthquakes in the cosmology of the culture; 

such was the case the pre-scientific cosmology of Japan. Farthquakes were 

believed to be caused by the movements of a catfish-god residing under the 

earth's surface. It is probably no coincidence that abnormal behavior of 

fishes has long been reported as a precursor of earthquakes, and still 

continues to be reported frequently in Japan (4). With these concepts in 

mind, the comparative study of earthquake folklore constituted a second 

approach in our research.: 

A person studying a given culture is more likely to note and report the 

rather than the absence of a link between animal behavior and 

earthquakes than its absence. Consequently, there is a general expectation 

that an association between animal behavior and earthquakes is present among_ 

all people living in seismically active areas. However-, this impression is 

not borne out by the results of our examination of both the traditional and 

modern folklore of Peru, Guatemala, Mexico, Hawaii and Alaska. Many 



 

connections between animals and earthquakes are reported in the ethnographic 

literature of Latin America (27, 28, 29, 30); however, an equally extensive 

search of the folklore literature of both Hawaii and Alaska revealed very few 

associations between animals and earthquakes. Of the few connections 

observed, none were of a predictive or cause-and-effect nature as are those 

of many other cultures (26, 31). This is true despite frequent earthquakes, 

the economic importance of animals, and the belief that animal behavior 

portends other events. 

Additionally, belief in animal behavior as an earthquake precursor may. 

be incorporated into a local folklore, without becoming universal in that 

culture. For example, the city of Cuzco, Peru, rests on a major fault and 

has experienced many severe earthquakes. A brief survey conducted there 

yielded evidence of numerous portents which'included animals portending 

earthquakes. Yet in the Valley of the Incas only 30 km away, the residents 

believe that earthquakes cannot be predicted by unusual animal behavior or in 

any other way although they do believe that animal behavior portends other 

events including death, changes of weather and changes of season (32). 

It is also possible that animal precursors are present -in the folk 

cultures of Hawaii and Alaska but have not yet been detected or reported by 

ethnographers. To test this hypothesis, we consulted specialists in Hawaiian 

folklore and conducted interviews with several residents on the island of 

Hawaii. The specialists agreed that traditional and modern Hawaiian folklore 

contains very few associations of abnormal behavior and the coming of an 

earthquake. No reliable reports of unusual animal behavior prior to 

earthquakes were obtained in a survey there. This study also serves to 

increase our confidence in our analysis of Alaskan earthquake-lore. We 

conclude that in Hawaii, and probably in Alaska, the native population has 
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experienced numerous earthquakes for hundreds of years without animal 

behavior becoming significantly incorporated into the folklore as an- -

earthquake precursor. We suspect that earthquakes and animal behavior are 

not linked in the folklore because they are not linked in the experience of 

the people. 

Thus our ethnographic studies support the same general conclusion as our 

post-earthquake interviews: unusual animal behavior is a precursor to some 

earthquakes' but not others. 

Conclusion 

Our interview data suggest that unusual animal behavior is not normally 

a precursor of earthquakes that lack foreshocks. Even when unusual animal 

behavior does predede an earthquake, it might be difficult to use as the 

for earthquake prediction if the percentage of animals exhibiting 

precursory behavior were_as low as it was at Willits. However, it is still 

possible that unusual animal behavior could point the way toward the 

identification of a physical precursor common to certain types of 

earthquakes, and thus contribute to their prediction. 
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Fig. 7. Distribution of reports of unusual animal behavior obtained during 

interviews following each of eight earthquakes. Positive reports 

(solid circles) and negative reports (open circles) indicate 

individual households on the maps of all sites except Oaxaca and 

Punto Flamenco. On these latter maps, the number of households 
• 

which yielded usable interviews in each community are shown as 

positive reports (+) and negative reports (—) alongside the point 

that indicates a particular town located a considerable distance 

from the epicenter. The legend on each map reports in sequence for 

each earthquake: common name and general location; date of 

occurrence; magnitude of main body wave (MB) or Main surface wave 

(MS); depth of origin; epicenter latitude and longitude; type of 
• - 7 _ -

fault along which motion occurred; (dates of interview study).-
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Table 1. The figures appearing as a fraction denote the proportion of the number of individual animals 

behaving unusually before the earthquake (numerator) to the total cumber of that species sampled 

at each site (denominator). 

EARMQUAKE Stab 

Coyote Pinto 

SPECIES Willits Ovando Landers YlexicAli Lake Tiquisate Oaxaca Fl---enao 

16 0 0 1 4 9 0 10 
Dog 53 44 66 102 70 122 26 92 

13 0 0 0 1 0 0 0 
Cat J:ic 16 12 . id _42 49 4 38 

33 4 0 0 0 2 2 0 
Cattle and Ox 155 1096 0 524 924 328 15 - -1. 

4 0 0 0 2 0 0 0 
_ 12 -17- .--ff ' 53 6 i 8 ..___ ..... 

