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Abstract

In La Rioja the widespread ichnological record of dinosaurs ranges from the Berriasian to the Aptian age (Early Cretaceous). There, due 
to the high palaeodiversity, several evidences of gregarious behaviour can be observed in different types of footprints (sauropods, theropods 
and ornithopods). Moreover, due to the huge dimensions of some sites, different types of dinosaur tracks representing gregarious behaviour 
can be found very close in space and time. All these evidences have been compiled and analysed, obtaining an overview of this type of 
behaviour in relation to the type of trackmaker. Twenty-eight evidences of gregariousness have been found, of which nine are of sauropod 
footprints, twelve of theropod, seven of ornithopod, and one of unknown bipedal dinosaurs. These data have been further divided into 
accumulations and sets of parallel trackways. In sauropod footprints the main evidence is represented by the accumulations of tracks made 
by herds of individuals of the same size. In ornithopod footprints there are accumulations and parallel trackways of large size individuals 
and even family groups. In theropod footprints, sets of parallel trackways of few individuals of the same size (from small to medium) are 
the most common evidence and there are no data about gregariousness in large theropod footprints. Thus, data were obtained on different 
sizes of herds, size of individuals and structure of the groups depending on different ichnotypes, providing information about important 
palaeoecological aspects of their trackmakers, such as population structure. 
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Resumen
En La Rioja existe un abundante registro icnológico de dinosaurios en materiales de edades Berriasiense-Aptiense (Cretácico Inferior). 

En ellos se pueden observar diferentes muestras de comportamiento gregario en distintos tipos de huellas (saurópodas, terópodas y orni-
tópodas). Incluso debido al gran tamaño de algunos yacimientos, se pueden encontrar muestras de comportamiento gregario de distintos 
tipos de dinosaurios muy próximas en el espacio y en el tiempo. Se han recopilado todas estas evidencias y se han analizado para obtener 
así una visión global de este tipo de comportamiento en funcion de los dinosaurios que las produjeron. Se ha obtenido un total de veintio-
cho evidencias de gregarismo, de las cuales nueve son de icnitas saurópodas, doce de terópodas, siete de ornitópodas y una de dinosaurios 
bípedos indeterminados. Todas estas evidencias se han dividido en acumulaciones y conjuntos de rastros paralelos. En icnitas saurópodas 
se observan fundamentalmente acumulaciones de huellas atribuidas a manadas constituidas todas por individuos de talla media. En cuanto 
a icnitas ornitópodas, hay acumulaciones y conjuntos de rastros paralelos de individuos de gran tamaño así como grupos familiares de 
pocos individuos. En icnitas terópodas se observan más evidencias de conjuntos de rastros paralelos con individuos generalmente de talla 
semejante (pequeña a mediana). Sin embargo, no se han encontrado evidencias de gregarismo en icnitas terópodas de gran tamaño. De esta 
manera, se han obtenido datos sobre diferentes patrones de tamaños de manadas, talla de los individuos y estructura de las agrupaciones 
en función de los diferentes icnotipos, proporcionando así información sobre importantes aspectos paleoecológicos de los animales que las 
produjeron así como de sus estructuras poblacionales.
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1. Introduction

Many aspects of dinosaurs behaviour have been studied 
over the last few years and are still of interest to the scientific 
community for their palaeobiological and palaeoenvironmen-
tal meaning (Lockley, 1986). One of the most controversial 
aspects is the group behaviour or gregariousness (Ostrom, 
1972; Soler et al., 2001; Lucas, 2007), which is often used 
incorrectly as synonym of social behaviour (García-Ortiz and 
Pérez-Lorente, 2012a).

According to Ostrom (1972, p. 287), the term “gregarious” 
may be defined as: “Tending to move in or form a group with 
others of the same kind, as a herd, pack, or flock”. Summa-
rizing some other explanations (Heymer, 1982; Immelmann 
and Beer, 1989; Sarmiento, 2001; Hickman et al., 2002) to ap-
proach a more satisfying definition, gregariousness could be 
defined as the “habit of living in groups or herds of individuals 
of the same species that can be temporary (for refuge, new 
feeding sites or simply the sexual aggregations) or permanent”.

