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Simple Summary: Recent reports from several countries such as China, Italy and Japan 
support the existence of strange animal behaviour before strong earthquakes. However, the 
stimuli to which animals are sensitive preceding seismic activity are still not completely 
understood. Here we report the case of a herd of cows (reported by an entire village) 
leaving the hill pasture and descending near to the village streets two days before a strong 
earthquake.

Abstract: The September…October 1997 seismic sequence in the Umbria…Marche regions 
of Central Italy has been one of the stronger seismic events to occur in Italy over the last 
thirty years, with a maximum magnitude of Mw = 6.1. Over the last three years, a 
collection of evidence was carried out regarding non-seismic phenomena, by interviewing 
local residents using a questionnaire. One particular observation of anomalous animal 
behaviour, confirmed by many witnesses, concerned a herd of cows, which descended from 
a mountain close to the streets of a village near the epicentre, a few days before the main 
shock. Testimonies were collected using a specific questionnaire including data on earthquake 
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lights, spring variations, human diseases, and irregular animal behaviour. The questionnaire 
was compiled after the L•Aquila earthquake in 2009, and was based upon past historical 
earthquake observations. A possible explanation for the cows• behavior„local air ionization 
caused by stress-activated positive holes„is discussed. 
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1. Introduction 

Unusual animal behaviour prior to earthquakes has been observed for millennia [1], but until 
recently, there appeared to be no plausible explanation. Freund [2] presented a unified theory of  
non-seismic earthquake precursors, proposed on the basis of stress-activated positive hole charge 
carriers. It is likely that at least some of the observations of unusual pre-earthquake animal behaviour 
can be traced back to this underlying geophysical process. Other possible causes are the release  
of gases, such as CO, from the future epicentre [3], charged aerosol production [4], sound and 
vibrations [5], electric [6] and magnetic [7] field influences, ultra-low and extra-low-frequency 
electromagnetic effects [8,9]. It should be remembered that species-typical behaviours can be triggered 
by a variety of stimuli not necessarily related to earthquakes [10] and that sometimes animal behaviour 
anomalies reported by the public may actually not be abnormal behaviour [11]. Often much of the 
behaviour resembles that reported before other geophysical events, such as thunderstorms [12],  
or volcanic eruptions [13]. Animal behavior is very variable, even within the same species [14]. 
Finally, as there are geophysical differences between earthquakes [15], unusual animal behaviour is 
observed before some earthquakes but not others. 

With this in mind, in this communication we present several incidences of unusual behaviour of 
cattle and also describe a previously unpublished observation of unusual cow behaviour prior to the 
Umbria-Marche earthquake (Mw = 6.1) of September 26, 1997. An evaluation in terms of the theory of 
positive holes leading to air ionization as proposed by Freund et al. [16] was applied to the Colfiorito 
tectonic structure in Central Italy, where the strong earthquake struck.  

The Colfiorito area is a closed extensional basin system located on the Apennines watershed and 
surrounded by valleys that are deeply incised into the Mesozoic…Cenozoic bedrock (Figure 1). The 
basin floor is at an elevation of 800 m whereas the level of river incision in nearby valleys rapidly 
decreases to 400 m within a few kilometres of the basin. Lacustrine and alluvial deposits containing 
remains of Lower Pleistocene mammal fauna [17] are exposed for 100 m in thickness in the central 
and southern parts of the basin. Surface geological data and seismic reflection profiles have clearly 
pointed out that the area of Colfiorito is structurally dominated by N…S and NNW…SSE trending 
macro-anticlines. Colfiorito plain is bounded to the NE by an active normal fault system [18] that 
ruptured during the 1997 Umbria-Marche earthquake sequence [19]. Despite the different interpretations 
given to the surface ruptures observed after the main shocks, the fault geometry revealed by 
seismological, geodetic, and field data [20,21] is consistent with the longer-term Quaternary evolution 
of the area. In particular, radar interferometry and GPS data showed several tens of centimetres of 
seismic subsidence in the hangingwall of the fault system bounding the basin [22], and surface 
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ruptures of a few cm in amplitude were found after the earthquake along previously-mapped fault 
scarps at the foot of mountain fronts bounding the Quaternary basin [23]. 

The seismic sequence that affected the Umbria…Marche region (Central Italy) in the period 
September 1997…April 1998 caused the loss of 12 lives and severe damage to ca. 300 localities.  
Three main events took place at less than 10 km depth: two on September 26, 1997, (1) Mw = 5.8 and 
(2) Mw = 6.1, and one on October 14, 2007, (3) Mw = 5.6; indicated by red circles in Figure 1.

Figure 1. Colfiorito Basin. The red arrows in the left-hand box indicate cow movements, 
while red circles indicate the stronger shocks and blue circles indicate meteorological 
stations at Serravalle (1), Gelagna Alta (2), Pié del Sasso (3) and Bagnara (4) (the Nocera 
Umbra station is outside of the map to the west near Bagnara). A section of the Basin in the 
left-hand box is shown in red, it is represented in the right-hand box with the positions of 
the main shock and aftershocks along the normal fault plane in red; Mount Maggio is 
behind Mount Prefoglio, after Barchi [24]. 

 

2. Methods

The L•Aquila earthquake has shown that the public is able to observe a large number of phenomena 
for which there were no available instruments at the time of the quake, including unusual animal 
behaviour [25]. The people of L•Aquila clearly remembered their observations for many months and in 
many cases they remembered observations from previous earthquakes. Hence, a collection of data was 
carried out relative to a strong earthquake which occurred some time before L•Aquila, that of Colfiorito. 

Testimonies of unusual behaviour of wild and domestic animals were collected around Colfiorito 
Plain in connection with the September 1997 earthquake. The observations were collected in the 
months of September…October 2010, August…September 2011, May-August and October…November 
2012, January and April 2013. People reported strange animal behaviour which had occurred in 
September 1997, i.e., more than 13 years ago. It is possible that people•s memories are inaccurate and 
data may be unreliable after such as long period of time. However, it is also remarkable that so many 
people independently remembered and commented on the particular observation presented here. A 
questionnaire was used to obtain information on sightings of earthquake lights, with a small section on 






