O 0 0 0 0 . 0 0 0 
Sheep 76 1023 6 6 21 6 - 6 jc 

O 0 0 0 0 3 o- 0 
-IT 6 -6 334 16 108 28 13 -

Horse 
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87 

2 
129 

0 
5 

0 
19 

4 
86 

1 
12 

.o 
5 

06 

O 1 1 0 0 -. 0 3 
Donkey and Mlle 6 . 3 . I 6 - 0 6 . 22 

387 - 0 6 .4 . 0 12 - - 0 4 
Wild or Exotic Birds 390 12 13 160 42 12 W _ 12 

Duck, Goose, Turki*r 
and Guinea Fowl 

0 
18 

0 
6 

0 
i 

o _o_ 
153 

. 0 
1. if 

11 
91 

2 
25 

3 
54 

.--
10 0 0 20 0 59 2 4 

Chicken 155 5 10 1008 4W 1115 80 317 

6 0 0 0 0 0 0 
Miscellaneous 2-3 
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- SOCIAL STATUS AND THE DISTRIBUTION OF URINATIONS IN CAPTIVE COYOTES 

Fred H. Harrington, Mount Saint Vincent University, Nova Scotia 

In many species which utilize urine-marking in communication, the. 
frequency and/or distribution of urinations is dependent on social 
status. Generally, high status individuals urinate frequently, void 
relatively little urine at each urination, and distribute their marks 
widely, whereas low status individuals void larger amounts of urine 
infrequently and often at relatively restricted locations within their 214 
home range. In an observational study of captive coyotes (Canis latrans), 
similar patterns were noted. Urinations were more frequent and of 
shorter duration in high status animals. Also, even within their 
relatively confined enclosure, differences in the distribution of 
urinations were noted, particularly involving the substrate preferred 
for urination. High status individuals urinated over solid ground, 
whereas low status individuals often, and sometimes exclusively, 
urinated in water. Such patterns suggest that low status individuals 
maw be attempting to "cover up" their urinations to avoid detection,___ 

_ • 

'." • 

• 

UNUSUAL ANIMAL BEHAVIOR PRIOR TO EARTHQUAKES: A RETROSPECTIVE STUDY OF EIGHT 
EARTHQUAKES _ 

Benjamin L. Hart, Dale F.. Lott and Mary W. Howell 
- _ University of California, Davis 
For centuries it has been reported that strange, unusual, bizarre or unexpected 
animal reactions have occurred prior to many earthquakes. In fact, abnormal animal 

behavior is the oldest and most consistently reported earthquake :precursor. 
Chinese claims that animal behavior reports had a role in the successful predic-
tion of the Haicheng earthquake of 1975 stimulated both popular and scientific 

_interest in this phenomenon. Recognizing the pitfalls of relying upon the recoll-
_ ections of human observors, we developed an interviewing strategy designed to 34 
obtain unbiased, reliable and valid reports of animal behavior as it occurred 
before an earthqUake. We applied this uniform methodology to eight post-earthquake 
investigations and obtained different results. Two earthquakes were preceded by 
several cases of unusual animal behavior while the other earthquakes produced 
only very few accounts of abnormal animal behavior. The data are consistenti with 
the notion that some, but not all, earthquakes, are preceded by unusual animal 
behavior. 

PRESENTING AND COPULATORY BEHAVIOR TURING THE MENSTRUAL CYCLE FOR 
COLONY LIVING STUMPTAIL-MACAQUES (Macaca arctoides) 
Nancy C. Harvey, Rutgers University 

Duration of menstrual cycle for the females̀ ranged from 26-32 days, 
with a mean of 28.6 days (-{-1.90 SD). The cycles were plotted from 
day 1 of menstruation, and midcycle was defined as days 11-15 of the 
cycle. Female spontaneous presents showed a rise during the follic-
ular phase which peaked around midcycle, followed by a depression 
in the midluteal phase. Induced presents occured throughout the 222 
cycle, with a ditinct peak at midcycle. Copulatory behavior likewise 
occurred throughout the cycle, with complete copulation showing a 
peak at midcycle, followed by a second peak in the late luteal phase. 
Effects of the dominant male switching from related females at midcycle 
to his preferred female influenced the occurance of copulation during 
the midluteal phase. In the stumptails, male and female sexual 
behaviors flucuate with phases of the cycle when the animals are 
living in a social group. 
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talapant ••rthquak• (A.C. 
Pt.**. 1971). The 0.2 acct 

11122. and retwro•d to normal is 

It 

• 

was DOE observed at ether eta-
Rowell oatwork. If this one ex-• 

.•selvd•ol. arrival time at .rt &tattoo. 
is tins to within the reading aC-

••e). Ie addition. no detectable 

accred that correlate vitas 
although absolute travel time 

' 

▪ are early for suoudt atectona and leis 

▪ .4 stations. 
.....rural stability of arrival trim's re-
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a NEA.Sint-99-1•S ACROSS THE SAN 
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• . 
- toehle . • 

4e.s 
„ ;..;Los (all at: "Depar•cant of Earth 

Sciences. University of 
CA 90024) - • _ 

-.et. • continuing sequence of 
-as ...esureuents was begun: across the 
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▪ 1.0•at1le precursory phenonerut to 
havi currently accum- . 