In agreement with Currie and Eberth (2010), evidence for 
gregariousness in all the extinct taxa comes from five broad 
sources: (1) skeletal morphology, (2) bonebed assemblages, 
(3) tracksites, (4) phylogenetic inference, and (5) comparison 
with modern ecosystems. Whereas Lucas (2007) suggests 
that the evidences of group behaviour among dinosaurs are 
six: (1) anatomical display structures, characteristic of some 
groups of dinosaurs and that presumably allows the recogni-
tion of potential pairs or rivals within the group, (2) sexual 
dimorphism, which enables to distinguish between males 
and females within a group, (3) change in shape during the 
growth of some display structures, which would differenti-
ate between juveniles and adults in a group, (4) mass-death 
bonebeds (although they are extremely debated in the litera-
ture), (5) nesting behaviour in some groups of dinosaurs and/

or parental care, and (6) some tracksites with parallel track-
ways with the same direction and speed.

Bone based data provide many examples of sites with 
aggregations of individuals both for Saurischia and 
Ornithischia (see references in Table 1). However, the best 
evidence of gregarious behaviour is currently inferred from 
the ichnological record, with a large amount of sites with 
signs of group behaviour (see references in Table 1).

In Spain, excluding La Rioja, there are other sites with 
ichnological evidence of gregarious behaviour in sauropods 
(Schulp and Brokx, 1999; López-Martínez et al., 1997-1998; 
Blanco et al., 2000b; Pérez-Lorente and Romero-Molina, 
2001; Vila et al., 2006; Canudo et al., 2008; Castanera et al., 
2011, 2012, in this issue), ornithopods (Piñuela et al., 2002) 
and theropods (Pérez-Lorente et al., 1997; Barco et al., 2005, 
2006; Hernández Medrano et al., 2008; Pascual-Arribas and 
Hernández-Medrano, 2011).

La Rioja is the Spanish region with the largest number of di-
nosaur tracks (footprints) and also one of the most important 
areas in global fossil record. To date, more than 150 tracksites 
are documented and over 10,000 footprints have been stud-
ied, making this region an extraordinary area for palaeoich-
nological research. Furthermore, according to García-Ortiz 
and Díaz-Martínez (2008), the tracksites of La Rioja have 
contributed to the study on the behaviour of dinosaurs with 
several examples, and more specifically, the study of dino-
saur trackway orientation patterns provides information of 
their possible herding or gregarious behaviour (García-Ortiz 
and Pérez-Lorente, 2012b) and even, of the palaeogeographic 
conditions (Moratalla y Hernán, 2010).

Here we explore all the contributions of the La Rioja area in 
the Cameros Basin for the study of dinosaur gregariousness. 
This exercise allows us to focus our perspective on the 
palaeoichnological evidence for gregarious dinosaurs in space 

Table 1. Main references about 
gregarious behaviour based 
on bone data or on palaeoich-
nological record.
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Fig. 1-. Geographical and geological location of the La Rioja area in the Cameros Basin (Lower Cretaceous, Spain). 1a) Simplified geologic map 
of the Iberian Peninsula. 1b) Geographical location of the Cameros Basin in the context of La Rioja Autonomous Region. 2) Tracksites and 
lithostratigraphic groups distribution into La Rioja area of the Cameros Basin, modified from Pérez-Lorente (2002). 

and time, providing us to understand structure and dynamics 
of the populations in this area during the Early Cretaceous.

2. Geographical and geological setting

The Cameros Basin is located in the most northwestern Ibe-
rian Range, spanning territories belonging to the provinces of 
La Rioja, Soria and Burgos (Fig. 1.1). It is situated about 200 
km to the south of the Mesozoic border of the Iberian plate 
and about 30 km to the current south-Pyrenean margin (Díaz-
Martínez et al., 2010). It is one of the basins of the Mesozoic 
Iberian Rift System (Mas et al., 2002) and it is bounded by 
La Demanda Mountain Range (northwest), Tertiary Ebro Ba-
sin (north), Tertiary Duero and Almazán Basins (south) and 
Moncayo Mountain Range (east) (Díaz-Martínez, 2011).

The pre-rift Mesozoic stage is characterized by marine and 
continental Triassic rocks and marine Jurassic platform car-
bonates, similar to the rest of the Iberian Range (Aurell et al., 
2002). The main phase of subsidence and deposition in the 
eastern Cameros Basin took place during the Late Jurassic 
and Early Cretaceous.

The Mesozoic Cameros Basin has a synclinal geometry, 
with maximum cumulative thickness in the central areas that 
decreases progressively toward the north and the south (Ca-
sas et al., 2009). Mas et al. (1993) stated that there are 5000 
meters of vertical cumulative thickness of sediment, mostly 
continental, from the Tithonian to the Albian. 

