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ABSTRAeT 

The lundamenlal elhological display 01 Ihe Scarabaeinae (Insecla: Coleoplera: Scarabauidae) is 

Ihe relocalizalion 01 lood: relocalizalion lor Ihe adult's use or lor nesling. Relocalizalion can be 

eilher vertical or horizonlal. The basic elhological and morphological division 01 Ihe Scarabaeinae 

inlo burrowers and rollers is delermined by whelher one or Ihe olher is done. The rollers reiocale 

horizonlally by lorming a ball al Ihe lood source (dung or carrion). rolling il lor a certain dislance 

and Ihen burying il (or nOI). When Ihe ball ís lor Ihe adull's lood, Ihe process is carried oul by 

one specimen, male 01 lemale; when Ihe ball is lor nesling, Ihe process is carried oul by a bisexual 

pair and once Ihe ball has been rolled il is Iranslormed by Ihe lemale inlo a brood-ball. 80lh 

processes are characlerislic and unique - in Ihe whole animal kingdom - 01 Ihe Scarabaeini, Ihe 

rol!ing beelles. 
This paper is dedicaled lo Ihe analysis 01 Ihe origin and evolulion 01 Ihe processes involved 

in ball lormalion and rolling and Ihl' 'elalionship between Ihe two. In order lo do Ihis all Ihe known 

cases where one or Ihe olher 01 Ihese lundamental behavioral displays are lacking were analyzed. 

The analysis slarts wilh Ihe reexaminalion 01 all Ihe exceplions lo rolling and ball lormalion poinled 

oul in Ihe lirsl synlhesis on Ihe biology 01 Scarabaeinae (Hallfter and Mallhews, 1966). The 

Auslralian examples observed by Matthews (1974) are also examined as well as Ihe observalions 

published subsequenlly. 

The second part 01 Ihis paper describes Ihe behavior 01 Canthon oblíquus, an endemic 

species Irom Ihe soulhern part 01 Baja Calilornía, whose biology was complelely unknown up lo 

now. This beelle does nol make balls lor lood, and il does nol roll Ihem on Ihe surface, allhough il 

can occasionally separale a small Iragmenl 01 dung and relocale il holding il wilh Ihe larsií ollhe 

poslerior legs, while il walks on Ihe anlerior and middle ones. For nesling il makes balls which il 

immedialely burys under Ihe dung pad. 

The Ihird part 01 Ihe paper is a discussion on Ihe processes 01 ball lormalion and rolling and 

Iheir inlerrelalion wilhin Ihe general conlexl 01 Ihe evolulion 01 leeding and reproduclive behavior 

01 Scarabaeinae. The main ideas 01 Ihe hypolhesis (advanced in part by Halffter and Matthews, 

1966; Halffter, 1977; Halffter and Edmonds, 1982) are: Scarabaeinae are part 01 a monophylelic 

group whose elhological evolulion is cenlered around Ihe ecological problem 01 Ihe excremenl 01 

large vertebrales. A series 01 importanl common morphological characlerislics (analyzed in delail 

by Halffter and Edmonds, 1982) reinlorce Ihe idea 01 Ihis monophylelic origino The Iribe Scarabaeini 

delaches ilsell early 110m Ihe common Irunk, probably belore Ihe end ollhe Mesozoic era, bul nOI 

belore a lundamenlal gain regarding Ihe nesling 01 Ihe sublamily has been eslablished: Ihe 

lormalion by Ihe molher 01 an individual and isolaled brood-ball. In Ihe mosl primilive burying 

Scarabaeinae, Ihe brood-ball is nol presen!. The mosl evolved lorms 01 burrowers arrive al Ihe 

brood-ball by lollowing al leasl Ihree differenl behavioral sequences. As lar as we know, all rollers 
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make a brood-ball in a similar way. The brood-ball is considered fundamental as it guarantees the 

eHicient isolation and protection of the egg, larva and pupa. It is accompanied by the lack of abilily 

to make a pupal cocoon at the end of the larval development and by the acquisition 01 a perfected 

mechanism 01 repair; in a similar manner the maternal activity is perlected through the recoating 

01 the brood-ball by a layer 01 scil and/or the care 01 the mother during development. 