- I pier of nea.surenen.tz !ran a 
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_ ". earthquake prediction,••• ::.acuased. 

ikrn,QuAcr ASSOCIATED RADOM ANOMALIES 
--POSSIBLE rECNAMISMS 

• 

Ceo F. Birchard 
Y. F. Libby (Both at: Institute of GeophysicS 

• 

and Planetary Physics. Univ. of California. 
Los Angeles, Los Angeles. CA 90024) 

. • 

Apparently anomalous radon activity has 
been observed is Track Etch' measurements of 
gas phase radon In shallow soil holes along 
the San Jacinto Fault zone in Southern Calif 
Radon activity increased systeratically at 
ten sites close to a $4.3 earthquake several 
weeks 1,rior to it. It was followed by 
very low activity for several months. Low 
radon values have occured with these events 
because their small magnitude and short 
precursor times superimposed the effects 
producing high and low radon activities 
resulting in the dominant effect, lowered 
activity. being observed. Gas Flow trans-
ports radon. !Measured radon activity 
decreases draratically when air flows Into 
the ground and increases when gas flows 
out of the ground. When rapid degassing 
is produced before roderate or large earth- . 
quakes a large positive radon anomaly will 
be produced. When pore space increases and 
the water table lowers low radon values 
will occur. For several months up to ' 
January 1973 extrd:-ely high radon values 
have been observed which ray be a continua-
tion of unusual activity 'beginning in April . 
1977. -
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UB-OSOAL AS-iNAL BVIAVIOR PRIOR TO THE WILLETS, 
CA- ESICM.EpArE OF NOVOOIER 22, 1977 - „ 

- ' 
ale F. Lott (Dept. of Wildlife and Fisheries 

Biology. Dale. of Calif.-Davis. Davis. CZ. 
95616) 

Ben L. Bart (School of Veterinary Medicine. 
Mi.. of Calif.-Davis) 

Nary Howell (Dept. of Wildlife and Fisheries 
Biology. Univ. of Calif.-Davie) 

Tenneth L. Sere-sub (Dept. of Geology. adv. of 
coal .-t-a-mie) 

On Novecher 22. 1977 an earthquake of nagnitude 
3.0 occurred near WI...nets. California. a scot -
rural area in which it is custo-sry for house-
holds to have sane livestock and coopanion 
animals. Cbservatioos of unusual animal 
belsvior, by people living is the affected area, 
were studied by a multi-disciplinary teas 
mosisting of a geologist, two animal behavior-
ist. and an anthropologist. Over fifty house-
holds in the general area of aod surrounding 
the reported epicenter were visited by 
experienced is tervieaers who used an interview 
approach designed to avoid encouraging false 
reports. The interviews yielded several cases 
of reports of unusual behavior la at least one 
of the animals owned by the respondents. The 
casual antral behavior reported was not bizarre 
bat was in fact of a fern that bad been observed 
in other circtr--stances. It was defined as 
=usu.! because it was inappropriate to the 
firrcutacncr-e is which it was manifested. Wise 
the positive and negative reports were plotted 
on a sap of the area, there seensd to be 
a distinct geographic pattern to their distri-
bution. This study demonstrates that in at 
least one earthquake it bas been possibl/ to 
find very reliable reports of unusual animal 
behavior prior to an earthquake. 
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LIGHTS' - A POTD.CTIAL 
LID IN LAITF.-ICAt,ICR!CASTENG 

li.S.WaTner (Light E.,...gi,,erins 
Assoc/Area. Dever, RI 01604 

T.K.YtwvamithAn Cvm-Ivermitz of 
South Caro liras, Colon. S.C. 29379 

et.erv.t.toma of 'IlitrarVe lights' near 
the earth's surface sad in the sky 
have h-sen reported in different parts 
of the acrid in a. past. These are 
somati.ea referred to as 'earthquake 
lights' as they have often bees ssso-
sta with earrilq,aires. A list of 
1.11. deacuseuted 'light occurr•oc•s' is 

• 
the United Stat•• wee compiled. The 
locations •f these lights were platted 
cm a reap. Thle may vu [7.4 compared 
with the mimeo-cyclic sap of the 
United States. which was prepared pre-
wian•ly and iedependeotly hp the d-
author. Ia this seism-cyclic map 
earthquakae were plotted sy---Solically, 
each symbol representing a specifte 
Interval of time La the lunar arose.. 
listle cycle (le which individual 
ea:rtitquekee bees occurred.) Thms• 
the seismocyclic sap adds thedisesv 
aim of time to tIse saisalc map. A 
compariaon of the 'lights' sup and the 
setirmo--cyc_lic map shoved that 'lights' 
have been observed mostly is um** et 
areas Is which past eatrthresalas have 
occurred predominantly when moon wee 
travelling from its perigee to its • • " 
apogee, that is vitas the tidal force • " 
was decreasing. This spatial corrals- -
•tion between 'lights' and earthquakes 
(of one type) is seen as a potential 
aid to the understanding of the 
regional. tectonics and prediction of 
earthqueles. 

Earthquake Prediction, 2 
_ Napoleon 2 (0), Fridy 13156 -

S. S. Alexander (Pennsylvania State 
" University) and . 

M. Caputo (Istituto Nazionale 
Geofisica), Presiding 
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SEISMICITY-TIME SERIES AUALYSIS. 

11.3. Wu (both at: Department of-
Geological Sciences, State University 
of New York at Dinghamion, 
Binghamton, Hew York 13901) 

Under the reasonable assumption that 
the regional tectonic strain rate remain 
steady on a time scale of 10-1000 years, 
the seismicity-time series for a region 
would be stationary and can be used for 
the purpose of tong term earthquake . 
prediction. 

