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This thesis presents the results of a 
the behavioural ecology of the mara on the 
Argentina. The main goal was to investigate 
system incorporates both monogamy and

3 year field study on 
Valdes Peninsula in 
why the mara's social 
communal denning, a

combination unknown in other mammals. The research techniques 
used were behavioural observations and radio-tracking.

Radio-tracking of 9 maras revealed that pairs were 
continually moving into new areas, suggesting that their ranging 
behaviour is adapted to an irregular pattern of resource 
distribution. Two maras had prevailing ranges of 35 ha and moved 
yearly over about 200 ha. Ranges floated around a geographic 
centre. One constraint on the animals 1 movements may be the need 
to stay near a den site for pupping. Maras were diurnal, and 
spent on average k-6% of the day grazing. Ranges may overlap up 
to 33%, but range use between neighbouring pairs were negatively 
correlated suggesting that animals were avoiding each 
other--pairs may be occupying floating territories.

Evidence that maras are monogamous in the wild is 
presented. The factors leading to monogamy are argued to be: (i) 
females are irregularly dispersed because of the distribution of 
food; and (ii) the brevity of the female's oestrus (1-2 hrs). A 
male attempting to mate polygynously would have difficulties in 
finding and securing a female; thus males may do best by staying 
with one female to ensure a successful mating. Males may enhance 
their reproductive success by watching for predators so that 
their females can spend more time feeding to meet the energetic 
demands of lactation and gestation.

During the pupping season, August to January, groups of 1 to 
22 pairs gather at single dens. Several dens may be located near 
each other to form denning communities. Most pairs produce only 
one litter a year and there is a peak of births in September and 
October. Pairs visit the den once a day for a period of 5-6 weeks 
to nurse their young. Den sites are not limited; and the reason 
maras den communally appears to be the increased protection from 
predators accruing to pups and adults in larger groups.

Two possible routes are suggested in the evolution of the 
mara's social system: (i) from a monogamous starting point it has 
become advantageous to creche pups; or (ii) ancestral maras 
were more colonial and probably polygynous, but have been forced 
to space out because of changes in the distribution of food, 
which has led to monogamy.

Finally, maras were compared with other caviomorph rodents, 
lagomorphs, and monogamous ruminants and were shown to be most 
similar to the latter in their adaptations to the environment a 
remarkable example of convergent evolution.
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PAMPA

MADRE.
Horizonte.
Soledad.
Llanura franca al sol que solo sabe de tu 

curva. Tii que nos das el orgullo de creernos un 
centro. Cuna, sepulcro y sustento. Creadora del 
gaucho afirmativo, del caballo amigo de la 
distancia, del puma escondido. y del chaja 
ascendente. Pretexto de vagabundas ansias de 
partir sin meta. Igualdad mas invencible que la 
pendiente de la montana limitada y que el abrazo 
sombrio de las selvas aisladoras. ;Tu que das 
resignacion al pequeno, empapado de infinite!

-- Ricardo Guiraldes
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Chapter 1 

INTRODUCTION

"The agouti LSI c]....represents our 
hares. It differs, however, from that genus in 
many essential respects; for instance, it has only 
three toes behind. It is nearly twice the size, 
weighing from twenty to twenty-five pounds. The 
Agouti is a true friend of the desert; it is a 
common feature in the landscape to see two or 
three hopping quickly one after the other in a 
straight line across these wild plains."--C. 
Darwin, i860.

"These little animals live in burrows, but 
are generally out feeding or sleeping in the grass 
during the day. They are excessively swift for 
perhaps a mile, but...soon get tired. The chase 
of these small deer [sic] afforded an agreeable 
relief to the monotony of the Journey.... they 
always were found in numbers where the pasture was 
good....It required considerable skill to bring 
them down with the bolas, as, if it only caught 
around the legs or body they disentangle 
themselves quickly..."--G. C. Musters, 1897.

Thus two of the early explorers of Patagonia, 

Charles Darwin and George C. Musters, described the mara, or 

Patagonian cavy. Maras (Dolichotis pat agon uin , Zimmermann, 

1758) are large cursorial rodents of the desert plains and 

thorny bush of southern and central Argentina (see 

distribution map in Figure 1.1). The mara is a difficult 

species to describe: Darwin suggests that it is like a hare, 

and Musters describes it as a small deer. It is without 

doubt a curious species, incorporating features of both 

ungulates and lagomorphs while actually being a rodent. 

Also, as I will be showing in this thesis, amongst mammals 

it has an unusual, possibly unique, social system which 

incorporates monogamy with communal denning. As further 

discussed in the final chapter of this thesis, the mara is a 

good example of the convergence with ungulates of other

- 1 -
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Figure 1.1.--Distribution map of the two subspecies of 

mara (senus: Dolichotis) in South America. Also shows my 

main study site on the Valdes Peninsula in Chubut 
Province. Argentina. Adapted from a figure in Yoffe 
(1983).



INTRODUCTION

continents which some neotropic rodents have made in their 

evolution (see Dubost 1968, Simpson 1950, Eisenberg and 

McKay, 1974). Despite the relative ease with which the mara 

is observed in the wild, until now there has never been a 

major field study on this species. These features makes the 

mara a fascinating species to work on. In particular, it is 

an ideal species in which to investigate the environmental 

pressures leading to monogamy and group living in mammals, 

topics of considerable interest to behavioural ecologists 

today.

1.1 The Theoretical Basis for this Study

With the blending of ethology, ecology, and 

evolutionary biology over the past two decades, the field of 

behavioural ecology has become a particularly fertile area 

of zoological research. This has come about with the 

realization that the behaviour of an animal is, at least in 

part, genetically determined and therefore subject to the 

action of natural selection (as stressed by G.C. Williams, 

1966). A number of theoretical ideas, which I review below, 

have paved the way for this flowering (also see reviews in 

Krebs and Davies, 1981; and Wilson, 1975).

Williams (1966) has shown that natural selection 

operates at the level of the individual. W.D. Hamilton 

(1964) and J. Maynard Smith (1964) developed the ideas of 

kin selection and inclusive fitness to explain altruism 

towards relatives (but see Grafen, 1984, on 

misunderstandings of these terms). Subsequently, Dawkins 

(1976) has further developed these ideas, convincingly 

arguing that selection ultimately operates at the level of 

the gene. Reciprocal altruism has been proposed by Trivers 

(1971) to explain why unrelated animals behave 

altruistically towards each other; he suggests that they

- 2 -
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trade altruistic acts at different times. Game theory has 

been applied as a means of understanding conflicts between 

different animals (Maynard Smith and Price, 1973: and 

Axelrod and Hamilton, 1981). Maynard Smith (1976) has also 

developed the idea of the Evolutionary Stable Strategy, or 

ESS. The idea of parental investment and parent offspring 

conflict has increased our understanding of the relations 

between parents and offspring (Trivers, 1972 and 197*0 . 

Hamilton (1971) developed the 'selfish herd 1 theory which 

suggests that the risk of predation sometimes plays an 

important role in why animals live in groups. Optimality 

theory, as developed by MacArthur and Pianka (1966), has 

stimulated the construction of many testable hypotheses as 

to why animals behave the way they do. Also important has 

been MacArthur and Wilson's (1967) idea of r and K selection 

as two different strategies to enhance reproductive 

success. r selected populations, species, or individuals 

occur where the environment is unpredictable and there is a 

high population turnover with animals producing large 

numbers of offspring, few of which survive. K selection 

occurs in stable environments where few offspring are 

typically produced, but those which are have high survival. 

These ideas have created a rich framework for generating 

hypotheses in any modern field study.

Also important has been the development of the 

comparative approach, instigated by Crook's (1964) work on 

African weaver birds (Ploceinae) linking social organization 

with ecological factors such as food and predation. Crook 

showed that two types of sociality had developed in weaver 

birds: savannah dwelling species feed in large flocks on 

patchy but rich sources of grain, nest in colonies, and are 

polygynous; while forest dwelling species feed on dispersed 

insects of low abundance, nest singly on economically 

defendable territories, and are monogamous. Jarman (197^) 

has shown that body size, feeding strategies, and social 

organization are closely correlated in African antelopes.

- 3 -
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Comparisons of primates have shown a link between social 

organization, food, predation, range size, sexual 

dimorphism, and brain size (Crook and Gartlan, 1966; 

Clutton-Brock and Harvey, 1977, 1979. and 1980). Macdonald's 

(1983) work has emphasized the importance of resource 

dispersion on group size and patterns of space utilization 

in carnivores. In recent years a number of weaknesses have 

been pointed out in the comparative approach (see reviews in 

Jarman, 1982; and Clutton-Brock and Harvey, 1984).

These stepping stones in zoological thinking are not 

listed here merely as a recital of the high points in a 

modern textbook, rather they provide the theoretical 

framework within which behavioural ecologists approach 

theoretical problems today. As a result of these 

theoretical developments a species', or population's, social 

system are now viewed as the sum of the behavioural 

strategies of the individual as each tries to maximise its 

reproductive success (Gosling and Petrie, 1981). Ecological 

factors such as food, predators, and places to live 

determine the costs and benefits associated with particular 

strategies. Flexibility in social organization in response 

to environmental conditions depends on the genetic 

constraints fashioned by phylogenetic inertia and ecological 

pressures on an evolutionary time scale (Wilson, 1975). 

Recent studies (see review by Dunbar, 1982; also Monaghan 

and Metcalfe, 1985) have revealed large amounts of 

intraspecific variation in social systems demonstrating the 

importance of a flexible strategy for animals faced with a 

host of varying situations, not only across populations in 

different habitats but also within the lifetime of 

individuals.

One assumption behavioural ecologists often make is 

that animals are well adapted to their environment. For a 

species to be adapted to its environment means that its gene 

pool produces phenotypes which enhance the survival of 

individuals of that species relative to their survival in
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different environments (Wilson, 1975). There are, however, 

problems with the adaptationist approach since explanations 

are often invented to fit the facts, and studies sometimes 

lack rigorous quantification of pertinent ecological factors 

(see Gould and Lewontin, 1979; and Glutton-Brock and Harvey, 

1979). Further, with the increasing level of degradation in 

the natural environment as a result of human pressures, it 

is becoming increasingly difficult to measure, or even 

identify, the 'normal* selective pressures on a species. 

However, careful weighing of the facts, as admirably 

illustrated by Dawkins (1976), can help avoid many 

pitfalls.

One final point, numerous single species studies 

have been conducted in recent years which have developed and 

advanced the study of behavioural ecology. Examples of 

these are Kruuk's (1972) work on hyaenas, and Glutton-Brock 

et al's work on red deer (1982). It is very much in the vein 

of these works that this study was inspired.

1.2 What are Maras?

Maras are light bodied, long legged, and highly 

cursorial for rodents. The feet are compressed and rather 

hooflike, with three toes on the back feet and four on the 

front. Their powerful hind legs are longer than the front, 

which are geared more towards absorbing the shock of 

running. When fleeing from danger they can maintain a speed 

of 60 kmh or more for several hundred metres. In the wild, 

maras weigh between 7 and 9 kgs, though captive animals have 

reached a weight of 16 kgs, and measure between 50 and 77 cm 

in length (see Appendix A).

There are two subspecies of maras: D. pataqonum 

patagonum and D. p. centricola. Based upon their 

distribution the subspecies investigated here was D. p.

_ c _
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patagonum (see Olrog and Lucero. 1981: and Figure 1.1). In 

the salt pans and scrub of the Chaco in Paraguay, Bolivia, 

and northern Argentina there is a closely related species 

called the salt desert cavy, Dolichotis saliriicola, which is 

sometimes placed in the separate genus Pediolagus. The 

geographical distributions of the various species and 

subspecies are illustrated in Figure 1.1. In addition to the 

name mara, this species has also been called the Patagonian 

hare or Patagonian cavy. Throughout this thesis I have 

chosen to use 'mara' since it is in common usage in 

Argentina, is shorter than the others, and because it comes 

from the language of the Mapuche Indians--the inhabitants of 

the mara's range before the arrival of the Europeans.

Maras are members of the rodent family Caviidae, 

which also contains the guinea pigs, and are closely related 

to the capybara (Hydrochoer us hyrdrochaeris, family: 

Hydrochoeridae). These species are members of the suborder 

Caviomorpha which contains a number of families in South and 

Central America including the cavies (family: Caviidae), 

coypu (family: Myocastoridae), paca (family: Agoutidae), 

agouti (family: Dasyproctidae), and chinchillas (family: 

Chinchillidae). The caviomorph rodents are remarkable for 

their extensive adaptive radiations, frequently occupying 

niches more akin to those of ungulates than to those of most 

rodents (Dubost, 1968; Eisenberg and Mckay, 1974). This is 

conventionally considered as having arisen because South 

America has been an isolated island continent for long 

periods in its geological past (Simpson, 1950).

As stated above, no long term field project has ever 

been conducted on maras in the wild. There have, however, 

been a number of captive studies on the species. G. Dubost 

and H. Genest have produced an excellent ethological study 

on the mara's behaviour in captivity (Dubost and Genest, 

197U; and Genest and Dubost 197/1). They have compiled a 

complete ethogram of the species, suggested its 

morphological convergence with ungulates of Africa and Asia,

- 6 -
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described the denning system where several pairs creche 

their young together in one den site, and presented a range 

of data showing the strength of the mara's pair bond. 

Kirschofer (1960a, 1960b) has described the enurination 

behaviour of maras, and has made some speculations as to its 

social function. Mohr (19^-9) has described the behaviour of 

maras in captivity and commented on the distribution of 

different subspecies of maras in South America. In 1983, 

M.B. Kufner completed a survey of mara food habits and 

density in the northern part of its range (Kufner, 1983). 

Smythe (1970) has discussed the possible function of 

stotting in mara escape behaviour. Stotting is typically an 

ungulate behaviour associated with the approach of 

predators. Appendix D contains a copy of a paper on scent 

marking in maras based on the data I collected in 1981 

(Taber and Macdonald, 198&). Relevant aspects of these 

papers will be discussed at appropriate places in subsequent 

chapters.

The most interesting observations about maras to 

come out of these previous studies are the monogamous nature 

of their social system, and communal denning. Monogamy is 

rare in mammals; and, in one recent paper, Kleiman (1977) 

reported that only 3% of the mammal species studied have 

this social system (see Chapter H- ) . Further, the combination 

of monogamy with communal denning has not been reported in 

other species of mammals. Interestingly, some of the small 

ruminants with which mara's converge morphologically are 

monogamous as well. Communal denning also sparked our 

interest since it raises questions about the possible role 

of kin selection and reciprocal altruism in cooperation 

between pairs sharing a den, both topics of considerable 

interest in behavioural studies (see above).

- 7 -
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1.3 Objectives of the Thesis

The dearth of information on the mara's ecology and 

behaviour in the wild has made my research difficult since, 

in addition to answering specific questions about the mara's 

behavioural ecology, it was necessary to collect data on the 

species general ecology and life history within which to 

interpret the results of my main field work. In broad terms 

the project goals were to describe and interpret the 

behaviour of the mara within an ecological and evolutionary 

framework. In particular, I hoped to answer the following 

two questions about the mara's social organization:

1. Why are maras monogamous?

2. Why do maras den communally?

With the answers to these questions, I then hoped to compare 

the behavioural adaptations of maras with those of other 

rodents, and the morphologically similar but genotypically 

distinct hares and antelopes of other continents, as a means 

of furthering our understanding of the evolution of monogamy 

and group living in mammals.