From the analysis carried out in this paper the outstanding fact is that all rollers whose nesting 

is known make a brood-ball Irom which we can deduce -until evidence to the contrary is lound- that 

the capacily to execute the complex series 01 movements necessary to separate the ball is present 

in the whole tribe, although because 01 local or regional ecological conditions it may not be used 

lorleeding behavior. We postulate thallhe capacityto elaborate the ball has evolved simultaneously 

with the rolling and not independently and alter this process as Eric G. Mallhews suggests lor the 

Australian forms. 

In a certain number 01 cases in which the non-formation 01 a ball on the SUrface has been 

pointed out, subsequent observations have demonstrated that this is possible when the scarab 

linds itsel! belore excrement which has the adequate texture and size. There are still some species 

in which ball lormation has never been observed in the leeding processes. We consider that in all 

cases where ball lormation is not present or only manilests itsel! occasionally, it is because 01 a 

derived behavior due to special ecological conditions, su eh as the lack (during a long evolutionary 

period - Australia - or because 01 local or regional conditions) 01 an abundant and adequate 

excrement and the presence, on the other hand, 01 pellets. What really stand s out is the lact that, 

as has been demonstrated in many 01 these species, the capacilyto make a ball has been preserved 

when the adequate material and conditions are present and that the, up to now universal, 

permanence 01 the brood-ball lormation is a lundamental part 01 nesting. The lact that nesting 

behavior is more conservative compared with feeding behavior is made obvious. In this way, as 

recent papers on burying species 01 the sublamily are begining to point out, the ecological pliabilily 

01 the Scarabaeinae's behavior becomes evident. 

The outstanding aspect 01 the Scarabaeini's behavior is the importance 01 bisexual coopera­

tion, essential to the rolling process lor the luture brood-ball. Two roll beller and laster than one. A 

series 01 morphological experimental discoveries over the last decade point out the enormous 

importance 01 chemical communication through pheromones. 

RESUMEN 

El despliegue comportamental básico de los Scarabaeinae (Insecta: Coleoptera: Scarabaeidae) 

es la relocalizaci6n del alimento: relocalizaci6n para uso del adulto o para la nidilicaci6n. la 

rel~calizaci6n puede ser vertical u horizontal. El que se siga una u otra determina la gran divisi6n 
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etológica y morfológica de los Scarabaeinae en cavadores y rodadores. Los rodadores realizan 

una relocalización horizontal que comprende la formación de una bola en la fuente de alimento 

(estiércol o carroña), su rodaje a una cierta distancia y (o no) su enterramiento. Cuando la bola 

está destinada a la alimentación del adulto, el proceso es realizado por un solo individuo, macho 

o hembra; cuando la bola está destinada a la nidificación, el proceso es efectuado por una pareja 

bisexual y la bola una vez r9dada es transformada por la hembra en bola-nido. Ambos procesos 

son caracterlsticos y únicos - en todo el reino animal - de los Scarabaeini, tribu que comprende 

los escarabajos rodadores. 
Este trabajo esta dedicado a analizar el origen y evolución de los procesos de formación de 

la bola y de rodaje, y la interrelación entre ambos. Para ello se analizan todos los casos conocidos 

en los que no se presp.nta uno y otro de estos dos despliegues comportamentales fundamentales. 

El análisis se inicia con el reexamen de todas las excepciones al rodaje y formación de la bola 

sei'laladas en la primera síntesis de la biología de los Scarabaeinae (Halffter y Matthews, 1966). Se 
examinan también los ejemplos australianos anotados por Matthews (1974), así como las obser­

vaciones y etogramas publicados después. 

La segunda parte del trabajo está destinada a describir el comportamiento de Canthon 

obliquus, una especie de Scarabaeini endémica del extremo sur de Baja California, de cuya biología 

no se conocía hasta ahora nada. Este escarabajo no hace bolas para la alimentación, ni tampoco 

las rueda en superficie, aunque excepcionalmente es capaz de separar un pequeño fragmento de 

estiércol y re localizarlo sujeto con los tarsos de las patas posteriores, mientras se desplaza 

utilizando las patas anteriores y medias. Para la nidificación hace bolas que entierra inmediata­

mente por debajo del mojón de estiércol. 