We have used the technique of Wiener 
predictive filtering for one and snore 
channels of seismicity-time series and 
found that prediction of highs and lows 
In seismicity can be achieved. The date 
used In this study are it/ seismicity of 
Feng-wel region of Northern China from 
504-1973 (Chang et at. 1974), and 
(2) seismicity of Ryukyu, Taiwan, • 
Northern Luzon and the Philippines fro. 
1901-1974, with data for each arse 
treated as one channel. The success of-
prediction is measured by our ability to 
match actual data points when we cut off 
the time series at certain time and try • 
to "predict' the series beyond the cut 
off. 

The multichannel analysis method can -
bebe used to incorporate, in addition to 
seismicity-time series, other precursory 
data. it has the capability to "learns 
as time goes on.' 

Chang et al, Probability Of time of 
earthquake occurrence Mt. ACTA 
GEOPHYSICA SiMICA, 17, 200-208, 1974. 

• 
S 101. 

DEPENDENCE OF SEISMICITY ON DEPTH 

Y. Kagan 
Ir.---Ynopoff (both at: Institute of Geo-

physics and Planetary Physics. UCLA, 
Los Angeles, CA 90024 . 

Space and time patterns of earthquake 
occurrence have been studied for the 
worldwide earthquake catalog (NOAA) 1965-
1975, with alb ?_ 5.3. The total nuober of 
earthquakes is nearly 7.000. The tint 
clustering of earthquakes at different 
depths was studied by modeling the earth-
quake sequences by a multidimensiOnaI 
stochastic point process. A sudden 
change of the rate of earthquake cluster-
ing is found around 60-70 Fa depth is 
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SEISMIC ACTIIITY ASSOCIATED V1TN rat 
aoci157 I, 1979 COYOTE tart EARTHWarE 

V. I. Makun (0.3. Geological Survey. 
1 Menlo Park, CA 9A025) -

1111 The Mi  5.9 ;9n) Coyote Lake earthquake. 
occurred on a creeping section of the Cale-
versa fault about 10 km XXI of Gilroy. Cali-
fornia. Epicenters of early (first 15 data) 
aftershocks lie primarily along s 16-km-lord 
relatively continuous Deviant of the fault --._ 
trace. The main shock vas located near 
right-stepping off,et in the fault tree. that 
terminates the segment oo the corthweet. 
Aftershocks concentrate near a mapped compli-
cation is the trace near the center of the 
segeent and at a right-stepping offset at the 
southeast end of the segment. Althoogh the 
Coyote Lake sequence was not preceded by pro. 
eincnt foresheck activity, a preliminary 
analysis of seismic activity on the Calavera* 
fault near the Coyote Lake earthquakes show* 
that cumulative aelamic slip lo the decade 

before the sequence was concentrated near the 
right-stepping fault trace offsets at the ends 
of the segment. There also appears to be per-
sistent seismic activity near the fault trace 
complication near the center of the segment. 
Moiler correlations of fault-trace discooe 
tinuitiee with seismic activity have bees 
observed for moderate-size mainShocka occur-
ring on the creeping section of the San Andreas 
fault la central California, 
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RIsroRIc SEISMIC ACTIVITY AND THE 1979 
COYOTE LAKE SEQUENCE 

C. C. Burs 
V. 0. Bakun (both at U.S. Geological Survey 

Menlo Park, CA 911025) 
T. P. MeEvilly (Dept. of Geology and 

Geophysics, University of California, 
Berkeley, CA 91720) 

Four earthquakes (1911, 1999, 1955. 1979) 
with ML greater than 5 have occurred on the 
southern half of the Calaveras fault system 
since 1910. 5-P times at Mount Hamilton and 
Berkeley are scffieient to locate aftershocks 
of the 1911 shock if the epicenters are ems.-
strained to the trace of the Calaveras fault. 
Published times imply a 20-km-long aftershock 
zone for the 1911 shock from near Mount Fasil-
ton southeast to the epicenter of the August 
6, 1979 my 5.9 Coyote Lake main shock. The 
similar lengths of the 1911 and 1979 after-
shock :ones and the similarity of the felt 
reports suggest that the 1911 and 1979 shocks 
were comparable events on abutting sections of 
the Calaveras fault. The ML 5.2 1999 shock vas 
located on the southeast part of the 1979 
Coyote Lake aftershock zone. The 1955 nt 5.5 
shock occurred about 10 km northwest of go.snt 
Eoelltoe. Activity on the Calaveras fault le 
the year before the 1979 Coyote Lake earthquake 
was concentrated southeast of the 1955 shock 
near the inferred northwest end of the 1911 
aftershock zone. 
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MICRCEARTHQUAKE CLUSTERING PRECEDI.0 tint co-root 

process eppeors to WAV. Love stable during the 
10-year period, and no distinct changes either 
in space or time were noted before the 6 Auguet 
eert_hiroake . These results ougoeet that the fault 
has distinct. long-tare mechanical properties 

led by eicrosarthqoaks occurrence pattern*, 
and that these properties influence the location 
of • large rupture. • 
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THE SOURCE CHARACTERIZATION OP THE 
COYOTE LAKE EARTHQUAKE Or AUGUST 6, 1979 
FROM SYNTHESIS Or TELESEISMIC BODY WAVES 