Chapter Outline and Comments on the Approach Taken

The material covered in each chapter are outlined 

below:

Chapter 2; Study Site and Methods. The main study sites are 

described, as are procedures employed in animal 

capture, data collection, and data analysis.

Chapter 3; Spatial Organization and General Ecology. Results 

covering the main features of the mara's ecology are

- 8 -
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presented. In particular, the results of intensive 

radio-tracking of nine radio-collared maras are used 

to provide a picture of the mara's spatial 

organization and ranging patterns relative to the 

movements of other maras, and habitat features. 

This chapter provides the ecological framework 

within which the results on the pair-bond and 

communal denning can be viewed.

Chapter U-: The Ecology of the Pair Bond. Results on the 

behavioural relationship between pair-bonded maras 

are presented. I then use these data to evaluate 

the validity of various hypotheses as to why maras 

have adopted a monogamous social system.

Chapter 5; Communal Denning. Firstly, data from this study 

and the literature are used to describe the mara's 

breeding biology covering such aspects as the length 

of the gestation and lactation periods, and breeding 

seasonality. Then, results are given on the ecology 

of communal denning, in particular, how many animals 

used each den, and what environmental features are 

associated with dens with different size 

memberships. Next, the nature of parental care of 

the young, the relations between adults at the den, 

and the relations between pups and adults are 

described. Presenting the results in this order 

provides the building blocks for understanding the 

communal denning system. At the chapter's end a 

range of hypotheses to explain why maras den 

communally are evaluated.

Chapter 6; Final Discussion. In this final chapter I discuss 

two topics. (i) I summarize the main features of 

the mara's ecology and behaviour reviewed in this 

thesis, as well as the environmental and 

physiological constraints on the species, as a mean 

of creating a. synthesis of the mara's behavioural 

ecology. Then, (ii) the behavioural and ecological

_ q _



INTRODUCTION

adaptations of maras are briefly compared with those 

of other groups of mammals including other species 

of caviomorph rodents, ruminants, and lagomorphs.

As is apparent from the above, I have covered a lot 

of ground in this thesis. I have had to cast the net widely 

so as to provide a sufficient ecological background against 

which to interpret the behavioural results. It has always 

been my aim to gather data specifically relevant to my 

central questions. However, with hindsight some of the 

material covered here has turned out to be tangential to my 

main argument. However, at the outset, starting from 

scratch so far as this species was concerned, these topics 

might have proved vital. I include them here for the sake 

of completeness, and hope that some of these data prove of 

value in further investigations.

- 10 -



Chapter 2 

STUDY AREA AND METHODS

2.1 Study Area

This study was conducted on the Valdes Peninsula, 

in the northeastern part of the Argentine Province of 

Chubut. Chubut forms part of Patagonia; the monotonous 

scrubby plain which stretches in every direction for 100's 

of kilometers at the southern tip of South America. It is a 

powerful environment, breathtaking in the way the empty 

plains lead the eye beyond the horizon. Charles Darwin was 

greatly affected by Patagonia, and wrote the following about 

it:

"These plains...can be described only by 
negative characteristics; without habitations, 
without water, without trees, without mountains, 
they support merely a few dwarf plants. . . .The 
plains of Patagonia are boundless, for they are 
scarcely passable and hence unknown: they bear the 
stamp of having lasted, as they are now, for ages, 
and there appears no limit to their duration 
through future time."--From: The Voyage of the 
Beagle (i860)

Patagonia was not settled by white men until the end of the 

last century, and the power of the great empty landscape 

remains much the same as in Darwin's day.

The Valdes Peninsula is located between 42° 5' and 

4-2° 53' South, and 63° 35' and 65° 4 f W. In total it covers 

an area of approximately 400O kmz . It is sparsely 

inhabited; has about 50 sheep ranches, or Estancias as they 

are called, and one small town with a population of 150 

people called Puerto Piramides. The economy of the area is 

based on sheep ranching, and virtually every part of the 

Peninsula is grazed by sheep.

Besides the mara, the other large terrestrial 

mammals of the Peninsula are the guanaco (Lama guanicoe),

- 11 -
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Patagonian gray fox (Dusicyon griseus), Geoffroys cat (Felis

geoffroyi ), and armadillos (Chaetophractus villosus and

Zaedyus pichiy). of the mara's caviomorph relatives the

following are present: Galea must &loides t Microcavia

austral is, and Ctenomys mendoc in us . It also has large

populations of Darwin's Rhea (Pterocnemia pennata') and

elegant crested tinamous (Eudromia elegans). Historically

there were such large predators as puma (Felis con col or ) and

Patagonian red fox (Dusicyon culpaeus ); but, since they prey

on sheep, these species have been hunted out by the

ranchers.

At a latitude of U2° s, daylength on the Peninsula 

varies during the year from 9:04. hrs to 15:17 hrs (see 

Figure 2.1). Below I describe the vegetational, geological, 

and climatic characteristics of the Valdes Peninsula. 

Most of this information comes from Rostagno (1981), 

Beltramone (1981), and Bertiller et al (1981).

Geology

The basic landform of the Peninsula, like much of 

Patagonia, is a slightly rolling plain interrupted by 

periodic depressions. These depressions can be quite deep: 

the Gran Salina, HO m below sea level, is the lowest point 

in South America. They often are poorly drained so rain 

water stays in the dips for months at a time, forming 

temporary lagoons. In some of the larger depressions 

enormous salt pans have formed measuring 10 f s of km3 . 

Geologically the Peninsula is formed of marine sediments 

from the Oligocene and Miocene. On top of these sediments 

there is a gravel substrate, covered in most places by a 

sandy alluvial deposit. In some places this sandy deposit 

has been swept away by the wind leaving only a coating of 

gravel; in other areas there are dunes of substantial size.

- 12 -
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There are no streams or rivers on the Peninsula, and 

the water stored in the lagoons has a high salt content. 

Windmills are used to pump up ground water for the sheep, 

but this water is too salty for humans to drink. The main 

source of water for human consumption is rain water, 

channeled from the roofs of houses into cisterns.

Climate

The weather data on which this account is based were 

collected at two sites on the Peninsula: Punta Delgada and 

the headquarters of Estancia La Adela (Rostagno, 1981). The 

annual fluctuation in mean monthly temperature is shown in 

Figure 2.2. In February, the warmest month, the mean 

temperature is 17.4 degrees C°. On an average of 12.4 days a 

year the temperature drops below freezing.

Annual rainfall averages 246 mm, and 

evapotranspiration averages 680 mm; thus, following the 

UNESCO classification (precipitation / evapotranspiration > 

0.20 and < 0.50), the Peninsula is classified as semi-arid. 

Annual precipitation on the coast is 175 mm, while inland it 

ranges from 200 to 225 mm. The Peninsula has a wetter and 

warmer climate than areas further inland. The water balance 

for the Peninsula is shown in Figure 2.3. In 11 months of 

the year there is a water deficit; solely in July is there a 

water surplus. Only a small amount of rain falls between 

October and March. Summer, December to February, is the 

driest season with 34.8 mm of precipitation, which is only 

13.9% of the yearly total. Evapotranspiration is also 

highest in the summer where there is an average loss of 240 

mm of water. There is considerable inter-annual variation 

in precipitation: in 1957 there were 457 mm of rain, while 

in 1945 there were only 94 mm. In 1983. the only study year 

for which I have data, the total rain fall at Estancia La

- 13 -
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Figure 2. 3. --Water balance on the Valdes Peninsula. Data 
comes from the Estaci6n Punta Delgada. The map 
illustrates the following: (i) July is the only wet month 
where the water store on the Peninsula increases; (±±) 
June, August, September, April, and May are semi-dry: and 
(iii) October, November, December, January, February, and 
March are dry. Figure modified from one in Rostagno 
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Adela was 356.5 mm. This was more than normal, but 

virtually all the rain fell (see Figure 2.4.) in the fall and 

winter, making spring particularly dry (22 mm in these 

months compared to the normal 51 mm). Relative humidity 

varies only slightly during the year: the mean is 67%, with 

a minimum of 62% in December, and a maximum of 73% in June 

and July.

On the coast (my study sites were 5 to 20 km inland) 

the wind comes predominately from the S and SW. Monthly mean 

wind speeds vary from 1U to 20 kmh, with winds of up to 60 

or 80 kmh not uncommon! The situation on the Peninsula 

fulfills well the adage that one does not need to travel in 

Patagonia to see it, as sooner or later most of it will blow 

past where one is staying. The air is almost continually 

filled with dust, and the constant winds can make walking 

uncomfortable.

On the basis of the climate data the seasons are 

defined as follows (see Figure 2.3):

Winter June through August   the wettest months

Spring September through November

Summer December through February--the driest months

Fall March through May

Vegetation

The vegetation of the study area has been classified 

as being in the Patagonian Province, subdistrict Chubutense 

( Bertiller et al., 1981 ). An area on the 

southern edge of the Peninsula is vegetatively classified as 

being in the Monte Province. The general vegetation pattern 

is one of a scrubby, almost uniform steppe. The scrub is 

waist to shoulder high with a 1 or 2 meter spacing between 

bushes. In this space, depending on soil conditions, grow 

varying amounts of grass and herbs. In areas protected from



Figure 2.U (Overleaf).

Histograms of the amount of precipitation at Estancia La 
Adela in 1983 (A) and overall (B) in the different months 
of the year. Note that in 1983 the rain came much earlier 
than usual, and that there was almost no rain after June. 
The 1983 data is courtesy of Sr. H. Sanz (Estancia La 
Adela;, and the overall data comes from Rostagno (1981).
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STUDY AREA AND METHODS

the wind, and with better soils, there are large open grassy 

patches. See Chapter 3 (Table 3-6) for a listing of the 

plant species encountered in the different study areas. The 

main vegetation types, as classified by Bertiller et al (Op. 

cit.), on the Peninsula are:

Steppe dominated by Chuquiraga avel 1 artedae

Stepped dominated by Chuquiraga hystrix

Stepped dominated by Chuquiraga erinacea

Steppe dominated by Larrea divaricata

Grass lands dominated by Sporobolus rigens and Stipa

t e TI u i 5

2.1.1 The Individual Study Areas

I used three different study areas on the Peninsula: 

Estancia Larreburu, Puesto El Salitral, and Puesto La 

Blanca. Estancia refers to a self contained ranch under one 

management, where as Puesto refers to an outlying shepherds 

house used where an Estancia covers too much ground to be 

administered from one place. Table 2.1 summarizes the 

length of time each area was used, and Figure 2.5 shows 

their geographical locations. Each study area is described 

below:

Estancia Larreburu

This was the area I used during my first field 

season in 1981. The study site was contained within an 

Estancia owned by Sr. Larreburu (Puerto Madryn, Chubut). I 

worked mostly in the area on one side of a large lagoon; and 

had a subsidiary site 2 km away around an outlying corral

and windmill in the scrub (see Figure 2.6 A). After my first 

field season the Estancia was sold, and I was forced to move

- 15 -



Table 2.1.--Summary of periods observations were made at 
each study site through out the research period. X's 
mark months where I collected data at the study site: 
C's mark months where C. Garcia made spot radio fixes on 
animals at Puesto la Blanca

Month
Estancia 
Larreburu

Puesto 
La Blanca

Puesto 
El Salitral

July X
August X
September X
October X
November X

February
March
April
May
June
July
August
September
October X
November X
December

January
February
March
April
May
June
July
August
September
October X
November

Q A

1 o A ̂-L y o j
X
X
X
X
X
X
X
X
X
X
X

X
C
C
C
C

X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
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Figure 2.5.--Map of the Valdes Peninsula showing the 
various study sites used in 1981, 1983, and



Figure 2.6 (Overleaf).

Maps of the three main study sites used on the Valdes 
Peninsula.

A. Estancia Larreburu

B. Puesto La Blanca

C. Puesto El Salitral
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to another site in subsequent years. Estancia Larreburu is 

in the Chuquiraga ave1lanedae dominated habitat type.

Puesto La Blanca

This was my main study area during the 1983 and 1984. 

field trips. It is situated around a Puesto which forms 

part of the Estancia La Adela. This Estancia belongs to Sr. 

Ferro (Puerto Pir&mides, Chubut Province) and is the 

largest on the Valdes Peninsula, measuring over 100,000 ha 

and having about &0.000 sheep on it. Like at Estancia 

Larreburu, my main study area here was located on the edge 

of a large lagoon (see Figure 2.6 B). The main habitat here 

is the Chuquir aga avel laneo'ae dominated type.

Puesto El Salitral

This puesto, also part of Estancia La Adela, is 

located about 8 km from Puesto La Blanca. It was my 

secondary study site during my last two field trips. Unlike 

the other areas, this site was not centered on a lagoon, but 

instead was located in a small grassy valley surrounded by 

Chuquiraga erir/acea dominated scrub (see Figure 2.6 C).

Other Sites

Data were collected at several other sites on the 

Valdes Peninsula (see Figure 2.5): (i) 4 days were spent 

observing maras at Lote 12, (ii) four maras were captured 

and 1 day was spent watching at Puesto Centenario located

- 16 -
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about U km from Puesto El Salitral, (iii) three days were 

spent watching maras at Punta Norte, and (iv) one day was 

spent watching maras near the ex New York Zoological Society 

Research Station on Golfo San Jose. In addition, 

observations were recorded opportunistically whenever maras 

were encountered when driving around the Peninsula.

2.2 Data Collection Methods

Three separate field trips were made (see Table 

2.1): (i) July 20 through November 19 of 1981, (ii) 11 

February 1983 to 19 January 198U, and 2H August 198/i through 

23 November 1984-. A total of 21 months were spent collecting 

data in the field. I arranged for Sr. Carlos Garcia to 

radio-track maras once a month during my absence from 

February to August of 1983. The mara pupping season is from 

mid-August to early January, so by spacing trips in this way 

I was able to cover most of three breeding seasons. The 

whole year spent in 1983/1984- was necessary to collect data 

on the mara's annual cycle of behaviour and reproduction. 

Periods between field trips were spent in Oxford, where I 

was able to do a substantial amount of preliminary data 

analysis.

2.2.1 Capturing and Marking Maras

Since the study was designed to investigate a range 

of aspects of the mara's behavioural ecology it was 

necessary to follow individual maras through time. One of 

the problems with studying this species is that very few 

animals had adequate natural marks to individually identify 

them. In 1981 I made no attempt to capture or mark maras so 

that they could be observed in as untroubled a state as 

possible   however, the amount of data that could be
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collected in this way was limited. Also, part of the 

project goals were to look at long term movement patterns of 

individual maras through radio-tracking. Thus, it was 

necessary to capture individual maras, both to artificially 

mark them, and to place radio-collars. Below I discuss the 

capture and marking methods used.

Animal Capture Technique

Wire neck snares were used to capture maras. In 

1983 heavy gauge wire snares were used, and in 198/1 bicycle 

clip wire snares were used (A.A. Fenn Ltd., Redditch. 