La tercera parte del trabajo es una discusión de los procesos de formación de la bola y de 

rodaje y de su interrelación dentro del contexto general de la evolución de los comportamientos 

alimentario y reproductor en los Scarabaeinae. Los puntos fundamentales de la hipótesis que se 

presenta (en parte avanzada por Halffter y Matthews, 1966; Halffter, 1977; Halffter y Edmonds, 

1982) son: Los Scarabaeinae integran un grupo monofilético cuy~ evolución etológica se centra en 

torno a la problemática ecológica del excremento de los grandes vertebrados. Una serie de 

importantes caracteres morfológicos comunes (analizados en detalle por Halffter y Edmonds, 1982) 

refuerzan la idea de este origen monofilético, La tribu Scarabaeini se separa pronto del tronco 

común, seguramente antes del fin del Mesozoico, pero no antes de que se haya establecido una 

conquista fundamental de la nidificación de la subfamilia: la formación por la madre de una 

bola-nido individualizada y aislada. En los Sc&rabaeinae cavadores más primitivos no se presenta 

bola-nido. Las lormas de cavadores más evolucionadas llegan a ella siguiendo por lo menos tres 

secuencias comportamentales distintas. Todos los rodadores hacen bola-nido, en una fotma que 

hasta donde se conoce es muy homogénea. La bola-nido se considera fundamental, ya que 

asegura a huevo, larva y pupa aislamiento y protección muy efectivos. Va acompañada por la 
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pérdida por la larva de la capacidad de hacer un cocón pupal al fin de su desarrollo, así como por 

la adquisición de un perfeccionado mecanismo de reparación; en forma paralela se perfecciona la 

actividad maternal a través del recubrimiento de la bola-nido por una capa de tierra y/o de cuidados 

de la madre durante el desarrollo. 

Del análisis. realizado en este trabajo resalta que todos los rodadores cuya nidificación se 

conoce hacen una bola-nido, de lo cual se deduce - hasta que no aparezca una evidencia en contra 

- que la capacidad para ejecutar la compleja serie de movimientos necesarios para separar y 

redondear la bola es una característica que existe en toda la tribu, aunque por condiciones 

ecológicas locz.les o regionales pueda no emplearse en el comportamiento alimentario. Pos­

tulamos que la capacidad para elaborar la bola ha evolucionado simultáneamente con el rodaje y 

no independiente y después de este proceso como sugiere para las formas australianas Eric G. 

Matlhews (1974,1975). 

En un cierto número de los casos en que se ha señalado la no formación de bolas en 

superficie, observaciones posteriores han mostrado que ésta puede ser posible cuando el es­

carabajo se encuentra ante un excremento de tamaño y textura adecuados. Siguen quedando 

especies en las que nunca se ha visto formación de bola en los procesos alimentarios. Con­

sideramos que en todos los casos en que la formación de bola no se presenta o se manifiesta sólo 

en forma ocasional, se trata de un comportamiento derivado debido a condiciones ecológicas 

especiales: la no existencia durante un largo periodo evolutivo (Australia) o en condiciones 

regional~s o locales de un excremento adecuado abundante, y la presencia por el contrario de 

pellets. En realidad, lo que es notable es que en muchas de estas especies se conserva la capacidad 

de hacer una bola cuando se encuentra un material y condiciones adecuados, así como la 

permanencia hasta ahora universal del proceso de formación de la bola-nido como parte fun­

damental de la nidificación. El carácter mucho mas conservador del comportamiento ligado a la 

nidificación en comparación con el alimentario, es puesto de manifiesto. Así mismo comienza a 

ser evidente una plasticidad ecológica del comportamiento de los Scarabaeinae, que también otros 

trabajos recientes sobre especies cavadoras de la subfamilia comienzan a señalar. 

Aspecto llamativo del comportamiento de los Scarabaeini es la cooperación bisexual, 

fundamental en el proceso de rodaje de la futura bola-nido. Dos ruedan mejor y más rápido que 

uno. Una serie de descubrimientos morfológicos y experimentales de la última década señalan la 

importancia enorme de la comunicación química en esta cooperación, así como confirman el papel 

de la bola en asociación con la comunicación a través de feromonas. 
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INTRODUCTION 

The exception, in this case the non-rolling ball-rollers, can contribute valuable 
information towards the understanding of the appearance and development of 
the rolling process. With this paper we wish to analyze these exceptions and their 
evolutionary implications. 

The rich and varied fauna of beetles which attack the excrement of large and 
medium sized herbivorous mammals is basically made up ofthree subfamilies of 
Scarabaeidae: Scarabaeinae, Geotrupinae and Aphodiinae. Within this broad 
group of insects, the bal/-rol/er beet/es form a well defined group, with a unique 
feeding and nesting behavior correlated with a series of morphological charac­
teristics. They all belong to a group that we consider monophyletic: the tribe 
Scarabaeini of the subfamily Scarabaeinae. 