John ltabelek 
k7.--gair-Y61-782 (both ate Department of 

Earth and Planetary Sciences, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts - 02139) 

We present a preliminary source 
analysis of the August 6, 1979 Coyote 
Lake earthquake. The source parameters 
are obtained by matching of waveforms of 
the teleseismic body waves with 
theoretical seismograms. The theoretical 
seismograms are computed by a numerical 
integration of point sources distributed 
along the fault surface. The size and 
depth determined from the distribution 
of aftershocks are used as a starting 
model. Near field seismograms are used 
to establish the direction of propagation 
and duration of the rupture. 
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TDOOORAL VARIATIONS IN TELESEISMIC P TRAVEL 
TIMES TO STATIONS NEAR THE AUGUST 6, 1979, 
COYOTE i-lEE EARTHQUAKE 

0. A. Stauber 
J. R. Evans (both at U.S. Geological Survey, 

Menlo Park, CA 94025) 

Teleseismic P -wave travel-time residuals were 
iseasured for the period Jan. 1 to Aug. 11, 1979 
at 14 stations within 91 km of the Coyote Lake 
earthquake to look for premonitory variations. 
All but 6 of the 35 events were in the distance 
range of 71 to 83 degrees from the reference 
station (HCW) and have azimuths between 227 and 
237 degrees. The scatter in residuals at 
individual stations is between 0.05 and 0.10 
2. Medians of observations in Four 60 -day 
intervals were ccoQuted for each station. For 
all but two of the stations (HOE and HGJ), the 
variations in these oediano mere less than 0.05 
a. HGA, in the middle of the aftershock zone, 
falls into this category, Residuals at HOL and 
HJC increased by 0.10 s in 1979. The spatial 
extent of this anomaly is poorly defined, but it 
Is not coincident with the aftershock 2020 
(shaded in figure) of the earthquake. 

term variations have oecuroed et this sit* 
early in 1979 with respect to other eltes As 
the area, no anomalous ehmoges within the 
previous two months have occurred outside the 
present wearorroent uncertainty. Vs isonclude 
that, is contrast to the 2 nT change observed 
prior to • previous /1 5.2 earthquake (Smith —.-
and Johnston, 1976) no demonstrable !octane. 
magnetic effect vas detected. A reasonable 
tactonomagnotic model of the earthquake 
indicates that if the mean 'trees change me 
the fault is 10 bars, the average magnetis-
ation muet be less than implied by the basalt 
outcrop. This conclusion can be tasted hy 
precies surveying and modelling of the --
magnetic structure. 
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MAGNETIC MOS iTORINC IN THE AFTERSHOCK ZONE 07 
THE COYOTE RESERVOIR EARTH-WALE 

P.M. Davis (Dept. Earth I Space Sciences, 
University of California, Los Angeles, 
CA. 90024) 

C.A. Searls (Dept. Earth I Space Sciences. 
University of California, Los Angeles, 
CA. 90024) 

X. Weller (National Center for Earthquake 
Research, U.S. Geological Survey, Heal* 
Park, CA. 9403). 

Within four days of the Coyote Reservoir 
earthquake, three temporary continuously record. 
lag magnetometers were installed in the after-
shock zone to supplement the permanent U.S.G.S. 
recording magnetometer at Coyote Reservoir. 
This array of magnetometers recorded far 
approzimateky one month. Furthermore, eight 
magnetic surveys were completed during this 
period at each of 30 survey points having a 
separation of one mile. The majority of 
differences between the total magnetic field 
at the survey points and one of the continu-
ously recording magnetometers remained constant, 
to within one nanotesla throughout the survey 
period. No effects larger than four nanotesla 
were observed. Records from the continuously 
recording magnetometers are being analyzed for 
aftershock-related magnetic perturbations._ 

Sill 7-

SOIL-GAS RADCS-034CENTIRATION DATA RECORDED AT THE 
TIME OF THE COYOTE LAKE EARENQUAhT OF AUGUST 6, 
1979 

C.Y.King (U.S. Geological Survey, Menlo Park,CA) 

Radon concentration of subsurface soil gas has -
been monitored since 1975 at an extensive network 
of stations deployed along several major faults 
in Central California. The recorded data are 
examined to see whether radon concentration showed 
any changes at or before the time of the magni-
tude 5.7 earthquake uhich occurred on August 6, 
1979 on the Pryward-Calaveras fault near Coyote , 
Lake. Preliminary results indicate that, while -
no significant changes were recorded at two : 
stations which are closest to the earthquake epi-
center, the radon concentration showed a broad-
scale increase else-.'here on the Hayward-Calaveras 
fault between San Jose and Hollister and along 
the Hayward fault and its northern extension 
between Santa Rosa and San Jose, during a period 
of several ocnths before the earthquake. This --
episode of increased radon concentration is com-
parable in duration, amplitude and spatial extent -

LAYS EAR7H2UAKE-

m.o. Savage (woodward -Clyde Consultants, 3 oobar-
coder° Center 1700, San Francisco, CA 941111 

slat.. rIlaworth (U.S. Geological Survey, 3-45 
Middlefield Road, Menlo Park, CA 94025) 