Beuther (1966) and Tischer (1966) divide the basin suc-
cession into five lithostratigraphic units (Tera, Oncala, Ur-
bión, Enciso and Oliván Groups) (Fig. 1.2) that are not syn-

chronous throughout the region (Díaz-Martínez, 2011). We 
can summarize the data of Mas et al. (2002), Pérez-Lorente 
(2002, 2003a) and Díaz-Martínez et al. (2010) about these 
units in La Rioja area as follows:

- Tera Gr (Tithonian-Berriasian): detrital materials mainly 
of fluvial (braided and meandering) origin and some carbon-
ates from shallow lakes. In La Rioja this Group generally 
crops out as coarse-grained sandstones and conglomerates; 
footprints have not been found on them. In Burgos, however, 
the group is composed of carbonate materials that show many 
dinosaur footprints.

- Oncala Gr (Berriasian): detrital material of meandering 
fluvial and lacustrine delta origin, as well as lacustrine car-
bonates. In La Rioja there are few footprints bearing sites 
in this Group, probably due to the small amount of cropping 
out surfaces. However, in Soria there are several tracksites. 
Pérez-Lorente (2002) divided this group into two members: 
siliciclastic and carbonate Oncala.

- Urbión Gr (upper Berriasian-upper Barremian): mainly 
detrital of fluvial (braided and meandering) origin and some 
carbonate material from shallow lakes. Footprints occur in 
many sites but less widespread in respect to the Enciso Gr.

- Enciso Gr (upper Barremian-upper Aptian): detrital and 
carbonate rocks (palustrine and lacustrine deposits). From 
this group comes the largest number of dinosaur footprints 
in the Basin.

- Oliván Gr (upper Aptian-lower Albian): detrital materials 
of meandering fluvial origin. The only cited site in La Rioja 
does no longer exist due to plundering.
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(Quijada et al., 2013; Suarez-González et al., 2013) with new 
biostratigraphic and sedimentological data again placed the 
Leza Fm in the Enciso Gr (upper Barremian-lower Aptian). 
Although it has been traditionally interpreted as lacustrine 
deposits with sporadic marine influence (Alonso and Mas, 
1993), in this new study they interpreted this unit as deposited 
in a carbonate system of coastal-wetlands with both fresh-
water and sea-water influence, laterally related with alluvial 
deposits (Jubera Fm) and fluvio-lacustrine deposits (Enciso 
Gr) towards the centre of the basin.

Finally, Moreno-Azanza et al. (2013) pointed out that the 
Leza Fm is at least Upper Berriasian in age in the area of 
Trevijano on the basis of the presence of the carophyte Glo-
bator maillardii nurrensis, that dates El Horcajo site as Upper 
Berriasian, (Globator maillardii nurrensis biozone, Riveline 
et al., 1996).

3. Materials and methods

The whole literature concerning dinosaur tracksites of the 
La Rioja area has been analysed as well as all the sites inven-
toried in the “Register of Cultural Heritage of the Govern-
ment of La Rioja” with a total of 170 sites reviewed. Of these, 
and according to the information collected from the litera-
ture, only the sites in which any evidence of group behaviour 
was recorded have been considered in this work.

The analysed tracksites have been included in tables with 
relevant data like lithology, lithostratigraphic group to which 
they belong, etc. They have been cautiously classified ac-
cording to the type of footprints and not depending on the 
type of trackmaker (Haubold, 1971; Pérez-Lorente, 2001; Pé-
rez-Lorente et al., 2001). Bromley (1996) said that dinosaurs 
of the same species or even the same individual may produce 
different types of footprints according to their behaviour, and 
on the contrary, dinosaurs of different species can leave simi-
lar structures when they act in the same way.

The studied tracksites are mainly located in the Enciso Gr, 
although some of them are placed in Urbión Gr and Oncala 
Gr, as is described later in this paper. Some of these sites, 
geologically, are assigned to the Leza Formation, which is 
mainly composed of limestones, dolomites and marls but it 
also contains variable siliciclastic influence (conglomerates 
and sandstones) (Suárez-Gonzalez et al., 2013). The depos-
its of this formation have been mentioned in different works 
but it was not formally defined until the study of Mas et al. 
(1990) where it was assigned to Valanginian-Barremian age.