Worcs.). In both cases, stops were placed on the snares to 

prevent them from fully closing and thus choking the 

animals. The use of this method for capturing foxes has 

been described in Newdick (1983) and Doncaster(1985)   The 

method used in this study was similar. Snares were placed 

on fence lines at points where maras had previously hollowed 

out small dips under the fence to allow passage. The snares 

were attached to the fence wire so that they were held open 

over the mouth of the passage. Care had to be taken to make 

the snare hole big enough so that an animals head could 

easily pass through it, and small enough so that it would 

not get a foreleg through as well. This was not an ideal 

technique since a number of animals were hurt in the 

process: 6 had badly cut hind or front legs, of which 2 may 

have died as a result of the injuries sustained. It was 

felt that the bicycle wire snares were safer, and that some 

injuries could have been avoided if they had been used 

sooner.

While open, snares were checked every ti to 5 hours 

(night and day) to reduce the amount of time a mara was 

constrained. On four occasions, while checking the traps, I 

was able to maneuver animals into entering the snares. Upon
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capture, animals were held between the knees, pushed to the 

ground so they could not move, and a piece of cloth was 

placed over their eyes to calm them. In most cases, the 

animals were anesthetized with a 0.7 ml dose of Ketamine 

Hydrochloride. Animals were then weighed and measured (see 

Appendix A for summary), ear tagged, and either 

plastic-collared or radio-collared. Each of the captured 

animals were then assigned a three letter name, with the 

last letter of the name showing the animal's sex: 'M* for 

males and 'F* for females. All animals were released within 

1 hr of capture.

Eartags of five different colours (Rototags, Dalton 

Supplies Ltd., Nettlebed, Oxon) were used to mark the 

maras. Using different coloured tags in various 

combinations of left ear, right ear, inside tag, and outside 

tag a unique pattern could be placed on each individual. 

The expanding plastic-collars were of the same pattern as 

designed by Fiona Guiness (Glutton-Brock et al., 1982; see 

Figure 2.7). Each collar had a unique pattern painted on it 

with ink (Wiederhold SG Screen Ink, RI-INK Supplies Ltd. , 

Berkshire). These collars have the advantage that they can 

be placed on Juvenile animals since they expand as the 

animal grows.

Radio-collars were riveted in place, and fitted so 

that 2 fingers could fit between the collar and the animal's 

neck. Radio-collars were manufactured both by the 

Department of Zoology, following a design by Macdonald and 

Amlaner (1980), and Biotrack Ltd. (Stoborough Croft, 

Wareham, Dorset). The radios broadcasted on 155 MHZ. Two 

different weights were used: 160 gms, which had a life of 

roughly a year; and 2/10 gms, which had a life of two years. 

In fact, the larger collars were probably too heavy to be 

effectively used on maras and I only put them on 2 

individuals.
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Figure 2.7 (Overleaf).

Portraits of marked maras illustrating the various marking 
techniques used.

Above A radio-collared mara. 

Below A plastic-collared mara.
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2.2.2 Data Collection Methodology

Three kinds of data were collected to investigate 

different aspects of mara behavioural ecology: 1) 

radio-tracking data to look at movement patterns in relation 

to habitat features and the movements of other maras; 2) 

instantaneous scans to look at general patterns of behaviour 

such as yearly and diurnal time budgets; and 3) den scans to 

record detailed observations of mara behaviour at the den. 

Maras were observed from hides located near den sites 

(Figure 2.8), from an automobile, or from the ground. Most 

observations were made at a distance of 30 to 500 m using 9 

x 30 binoculars (Nikon), or a 22 x 60 spotting scope 

(Bushnell). At the larger distances animals were only 

observable through the spotting scope. In practice, animals 

readily acclimated to the automobile and hide, but were 

always difficult to approach on foot. The amount of time 

spent collecting each kind of data depended on the point in 

the mara's reproductive cycle. Table 2.2 shows how the 

research effort was divided doing two typical weeks, one 

during the breeding season, and the other outside the 

breeding season. Below, the three data collection methods 

are outlined.

General Scans

This method was used to collect data on general mara 

behaviour patterns. It is based on the instantaneous scan 

method outlined in Altman (1974). A data record was recorded 

exactly on the minute at a set interval on every visible 

mara. The factor limiting the inter-scan interval was the 

number of animals in view: when more than 20 animals were in 

sight it was only possible to record data at 30 minute 

intervals, while when 20 or fewer animals were in view scans 

were made at 15 minute intervals. This is because with 20
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Figure 2.8 (.Overleaf).

Photograph illustrating one of the hides used for 
observing maras at a den site.
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Table 2.2.--Sample weekly work plans during and outside 
the breeding season.

Day of Week
During 

Breeding Season
Outside 

Breeding Season

Monday Den Scans at 
La Blanca

Radio Track 
Mara ELF

Tuesday Den Scans at Radio Track
La Blanca Mara SYF

Wednesday Radio Track Observe Maras
Mara PAM on Lagoon

Thursday Radio Track Radio Track
Mara TIF Mara ENF

Friday Den Scans at Radio Track
El Salitral Mara PAM

Saturday Den Scans at Vegetation
El Salitral Sampling

S u n d ay Type Data into 
Computer, Rest

Type Data into 
Computer, Rest
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or more animals it could take as long as 10 minutes to 

record all the animals, leaving too little time to prepare 

for the next scan. At each scan a range of data were 

collected on each animal including behaviour (see codes in 

Table 2.3)t distance to nearest neighbour, animal's name and 

weather conditions (see Table 2. H and Figure 2.9).

Den Scans

This method was designed to record observations 

around den sites during the pupping season. Data were 

entered directly into an HX20 Lap held computer using 

program EVREC (see Appendix B). This allowed a large amount 

of data to be recorded easily under difficult conditions 

since a lot of mara activity was constantly occurring around 

den sites. A range of data types were collected (see 

protocols in Table 2.5):

1. General scans, as above, were made every 30 minutes on 

every visible animal.

2. Pup scans, to record the behaviour of all visible pups 

at 10 minute intervals.

3. Den scans, to record the total number of adults and pups 

at the den, and general activity patterns, every 10 

minutes.

/I. Arrival and Departure times for all adults visiting the 

den.

5. Continuous focal pair sampling. One pair was 

intensively observed during their entire visit to the 

den. A data record was entered into the computer every 

time the animals in the focal pair changed what they 

were doing, or pups or other adults were reacting to 

them. This allowed a detailed time budget of activities

- 21 -



Table 2.3.--Behavioural categories used during this 
study. The categories are divided into two types, 
states and events, following Altman (1974). Descriptions 
are not given for self-explanatory behaviours. Many 
categories are similar to those given in Dubost and 
Genest (1974).

Category Description

 STATES-

AC Active--animal not in sight, but changes
in radio signal strength show animal is 
moving.

IN Inactive--Animal not in sight, but steady
signal strength suggest animal is 
inactive.

OO Animal not in view.

LI Lying on ground (sphynx posture).

RN Running.

WK Walking.

TR Trotting.

SD Standing.

ST Sitting.

OT Stotting--stiff legged gait used under a
variety of circumstances. In maras may 
have two functions (neither properly 
tested): (i) distraction display to draw 
predator away from den, and (ii) 
advertisement of fitness.



Table 2.3--Contlnued

Category Description

GZ Grazing.

BR Browsing--animal feeding on scrub
vegetation.

RT Rooting--pawing at ground while eating. 

DR Drinking.

ZZ Zig Zag Display--male moves body in a
figure of eight pattern in front of a 
female. A display used when pairs are in 
close (<30 m) proximity to each other.

AA Aggressive Approach--One male runs towards
another at beginning of aggressive 
interaction between two males.

MS Mince Step--kind of aggressive approach:
male trotts, almost on tip toes, towards 
another male.

BT Bite--adult bites another; usually on the
rump, side of the face, or neck.

CH Chase--one mara chases another at a run.

LS Low-Neck-Stretch--two males arch backs and
face each other. One almost immediately 
gives way and is chased by the other.

CF Chin-Rump-Follow--male walking with nose
almost touching rump of a female. 
Precedes copulation.

CL Chin-Rump-Lead--female walking ahead of
chin-rump-following male. Female walks 
slowly with rump slightly raised.

PG Present Genitals--standing female raises
rump and presents genitals to sniffing 
male. In pups: pup raises rump, offering 
it to a sniffing adults nose.

SG Sniff Genitals--male sniffs a female's
genitals.



Table 2.3--Continued

Category Description

CO Copulate--intromission visible judged by
males arched back.

MN Mount--male mounts a female, but
intromission not obtained.

GB Grumbling--animal emitting a low pitched
sound which can only be heard within about 
10 m. Possibly a contact call between 
mates.

PT Paturition--female giving birth.

WH Whistle--usually used by females to
attract pups.

BC Bite Pup--adult bites pup.

CC Chase Pup--adult chases pup.

GC Grooming pup.

SN Sniff--adult sniffing pup or other mara.

NS Nurse--female nursing one or more pups.

RC Repell Pup--adult noses away pup who is
trying to obtain access to a teat.

WC Adult with pups, but temporarily out of
sight behind a bush or in the den mouth. 
Recorded to show that there may be a break 
in the timing of a nursing sequence since 
out of sight animal could be nursing 
pups .

FH Frisky Hop (Rood, 1972)--characteristic
'play' behaviour. Pup suddenly leaps in 
the air, runs in a circle at full speed, 
or even somersaults backwards. It is 
contagious, and surrounding pups will 
often respond by frisky hopping as well.

RA Pup retreats from adult. 

TA Pup runs towards adult.

TC Pup runs into den (Cueva from the
Spanish).



Table 2.^--Continued

Category Description

SQ Squabble--pups fighting amongst
themselves.

SS Suckle and Squabble--suckling pup pushes
other away from teat.

SU Pup suckling.

TS Try to Suckle--pup trying to gain access
to a teat.

AD Anal-Drag--Animal drags rump along the
ground leaving a short mark in the soil, 
and usually a few faeces.

BE Bipedal Enurination--bipedal stance taken
by males while urine-spraying their mate 
or another female.

EB Enurinate Back--female stands with rump
raised, and sprays urine back towards an 
approaching male.

ND Nose down and sniffing the ground.

AL Alert--Sitting with head upright and
actively looking around.

SL Sleep--animal lying on ground in a relaxed
state--eyes closed and head relaxed 
forward and nearly touching the ground.

CP Coprophage--mara re-ingesting faeces.

DF Defecating.

UR Urinating.

GM Grooming.

RL Rolling on ground.

SR Stretching.

DG Digging at den mouth.

EC Enters den.



Table 2.U.--Data collection protocols used for 
collecting radio tracking and observation scan data.

Record Type Code (Column 1). In all record types but 1, 
2, and 5 the data is written across the data sheet 
free-form.

0

1

2

5

6

Start Observation Session

Individual Radio Tracking Record--see 
below for other protocols

General Scan Record--see below 

Special Observation Record--see below

Special Comments--wri tten free-form across 
page

Weather record--Every time the weather 
changes during a session the following 
data were recorded: time, temperature, 
wind speed (Beaufort Scale), % cloud 
cover, and weather condition code (light 
rain, medium rain, heavy rain, clear, 
etc . . . )

End of session



Table 2. a   Continued

For record types 1, 2, and 5 the following protocols 
were used:

1. Time of day. Recorded to second.

2. Identification Code. Two letter mara identification 
code. 'UM' signifies unidentified mara; double letters 
(e.g. f AA', 'BB'. 'ZZ') signify unmarked animals which 
were consecutively followed over several scans. Two 
different letters (e.g. ' LR' , 'TE 1 , f SL f ) signify 
individually identifiable animals known from natural or 
artificial marks (plastic collars, eartags, and 
radio-collars).

3- Sex-Age-Code. 
format:

Recorded according to the following

0--Adult mara, sex ?
1--Adult male
2--Adult female
3--Pup « 1/2 adult) 
a--Male pup

5--Female pup
7--Juvenile (> 1/2 adult)
8--Male juvenile
9--Female Juvenile.

H . Behaviour-Code. As in Table 2.3. States are given 
first, followed by event (e.g. STGZ for sitting and 
grazing).

5. Nearest-Neighbour Distance. Distance to the closest 
mara, usually a mate.

0) Touching
1 ) O - 2 m
2) 2 - 5 m
3) 5 - 10 m
H) 10 - 20 m

5) 20 - ao m
6) iiO - 75 m
7) 75 - 100 m
8) > 100 m
9) Unknown

6. Location Code. Location relative to a central point 
in each study site. The Y (North-South) coordinate is 
given first, followed by the X (East-West) coordinate, 
e.g. N005E005 is at a position 50 meters north and 5O 
meters east of the study area's grid reference point.

7. Habitat Code. A total of 1/i habitat codes were 
used. They are shown in Table 3-3 (see Chapter 3).

8. Comment Code. Double digit comment codes were used 
to record a range of details about an animals activities 
including: (i) orientation relative to mate, (ii) 
location relative to den sites, (iii) reacting to 
predator, (iv) radio fix confidence.



Figure 2.9.--Sample data sheet used for recording general 
scan and radio-tracking data in the field.

OBSERVATION DATA SHEET-1983 Start Time- Date- Location-

Temp- Wind- Ovc- RH- Comment-
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Time ID
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H
E
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Location Hab Jom

   



Table 2.5.---Den Scan/Event Recorder data collection 
protocols. This data was collected using the EVREC 
program (see Appendix B) on an EPSON HX20 portable 
computer. It was used exclusively while recording data 
at breeding den sites. All but DATE lines start with 
the time. Capital letters are entered as they are; £ 
represents variables which must be filled in.

Begin and End Session   To mark start and finish of an 
observation session.

yymmdd DATE First line of observation session; yymmdd
= year month day.

loc Den location code.

STR Starting observations now.

END End observation session.

Scan Formats begin(level) Den Scans--Made at 10 min 
intervals.

SCNT££W££S££ Start Den Scan, T££ is temperature, W££ is
wind speed, S££ is % cloud cover

A££ Number of adults present

E££ Number of adults feeding

L££ Number of adults resting

N££ Number of adults nursing

C££ Number of pups present

S££ Number of pups suckling

G££ Number of pups grazing

CV£ Distance of main body of non-suckling pups
from den

E££ End den scan

PUP Scans--Made at 10 min intervals.

SCS Start pup scan

£££ For each pup present record: (i) pup size,
(ii) activity (0--inactive, l--grazing, 
2--suckling), (iii) distance to nearest 
other pup

ECS End pup scan



Table 2.5--Continued

General Scans--Made at 30 minute intervals. These data 
are reformatted and then fed into the observation record 
data base.

SGST££W££S££ Start general scan, weather data as in pup
scans

L££££££££ Location to nearest 100 m (ege N01E01).
and habitat code for the maras following 
in scan. Maras in more than one location 
can be entered by repeating location 
record.

£££££££££ Mara name, sex, behaviour code,
nearest-neighbour distance, distance to 
next pair, comment code (all coded as in 
behaviour scans).

EGS End general scan.

Special Event Scans--To record behavioural interactions 
or any unusual behaviours seen.