XlcrcearthqoAke clustering occurring along a 0
 

R
E F

E
R

EN
C

E to several earlier episodes, which was previously 
found to be correlated with local earthquakes of 
magnitude 4.0 to 4.3. 
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A SEARCH FOR KEPORTS OF UNUSUAL ANIMAL BERAVIOL 
PRIOR TO THE COYOTE LAKE EARTHQUAKE or 
6 AUGUST 1979 

Dale Y. Lott (Dept. of Wildlife and Fisheries 
Biology, Cote. of calif.-Pavia. ray19. ca. 
95616) 

Se. L. Bart (School of Veterinary Medicine, 
Doi,. of Calif.-Davie) 

Miry Pooell (Dept. of Wildlife and Tieberies 
Biology, DOI,. of Calif.-Davit) 

Tenmmetb L. Verosub (Dept. of Geology, Univ. of 
Calif.-Davis) 

On 7 August 1979. one day after the magni-
tude 5.9 Coyote Lake earthquake, two teams of 
investiestors vest to the epicentral region to 
sample the level of ebservatioot of unusual 
/anima' behavior prior to the earthi:ake. r,tos 
a standard interview schedule, we conducted 
interviews at 51 households within 6 VA of use 

eoicroter. Each interviewee had beta able to 
obaerve the behavior of domestic amIsals prior 

45-1m-seoment of the Calaveras fault centered on 
the 15-km-long aftershock come of the 6 Aoouet 
1979 earthquake was examined fur the 10-year 
period prior to the event. During CNasA 11 year. 
all oerthquakes within this relics abase catalog 
cooplateoess level of M 1.5 were tested for 
clusteriog defined by 1) focal seoaratiera of no 
more than I km greater than the soe of their 
h)oocentrel standard errors, aid 7) trop rah Lep-
eretion less than 9 days. During the 10-year 
period, eicroeerthquake clusters were observed to 
exhibit a distinct pattern with respect to the 
6 August 1979 earthquake soinshook-aftershock 
woe*. clusters were concentrated in a Solos zone 
(3 clusters/kr.) just to the north of the eel* 
shocki cluster density decreased to a sloe'. 

Ichaster along the northern 4-Ve of the ropture 
moo*, and chaster density slowly increased to a 
wasieo. of 4 clurters/ke just south of tine 
Southern,,st aftershocks. Clustering was boo 
(less than 0.5 clusters/km) at tie artze,a north 
and tooth true of the study area. .he clustering 
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YEESETSMIC AND 00-SEISMIC MAGNETIC YIELD 
STAST-otilt.aNTS HEAR TO:=1' COYOTS, CALIFORNIA 

'EAR:EqUAYE OF 1UCUST 6, 1979 

E. W. r,,,11.1-
m.s.s. Johostan (1,01, at: U.S. Geological 

gamey, Menlo Park, CA 94025) 

The epiceoter of the Coyote earthquake 
CPIL 5.5) of August 6, 1979 is located within 
an array of re,criir r-aznet,metors which /7A2 
been in operation since 1974. The neorent 
lostrooent COT ,ea installed in October 1970 
and, subsequently, was within 4 kn, of the 
oe.rthqoaks epicenter. It 1. located an 
alloolormi but haealt outcrops with eao,netization 
of 0.1 Aim occur nearty. Althoogh sone longer 
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to the earthquake. Except for I EMS. MO 
onimol behavior which vs* reported to us woe 
sot unusual is any way. V4 UAW. concluded that 
the rata of positive reports associated with 
el. Coyote Leto earthquake rep is that 
e xpected rate of occurraoca of unusual molool 
behavior os any "random' day. Thos the Coyotao 
Lake earthquake does sot appear to be mu-
tated with the typos of precursory atimull 

IlitUtile). produce • high percentage of reports .1 
unusual animal behavior. 

Is oddities to our writ Is the epicentral 
area, we also investigated • publicised dusts! 
of reports of unusual anioal behavior occurring 
at a wild animal park 'bout 70 to from tits ciao 
center. la-depth interviews with iodividualis 
responsible for the maintenance and handling of 
these animals indicates that is most cases the 
behavior attributed to the earthqualta by that • 
news media is better explained by other factors -
not associated with the earthquake

•. o 

Project ROSE and LOPEZ 
Island Intercomparison 
Experiment 

•Gold Rush (HI) 
Wednesday 1330 h 
G. Sutton (Univ. of Hawaii) 
and Brian T. R. Lewis (Univ. • 
ofWashington); . Presiding 

5130 INVITED PAPER " -

SEISMICITY OF THE OROZCO FRACTURE TONE WRING 
•PROJECT ROSE . 

. -

T. Ouch' .- • 
• 

C. V. Lutheo (all at: Univ. of Tem., Marine 
. Science Institute, Geophysics Laboratory. 700 
-... The Strand. Galveston, TX 77550) •:... •• 

Approximately 250 nicroearthquakes vete record-
ed to the vicinity of the Orozco Fracture Zone by 
ten Texas OAS stations during a 2-week period as 

•-• et of Project ROSE. The maentidues of all but 
f these events are so small that they were 
rded by a single station only. lath spatial 

IIIII/temporal variations in seismicity were large 
during Ole experiment. Average activity levels at 
the various stations ranged between 0 and 20 ... 
events/day: The epicenters of the event, that .. 