The age of the Leza Fm is controversial and ranges from 
Berriasian to Aptian according to the different proposals. 
It was initially assigned to the Enciso Gr together with the 
Jubera Fm and attributed to Valanginian-Barremian age 
(Mas et al., 1990), as mentioned before. On the other hand, 
Hernández Samaniego et al. (1990) dated it as Berriasian 
(Oncala Gr) using regional lithologic correlations and some 
charophyte data. Other studies described lateral relationship 
between the Leza Fm and the Enciso Gr describing the 
sporadic occurrence of dasycladales (calcareous algae) and 
foraminifers, considering it as Barremian-Aptian in age 
(Alonso and Mas, 1993; Suárez-González et al. 2010; Mas 
et al., 2002, 2011). Martín-Closas and Alonso (1998) used 
biostratigraphic and geologic data together with regional 
stratigraphic correlations and dated the Leza Fm as part of the 
Enciso Gr, (upper Barremian-lower Aptian). Doublet (2004) 
assigned it to the Oncala Gr on the basis of stratigraphic 
evidences interpreting it as part of the earlier Oncala Gr with 
a Berriasian-Valanginian age. He analysed the sedimentary 
facies dividing them into 11 facies associations organized in 
three main depositional environments: open lake, siliciclastic 
lacustrine shoreline and carbonate lacustrine shoreline 
(Doublet, 2004; p. 269). Clemente (2010), based on the 
stratigraphic position of the Leza Fm, the facies associations 
and the sedimentary environments, also assigned it to the 
Oncala Gr, lower-middle Berriasian in age. Recent studies 

Fig. 2-. Current bovine traces at Mansilla reservoir (La Rioja, Spain). 1) Trackways along the edge of the reservoir, which acts as 
a physical barrier for their layout. 2) Photograph showing detail of the trackways where perpendicular patterns can be observed.
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type is interpreted as the record of a place where many di-
nosaurs stepped because a parade of dinosaurs converged 
there or because constant environmental conditions were 
prolonged in time and this allowed the consecutive printing 
of track traces of solitary individuals or groups. Another pos-
sibility is that the place was suitable for the assembly of cer-
tain animals with individual behaviour for social or feeding 
reasons.

ii) Trackways of the same type proceeding in two-way di-
rection. The most accepted interpretation is the presence of 
a physical barrier (steep slope or escarpment), of corridors 
(e.g., areas parallel to the shoreline) or of an untroubled way 
for the dinosaurs.

This may condition the passage of groups or individuals so 
this type of evidences needs a detailed study of each of their 
sets of trackways.

iii) Parallel trackways of the same type with the same di-
rection. This is explained either by a physical barrier that 
conditioned and channeled the dinosaurs passing through or 
because the animals resolved to go there independently or in 
groups.

iv) Parallel trackways of different ichnogenera with the 
same direction. In this case, the interpretations depend on 
whether dinosaurs were herbivores, carnivores or both, and 
may be the result of passage of mixed groups, in case of dif-
ferent herbivores, or even an evidence of predatory behaviour.

This last kind of ichnocenosis is not strictly an evidence 
of social behaviour and, even less, of gregarious behaviour, 
because it is not an interaction among animals of the same 
species (García-Ortiz and Pérez-Lorente, 2012a). It may 
only be considered in the case of a group of dinosaurs being 
pursued by a predator, as suggested by Thulborn and Wade 
(1979, 1984) for the Lark Quarry site in the mid Cretaceous 
of Queensland – but see Romilio and Salisbury (2010) for a 
contrasting hypothesis and Thulborn (2011) for a reply.

In addition to the above examples, evidences will be divid-
ed in two groups: accumulations (dinoturbations) and parallel 
trackways. Within the sites characterized by sets of parallel 
trackways we differentiate the sites with only one direction of 
movement from those with two-way directions.

4. Results 

A total number of 28 evidences of herding behaviour were 
studied in 25 different tracksites (Table 2). In La Rioja all 
the different ichnotypes (sauropod, ornithopod and theropod) 
are recorded (Pérez-Lorente, 2003a) and all the types of evi-
dences are represented (Pérez-Lorente, 2001), as is indicated 
in Table 3.

4.1. Parallel trackways

12 evidences of parallel trackways were found, which rep-
resent the 42.86% of the total data of gregariousness studied. 
Nine of these are sets of parallel trackways with the same 

Nevertheless, we consider that, at least to major group level 
(e.g. Sauropods, Theropods, Ornitopods), well studied tracks 
can be quite confidently related to trackmakers, thus allowing 
to infer behaviours for the respective groups.

3.1. Criteria for inferring gregarious behaviour from tracksites

Lockley and Matsukawa (1999) suggested two important 
criteria in order to make a compelling case for gregarious be-
haviour based on tracks: multiple trackways of the same type 
on the same surface or within a very restricted stratigraphic 
interval, and secondly, parallel trackways indicating pre-
ferred direction of movement. Lockley (1991) also consid-
ered the depth of footprints as a determining proof, because 
footprints of similar sized animals walking together should 
have the same depth.