The most distinctive aspect of this group's behavior is the horizontal reloca­
tion of food. This relocation is a brilliant solution to the problem of aggregating 
around a food source which is fought over and perishable (se e Halffter and 
Edmonds, 1982). The formation of a ball at the food source and its rolling is a 
unique solution of the Scarabaeini and the basis of all its feeding and reproductive 
behavior. 

In orderto providefood fortheadult, the rolling is done by a single individual; 
when it is a matter of feeding the larvae, the ball, which is going to be transformed 
into a ball-nest, is rolled by both the male and female. In spite of a series of 
variations, the general outline of the feeding and reproductive behavior of the 
Scarabaeini is one of the most coherent for such an abundant and diversified 
group of insects. 

More than thirty years ago, during the preparatiotí of the monograph on the 
genus Canthon in North America (Halffter, 1961), our attention was drawn towards 
the rarest species of the region: C. ob/:quus Horn. It is exceptional not only 
because the number of known specimens is scarce, but also because of its special 
characteristics which make it easily distinguishable from the rest of the Canthon. 
With the Centro de Investigaciones Biológicas de Baja California Sur (CIB) we 
have initiated a search for this species and the studies done for the creation of 
the Sierra de La Laguna biosphere reserve have intensified these efforts. C. 
obliquus is a paleoendemism of the extreme south of Baja California, restricted 
to the Sierra de La Laguna. It occupies the subdeciduous tropical forest with some 
expansion towards the lower part of the oak forest. 

-, 
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Different aspects of this species are being studied. Armando Tejas of the 
CIB, is in the process of doing a detailed study with us of its microgeographical 
distribution and we are also preparing a taxonomic analysis with the Argentinian 
entomologist Antonio Martínez, which will make its isolation in relation to the other 
Canthon stand out. This isolation has already been put forward by Halffter (1961) 
and proven in a cladistic analysis by Kohlmann and Halffter (unpublished). C. 
obliquus has an interesting biology: it is a Scarabaeini that does not roll, it does 
not roll to eat and it does not roll to nest, although it can occasionally make a 
"rustic" horizontal relocation. The origin of this article is the detailed and not easy 
study of the behavior of this species over a period of four years. We did not want 
to limit it to an ethological description, so we examined all the known cases of 
roller beetles that do not roll for feeding or for reproduction. This is the first time 
that an overall analysis of this phenomenon in undertaken since the first synthesis 
by Halffter and Matthews, 1966. 

In an evolutionary sense, this phenomenon is extremely interesting. The 
horizontal relocation of food by Scarabaeini includes two different processes, 
each composed of a complex succession of behavioral steps: the first, the 
formation of a ball into a mass of food, the second, the rolling. The second step 
does not necessarily always involve the previous formation of a ball. Which 
process within the evolution of behavior precedes the other? What about the 
cases where there is no ball formation or rolling? When there is only rolling, is it 
a question of the conservation of a primitive express ion, or is it the ecological 
result of a conditioned evolutionary process? 

We do not intend to give a definite answer to these questions, but rather to 
closely analyze the existing information and the hypotheses presented thus far. 
In the first chapter, "The Scarabaeini that do not roll" we submit the known cases 
where a ball was not formed or rolled. The second chapter is the ethology of 
Canthon obliquus. The third is devoted to the discussion of the previously 
presented hypothesis and the introduction of a new one. 

The ecological scenario 

In the tropics, and the sunny ecosystems of the temperate zones, the most 
important group of beetles - and of insects - living from the excrement of large 
and medium sized herbivorous and omnivorous mammals are the Scarabaeinae. 
In this tropical zone, especially in the neotropics, they also attack carrion and 
rotting fruit. Excrement (when it is large and moist), carrion and rotting fruit are 
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food sources which are rich and abundant although they are short lived and 
greatly vied foro Excrement, when it is left exposed on the ground, dries and 
hardens rapidly making it unsuitable for food as well as for nesting for most dung 
beetles. This process is faster in the savannas and sunny prairies and reaches its 
limits in arid prairies or brushes and in the ecotones with the deserto In moist 
pastures, in the forests and especially in the humid tropical forest, dryness 
becomes irrelevant, but the rapid oviposition and development of fly larvae 
restricts its use. 