SPC Start special event scan

££££££££££ Individual mara record as in General scans
above

ESP End special event scan

Mara Pair Arrival and Departure--One record is recorded 
each time a pair arrives at, or leaves, the den area.

A££M££ Group size, number of females, and mara
pair identification code for each pair or 
lone adult mara that arrives at the den.

L££M££ Departure record, same coding as above.



Table 2.5--Continued

Continuous Focal Pair Records   Used to maintain 
continuous data record on focal pairs. A data record is 
entered every time the focal pair changes what they are 
doing.

FOCM££ 

FOB 

FVW 

FQ£

FV£ 

FD£ 

FW£ 

FN£ 

FC£ 

FL£ 

FSH

FSA

FMA 

FSS 

FS£ 

CT£ 

CF£ 

CH£ 

CSS 

CSQ 

CSR 

CSH

Declare focal pair, ££ is focal pair name 

Focal animals obscured by brush 

Focal animals back in view

Focal pair in queue for den at £ mara 
lengths from den

Focal animal £ mara lengths from den

Focal pair £ mara lengths from pups

Focal with £ pups

Focal nurses £ pups

Focal animal chases pup size £

Focal female lunges at pup size £

Focal female stops nursing because of pup 
harassment

Female stops nursing because of adult 
interruption

Female moves away

Female stops suckling

Female sniffs size £ pup

Size £ pup trying to suckle focal female

Size £ pup following focal female

Focal female chase size £ pup

Pup stops suckling focal female

Pups suckling and squabbling

Pup being sniffed raises rump

Pup being sniffed hides/lowers rump
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to be recorded for the focal pair since the exact length 

of time they spent engaging in each behaviour could be 

obtained.

Radio-Tracking

Standard radio-tracking procedures were used as 

described in Macdonald and Amlaner (1930), and Doncaster 

(1985). A 3 element Yagi aerial (following design by 

Amlaner, 1980) was used with a radio receiver (AVM 

Instruments Co., Champaign Illinois, U.S.A.) to track the 

animals. Most tracking was done from a vehicle using the 

receiver and aerial to home in on a radio-collared animal. 

If possible, the tracked animal was approached until it 

could be seen so that its position could be verified and its 

behaviour recorded. However, it was often not possible to 

sight the animal at every fix because of the risk of scaring 

it off, or otherwise affecting its movements. When an 

animal could not be approached to within sighting distance 

its position was ascertained by triangulating from two known 

points using the yagi aerial and a sighting compass 

(Silva). These data were entered onto general scan data 

forms (see Table 2.4 for data protocols). Radio-tracking 

data were only intensively collected at Puesto La Blanca

Relying on triangulation alone for fixing an 

animal's position can be problematic since radio signals may 

be affected by topographic features such as hills and 

valleys. I was fortunate, however, that the La Blanca study 

area was fairly flat so that this problem was minimized. To 

avoid this problem, an effort was made to sight the 

radio-tracked animal every hour to verify its position and 

minimize errors in the location records.

Another problem with radio-tracking the same animal 

continuously is that of data independence: fixes taken in
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quick succession cannot be regarded as independent of each 

other, and therefore are not suitable for statistical 

treatments requiring independent locations. To minimize 

this problem radio fixes were made at 15 minute intervals; 

and where necessary in subsequent analyses data were 

selected at larger intervals to limit auto-correlation.

2.2.3 Data Summary

A total of 31 animals were captured during the 

course of the field study; 11 of which were radio-collared, 

and 20 plastic collared (see Table 2.6). Two of the 

radio-collared animals' (one of which was the only animal 

radio-collared at Puesto El Salitral) radios failed shortly

after capture, so only 9 animals were effectively tracked.
(including the two maras with failed radios) 

Only 12 of the other collared animals^ were re-sighted

post-capture. A further 7 animals had adequate natural 

marks to be repeatedly recognized. So a total of 28 animals 

were followed for varying lengths of time during the field 

study. Table 2.7 summarizes results showing how much data 

were collected on these animals. The total number of hours 

spent collecting each data type at each study site are shown 

in Table 2.9- In total, maras were observed or tracked over 

2099.2 hours.

Analysis Methods

2.3.1 Data Preparation

In the field, scan and radio-tracking data were

typed into the HX20 computer and stored on microcassette.

These, and the continuous den-scan data (stored directly on

- 23 -



Table 2.6.--Summary of individually recognizable maras 
at the three study areas.

Study Area
Naturally 
Marked

Plastic 
Collared

Radio 
Collared

Estancia Larreburu

Puesto La Blanca

Puesto El Salitral

Total

2

3

2

7

Total

-

6

a

10

Marked Animals

-

10

1

11

23



Table 2.7.--Summary of data collected on each of the 
individually recognizable maras at Puesto La Blanca and 
Puesto El Salitral. Data given for each animal are: date 
first seen or trapped, total number of observation 
records, and the total number of hours within which 
observations were made.

Mara 
Name

ENF" 
ELF"
SQM1"
PJF1"
PAM"
GCM"
CAM1"
BFF1^
HLM 

Date 
First Seen

2
2
2
1
1
2
1
1

5
O
a
a
i
a
2
U
9

 

4

4

.

4

4

4

4

LEM" 3O.
SYF"
TIF"
TIM" 1
SLF"
WOF"
TEF1"
PUF1"
BAF 
TUM"

WAM^ 1
JAF1"
NAF*"
GIFC
SAFC
LFFM
NLF1"4

1
1
1
1
1
1
2
6
2

4

4

4

4

4

4

4

4

7

1
1
1
1
1
1
1
1
4

31.
2
1
2
2
2
1

0
6
7
9
1
6

.

.

.

.

4

 

3- 
3.
3.
3.
u .
U.
6.
9.
9.
9.
0 .
0.
0.
0.
O.
O.
O.
0.
9.

5.
6 .
6.
7.
7.
9.
9.

-PU 

33 
83
33
33
33
33
83
33
S3
33
33
33
33
33
33
33
83
33
34

33
33
33
33
33
S3
33

Total Number 
of Records

isto La Bl 
6 
3

8
1

1
5
a

a
5
U.

5
0
3
2
1

2
3
0

n ^-v o   _     -

2

7
1
3
2
2
O

3
3
5
9
3

32
i
i

i

--E1 Salit
1
1

1

1
3
1
5
1

0.

7
5
5
2

36

r
7
3
5

4.

1

1

A 1Q. -L

a
9
6
1
0
i
7

Total Number 
of Hours

171 
333

1
1
2

283
10
1

5
22

3
Zi
4
2
3
5

177
2 0
50
6 3
9

32

6

a
u
i

5

a
3

a
i
3
i
6
2
5

Notes: " Radio-collared. R1 Radio-collared, 
functioned only briefly. ^ Naturally 
originally captured at Puesto Centenario. 
collared

but radio
c Animal 

Plastic



Table 2.8.--Number of hours spent radio-tracking and 
collecting general scans in each month of the year. 
Data from all study sites are combined. It does not 
include time spent collecting spot radio fixes.

-Year-

Month

1
2
3
a
5
6
7
8
9

10
1 1

198 1 19 83 1 98 4

90.4

1
2

-
-
-
-
-

3.
8.

134.
137.
a 7 .

76
65
59
71
45

12

Total 36 2. 16

1

1
1

31
00
98
59
78
13
02
15

347
1
1

12

98
12

57

. 0 3 1

. 99

. 2

. 2
5
5

2.
5.
1.
7.

33
7
87
17

. 17

. 0
  5
. 9
. 1
. 9
. 7

. 9

7

5
1
4

6

1
10
20

-
4.
6.
1.

38.

a

 

79

83
98
42
35

. 08



Table 2.9.--Number of hours spend collecting the 
different data types at each study area by year. A 
total of 2099.2 hours were spent watching and radio 
tracking maras during 21 months of field work.

Study Site 1981 1933 1984 Total

Est. Larreburu 362.16 7.07 1.75 370.98

Puesto La Blanca - 999-37 471.91 1471.28

Puesto El Salitral - 228.08 5.41 233.49

Other Areas - 23.45 - 23.45

Total Number Hours = 2099.20
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microcassette), were then transferred to a VAX mini 

computer. On the VAX a series of data checking programs 

were then run on the data to search for such errors as: 

impossible dates and times, non-existent behaviour codes, 

impossible distances, and impossible behaviour combinations 

such as male nursing-pup. The mistakes were checked against 

original data records and corrected. Radio-tracking and 

general scan data were then transferred to an ICL 2988 

mainframe computer, and inserted into a CAFS (Contents 

Addressable Filestore) data base system accessed through 

QUERYMASTER. This data base was large, it contained 4/11^10 

data records, but the used of CAFS allowed rapid sorting and 

extraction of results from the data set for subsequent 

analyses. It also allowed some cross-tabulations to be done 

interactively.

Data Analysis

The PSTAT and MINITAB statistical packages were used 

to do most statistical analyses. Some X2 and other tests 

were done on a WREN EXECUTIVE CP/M 80 micro computer using 

The PERFECT CALC spreadsheet program, OXSTAT statistical 

package, and a number of Basic programs. A total of 22 

computer programs (in Basic or Fortran) were written to run 

on a VAX mini computer and ICL 2988 main frame computer to 

sort, error check, and analyze these data.
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2.3.2 Statistics

Because the data used in many of the analyses did 

not meet the assumptions of parametric tests (Sokal and 

Rohlf, 1969) several non-parametric statistical methods were 

used. To test for normality the normal scores test 

(MINITAB) was used. Means are given with ± the standard 

deviation, unless other wise stated. Below I list the main 

statistical tests used in this thesis:

Non-parametric X2 test, Kruskal-Wallis test, Spearman's

correlation of rank coefficient, and the 

Mann-Whitney test.

Parametric Student's t-test, one and two way analysis of

variance, and Pearson's product-moment 

coefficient of correlation.



Chapter 3 

MARA ECOLOGY AND SPATIAL ORGANIZATION

3.1 Introduction

The purpose of this chapter is to establish the 

ecological framework within which the following detailed 

analyses on monogamy (Chapter 4) and communal denning 

(Chapter 5) can be viewed. The principal questions to be 

tackled are: (i) what is the size of the mara's home range; 

(ii) how frequently do animals cover their range; (iii) can 

ranging and behaviour patterns be explained in terms of 

specific climactic, seasonal, and habitat features; and (iv) 

what is the nature of the spatial relationship between pairs 

of maras living in close proximity. Finally, at the end of 

the chapter, the mara's ecological adaptations to the 

environment will be summarized, and compared with those of 

some selected species of mammals.

?j. 2 Methods and Stud.v Site

3.2.1 Study Site

Maras were only radio-tracked extensively at the La 

Blanca study site so, unless stated otherwise, results

presented here are based on data collected at this site 

only. Puesto La Blanca is an outlying sheep station

normally occupied by one shepherd, with the nearest 

neighbour 8 km away. The shepherd's house was located on

- 26 -



MARA ECOLOGY AND SPATIAL ORGANIZATION

the edge of an ephemeral lagoon measuring about 20 ha. 

Observations were made on maras within a H km radius of the 

house. See Chapter 2 for more details of this and other 

study sites, and a summary of climactic data for the 

surrounding area.

Since there were few natural landmarks against which 

to locate an animal's position, the La Blanca area was 

divided by a 500 X 500 m grid marked with 2 m high flagged 

poles. Each pole was located by using a 100 m line to 

measure the distance travelled, and following a compass 

bearing from a previously 'fixed* location. These locations 

were checked by using compass bearings to triangulate 

against previously fixed markers. All positions were 

located relative to the La Blanca windmill, about 60 m from 

the house, on the magnetic (declination in 1963 was 6° 45' 

E) rather than north-south axes.

For many analyses the data were grouped in seasonal 

blocks. Seasons were delineated as follows: Fall, 1 March 

to 30 May; Winter, 1 June to 31 August; Spring, 1 September 

to 30 November; and Summer, 1 December to 23 February. See 

Chapter 2 for details of the climatic data in the study 

area, and for the rationale for delineating the seasons.

3.2.2 Animal Tracking

The main technique used to locate animals for 

investigation of movement, home range size, and habitat use 

patterns was radio-telemetry. This technique, and the 

methods used to capture and mark animals, is described in 

Chapter 2. The resulting data are summarized below.

A total of 11 maras were radio-collared. However, 

only 9 animals, 4 males and 5 females, were followed for a 

sufficient length of time (more than 1 month) to be used. 

Radio-tracking was conducted between 5 March 1983 and 22 

November 198U. I left the field from 19 January to 2H August 

198U, but arranged for Sr. Carlos Garcia, a resident of
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Puerto Madryn, to visit the study site once a month to 

locate the radio-collared maras. The animals tracked were: 

ENF. ELF, PAM, GCM. LEM, SYF, WOF, TIF, and TUM (Tables 3.1 

and 3.2 summarize the data collected on each animal). As 

described in Chapter 2, the last letter of a mara's three 

letter name shows the animal's sex: "F" for females and "M" 

for males. The longest period over which an individual mara 

was tracked was 409 days for PAM (11 April 1983 to 22 

November 1984). Over 400 radio locations, or fixes, were 

obtained on each of ENF, ELF, PAM, SYF, and WOF. A grand 

total of 3794 radio fixes were recorded over the 19 month 

period during which I had radio-collars on maras.

Two to five days a week, depending on other data 

collection commitments, were devoted to intensive 

radio-tracking. On radio-tracking days one animal would be 

followed for 6 to 12 hours, with consecutive fixes recorded 

at 15 min intervals. While intensively tracking one animal 

an attempt would be made to locate the other radio-collared 

maras twice a day. On other days, whenever spare time could 

be found, I would try to locate as many of the 

radio-collared animals as possible. A full day of 

radio-tracking was made on each mara 3 to 4 times a month. 

Figure 3.1 show the intensity of tracking effort for each of 

the nine maras during the study period.

All the animals tracked spent most of their time 

with an accompanying animal of the opposite sex (see Chapter 

4); so when I refer to one of the radio-collared animals I 

am usually referring to the pair of which that animal was a 

member. The only pair in which I was able to radio-collar 

both members was LEM and TIF. They were found together for 

the first 70 days they were tracked (83-10.07 to 83.12.15). 

After 15 December 1983 they were not seen together again; 

probably because by then LEM, who had been injured when 

caught, was rapidly losing condition. LEM was found dead by

a shepherd several days after being last tracked on 22 

February 1984.

- 28 -



Table 3«l.--The date captured and the duration of time 
radio-tracked (in days) for each of the nine intensively 
followed maras.

Mara 
Name

ENF
ELF
PAM
GCM
LEM
SYF
WOF
TIF
TUM

Date 
Captured

5
20
11
14
30
1.
1.
1.
25

.3.

. 3.

. 4.

. 4.

.9.
10.
10.
10.
.9.

83
83
83
83
83
83
83
83
84

First 
Tracked

9. 3.
21. 3-
13. 4.
18. 4.
7. 10.
5. 10.
7. 10.
7. 10.
28. 9.

83
83
83
83
83
83
83
83
84

Last Duration 
Tracked Tracked

24
2

22.
18
22

23.
8

23-
23.

.6.

. 5.
11.
. 1.
. 2.
11.
. 4.
11.
11.