Lockley (1989) introduced another important criterion to 
determine gregariousness in dinosaurs: the “intertrackway 
spacing”. This is a parameter for measuring the regularity of 
the separation between trackways in parallel sets. Neverthe-
less, Barco et al. (2006) remark upon the fact that the dis-
tance must be compatible with the size of the individuals of 
the group, and can be masked in aggregations with a large 
number of individuals moving in several waves.

However, the accumulation of numerous trackways of the 
same species in one site is not always a proof of gregarious-
ness, since it could indicate the passage of different solitary 
individuals in different moments or the presence of a large 
number of individuals confined to an area without necessar-
ily interacting as a herd (Ostrom, 1972). Besides the biologi-
cal explanation, other possible hypothesis for non-random 
patterns in parallel trackways was postulated by Ostrom 
(1972): the presence of physical barriers that create natural 
corridors such as a shoreline. This reduces the possible direc-
tions of movement, condensing the trackways along certain 
pathways. Nevertheless, the existence of physical barriers 
may be ruled out in sites that contain trackways with per-
pendicular orientations. Lockley (1991) drew up an explana-
tion which combines the alternatives given by Ostrom (1972) 
and suggested that parallel trackways can reflect gregarious 
behaviour affected by the physical constraints. However, the 
perpendicular orientations in trackways can be produced in 
environments with topographic barriers as occurs in actual 
ecosystems such as lakesides (authors’ pers. obs.) (Fig. 2). 
There, some animals move to watering, leaving trackways 
perpendicular to the lakeshore, while others move along the 
lake leaving trackways parallel to the shore.

If we consider footprints of a single outcrop (e.g., foot-
prints on the top of the same layer and assumably printed at 
the same time; both real footprints or homogeneous types of 
undertracks), the ichnocenosis or natural association of foot-
prints that can show this type of behaviour can be associated 
with one of the following four types (Pérez-Lorente, 2001):

i) Tracks and trackways of the same ichnotype without a 
preferential orientation (accumulations/dinoturbations). This 
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Table 2. List of studied tracksites detailing the locality to which they belong, their age, the lithostratigraphic 
group in which they are included, their lithology and the main references.

Table 3. Evidence of gregariousness 
registered in the studied track-
sites of the La Rioja area in the 
Cameros Basin. Classification ac-
cording to the ichnotype to which 
they belong (sauropod, ornitho-
pod and theropod) and the type 
of evidence that they represent 
(accumulations or parallel track-
ways) (Pérez-Lorente, 2001). 
There are more than one evi-
dence at some sites and that has 
been detailed as Gr. 1 and Gr. 2. 
? indicates evidence of unknown 
bipedal ichnotype.
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intermediate one. It has been interpreted as a family group of 
ornithopod dinosaurs in which the adults walk keeping the ju-
venile between them to protect him (Casanovas and Santafé, 
1971; Brancas et al., 1979; Viera and Torres, 1979; Casano-
vas et al., 1989; Blanco et al., 1999b; Pérez-Lorente et al., 
2001). The second example is La Barguilla site where there 
are two parallel ornithopod trackways and the trackway of 
a theropod that is parallel to the other two trackways even 
during their change in direction. This has been interpreted as 
a possible hunting scene (Pérez-Lorente, 2003b). In Table 3 
this site has been reflected in a specific column called “mixed 
parallel trackways”.

direction and only three of them are groups with two-way 
direction (Table 3).

San Martin 1 (Fig. 3.1) is the only tracksite with this kind 
of evidence for sauropod footprints. In this site there are two 
short and incomplete parallel trackways with the same direc-
tion that have been attributed to medium-sized sauropods 
(Casanovas et al., 1995b). In ornithopod footprints there are 
two evidences, both examples related to sets of trackways 
with one-way direction. The Barranco de Valdecevillo site 
(Fig. 3.2) shows three parallel trackways with constant in-
tertrackway spacing. In this site, it can be observed that the 
lateral trackways are composed of footprints larger than the 