The irregular availability of large and medium sized excrement and carrion 
also fosters intense aggregation and competitiol'. Oindal (1973) defines excre­
ment and carrion as unstable heterotrophic habitats, in which the primary produc­
tion does not exist or is minimal and the initial energy disipates exponentially 
through decomposition. Tha ethological and morphological evolution of the 
Scarabaeinae revolves around the ecological situation previously outlined. The 
most pressing need is to rapidly relocate the food far from the competition and 
to protect it from drying out and from rapidly deteriorating (se e discussion in 
Halffter and Edmonds, 1982; Edmonds, 1983). Basically, this relocation can be 
done by two methods: a) Vertical, burying a portion of food under or very close 
to the original source; this procedure is followed by the burrowing Scarabaeinae 
and the Geotrupinae. b) Horizontal, forming a ball at the food source and rolling 
it, to later (generally but not always) bury it just below the surface. This behavior 
is found in only one taxonomic group: the tribe Scarabaeini. 

There are sorne cases of convergence in which the horizontal relocation 
does not necessarily mean that a ball was previously made. Thus, groups which 
are essentially burrowers (or which carry out vertical relocation) could push, or 
even roll, a fragment which has not been manipulated (for examples in the 
Scarabaeinae, see Halffter and Matthews, 1966; Halffter, Halffter and López, 1974; 
for a similar phenomenon in the Geotrupinae, Zunino and Palestrini 1986; Howden 
and Peck, 1987). 

Horizontal relocation can also be done via mechanisms which are not 
pushing or rolling but rather by holding a fragment witll the front legs while walking 
on the other legs (see cases and discussion in 1.4). This behavior rather than the 
dispersion of a food mass, is the recollection of small dispersed fragments. 

We do not consider that the objective of transporting food a certain distance 
is to find an adequate place to bury it, as various authors have suggested. It has 
more to do with reducing competition (intra and inter-specific), thus avoiding an 
aggregation around the deposit sites. The biological advantage of maximum 
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distancing could explain why the beetles stick tenaciously to a straight line during 
the rolling and take full advantage of the environmental factors such as the 
inclination of the terrain, the predominant direction of the wind and the position 
of the sun to maintain their course. 

1. THE NON-ROlllNG SCARABAEINI 

1.1 Rolling in the Scarabaeiní 

When Halffter and Matthevd (!966) established Pattern IV, the tribe Scarabaeini 
included, other than the central nucleus of four subtribes, another three: Euryster­
nina, Eucraniina and Alloscelina that subsequent research (se e current outline in 
Zunino 1985) has shown to be excludable from Scarabaeini since they 
demonstrate a convergence of morphological characters: the middle and hind 
tibiae are not dilated towards the apex. Mostert and Scholtz, 1986, still maintain 
Eucraniina within the Scarabaeini, without discussing the point too thoroughly as 
their work is really devoted to the subtribe Scarabaeina. We consider that 
Scarabaeini is made up offour subtribes: Sisyphina, Gymnopleurina, Scarabaeina 
and Canthonina, thus establishing a complete identification between rolling 
beetles and Scarabaeini. 

The formation of a ball and its subsequent movement is an ethological 
process of such importance that it comes with noteworthy morphological 
modifications: a)the middle and hind tibiae are long and slender, as opposed to 
the stronger, shorter and dilated towards the apex tibia of the burrowing 
Scarabaeinae and in general of the entire fami/y. The posterior tibiae are mar­
velously adapted to function as supports for the spinning ball. The almost straight 
angle formed by each of the posterior tibia with the femora (which are longer than 
in the burrowing beetles) during the rolling limits the diameter ofthe ball according 
to the beetle's size and therefore the nesting needs and the beetle's possibilities 
of rolling it; b)a generally oval form which tends to be convex on the dorsum and 
ventrally tlat; c)a very short mesosternum which makes the pronotum articulation 
with the rest of the body more flexible; and d)the pronotal length is shortened, 
making the shape rounder. AII these characteristics aid the formation of the ball, 
and above all the rolling. 

The burying processes are as characteristic of the Scarabaeini tribe as the 
ball formation and rolling. When this process is normal, there is no previously 
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excavated gallery (typical of the burrowing Scarabaeinae). In order to burrow, the 
earth is dug out from beneath the ball, gradually making the beetle and b?1I sin" 1. 