83
84
84
84
84
84
84
84
84

1
4
08
09

590
2
1
4
1
4

76
39
16
85
14
56

Total No. 
Fixes

649
841
797
181
122
531
136
401
136



Table 3.2.--The distribution of sightings of the nine 
radio-tracked maras over time. X's signify that at 
least one location was recorded for the mara during that 
month.

Dates ENF ELF
-Radio Collared Maras- 

PAM GCM LEM SYF WOF TIF TUM

-1983-   ----
Mar X
Apr X
May X
Jun X
Jul X
Aug

Sep
Oct
Nov
Dec

-1984--------
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug

Sep
Oct
Nov

X
X
X
X
X
X
X
X

X
X

X
X

X

X

X X
X

X

X

X
X X
X X
X X
X X

X X
X

X

X

X

X

X

X X

X X
X X

X X
X X

X
X
X

X

X

X
X

X X
X X
X X

X X
X X

X

X

X

X

X

X
X
X



Figure 3-1 (3 pages).

Tracking record plots for each of the 9 radio-collared 
maras. The plots show both the date and time of day maras 
were tracked. One point is plotted for each hour in which 
location data, either through observations or radio fixes, 
were obtained.
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3.2.3 Behavioural Observations

Data were also collected on mara behaviour. 

Whenever maras, either collared or uncollared, were in sight 

while radio-tracking I recorded their behaviour every 15 

minutes as instantaneous scans (see Chapter 2 for 

description of sampling technique). Depending on visibility 

in the habitat that the tracked mara was using, I was able 

to record several hours of behavioural as well as positional 

data on some days, while on other days I only recorded a few 

behavioural observations.

3.2. H Habitat Data Collection

Before analyzing patterns in mara habitat use the 

habitat must be described. Here I will build on the 

description of the La Blanca study site already made in 

Chapter 2. Two independent methods were used to categorize 

the vegetation at the La Blanca study site: (i) visual 

assessment, and (ii) vegetation cover values. These methods 

are described below.

Visual Assessment

The habitat was divided into 14 habitat types, 

lumped into 4 general categories, according to various 

vegetation parameters which could easily be identified by 

eye (see Table 3-3). While radio-tracking the habitat 

category an animal was in was recorded along with its 

location. These locational and habitat data were then used 

to plot habitat boundaries, and thus to create a vegetation 

map of the study area (see Figure 3.2).
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Table 3«3«--Habitat codes (used in data collection) 
corresponding habitat category. In every habitat 
category roughly half of the ground cover was bare 
earth.

with

Habitat 
Code

1
2
3
4

1O
11
20
21
22
23
30
31
UO

Habitat 
Category

Open
Open
Scrub
Scrub
Other
Other
Lagoon
Lagoon
Lagoon
Lagoon
Other
Other
Other

Description

Grass and herbs
Grass and herbs, few shrubs
Mixed shrub, grass and herbs
Dense shrub cover
Bunch grass
Bunch grass, some shrubs
Edge of water on lagoon
Dry lagoon--no vegetation
Grassy lagoon
Edge of lagoon and scrub
Inside den
In den mouth
Dirt Road



Scrub PH Open I_I Lagoon 1 KM

Figure 3.2.--Habitat map of the La Blanca study site. The 
habitats were classified by visual assessment. Triangles 
mark the four dens used by pups during the period of field 
research. The square at the Junction of the four tracks 
marks the location of the main house. The map is oriented 
on magnetic north rather than true north (magnetic 
declination in 1963 was 6° 45' E). All subsequent plots of 
the La Blanca study area cover the same area as this map: U 
km wide, magnetic north to the top, and the bottom edge of 
the lagoon located in the map center.
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Vegetation Cover Values

The goal of this analysis is to determine the 

structure of the vegetation within the La Blanca study 

site. Vegetation analysis is a complex field with a large 

range of sampling techniques available (see review in 

Goldsmith, Harrison, and Martin, 1986). A systematic 

sampling method using Braun-Blanquet cover values 

(Braun-Blanquet, 1932) was chosen since it allows a rapid 

yet comprehensive inventory of the vegetation cover of an 

area to be made (Goldsmith, Harrison & Morton, Op cit ). The 

vegetation sampling was conducted in the following manner:

Plots were spaced -systematically to give an even 

sampling of the vegetation cover over the study area. 

A total of 99 vegetation plots were distributed on a 

300 x 300 m grid, with one plot located in the center 

of each grid. Systematic sampling can lead to biases 

in a patchy environment, but since the habitat of the 

La Blanca study site was strikingly uniform in 

appearance this was not deemed a problem. Plots were 

located using a 100 m line following a compass 

bearing. Each plot measured 16 x 16 m (256 m2 ) and was 

subdivided into 4- sub-plots each measuring 8 x 8m (16 

m3 ) . This sub-plot size falls within the minimum area 

size for plots in Chaparral shrubland of 10-100 m3 

(Goldsmith, Harrison and Morton, Op. cit.}. Thus Q.25% of 

the study area was contained within vegetation plots, a 

percentage similar to that used in comparable habitats 

elsewhere (see Greig-Smith, 1933).

In each sub-plot the vegetation cover for the 6 

vegetation types were estimated visually using the

Braun-Blanquet cover values (see Table 3. 4-). Cover is 

defined "as the proportion of the ground occupied by a
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Table 3.U.--The Braun-Blanquet cover value scale as used 
in the vegetation analysis. Cover is defined as the 
proportion of the ground occupied by a perpendicular 
projection of the aerial parts of individuals of the 
species, or group of species, under consideration.

Code
0
1
2
3
a 
5
6

Percent Cover 
Absent

0 -
1 -
5 -

25 -
50 -

75 -

1 X
ti %
24 %
49 %
74 %

100 %

Table 3.5.--The following vegetation cover categories 
were devised for the analysis of the La Blanca study 
site using systematic plot sampling and the 
Braun-Blanquet cover value scale. See Table 3.6 for a 
listing of the plant species in each category.

Bare Ground No vegetation cover--bare earth

Herbs Short herbaceous plants

Grass Non-bunch grasses

Bunch Grass Bunch grasses

Shrub 

Monte

Woody plants with heights less than 1.5 m 

Woody plants with heights of 1.5 m or more
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perpendicular projection of the aerial parts of 

individuals of the species, or group of species, under 

consideration" (Greig-Smith, Op. cit.). The vegetation 

types were: bare ground, herbs, grass, bunch grass, and 

shrubs (see Table 3.5 for a description of each type). 

A collection was made of the plants in the study site, 

and Table 3.6 lists the species recorded in each 

vegetation type. The cover values obtained for each 

sub-plot were combined to give one value for each 

vegetation type per plot.

With sampling at the 0.25% level there is a risk of 

incorporating biases in the vegetation description 

since plots were so widely spaced. To verify the 

reliability of the sampling, 72 ha were sampled at the 

5% level, covering 8 of the plots made on the 300 x 300 

m grid. To do this, one 25 x 25 m cover value plot was 

made in the middle of each hectare. These results were 

then compared with the 8 sample plots (on the 300 x 3OO 

m grid) covering the same area. Results of this 

comparison are discussed below.

Vegetation Data Verification and Other Sampling Problems

The aim of comparing the sample plots with the 

verification plots was to test whether sampling at the 0.25% 

level gives an accurate representation of vegetation cover 

as revealed by 5% sampling. Cover values should be treated 

as an index of vegetation cover (Goldsmith, Harrison and 

Morton, 1986), thus the important thing is that the cover 

values for the sample plots correlate positively with the 

more accurate values obtained for the verification plots 

covering the same area. For each cover type the following 

method was used to make these correlations:
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Table 3-6.--Plant species encountered at the La Blanca
and El Salitral study sites. Species are divided into
three categories: herbs, grasses, and shrubs.

Family Genus Species

•HERBS-
Equisetaceae 
Caryophyllaceae

Cruciferae

Leeuminosae
Geraniaceae
Malvaceae
Scroph.
Umbelliferae
Convolvulaceae
Verbenaceae
Plantaginaceae

Compoeitae

Gramineae

Ephedraceae
Rosaceae
Leguminosae

Anacardiaceae 
Umbelliferae 
Solanaceae

Compositae

Car dionema 
Cerast ium 
Sisymbrium 
Cardaria 
Hoffmansegg i a 
Erodium 
Si da
Me car don ia 
Tori2 is 
Dichondra 
Acantho 2i ppi a 
P2 antago 
Plantago 
Plantago 
Gamochaeta 
Face2 is 
Perezia 
Senecio 
Grindeli a 
Baccharis 
Baccharis 
Bacchar i s
---------GRASSES-

Bromus
Bromus
Hor deum
Hor deum
Poa
Vulpia
Vulpia
Pi ptochaet ium
Stipa
Stipa
Stipa
  -------SHRUBS--
Ephedra
Jetr agloch in
Prosopidastr um
Prosopis
Pr osopi s
Schin us
Mulinum
Lye ium
Lye ium
Chuquir aga
Chuquir aga
Gut ier rezia

r amo 5 1' ssimum
func&n
a 2 t i s s im u m
sp.
trifo2iata
circutar ium
2 eprosa
monteviden s is
sp.
r epens
seri phio ides
sp.
pat agonica
myosor us
sp.
r etusa
recur vat a
f i2agino ides
tehueIches
p ingr a&a
t r ia n g u 2 a r i s
rufescens

b r e v i' s
sp.
murinum
s p.
2igularis
myorus
sp.
napostaense
amb i gua
spec iosa
tenui s

oehreata 
a 2 a turn 
globosum 
a2pataco 
denudans 
polygamus 
sp inosum 
c hi2 en se 
amegh inoi 
ave 12 anedae 
er in ace a 
solbriq ii
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For each of the sample plots in the verification plot 

coverage area, the mean was calculated for the eight 

verification plots surrounding the hectare in which the 

sample plot was made. These central verification plots 

were not included in these calculations because the 

values obtained would not have been independent since 

they cover exactly the same areas used in the sample 

plots.

These means were then correlated with the corresponding 

central plots' cover values. For the central plots, 

the verification cover values were used instead of the 

sample plot values. This is because the sample plots 

covering this area were made at a different time of 

year from the verification plots, so any differences 

found could have been a result of seasonal changes in 

vegetation cover. Although the verification plots were 

larger (25 x 25 m) than the sample plots (16 x 16 m), 

in practice the size differences would not have 

affected the estimated cover values.

The results of these analyses are shown in Table 3-7. In all 

cover types (bare ground, herb, grass and shrub) there was a 

significant positive correlation showing that the sample 

plots did, indeed, give an adequate representation of the 

actual cover as revealed by sampling at the 5% level.

One problem with the vegetation cover values arose 

because logistics dictated that the plots could not be 

sampled simultaneously: 46 of the 99 plots were described in 

April, while the other 53 were described in January. There 

are climatic differences between these months (see Chapter 

2), and the vegetation cover could have varied accordingly. 

To test whether there were significant differences in 

vegetation cover the Mann-Whitney test was used to compare 

the values obtained in each month for each vegetation type 

(see Table 3.8). The only difference found was that herb

cover had significantly higher coverage levels in April than 

in December. Because of this difference, it will be prudent
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Table 3«7.--Means and standard deviations of the 
verification plot and sample plot cover values. Also 
shows Pearson product moment correlation coefficients 
for the sample and corresponding verification plots' 
cover values for each cover type.

PLOTS
-Sample- -Verification- 

Cover X 3D X SD r. Sianificance

Ground 5.12 0.64 5-17 0.51 0.957 P < 0.01

Herbs 1.5 0.76 1.71 0.57 0.788 P < 0.05

Grasses 2.38 1.51 2.28 0.85 0.913 P < 0.01

Shrubs 2.38 1.51 2.45 1.26 0.877 P < O.O1



Table 3.8.--Results of Mann-Whitney Tests comparing the 
distribution of vegetation cover values in different 
month for the bare ground, herb, grass, and shrub cover 
types.

Cover Type
-Median Cover Values- 
March December W Significance

Bare Ground 4

Herb 3

Grass 3

Shrub il

li

2

3

3

2

2

2

2

188.

961.

359.

<UO.

5

5

5

5

P =

P =

P =

P =

0.

0.

0.

0.

4361

0000

6789

3260
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to consider as provisional any conclusions drawn about mara 

habitat use patterns as a function of herb cover.

3.2.5 Habitat Description

Figures 3.2 (above) and 3.3 show maps of the La 

Blanca area made through, respectively, visual assessment 

and vegetation plots. The habitat map based on visual 

assessment (Figure 3-2) shows that, with the exception of 

the area around the lagoons, the area is dominated by an 

apparently uniform and featureless scrub. On the other 

hand, the vegetation cover maps show that the vegetation of 

the area is actually highly variable and follows no easily 

recognizable pattern. This irregularity will later be shown 

to be of great importance in understanding the movement and 

ranging patterns of maras.

3.3 Home Range Size

The goal of this section is to describe mara ranging 

patterns. In following sections, I will expand on these 

results to answer specific questions about how the mara's 

ranging behaviour is affected by habitat features and by the 

movements of other maras.

To illustrate the nature of a species' ranging 

ecology the following 3 features of its movements need to be 

described:

1. The sizes and configurations of home ranges.

2. The usage patterns across ranges.

3. The continuity of 1 and 2 above over time.

Wilson (1975) defined home range as the area an 

animal knows thoroughly and patrols regularly; and defined a 

territory as a special kind of home range which may or may
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Figure 3.3 (2 pages).

Braun-Blanquet cover value contour plots for each of the 
vegetation categories. The contours are obtained by Joining 
cells with the same cover value with some smoothing done by 
the contouring routine (CONTRA of the GHOSTSO graphics 
library). The plots are U km wide, with north to the top. 
These plots cover the exact same area as Figure 3.2 (above). 
The northern and southern parts of the plots, outside the 
contour lines, were not surveyed.

a. Bare Ground Cover

b. Herb Cover

c. Grass Cover

d. Shrub Cover



BARE GROUND COVER
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not be defended but are usually used exclusively by one 

animal, or group of animals, to the exclusion of others. 

Davies (1978) defined a territory, less rigidly, as applying 

to circumstances where individual animals or groups are 

spaced out more than expected from a random occupation of 

suitable habitat. Here we will consider the home range as 

the area within which a mara lives. The question of whether 

the range is a territory, by either of the two definitions, 

will be addressed in Subsection 3.6.3.

3.3.1 Home Range Analysis Methods

The analysis of home range size and usage is 

complex, and so far no single method has proved sufficiently 

powerful to deal with all questions. A large number of 

methods have been devised to illustrate the configuration 

and intensity of use of home ranges (see reviews in Dunn and 

Gipson, 1977; Macdonald, Ball and Hough, 1930; and Don and 

Rennolls, 1983). I have chosen to use 4 methods here, each 

of which is appropriate to illustrate different aspects of 

the way maras use the area in which they live. These 

methods are: grid cells (Voigt and Tinline 1980), convex 

polygons (as in Hough, 1980), the Population Utilization 

Distribution (Ford and Krumme, 1979), and the Prevailing 

Range (Doncaster, 1985). The use of each of these methods 

will be discussed below.