:are large enough to be located are distributed-
along the east-west trending fracture tone with 

--binhest cocacentrations near the two intersections 
with the East Pacific Rise. The western center ' 
of activity appears to be shifted northward into 
the spreading center Itself, but this concluslos ' 
is- tentative pending conpIttion of a oar: precise 
tathyoetric cap for the experiment zone. . . 
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SEISM:CCITT OF TEE OROZCO FRACTURE VOTE: RAMC 
MICROEAATHQUAK2S LID TELFSEISMIC HISTORY . 

D.C. Solomon (both at: Department of Ezoth and 
Planctooy 

. 02139) •• 

Canbridge. KA 
• , ; 1 ' 

G.M. 1., :rdy 
J.I. Dried (both at: Deportnent of Geology and 

Geophysics. V.5.0.!., Woods Hole, MA 02513) -

We present a preliminary analysis of eartb-
qnakes recorded by tno M.I.T. ocean lotto.' 
seisncneters and 8 W.H.O.I. oceso bottom 
bylrophones during tLe 1105E expedition to the 
Orozco Fracture tote in March, 19/9. We Lave 
located 16 events using P arrival times from the 
OEM and P and S arrival times from the CBS. 
-/nterestirg snatlal and tenporal patterns 
.oeoge from this study which ougoest a incplex 
nectcnic euvirornent. Although all events are 
located within ohne. to expect to he the entire 
transforn zone. they see. to separate into two 
trouos. Events In the first group ore all ' 
shallow (0-6 to) end define a morrow Lane of 
activity strikicg east-vest. first ootion 
poler-ity la consistent with strike-slip trans-
form notion. The events in the second group 
define a broad tone of activity striking 
toyrortrately north-south and yield depths which 

0 km to greater than 13 ks. The 
distribution of this activity- suooests 

• of mull events with occaoional lorger 
10,:ks rather then a foreshook-msioshock-after-
tock sequence. 

lie hove also exanined the telesetasle history 
of the Oro.° fracture :one. Although latitndi. 
nalcontrol is poor, nest events are aligned 
al000 the active portico* of the tratarorn. That 
fault plane solution of the largest recent 
earthy-ale is consistent with transfer' notion. 
The seismicity of the traosfora since 1961 as 
documented by the YES' sumeste a cyclic 
release of stress with a period of about 20 years. 
Peaks In activity marked by events with .„..5.0 
occurred In 1975 and 1966. Large (Mo6) events 
were also recorded in 19,5 a.41 1931. 

• • 
• 
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MEASUREMENT AND IXTERPRITATION OF TIE 
MAI WAVE VELOCITY IV /Lit-SURFACE 
BASALT 

• . . . . 

O. 1. Diuchok ()ravel restore! 
Laboratory. Vashiteton, D.C. 20373) 
R. L. Oleos, S. C. Wales and 
C. V. Matt 
(Sponsor: Peter Vogt) 

The reflection coefficient froe rho 
water-basalt interface was measured is 
the frequency range, 15-30 ha, at a thinly-
sedinented site at the'East Pacific Alas 
in coojuoctioo with Project lose. The 
measurements were ...ode with a 14 cleoent 
aid-ocean hydrophone array and 21.0. SUS 
charges deployed to yield approrisotely 
1 shot per degree staring angle. The 
resultant data yields a measure of the 
shear wave velocity in near-surface basalt, 
which Is in reasonable agreement with 
previously reported inferences of the 
interfacial shear wave velocity at the 
EASE Pacific Rise from reflectivity . 
measurements (Diachok, J. Acoust. Soc. 
An. 65, Suppl 1, 15) and from OAS 
measurements (McLain and Lewis, O. Wash. 
Contribution 1090). These data, together 
with previously reported low frequency 
measuresents by Spudich and by Heloterger 
and Morris, are correlated with Christensen's 
high frequency determinations of shear wave 
velocity vs geologic age in small solid-
basalt samples, through an analytical 
model of the velocity of sound in a randomly 
disordered two phase medium'. in which 
neither phase acts as the host or matrix 
saterial (Budiansky. )tech. Phys. Solids, 
13. 223-227, 1965). This theory. which 
appears to be qualitatively consistent with 
Eyndman's heuristic description of the 
ratio of solid rock to sedinentOvater is 
near-surface basalt, offers a plausible 
quantitative account of the observed 
relationship between the high and low 
frequency measurenents„ and a working 
hypothesis for the development of a 
geoacoustic model of the upper crust. 