Fig. 3-. Examples of some representative tracksites with parallel trackways. 1. San Martin 1 tracksite, overview of the site (1a) and outline of the 
outcrop (1b) with two parallel sauropod trackways. 2. Barranco de Valdecevillo tracksite, overview of the site (2a) and partial outline of the 
outcrop (2b) with three parallel ornithopod trackways. 3. Peñaportillo I tracksite, overview of the site (3a) and outline of the outcrop (3b) with 
the five parallel theropod trackways.
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In theropod footprints there are eight evidences of parallel 
trackways, five of them (Era del Peladillo 1 and 7, Peñaportillo 
I, La Ilaga and Valdebrajes; see references in Table 2) have 
trackways with the same direction and the other three (Era 
del Peladillo 3, Los Cayos A and La Senoba; see references in 
Table 2) have sets of trackways with two-way direction. In all 
cases, except Peñaportillo I, there are sets of homogeneous 
trackways, with similar sizes of the footprints and so of the 
individuals who made the traces. However, in Peñaportillo I 
(Fig. 3.3) there are five parallel trackways. Two of them are of 
larger size than the other three. The different interpretations 
span from the idea of a family group to two sets of different 
sized dinosaurs that crossed this place at different times 
(Viera et al., 1984; Pérez-Lorente, 1991; Casanovas et al., 
1993b; Blanco et al., 1999b; Pérez-Lorente et al., 2001).

In La Ilaga site there is a second group of parallel track-
ways with the same direction, but it has been attributed to 
undetermined bipedal dinosaurs (Hernández Medrano and 
Pérez-Lorente, 2003) (Table 3).

4.2. Accumulations

16 evidences of accumulations have been found and this 
represents the 57.14% of the total. Of these, 13 correspond to 
homogeneous accumulations, which are made by individuals 
of the same size (class age), and only three are heterogeneous 
accumulations, attributed to mixed age groups (Table 3).

In sauropod footprints eight examples of accumulations 
have been found (La Era del Peladillo 2, 3, 4, 5 and 6, El 
Robledo, Trevijano 2 and Soto 2; see references in Table 
2; Fig. 4), and all of them are homogeneous. In this paper 
the outcrops of La Era del Peladillo have been identified 
independently (1 to 7) because in that way they have been 
published (see references in Table 2); indeed all represent a 
unique tracksite and a unique herd.

Five evidences concern ornithopod footprints: four of them 
(La Era del Peladillo 1, Umbria del Portillo, La Canal and 
El Contadero; see references in Table 2) are homogeneous 
accumulations and just one (Navalsaz; Brancas et al., 
1979; Viera and Torres, 1979; Pérez-Lorente, 1991, 2001; 
Casanovas et al., 1993b; Pérez-Lorente et al. 2001) is a 
heterogeneous accumulation. For La Era del Peladillo 1 (Fig. 
4.2), the accumulation of ornithopod footprints is attributed 
to a herd, which stopped in that place and was flanked by two 
individuals who left trackways parallel to the group direction 
(Casanovas et al., 1993a, 1993c; Blanco et al., 1999b; Pérez-
Lorente et al., 2001).

Only three examples have been documented for theropod 
footprints: Las Mortajeras (Fig. 4.3), interpreted as a homo-
geneous accumulation and Las Losas and Icnitas 3, which are 
heterogeneous ones. In these three cases, parallel trackways 
with the same direction are distinguishable among the foot-
prints accumulations.

5. Discussion

The most accepted evidence of a possible herding behav-
iour in dinosaurs is represented by parallel trackways but they 
should fulfill certain conditions to be considered as gregari-
ous behaviour. The same direction of the trackways, the inter-
trackway space, the speed values, the depth of the footprints, 
the width of the herd and the evidence that all the members 
of the herd maintain the same gait are data used to infer this 
type of behaviour (Castanera et al., 2012).

In general, it is possible to recognize group behaviour 
because of the presence of footprints of the same type, as-
sumably printed at the same time. Therefore, it is essential to 
know if the area of study is the surface on which the selected 
true tracks were printed, or if they are undertracks. Moreover 
it would be necessary to know if they are relatable in time or 
even if there are repeated behaviour patterns (e.g., nesting 
areas; Chiappe et al., 2005). Then, it is necessary to make a 
careful analysis of temporal sequences and spatial position 
of the footprints, both in the printed surface and in the entire 
studied area. However, these criteria are not exclusive for all 
sites, but require a careful analysis of the footprints and their 
comparison with actual animal behaviour.

As far as accumulations are concerned, opinions are wide-
ly diversified. Bird (1944) wrote about a place to “parade” 
where dinosaurs converged, stepping repeatedly on the same 
tracks until they appear as craters in the mud. Other authors 
stated that dinoturbations are not necessarily evidence of gre-
gariousness but of group activity (Ostrom, 1972). The fact 
that accumulations abound in the literature is because they 
are taken into consideration as evidence of gregariousness, 
especially for certain types of dinosaurs such as sauropods. 
However, it is matter of opinion because a very dinoturbated 
surface is not indicative of a large number of individuals but 
rather of concentrated vital activity. An area frequented by 
the same individual for food or habitat reasons may have 
accumulations of footprints of the same characteristics and 
similar trackway patterns, and it is not indicative of herding 
behaviour yet. To sum up, it is considered a hazardous hy-
pothesis to explain these cases as gregariousness behaviour 
as well as to indicate they are not.