The Grid Cell

This method has the advantage of being one with 

which we in Oxford are very familiar (see NewdicR, 1983; 

Doncaster, 1985; and Hofer, 1986). In addition, a

comprehensive computer program named ICELL has been written 

by Malcolm Newdick (Op. ci t. ) to analyze range data using grid
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cells. It is a non-parametric method which accounts well 

for a patchy environment, an uneven intensity of usage 

across a range, and convoluted range boundaries. It does, 

though, require large data sets since it does not rely on 

mathematical distribution models. The principal features of 

this method are reviewed below:

The study area is divided into a grid of cells of a set 

size. For each location obtained for an animal, 

through observation or radio triangulation, the grid 

cell into which the location fell is tagged as part of 

that animal's range. Each of the eight surrounding 

cells are tagged as influence cells except that, at the 

range boundary, influence cells on the outer edge are 

not counted.

The size of the grid cells is predetermined as that 

which gives the highest boundary resolution while 

maintaining continuity between frequented cells 

comparable to that suggested by a simple range-estimate 

made from "eye-balling" a plot of radio locations. If 

the cell size is too small the range revealed by this 

method will appear as a series of apparently 

disconnected islands, making no allowance for the 

animal's movements between cells. Too large a cell 

size will reduce the method's power of resolving 

boundary configurations, and the sum of unused areas 

included in the boundary cells will become unacceptably 

large.

Home range configuration is revealed by following the 

lines of boundary cells. These take account of 

indentations, islands and holes in the range (all of 

which are ignored by the convex polygon method). The 

size of the range enveloped by these boundaries is 

calculated by summing up all fix and influence cells. 

The pattern of utilization of the home range can be 

estimated from the frequency of fixes and influences,
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set at 8 and 1 for these purposes, within each home 

range cell.

Figure 3-4 illustrates the development of this 

technique (using data on mara ELF) showing respectively: a 

grid cell plot using 100 x 100 m cells, a grid cell plot 

using 50 x 50 m cells, and a plot of the locations only. It 

is clear that the 50 x 50 m cell size plot shows the highest 

resolution of relative intensity of use of different cells 

while also having a well defined boundary. Hence, for all 

analyses using grid cells done in this chapter a 50 X 50 m 

cell size was used.

The Convex Polygon.

The convex polygon method defines the range as the 

area delineated by connecting all the outlying points with 

straight lines such that all internal angles are less than 

ISO degrees. This is shown for ELF in Figure 3./l.d. Through 

comparing this plot with the 50 m grid cell plot of the same 

range the limitations of this method can be seen: the area 

lying between the points at the north edge of the lagoon and 

the body of ELF's locations to the south, an area in which 

ELF was never seen, are included in the range. The convex 

polygon may thus give a misleading measure of range size and 

configuration. Furthermore it shows nothing about the 

pattern of usage within a range. This method is useful 

graphically, however, for showing the general area which a 

mara inhabited. Thus, it can be used to show spacing 

between mara's ranges, as well as changes in range location 

for an animal in different seasons.
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Figure 3.*i (2 pages).

These plots show the range of mara ELF, throughout the 
period she was tracked, using four different methods. The 
grid cell plots use the darkness of the symbol to show the 
relative intensity of use of each cell.

a. Grid cell plot using 100 x 100 m cells

b. Grid cell plot using 50 x 5O m cells

c. Plot of locations of fixes only

d. Convex polygon plot
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The Population Utilization Distribution

This method, developed by Ford and Krumme (Op. c i t. ) , 

derives a range utilization distribution (UD) without making 

any prior assumptions about either its shape or the 

statistical properties of the data (such assumptions have 

limited previous probabilistic methods: e.g. Jennrich and 

Turner, 1969)  and uses the distribution to calculate the 

minimum areas containing fixed proportions of all 

observations. The resulting Minimum Area Probability (MAP) 

function (see below) provides a means of describing range 

size that takes into account irregular shape and is 

relatively unaffected by uneven sampling of data on 

different animals. It is a probabilistic method, and hence 

is more amenable to statistical testing for variation in 

range size than the grid cell, convex polygon, or prevailing 

range methods; as such I have treated it as an index of 

range size rather than as an actual measurement. I have 

used it here to test whether there were significant changes 

in mara range size between seasons. The FORTRAN program 

PUDNAG2 (provided by Ford and Krumme) was used to carry out 

this analysis. A brief description of the methodology is 

given below.

PUDNAG2 derives a UD for each animal by first 

establishing the frequency distribution of distances between 

all possible pairs of locations. This is termed a 

Relocation Distance Function, or RDF. Because it only 

considers the distance between pairs of observations, the 

RDF allows the direct combination of data from several 

individuals. Ford and Krumme call this combined UD the 

Population UD, or PUD. So long as sampling intervals are 

approximately similar, any pair of observations are of 

equivalent significance in revealing distance moved, so the 

RDF is unaffected by differences in the number of
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observations from each contributing individual. Because the 

RDF considers only the distance between observations without 

reference to their relative position, the function is not 

confounded by effects of differing orientation in the 

original data, as is likely to occur using cartesian 

coordinates to combine range parameters. The resulting PUD 

cannot, however, be mapped back to the environment 

directly. Also, for the results to retain biological 

meaning it is important that data sets from defined 

timescales be compared.

The PUDNAG2 program works as follows:

Prior to running the program all the location data (in 

x-y coordinates) for each animal to be analyzed are 

scaled to fit onto a 7X7 grid. The grid size is set 

for all animals such that the individual with the 

maximum range in either x or y coordinates will fit on 

the grid (a 400 X ^00 m grid size was used here). The 

7 X 7 grid dictates (and reduces) the number of 

possible distances between pairs of observations, thus 

reducing the system of simultaneous equations that 

describe the relationship between the RDF function and 

the UD set out on the grid.

If the sample sizes are similar for each individual, a 

UD and MAP function is computed for each. If there are 

large differences in sample size from contributing 

individuals, the program combines data from different 

animals so that sample sizes are more balanced, and the 

number of successfully fitted UD*s making up the PUD 

(see below) will be accordingly fewer.

Analysis commences by generating the RDF from an 

arbitrarily chosen standard initializing UD and 

comparing the results with the actual RDF generated by 

the data for each individual (or combination of 

individuals). In one run the program iterates 250 

times, continually modifying the initial UD, and hence 

RDF, employing an optimiser to select the least squares
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fit between the RDF of the original data and the RDF of 

the derived data. In this way the initial UD is 

sequentially modified to produce an RDF which matches 

the RDF of the original data.

The optimiser employs a random element, with the 

consequence that there is variability in the solution 

according to the random seed number used. For this 

reason the mean results of 5 runs of the program, each 

seeded with a different random number, were used to 

arrive at a best estimate of the PUD.

The results for each individual (or combination of 

individuals) are combined to make a PUD by taking the 

mean areas at equiprobability of occurrence (see 

below).

The resulting PUD is analyzed by considering the 

minimum areas that contain known proportions of the 

locations (the PUD MAP function). These areas are 

determined by interpolating between the gridded 

probabilities to locate contours of equiprobability. 

PUDNAG2 outputs the minimum areas encompassing 5 - 95% (in 

5% increments) of the locations (see Table 3.9). Figure 3.5 

shows a plot of a sample MAP function. The variability 

between individual estimates (for one or a combination of 

animals) gives the combined mean estimate and associated 

standard deviation. Because the final estimate is derived 

from five separate runs of the program the mean area at each 

probability level is taken as the mean of the five estimates 

.generated in the separate runs, and the standard deviations 

are obtained by converting the standard deviations to 

variances, taking the mean variance and reconverting to 

standard deviations. Ford and Krumme show that the mean 

estimates for a data set may be compared at each probability 

level with similar estimates for other data sets using a 

conventional t-test.
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Table 3.9---Sample MAP index showing the minimum area 
containing increasing proportions of the composite 
population's utilization distribution: i.e. in this 
sample, 95 % of the locations would be found within an 
area of 118.88 ha. This index is calculated for maras 
ENF, ELF, PAM, and GCM during the fall (March to May) of 
1983.

Probability
X Range 
Size (ha) St. Dev

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

10
20
30
ao
50
60
70
80
90
95

1
4
9

15
23
32
46
64
95
11

. 28

. 64

.28

. 52

. 20

. 16

. 72

.96

. 20
8. 88

1.
5.
9.

14.
20.
27.
36.
49.
68.
85.

76
28
44
56
64
68
96
92
64
60

Figure 3.5.--Sample MAP function for the fall ranges of 
maras ENF, ELF, PAM, and GCM. Figure also plots +. the 
standard deviation at the different probability levels.
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The Prevailing Range

This method, devised by C.P. Doncaster (1985), is 

based on a. grid cell system but calculates an animal's range 

size as the number of cells in 'use' (the Prevailing Range) 

at any one time. The Prevailing Range on a given day is 

calculated by summing the cells the animal was known to 

frequent that day with those cells which were visited 

previously and would be visited at a later date. This 

excludes all cells that were neither visited on the day the 

prevailing range is being calculated nor would be frequented 

again although they had been used previously. The 

Prevailing Range can be calculated for each day an animal 

was tracked and is best summarized in a plot. Figure 3.6 

shows the Prevailing Range plot for maras ELF and PAM. From 

looking at the range size as measured across the top of the 

plot one can see how the Prevailing Range may remain 

unchanged over several weeks or months during a time of 

range stability, or may change from day to day if the range 

is drifting or undergoing a catastrophic change in 

location. It is an especially useful method for exploring a 

pattern of shifting range usage. However, this method 

requires substantial data sets so I was only able to use it 

on maras ELF and PAM.

3.3.2 Results

Finding answers to questions about the nature of a 

species' ranging patterns is no easy task. What at first 

sight seems straightforward is often found to be extremely 

complicated. To start, I will summarize data on the first 

two points made at the start of the section: (i) the 

description of range size and configuration, and (ii) the 

pattern of range usage. Then I will examine seasonal
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Figure 3.6 (overleaf).

Plots of variation over time in prevailing range size, 
produced by program INFNEW (Doncaster, 1985) for maras ELF 
(a) and PAM (b) between March 1983 and February 1984. 
Transmitter days are the number of days since the mara was 
first radio-collared. The line mapping prevailing range 
size Joins consecutive days of tracking, so gaps in the line 
reveal gaps in the tracking record of at least one day. The 
calculation of area is made for each transmitter day on 
which data were collected by summing the area of all cells 
(and influences) the mara visited on the day, plus, those 
cells which the animal frequented in the past and will use 
again in the future. Prevailing range graphs shows 
excursions as steep peaks, and periods of stable range size 
as plateaus. The INFNEW program also calculates the mean 
prevailing range size, for a set time period, by integrating 
the area under the plot of range size and dividing it by the 
number of days. The problem in interpreting these plots is 
to decide where to start and end the integration because of 
the steep rise at the beginning, and fall at the finish, of 
the plots. The solution to this problem are discussed 
below:

When an animal is first radio-collared, depending on 
the intensity of tracking, several days pass before 
sufficient radio locations have been obtained to 
reconstruct an accurate picture of the area the animal 
is using. Doncaster has defined the point where the 
first reliable estimate of the prevailing range size is 
obtained as the day at which the range size first 
ceases to climb despite the fact that data collection 
continues.

The rapid decline at the end of the plots exist because 
the prevailing range includes areas an animal visits in 
the future. As the amount of data on the 'future* 
movement of an animal declines at the end of the study 
period the plotted range size declines as well. 
Finally, on the last day an animal was tracked the 
range includes only the cells the animal was recorded 
visiting that day. Thus, to determine the cut off 
point for the integration period I choose to use the 
last day on the plot where the range size climbed from 
the previous day.

In practice, delineating the period over which to integrate 
range size is quite obvious when one views the plots. On 
both plots I have marked the start and cutoff points.
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patterns of range usage before, finally, presenting an 

estimate of range size which incorporates the main features 

of the mara's ranging behaviour.

General Description of Ranges

The clearest way to show the general pattern of size 

and configuration of an animal's range is through graphical 

representation of the data. Figure 3.7 shows grid cell 

plots of the ranges of the 9 radio-collared rnaras during the 

entire period for which each animal was tracked. From 

examination of these plots and Table 3.10, where other 

features of these ranges are detailed, the following 

characteristics of all the ranges can be seen:

1. Range boundaries are highly convoluted.

2. There is considerable individual variation in home range 

size. Ranges varied, as calculated from the grid cells, 

from 81.75 ha for ENF to 2^3-25 ha for TIF (see Table 

3.10).

3. In each range there are several areas of intensive use.

4. A few small islands of unvisited areas occur in most 

ranges.

5. There are numerous satellite areas outside each range. 

Satellite areas are small aggregations of a few grid 

cells disconnected from the main part of an animal's 

range.

There is considerable variation in the number of 

fixes (136 to 841) and the span of days (56 to 590) over 

which maras were tracked (see Table 3-10 (above). To see how 

these variables might affect range size, the number of fixes 

and the span of days tracked for each mara were correlated 

with range size. The following results were obtained:

- Ul -



Figure 3.7 (2 pages).

Grid cell plots of the ranges of nine radio collared maras 
throughout the period each animal was tracked. Ranges were 
plotted using the program ICELL with a 50 x 50 m cell size. 
Each range plot shows the La Blanca lagoon as a means of 
orienting the ranges relative to each other.
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Table 3.10.--Estimates of range size (in hectares), 
using the grid cell and convex polygon techniques, for 9 
radio-collared maras. All location data on each mara 
were used. Two different grid cell range estimates are 
given: (i) the number of cells (fixes and influences) 
which the animal was recorded occupying during the study 
period; and (ii) the total range, which counts 
additional cells connecting non-adjoining cells by the 
shortest possible line. In future, only the total range 
estimate will be used. For time period each animal was 
tracked see Table 3.1.

Mara 
Name

ENF
ELF
PAM
GCM
LEW
SYF
WOF
T1F
TUM

Number 
Fixes

649
841
797
181
122
531
136
401
136

Span Days 
Tracked

108
409
590
276
139
416
185
414
56

-Grid 
Occupied 

Area

64.75
158.75
166. 75
104. 5
55. 5
191
59.25
151. 75
67. 25

Cell- 
Total 
Range

81. 75
212. 25
227
171. 25
88
284
90
243. 74
90. 5

Convex 
Polygon

102.
312.
352.
390.
94.

515.
153.
452.
197.

09
36
68
41
56
44
44
42
23

Statistical findings on above data:

Spearman 
with the

rank correlation of the number of fixes 
total range per mara was not significant 

(rs = 0.4268. N = 9).

Spearman rank correlation showed a positive 
significant correlation between the span of days 
over which a maras was tracked and the total range 
size (ra = O.85, N = 9, P < O.O1).
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Although the correlation coefficient was positive there 

was not a significant correlation between the number of 

fixes and the maras ' range sizes (rs = 0./I27, N =9, 

N.S. ) .

There was a highly significant correlation between the 

span of days over which a mara was tracked and the 

final range size (rs = 0.85. N = 9, P < 0.01).