As is characteristic in the broader evolutionary lines of the Scarabaeinae 
(but not in some of the secondary ones)nesting is a modification of the feeding 
behavior. The rolling for nesting is performed by a bisexual couple2. The male and 
female place themselves in different positions according to the genera or genus 
groups and sometimes according to the species. The rolling mayor may not be 
followed by burying; the ball may remain on the surface. Mating takes place at 
the food mass, during the rolling process or once the ball is buried. The ball is 
then remodeled only by the female who, after oviposition, converts it into a 
brood-ball. This is where the larval development, pupation and the first days of 
the new imago occur. 

The brood-ball, which is not unique to rolling beetles, is one of the most 
interesting evolutionary aspects of Scarabaeinae and it is found in the "ntire group 
except for the most primitive burrowing species included in nesting pattern I (see 
chapter 3.Discussion). The brood-ball performs a complex function of protection. 
It is usually buried and protected by the soil and in some species it has an 
additional cover of earth. In Scarabaeini, when the nest contains only one ball the 
process corresponds to nesting Pattern IV3

. Halffter (1977) found that the nest 
could be compound (i.e. made up of more than one brood-ball) and cared for by 
the mother sometimes assisted by the father. 

This behavior is well known in Cant/1On cyanel/us cyanel/us LeConte 
(Halffter, 1977; Halffter, Halffter and Huerta, 1983) on whose ethological basis, 
nests which had not before been explained are now understood. The compound 
nest of the rolling scarabs belong to nesting Pattern V (for a discussion of the 
patterns in the Scarabaeinae subfamily and the importance of the brood-balls, 
see Halffter and Edmonds, 1982). In the rolling scarabs, the male has a greater 
participation in the nesting process than in other Scarabaeinae. He is mainly 
responsible for preparing the ba1l, rolling it and burying il. In general and as far as 
is known, unlike the burrowing scarabs, it is the male which attracts the female, 
especially in connection with the ball and ball rolling activities to which different 
pheromones are associated. (see 3.2; Favila, 1988). 
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1.2 The non-rol/ing Scarabaeini according to Ha/ffter and Matthews (/966) 

Halffter and Matthews presented a synthesis of the knowledge and of their own 
experiences gathering together all the cases where the Scarabaeini were not 
known to roll in variations 2 and 3 of what they called "Aberrant Nesting Behavior". 

We have already pointed out that three of the subtribes (Eurysternina, 
Eucraniina, Alloscelina) which do not roll are not Scarabaeini. This helps to clear 
up the picture. However there is still the question of the true Scarabaeini, the 
American Canthonina, in which the behavior observed before 1966 did not include 
rolling. We shall see how the subsequent observation and research has clarified 
these cases. 

These cases can be gathered into two groups. The first made up of 
compound nests, precisely described by Judulien (1899), who says nothing, 
however, about how these nests could have been made. In 1966, befo re learning 
about the unusual nesting of Canthon cyanel/us cyanel/us, it was difficult to think 
about a compound nest which did not include the formation of a great suber­
ranean food cake as a previous step to the making of brood balls, similar to the 
one observed in Copris (a burrowing beetle whose behavior is typical of Pattern 
111). Thanks to the knowledge regarding the behavior of C. cyanel/us, we now 
understand how a rolling beetle can make a compound nest made up of several 
balls formed successively on the surface and rolled, one by one, independently 
and at different times until the compound nest is complete (Figs. 1-2). 

Supporting Halffter's statement (1977) we included in pattern V several 
species of American Canthonina which it was assumed could not roll to make 
compound nests: Canthon bispinus Germar, Canthon muticus Harold and Can­
thon edentu/us Harold. (In C. bispinus and in C. edentu/us, Judulien points out 
certain aspects of tending far the nest which could be present in C. muticus). In 
C. muticus direct evidence of rolling exists, Halffter and Martinez (1968: 280-281) 
point out that it has been seen many times quickly rolling balls of excrement during 
the warmest hours of the day. Bisexual rolling has also been seen: one specimen 
(probably the male) pushing the ball as the other (the female) remains on topo 

The second group includes other species which Halffter and Matthews 
referred to as non-rollers, Canthochilum oak/eyi Chapin apparently does not make 
balls, but it can bury a food fragment directly without modifying it. The other Puerto 
Rican species of Canthochi/um roll ball~ only a short distance and then burythem 
deeply (Matthews, 1965; Halffter and Matthews, 1966; Matthews, 1966). As in other 
cases which we will comment on later, it is impossible to affirm that this species 
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