As regards sauropod footprints, evidences in La Rioja area 
are mostly homogeneous accumulations (Table 3) with me-
dium-sized footprints on highly dinoturbated surfaces. Small 
footprints of this ichnotype were not recorded and there is 
just one evidence of two parallel sauropod trackways in San 
Martin 1 (Casanovas et al., 1995b) (Fig. 3.1). This datum is 
not conclusive because the trackways are short, incomplete 
and badly preserved; anyhow they belong to medium-sized 
sauropods too. The presence of evidences of gregariousness 
with homogeneous groups would support the hypothesis of 
Myers and Fiorillo (2009), who stated that sauropods could 
be segregated in small herds according to age. In La Rioja 
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del Peladillo 1 (Casanovas et al., 1993a; 1993c; Blanco et al., 
1999b; Pérez-Lorente et al., 2001), with a “band” accumula-
tion of large footprints (Fig. 4.2) probably made by a big herd 
and two trackways parallel to it, with same movement direc-
tion and a regular separation distance, which are difficult to 
explain if not as evidence of herd behaviour. Furthermore, 
there are also examples of associations of trackways with 
juveniles and adults (Casanovas and Santafé, 1971; Brancas 
et al., 1979; Viera and Torres, 1979; Casanovas et al., 1989; 
Blanco et al., 1999b; Pérez-Lorente et al., 2001) that would 
indicate parental care of some ornithopods, at least during 
certain life stages and a higher diversity in the group com-

most sauropod trackways are isolated, probably due either to 
the small size of most sites or to an individual behaviour.

Few data concern parallel trackways of ornithopod foot-
prints. On the contrary there are several examples of homoge-
neous accumulations (i.e. belonging to individuals of medi-
um-large size; more than 25 cm foot length; Thulborn, 1990) 
and one of heterogeneous accumulation (in Navalsaz; Bran-
cas et al., 1979; Viera and Torres, 1979; Pérez-Lorente, 1991; 
2001; Casanovas et al., 1993b; Pérez-Lorente et al. 2001); 
both types are interpreted as evidence of gregariousness (Ta-
ble 3). Above has been discussed that this kind of evidence is 
so much questioned. However, there are examples like La Era 

Fig. 4-. Some representative tracksites as example of accumulations. 1. Soto 2 tracksite, overview of the site (1a) and outline of the outcrop (1b) 
with the dinoturbation supposedly created by a herd of sauropods. 2. La Era del Peladillo 1 tracksite, overview of the site (2a) and partial outline 
of the outcrop (2b), which represents the accumulation of ornithopod footprints produced by a group of ornithopods. 3. Las Mortajeras tracksite, 
overview of the site (3a) and outline of the outcrop (3b).
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position of these animals. This supports the hypothesis sug-
gested by Matsukawa et al. (1999, p. 49) that juveniles are 
usually accompanied by adults or subadults (not together) or 
by adults and subadults together (in the same group).

The dataset of theropod footprints varies more. There are 
few papers concerned to theropod track accumulations, per-
haps because few authors dare to say that examples of ac-
cumulations really indicate gregarious behaviour for thero-
pods. In our study area we can list only two heterogeneous 
accumulation examples (i.e., Las Losas and Icnitas 3) and 
one homogeneous (i.e., Las Mortajeras; see Figure 4.3) (Ta-
ble 3). However, evidences of parallel trackways in one-way 
or two-way direction are abundant. The most supported ex-
planation for two-way direction parallel trackways is the 
presence of a physical barrier that affected the passage of 
individuals (Ostrom, 1972). About parallel trackways with 
the same direction, there is evidence of small groups (usually 
no more than ten individuals) with constant intertrackway 
spaces (e.g. Era del Peladillo 1 and Valdebrajes) (Table 3) 
or even possible mixed-age groups (Peñaportillo I) (Fig. 3). 
Moreover, from the La Rioja area, there are no examples of 
gregarious behaviour with large theropod footprints. Most 
are examples of small to medium size footprints (less than 25 
cm foot length), in separated homogeneous groups or even in 
mixed size groups. This could be explained by a correlation 
between the increase of size in theropods and the reduction 
of their gregarious behaviour, although recent studies with 
bonebed assemblages and some tracksites argue exactly the 
contrary (Roach and Brinkman, 2007; Currie and Eberth, 
2010).