With these results it is apparent that range data on 

different animals are not directly comparable unless the 

animals have been radio-tracked for equivalent lengths of 

time. This is further illustrated in Figure 3.8 where the 

curve of the cumulative number of cells visited for each 

mara (in 10 fix increments to account for tracking 

intensity) are plotted against the research period. From 

these plots one sees that maras were continually visiting 

new cells. In species which have ranges which are stable in 

size and location a different pattern is seen in these kinds 

of plots. At first, as the number of fixes recorded climbs 

there is an increase in the number of cells visited. This 

climb is followed by a leveling off, and then a plateau as 

the number of cells which an animal has been known to visit 

equals the number of cells in the animal's range (see, for 

example, data on foxes in Abies, 1969). With maras, the few 

level areas in these curves invariably coincide with periods 

where few fixes were obtained. These results show that 

there is considerable instability in the location of 

individual mara's ranges. They are also consistent with the 

convoluted range boundaries and large number of satellite 

cells   signs that ranges are in a steady state of flux as 

maras continually move into new areas.



Figure 3.8 (2 pages).

Plots of the cumulative number of cells visited against time 
for each of the radio tracked maras. One point is plotted 
for every 10 fixes recorded; thus the plots also show the 
intensity of tracking effort on each mara over time.
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Seasonal Ranges - Patterns of Usage

As a means of comparing how the pattern of range 

usage changes through time, the data sets were divided into 

seasonal blocks. Looking at the data by seasonal blocks is 

an artificial division since, as shown in Figure 3.8 

(above), maras were continually visiting new cells. 

However, a seasonal division of the data can be seen as a 

window onto the animals* continual movements. As such, a 

seasonal analysis allows comparison between different maras' 

ranging patterns, as well as an examination of how ranging 

patterns fluctuate during the year. This is because maras 

could be selected for analysis within seasons so that: (i) 

the problem of correlation between range size and the number 

of days over which data were collected is reduced since 

animals would have been tracked over roughly the same number 

of days, and (ii) the amount of location data for different 

animals are more nearly equal. To eliminate animals on 

which I had limited data within seasons I used the following 

criteria:

1. Full days of at least 9 hrs of tracking must have been 

collected on the animal in at least 2 of the 3 months in 

each season.

2. At least 80 fixes must have been recorded during the 

season.

Table 3.11 shows the range sizes, and the number of hours in 

which fixes were obtained, for each animal in each season 

during which I had adequate data.

To test whether the problem of varying sample sizes 

had been adequately dealt with; the size of seasonal ranges 

(obtained from ICELL) were correlated with the number of 

hours in which fixes were obtained for the radio-collared 

animals in each season. There was not a significant

- U3 -



Table 3 11 --Seasonal range sizes for 8 maras. For each 
seasonal range the (i) total range size (from grid cells 
counts), and (ii) the number of hours during which fixes 
were obtained, are given. Seasonal range size 3* = 
97.71 ha, ± 42.53.

-Seasons of the Year- 
1983 1984 

Mara Mar-May Jun-Aug Sep-Nov Dec-Feb Sep-Nov Mean

ENF 75.25 
133

ELF 144.25 
66

PAM

GCM

SYF

WOF

TIF

TUM

75.00 101.50 
63 121

85.75 118.00 
58 98

120. 50 
75

91. 25 
59

82. 25 
45

48. 50 
29

84. 50 
41

33.25 
33

68. 50 
35

100. 75 
74

71.50 80.94 
39 56

120. 50 
75

175.75 117.17 
97 66

33.25 
33

197.50 133.00 
60 48

90.50 90.50 
60 60



MARA ECOLOGY AND SPATIAL ORGANIZATION

correlation (rs = 0.3769, N = 17, N.S.) so seasonal ranees 

of different maras may be seen as roughly comparable.

Two main features of seasonal mara ranges will be 

investigated: (i) changes in size (which more accurately 

reflects changes in rate of visiting new cells), and (ii) 

changes in location. Each of these will be dealt with in 

turn below.

Seasonal Changes in Range Size

The Maras' seasonal ranges varied in size from 33.25 

ha to 197.5 ha, with a mean range size of 97.87 ha (+. 13-59, 

see Table 3.11). As a means of accounting for unequal sample 

sizes the Population Utilization Distribution (PUD) was used 

to compare range sizes between seasons. All available data 

for each animal were included to create MAP probability 

functions for each season (Table 3.12). The results of these 

analyses are summarized in Figure 3-9 where the range size 

at the 95% probability level is plotted with the standard 

deviation for each month. Using the t-test formula in Ford 

and Krumme (op. c.it.'), no significant differences were found 

between the range sizes at the 95% probability level between 

any of the seasons.

Seasonal Changes in the Location of Ranges

Because of the complexity of the data, the easiest 

way to illustrate changes in the location of maras' ranges 

is through range plots. Figure 3.10 shows convex polygons 

of the individual maras' ranges in different seasons of the 

year. Only seasons were used where I had enough data to

satisfy the requirements as laid out above, so I was only



Table 3.12.--Comparison of MAP function home range size 
estimates at the 95X probability level for maras in 
different seasons of the year. No significant 
differences were found between range sizes in the 
different seasons using a T test (formula in Ford and 
Krumme, 1979)  

Seasons
Mean Range 
Size (ha) St. Dev,

Fall 1

Winter

Spri ng

Summer

Spri ng

983

1983

1983

1984

1984

1

1

1

1

2

1

7

7

8.

1.

4.

35.

1 8.

88

HO

08

84

56

85.

95.

38.

39.

91.

60

04

08

36

68

Figure 3.9.-- Plot of mean range size (error bars mark 
standard deviations) for maras at the 95% probability 
level in different seasons of the year.
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Figure 3.10.--Convex polygon plots for the seasonal ranges 

of a maras (ELF, PAM, SYF, and TIF) who were tracked for 

more than two seasons. The stars on the plots mark the 

locations of active den sites; also, the location of the two 

lagoons are marked on each plot.
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able to compare seasonal ranges in maras ELF, PAM, SYF, and 

TIF. From these polygons the following characteristics of 

the maras' inter-seasonal ranging patterns can be noted:

1. There is considerable spatial overlap between each 

mara's seasonal ranges.

2. For each mara there was an area which was contained in 

its range in all seasons sampled. These 'core' areas 

seemed to provide a geographic center around which the 

seasonal ranges revolved.

3. There was no consistent pattern in the inter-seasonal 

changes in direction, orientation, or location of ranges 

for any of the maras compared.

Below, these data are examined in more detail in two 

further analyses investigating (i) the extent inter-seasonal 

ranges overlapped in space, and (ii) the spatial correlation 

of ranges between different seasons.

Inter-seasonal Range Overlap

The ICELL program was used to calculate the number 

of cells which a mara's range shared in two different 

seasons. The number of hectares shared was then divided by 

the number of hectares in each seasonal range to obtain an 

estimate of the proportion of the ranges overlapping. This 

proportion has to be calculated for both ranges in a 

comparison since they may differ in size between seasons. 

The results are shown in Table 3-13. Ranges overlapped from 

3 to 33.5 ha with the proportion of the ranges overlapping 

varying from O.OU to 0.37. Clearly, individuals' ranges are 

not stable in space between seasons.

- /15 -



Table 3-13.--Inter-seasonal overlap between ranges. 
Numbers given are: (i) number of ha in common between 
seasons, the proportion of the earlier (ii) and later 
(iii) season's range in the overlap zone, and (iv) the 
Spearman rank correlation coefficient for the two 
ranges.

Mara -Amount of Overlap-

ELF
Jun-Aug

Mar-May
23. 25

(0. 16, 0. 3D 
-0.375

Jun-Aug Sep-Nov

Sep-Nov 25.00 23.25
(0.22. 0.25) (0.31, 0.23)

-0.565 -0.430

Dec-Feb 13.75 8.75 21.50
(0.10, 0.17) (0.12, 0.11) (0.21, 0.26)
-0.658 -0.696 -0.440

Jun-Aug Sep-Nov Dec-Feb 
Sep-Nov 30.73

(0.36, 0.26)
-0.370

Dec-Feb 7.25 15.75
(O.08, 0.15) (0.13. O.32)
-0.609 -0.361

Sep-Nov 17.00 16.25 3-00
1984 (0.20, 0.2/1) (0.14, O.23) (0.06, O.04)

-0.476 -0.556 -0.786

Sep-Nov Dec-Feb Sep-Nov 84 
Dec-Feb 18.75

(0.21, 0.22)
-0.407

PAM

SYF

Sep-Nov 33-50 20.50
1984 (0.37. 0.19) (0.24, 0.12)

-0.358 -0.310

TIF
Sep-Nov 
1984

Dec-Feb 
10. 75

(0.16, 0.05) 
-0.583



MARA ECOLOGY AND SPATIAL ORGANIZATION

Inter-seasonal Range Correlation

Correlating two ranges provides one number which 

allows the comparison of the relative degree of concordance 

between paired ranges. This technique was developed by C.P. 

Doncaster (1985). He has shown that, for samples where two 

ranges overlap and have a similar spread of utilization, 

range correlation provides a useful assessment of the 

combination of overlap and concordance in the use of common 

areas.

To do this analysis the ICELL data output was used 

for each mara f s seasonal range. These data were then fed 

into the program USE (Doncaster, 1985). This program 

combines the data for two seasons by matching the proportion 

of fixes in each season for every grid cell visited in 

either or both seasons. These utilization values per cell 

were then correlated with. MINITAB using the Spearman rank 

correlation. Results are shown in Table 3-13. The 

correlations varied from -0.310 to -0.786. A correlation of 

1.0 would be consistent with a perfect overlap with both 

ranges using the same cells with exactly the same intensity; 

and a correlation of -1.0 would mean that the maras did not 

use any of the same cells in the different seasons, being 

compared. These highly negative correlations show that, 

despite the appearance of a high degree of overlap between 

maras 1 seasonal ranges (see Table 3-13 and Figure 3.10 

above), the utilization of cells in different seasons varies 

substantially. Maras may be inhabiting the same areas 

between seasons, but the actual cells in use change.

To examine whether there was a consistent cycling in 

usage patterns I compared the correlation coefficients 

between ranges 1, 2, 3, 4, and 5 seasons later (see Table 

3.1U). An increasingly negative correlation would have been 

consistent with animals leaving one area and moving on to 

another. This is clearly not happening as, although there

may be a weakening of the correlation over the following 2
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Table 3.1U.--Spearman rank correlations made between the 
seasonal ranges of the same maras at different seasonal 
lag intervals. Maras used are ELF, PAM, SYF, and TIF.

-0.
-0.
-0.
-0.
-0.
-0.

1

375
430
/UO

370
361
407

-Time 
2

-0. 565
-0. 696
-0. 609

Lag

-0.
-0.
-0.
-0.

in Seasons- 
3 4

658 -0. 556 *
786 -0.358 *
310
583

5

-0. U76

* Correlation of seasonal ranges made between two 
breeding seasons when animals used the same den site.
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seasons, the range correlations do not continue to decline.

The range overlap values in ha, and the proportion 

of the ranges overlapping, at different seasonal lag 

intervals were plotted (Figure 3.11) to further examine the 

data for evidence of cyclicity in range usage. There is a 

hint of a yearly cycle, since in these plots and the 

correlations above, there was a rise 4 seasons later. In 

both cases where overlap data covered a 4 season spread, the 

ranges being compared were breeding season ranges when 

animals would be drawn into the area around the den (see 

Chapter 5). Therefore, any hint of cyclicity in 

inter-seasonal range use must be taken as preliminary. 

However, this result does make the point that the movements 

of maras are limited by the need to return to the same den 

site (or adjacent den, see Chapter 5) each spring during the 

breeding season.

Towards a Meaningful Estimate of Range Size

I was able to obtain fixes in approximately equal 

numbers for maras ELF (335 fixes) and PAM (714 fixes) 

spanning a whole year (1 March 1983 to 1 March 1934). The 

total areas based on cell counts for these animals' ranges 

were, respectively, 174.75 ha and 210.75 ha (see Table 

3-15). The range size based on the convex polygon method for 

this period was 232.71 ha for PAM and 312.01 ha for ELF. On 

the basis of these two animals one can tentatively conclude 

that annual home ranges are on the order of 200 ha. 

However, as we have shown that ranges are in a continual 

state of flux it is doubtful that an annual range size has 

much biological meaning.

Another way of estimating range size is through the 

use of the Prevailing Range. This method has been tested and 

reviewed in Doncaster (1985) and its implementation is shown

- 47 -



Figure 3.11.--Number of hectares, and proportions of ranges, 
overlapping for individual maras at different seasonal lag 
intervals. Error bars mark the maximum and minimum numbers 
obtained, not the standard errors.
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Table 3-15«--Estimates of yearly range size for two 
maras tracked from 1 March 1983 to 1 March 1934. 
Estimates made based on grid cell and convex polygon 
methods.

Mara 
Name

ELF

PAM

Number 
of Fixes

835

714

Total 
Area (ha)

210. 75

174. 75

Convex 
Area

312.

282.

Polygon 
(ha)

01

71
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in Figure 3-6 (see Subsection 3.3-1, above). I was only 

able to use this technique on two animals on which I had 

sufficient data: PAM and ELF. They showed mean prevailing 

ranges of respectively 33-33 ha and 36.58 ha. This range 

size was maintained consistently over time as can be seen by 

the plateaus in the plots in Figure 3.6 (above). This 

consistency of prevailing range size is backed up by the 

lack of any significant differences in range size between 

seasons as compared using a t-test of MAP functions (see 

above).

3. b Behaviour and Range Use Patterns

Results covering the following topics will be 

presented to examine dally and seasonal mara activity 

patterns: (i) behavioural time budgets, (ii) diurnal 

activity patterns and their link with seasonal changes in 

day length and temperature, and (iii) daily ranging patterns 

and how they fluctuate in different seasons. In the 

previous section we looked at the general ranging patterns 

of maras; here we examine how maras move around in their 

ranges and partition their time between activities.

3.4-.1 Behavioural Time Budgets

Every species must respond to a variety of 

requirements on it each day: they need to find and eat food, 

to rest, and to associate with other animals for a variety 

of reasons. Below I will present results showing how maras 

divide up their time during the day.

Most of the results presented are based on the 

analysis of the behavioural scan data (see Chapter 2). 

Although 60 different behaviour categories were used in

collecting the data, I have chosen to lump behaviours into 6
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general categories to simplify analysis (see Table 3.16) 

These general behaviour categories are as follows:

Sitting 

Feeding 

Resting

Moving

With Pups

Miscellaneous

Sitting and alert behaviours.

Grazing, browsing, and rooting.

Lying down, sleeping, coprophogy, and

grooming.

Running, trotting, stotting, and standing.

Standing is included because it usually

precedes movement.

All behaviours associated with pups such as

nursing, sniffing, or chasing pups. In

months where few interactions with pups were

observed this is included in the

Miscellaneous behaviour category.

All other behaviours--none of which were

viewed more than a few times.

The Daily Activity Pattern

I analyzed data by monthly blocks to take into 

account the yearly cycle of changes in day length, and 

sunrise and sunset times, during the year (see Chapter 2). 