Sill INVITED PAPER 

LOPEZ ISLAND OS-S INTERCOMPAIISOS EIPERD-04T--
RASE EXPERTM,T • 
11. Lewis. 
J. Orcutt. -
P. Pomeroy 
C. Sutton (at lisooli Institute of Geophysics. 

dais. of Hawaii. Honolulu. HI 96822) 
and other Friends of Lopez Island 

Serweco June 13 Pad 30, 1978 a field Inter-
cooper/son of several ocean button seirn,nraph 
systems was conducted in Shoal lay, Lopes 
Island (Puget Sound), Washington. The two 
wain reasons for the field test were: (1) to 
eocnnare the responses of the instrxeaeoCs s 
haying quite varied nechanical configurations, 
when coupled to the earth through soft sedi-
rents cooparable to those of the ocean floor; 
and (2) to determine the susceptibility of 
the Instruments to noise induced by Im.or-
bottom ocean currents. In addition to 12 
onerationalOAS'a. supplied by 10 different iM-
seirch orgsniracions, three sets of three-
cococnent (70.1 sec) seis000eters sad a hydro-

.phone were Included to provide standards for 
counarison: a "spike standard' was pushed 
firmly into the batten; a 'plate standard" vas 
mounted on a large, flat, circular plote rest-
ing on the oedioeots and had a sm.,oth heni-
spherical vuperstructure; a "neutral density 
standard' had a roughly spherical shape and 
was floated within the uppermost sediaent. 
A/1 of the instruments were placed within a 
few otters of each other and connected by 
cable to a digital recording system 02 shore.. 
Four current meters were installed around the 
array of Instruments to monitor water circula-
tion in the bay. Sig-eels fro+ o4chaaicol 
transience applied directly to the OAS's ondi 

to the, standard Instrupoesta. Is addition to 
seismic signal. from se air gun, blasting 
caps. &o.4 various levels of background noise 
were recorded. • 
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BOTTOM SEISMOMETER oesrvIATions K. 
THEORETICAL AIRGUM SIGNAL AT LOPE/ ISLAND . 
COMPARISON EXPERIMENT . 

R.E. NtAlister 
S.N. Johnson 
NL tee (all at: School of Oceanography. . 

Orrgom State Bniversity, Corvallis. Oregon 
. 97331) 

014 of the tests during the ORS comparison 
ex.perioent in Shoal Lay, Lopez Island. 
Washington. made extensive use of an airgun 
source. Digitally recorded signals were 
examined to study the fidelity with which 
different types of ocean bottom geophoneS -
detect vertical ground motion. To ainiaire 
effects of horizontal motion, only that 
portion of the wave trate preceding a large 
shear-wa.e phase from the most distant air-
gun shots was analyzed. Results show in 
general a spectrum centered around a well-
defined frequency peak. This is in good 
agreerent with that corputed from a theore-
tical airman waveform although differences 
in wave shapes exist bet4.etn signals 
recorded tar individual instrumenta. 

•• 
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A COHPARISOK CT CBS CCUPLIIC AND CROSS ccurtnic 
RESULTS RETWIEN LOPEZ iELC)O AND DEEP WATER DATA 

Brian t. V. Levis 
Jonathan D. Tuthill Thoth at: !Sept. of One.n0R-

graphy and Ceophysics Trooram, Only, of Wash-
ington. ScAttle, WA 96/95) 

The Loper Island COS Calibration Txperiment 
shoved that 'mast CBS designs show varying de-
grees of cross c000ling of horizontal motion 
into vertical notion, thereby distorting the .-
oaveforoo and taking seicnogram interpretatioos 
difficult. Similar results are seta in the . 
University of Washington Tripod CBS data in the 
RISE Experioemr„ and off the Washington Coast. 
fro. S and P-S Arrivals. The amount of cross 
coupling is dependent on the configuration of 
the C'S. Wa-neform distortion of near vertical 
incidence P moves appears to be ouch less de-
pendent oo configuration. The cause of the 
cross is not presently well unlerstood; it ap-
pears that rocking Is not the cause as this 
would result in vertical f0000encies one-half 
of the borirooxal forcing Sanction frequency. 
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ESTIMATION OF BOTTOM-TO-01S TRANSFER 
rclicrIos usinc MECHANICAL TRANSIENT LITT 

.TESTS (LOPEZ/ROSE EXPERIMiNT) -

• Sutton 
• Doennebior 
Z. 'teacake (all at: EL.Ali Institute of 

Geophysics. Univ. of Bewail, Honolulu. 
RI 96822) • 

Cooparlsou of time functions and spectra 
resulting from mechanical trinsfeot lift 
tests applied to OAS's resting on a soft ' 
bottom in shallow water with signals 
recorded from blasting caps, air gun. 
sarch000kes /and t‘acts,rou7a.d noise indi. 
cat, that soch tests provide useful 
information for estiootiog the Bottom-
to-CBS transfer fonctioa. The transfer 
fonction is dependent woos the rigidity 
and density of tbe bottom sediments and 
'goon the oaso.density and configuration 
of the OAS. A. relatively staple theory 
for bottom ecopling response along with 
results from the Lopez Island OAS 
intercoopartso-n oxperlorot and other 
data provide wain-011e goleelines for. 
future CAS deo,lcpueot. 

, . 
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Ctle:PARISCEt Cr xrrniiNT F.ACCCRWID NOISE TO 
STOFAro WIVES GEnTnATED ST Err:a:zit saw:Es . 

..,,t.cAEKAM D. 
Brian T. R. Lo,is (both at: Dept. of EISC,A2.0r. 

raphy and Ceopboolco Prooraoo tole. of Waab-
ingtc=a, Seattle. WA 11195) 

The OES roterc0000rf000 Field Test cooductod 

This page may be freely copied. 
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