In general, the shortage of small footprints, especially in 
ornithopods and sauropods, may be due to the fact that the 
environments frequented by juveniles of these herbivorous 
dinosaurs were different, or because they are not recorded 
for preservational reasons (e.g., high probability to disappear 
because of dinoturbation; rapid early growth rates; reduced 
potential for imprinting due to small size; Lockley, 1991; 
Horner, 1992; Matsukawa et al., 1999).

Almost all the tracksites are from the Enciso Gr, which 
palaeoenvironment is interpreted as a lacustrine or palustrine 
system. There are no in-depth lithological studies of all sites, 
which makes difficult to infer any relation between the gre-
garious behaviour of some dinosaurs and the specific envi-
ronment. Doublet (2004) mentioned some sites as examples 
of some specific facies. This is the case of La Era del Pela-
dillo, Las Losas and El Villar-Poyales (Icnitas 3) sites, associ-
ated with emersive lacustrine carbonates facies where tracks 
are normally associated with desiccation surfaces. What can 
be observed it is that sauropod groups appear in carbonate 
lithologies (Table 2), which means areas near lakes with 
slightly higher depth. 

The Urbión Gr is interpreted as fluvial (braided and mean-
dering) environments and all the sites with herding behaviour 
from this group show just sauropod footprints, accumulations 
(Díaz-Martínez et al., 2007) and parallel trackways (Casano-

vas et al., 1995b), all related to siliciclastic sediments. How-
ever, this lithostratigraphic group, in this area of the Cameros 
Basin, crops out in too small amount for allowing the infer-
ence of relationships between the type of behaviour and the 
depositional environment.

The Oncala Gr is also scarcely represented among the sites 
of this area of the Cameros Basin and it is interpreted as a 
meandering fluvial and lacustrine delta system. Evidences of 
gregariousness in this group are mainly highly dinoturbated 
surfaces with sauropod footprints (Moratalla et al., 1988b, 
1996, 1997; Casanovas et al., 1990; 1992a; Moratalla, 1993), 
but there are also two groups of parallel trackways of bipedal 
dinosaurs (Hernández Medrano and Pérez-Lorente, 2003). 
All these sites are characterized by carbonates but, as occurs 
with the Urbión Gr, the Oncala Gr does not crop out so much 
to infer any kind of relation between gregariousness and en-
vironment.

To sum up, there are not complete sedimentological studies 
of each of the sites from this part of the Cameros Basin, and 
this makes essential a more detailed study of this aspect in or-
der to infer possible relationships between the behaviour and 
the environment. Moreover, it will be necessary to complete 
and compare all the collected data with the evidences found 
in Burgos and Soria areas of the Cameros Basin.

6. Conclusions

La Rioja area in the Cameros Basin has provided 25 track-
sites with 28 different data evidence about gregarious behav-
iour in dinosaurs in which can be observed that groups of 
parallel trackways are as abundant as accumulations.

Parallel trackways are the most accepted evidence of gre-
garious behaviour. In our studied area, there are sets of par-
allel trackways of the three mentioned ichnotypes being the 
most common evidence the parallel theropod trackways and 
the less common evidence, the parallel sauropod trackways 
with just one example of two parallel trackways.

Accumulations are the most discussed data but, in the case 
of sauropods, they are almost the only kind of evidence of 
gregarious behaviour in this area. For ornithopod footprints, 
there are examples of accumulations and associated parallel 
trackways that have been interpreted as those left by indi-
viduals that flanked the herd. In theropods, accumulations are 
frequent but a peculiarity is that in many cases parallel track-
ways can be distinguished inside.

According to these data, sauropods could move in herds of 
homogeneous age as postulated by other authors. Ornithopod 
footprints show diversity in the group composition in number 
and age. With regard to the theropod footprints, it can be ob-
served that there are mainly homogeneous size groups with 
examples of tracks from small to medium size individuals, 
and no one of big size.

This provides key information about the ecology of these 
animals through the knowledge of how they behaved in these 
environments, including data like the herd size and composi-
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tion, the herd structure or the relative position of the individu-
als when moving.

We conclude therefore that gregarious behaviour was prob-
ably common among certain groups of dinosaurs from the 
Early Cretaceous or at least it was usual during specific mo-
ments of their lives, as occurs in actual terrestrial ecosystems.
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