Only months were used in which at least UOO behaviour scans 

(adult maras only) were recorded, spread over at least nine 

hours of the day. For each behaviour category the 

proportion of the total scans for each hour during the day 

was plotted for the feeding, resting, moving, and with pups 

behaviour categories (see Figures 3.12). These histograms 

also show the mean sunrise and sunset times within each 

month so that activity patterns can be tracked relative to 

the sun. As a means of examining these data systematically, 

the data were further lumped by months into morning 

(7:00-10:59), midday (11:00-15:59), and evening 

(16:00-21:00) time blocks. Then, X2 tests were made on



Table 3-16.--Division of scan behaviour categories into
general behaviour categories. See Chapter 2 for a
description of each behaviour category.

Sit
-General Behaviour Categories- 
Feed Rest Move Pup Miscellaneous

ST GZ LI
AL BR GM

RT CP
SL
SR

TR
WK
SD
RN

NS
we
SC
TC
RC
CC
WH

ND
SG
SN
AD
BE
RL
DG
CH

AA
MS
CF
CL
OT
FH
ZZ
EB
LS



Figure 3.12 (4 pages).

Histograms of diurnal time budgets, lumped by hours, for 
each month in which more than UOO behavioural observations 
were made. These data were taken from all scans of adult 
maras selected at a one hour independence interval to insure 
independence of scans. The open and closed circles on each 
histogram mark the mean sunrise and sunset times for the 
month. Histograms for the following behaviour categories 
are shown:

Feeding

b. Resting

c. Moving

d. With Pups
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these data to test if there were significant differences in 

the amount of time the animals spent engaging in different 

behaviours in the different parts of the day. Through 

examining the histograms (Figure 3.12) and Table 3.17 the 

following patterns are apparent:

Feeding. The proportion of observations of animals 

feeding fluctuates in different hours of the day. In every 

month the animals spent proportionally more time feeding in 

the evening than in the morning and midday. In the months 

with the most hours of sunlight, December to March, the 

proportion of observations of maras feeding is markedly 

lower at midday than in the morning.

Resting. As in feeding, the proportion of 

observations of animals resting fluctuates at different 

hours of the day. In every month but June maras spent 

significantly more time resting around midday than in the 

morning and afternoon. The histograms also show a 

pronounced peak in resting around midday during the months 

with the longest and hottest days (see Chapter 2), December 

and February.

Moving. Only during the late spring and summer 

months are there significant differences in the amount of 

time the animals spent moving in the different parts of the 

day. In December, November, and February the data shows the 

opposite pattern from resting with maras moving more in the 

morning and evening than midday.

With PUPS. Histograms are only shown during the 

breeding season months (September, October, and November), 

the only times of year when pups are present in any 

numbers. There were no significant differences in the 

proportion of observations of mara adults interacting with 

pups in the different hours of the day in any of the three 

months.

In general then, maras are active throughout the day 

with a tendency to be more active in the twilight. This is 

best shown by the significantly larger proportions of
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Table 3-17.--The proportion of observations, by month, 
of maras engaging in different activities in different 
parts of the day. X3 test results also given, which 
show whether the proportions were significantly 
different. The X2 tests were calculated on 2 x 3 
contingency tables with the number of observations of 
animals engaging in each behaviour in one column, the 
number of observations of animals engaging in other 
behaviours in the other column, and with the part of the 
day as the rows.

-Proportion Observations- 
Month Morning Midday Evening Significance

Feb
March
June

August
September
October
November
December

Feb
March
June

August
September
October
November
December

Feb
March
June
August

September
October

November
December

September
October
November

0.
0.
0.
O.
0.
0.
0.
0.

0.
0.
O.
0.
0.
0.
0.
0.

0.
O.
0.
0.
0.
0.
0.
0.

0.
0.
0.

53
59
27
39
28
05
36
53

20
22

35
26
16
06
18
21

08
06
06
06
08
10
13
04

09
21
06

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

O.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.

n1 T C* r\  r XL£U

44
52
49
33
26
14
26
29

f\.CiO 1

48
32
28
29
33
22
28
57

-MOVI
03
07
06
13
08
10
04
02

WITH
06
17 x"
08

ING-

0.
0.
0.
0.
0.
0.
0.
0.

ING-

0.
0.
0.
0.
0.
0.
0.
0.

NG--

0.
0.
0.
0.
0.
O.
0.
0.

XT U * O

0.
0.
0.

63
66
66
55
45
18
46
69

24
18
02
08
14
14
17
13

03
07
10
14
07
13
11
09

07
14
05

43
24
27
22
40
15
18
73

93
20
23
27
63
24
7.

107

13
0.
1.
4.
0.
1.
9.
13

1.
3.
1.

.79

.33

. 18

. 21

. 04

. 11

.33

. 16

. 12

. 42

.85

.99

.38

.37
52
. 80

.34
34
59
37
17
98
16
. 11

63
43
05

P
P
P
P
P
P
P
P

P
P
P
P
P
P
P
P

P
N.
N.
N.
N.
N.
P
P

N.
N.
N.

< 0.
< 0.
< 0.
< 0.
< 0.
< 0.
< 0.
< 0.

< 0.
< 0.
< 0.
< 0.
< 0.
< 0.
< 0.
< 0.

< 0.
S.
S.
S.
S.
S.
< 0.
< O.

S.
S.
S.

005
005
005
005
005
005
005
005

005
005
005
005
005
005
025
005

005

025
005
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observations of maras resting at midday in almost every 

month.

Seasonal Time Budgets

Below I will show that the proportion of daylight 

hours in which maras engage in different behaviours changes 

in different seasons. Changes in behavioural time budgets 

between seasons could reflect the reproductive cycle, 

changes in food or water availability, or temperature and 

other climactic factors. These results will be examined to 

determine what factors could account for this inter-seasonal 

variation.

To determine the proportion of observations of maras 

engaging in different behaviours in each season the unequal 

number of observations collected in each hour of the day 

must be accounted for. For each season, for all daylight 

hours in which adequate data were available, the proportion 

of observations of maras engaging in each behaviour category 

was found. The means of these hourly proportions were then 

taken to give a combined proportion of scans of maras doing 

each of the behaviour categories for each season. The 

resulting seasonal time budgets are shown in Figure 3.13-

In all seasons feeding occupies the highest 

percentage of scans (varying from 33-0% to 55-0%). Resting 

(17.0% to 33-0%) and Sitting (10.0% to 29-0%) come next, 

followed by moving (/l.Q% to 11.0%), and then miscellaneous 

behaviours (2.0% to 10.0%). To test whether differences 

between seasons were significant a t~test was made comparing 

these proportions using Equation 3-1 to calculate the 

standard error, and Equation 3.2 to calculate 

statistic (equations--Pers. comm. F.H.C. Harriot).



Feed U2.0X

Sit 22.OX

Move 9.OX

Mael. 4.OX
Rest 23-OX

Winter Tim* Budget
Feed 33.OX

Feed 51.OX Mscl. 10.OX

Sit 29.OX

Move 11.OX

Re»t 17.OX

Spring Time Budget
Sit 10.OX

Move a.OX

Mscl. 2.OX

Rest 33.OX 

Summer Time Budget
Feed 55-OX

Sit 12.OX

Move 8.OX

Mscl. 2.OX Reat 23.OX

Fall Time Budget

Figure 3.13.--Pie charts of mara time budgets for the 
winter, spring, summer, and fall seasons. These data were 
taken from all scans of adult maras, selected at one hour 
independence intervals to reduce auto-correlation between 
scans.
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Equation 3.1

no = Number of observations of particular behaviour each hou
nh = Number of observations in that hour
k = Number of hours in which data were obtained

Standard Error = 1. n | ( no fnh - no)))ntv3

Equation 3.2

nl = Proportion observations for season 1 
si = Standard error for season 1 
n2- = Proportion observations for season 2 
s2 = Standard error for season 2

T = nl - n2

The results of these tests are summarized in Tables 3.IS to 

3.21 and Figures 3-14 to 3.17.

As a means of investigating the relationship between 

mara behaviour, climactic variables and yearly 

cycles, the proportion of scans in which maras engaged in 

different behaviours was correlated with the amount of 

rainfall and the mean daylength in each month. For these 

analyses, data in the months of April, May, and July were 

not included since too few observations were recorded. The 

results of the t-tests and Spearman rank correlations are 

presented below:

Feeding. The histogram in Figure 3.14 shows a yearly 

cycle in the proportion of time maras spend feeding: the 

animals spent less time feeding in the winter and spring, 

and more time in the fall and summer. These results are 

born out by the t-test results (see Table 3.13) which show a. 

significant decline from fall to winter, and from winter to 

spring, followed by a climb in the proportion of time spent 

feeding in summer which was not significantly different from 

fall. A significant positive correlation was found between 

the proportion of scans of maras feeding and the amount of 

precipitation in the month (rs = 0.6213, N = 9. P < 0.05).

There was no significant correlation between the
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Table 3.18.--Mean and standard error of the proportion 
of scans in which maras were feeding in different 
seasons. Also shows the results of T tests comparing 
these proportions between seasons. * p < O.05

Season Mean St. Error Winter Spring Summer

Fall

Winter

Spring

Summer

0.

0.

0.

0.

55

U2

33

51

O.

0.

0.

0.

02

01

01

01

a. 85 * 9. 23 * 1.

5. 27 * a.

11.

67

73 *

96*

Figure 3.1^ --Histogram of the percent of behavioural 
observations of maras feeding in the U. seasons of the 
year.
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Table 3.19.--Mean and standard error of the proportion 
of scans in which maras were sitting in different 
seasons. Also shows the results of T tests comparing 
these proportions between seasons.

Season Mean St. Error Winter Spring Summer

Fall 0.12

Winter 0. 22

Spring 0. 29

Summer 0 . 10

0. 03 2. 69 5. iHH * 0. 733

0. 01 /i. 93 * 7. 92 *

0. 01 17. 10*

0. 01

Figure 3«15 --Histogram of the percent of behavioural 
observations of maras sitting in the U. seasons of the 
year.
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Table 3.20.--Mean and standard error of the proportion 
of scans in which maras were resting in different 
seasons. Also shows the results of T tests comparing 
these proportions between seasons.

Season Mean St. Error Winter Spring Summer

Fall

Winter

Spring

Summer

0.

0.

0.

0.

23

23

17

33

0.

0.

0.

0.

03

01

Ol

01

0.16 1.68 3.26

3. 96 * 5. 90

11. 58

*

*

*

Figure 3.16.--Histogram of the percent of behavioural 
observations of maras resting in the H seasons of the 
year.
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Table 3.21.--Mean and standard error of the proportion 
of scans in which maras were moving in different 
seasons. Also shows the results of T tests comparing 
these proportions between seasons.

Season Mean St. Error Winter Spring Summer

Fall 0.08 0.02 0.60 1.68 2.12

Winter 0.09 0.01

Spring 0.11 0.01

Summer 0.04 0.004

1. 74 5. 18 *

8.05 *

Figure 3.17.--Histogram of the percent of behavioural 
observations of maras moving in the 4 seasons of the 
year.
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proportion of time spent feeding and day length (rs = 

0.5292, N = 9. N.S. ) .

Sitting. Figure 3.15 shows a yearly cycle in the 

amount of time maras spend sitting. The t-test results 

(Table 3-19) show a climb in the amount of time (proportion 

of scans) sitting from fall to winter, and from winter to 

spring; and then a decline from spring to summer, which was 

not found to have significantly different sitting rates from 

the fall. There was not a significant correlation between 

the proportion of observations of maras sitting and 

precipitation (rs = -0.5556, N = 9, N.S.) or day length (rs 

= -0.2101, N = 9, N.S.). It seems likely that this increase 

in the amount of time sitting (predominately predator 

scanning behaviour) is associated with the presence of pups 

in late winter and through the spring (see Chapter 5).

Resting. A clear seasonal cycle in the proportion of 

observations of maras resting cannot be seen in Figure 3.16. 

There is no change in the proportion of scans of maras 

resting between fall and winter (see Table 3.20). The 

proportion drops from winter to spring, perhaps reflecting 

the increased activity around the breeding season. There is 

a climb in the proportion of animals resting from spring to 

summer, followed by a drop from summer to winter. 

Significant correlations were not found between the 

proportion of animals resting and rainfall (rs = 0.1^^7, N = 

9, N.S.) or daylength ( rs = O./ilS^, N = 9, N.S.).

Moving. The t-tests results show (see Table 3.21 and 

Figure 3.17) that the low proportion of moving behaviour 

during the summer is significantly different from the amount 

of moving in the other seasons. No significant differences 

were found between the amount of time maras spent moving in 

the other three seasons.
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Overall Time Budgets

To obtain an overall mara time budget the seasonal 

time budgets, as shown in Figure 3.13 (above), were averaged 

to give a composite time budget as shown in Figure 3.18. In 

this pie chart one sees that during daylight hours maras 

spend roughly half of their time feeding, followed by a 

quarter of their time resting, and 18% of their time 

sitting, followed by a small amount of time moving and 

engaging in miscellaneous behaviours.

3./I. 2 Daily Movement Patterns

In this subsection results covering the following 

features of mara daily movement patterns will be presented: 

(i) the size of the daily range, (ii) how far animals travel 

during the day, and (iii) how long animals stay in one 

place.

To examine the daily range size, the range an animal 

covers during one day, only those days were used where data 

had been collected on a radio-collared mara between 8:4-5 and 

19:30. At least 12 fixes must have been recorded, and there 

must have been no more than a single hour long gap in the 

data sequence during this time period. This time interval 

was chosen to maximize the number of days of acceptable, 

comparable data for different animals. Since these ranges 

were not calculated from all daylight hours they should be 

viewed as minimum range sizes. Table 3.22 summarizes 

results showing that the daily range varies, as calculated 

using the grid cell system, from a minimum of 2.25 ha to a 

maximum of 23.25 ha. The mean range size is 10.25 ha (_±. 

5.64) .

I further examined range sizes for individual maras

over 24 hr periods. The start times and stop times were



Figure 3.18.--Composite behavioural time budget showing the 
percent of scans in which maras were observed engaging in 
different behaviours. Averaged from the seasonal time 
budgets.
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Table 3.22.--The number of hectares visited and distance 
travelled by radio-collared maras in a day between 8:4-5 
and 19J30. Only days were used where there was no more 
than a single one hour gap in location records on a mara 
during this time period. Data is sorted by months. The 
time period was selected to maximize the number of days 
in which adequate data were available. SYF (*) was 
tracked continuously for 24 hours on 84-1031.

Mara

SYF
ENF
ENF
ELF
PAM
GCM
PAM
ENF
ELF
ELF
PAM
ELF
GCM
SYF
SYF
ELF
PAM
SYF
PAM

Mean
St. Dev.

Date

840106
830321
830323
830413
830417
830421
830517
830519
830803
830827
830922
830922
830922
831016
841031
831105
831115
831117
831216

Number
Fixes

28
44
39
37
38
33
38
37
36
37
26
25
22
44
27
44
73
49
81

Range
Size (Ha)

8. 50
8. 00
5. 50
13. 50
3.25
9. 50
12. 00
2. 25
7. 75
10. 00
4. 50
9. 50
19.75
6. 50
20. 25
9.75
10. 00
11. 00
23.25

10.25 ha
5. 64

Distance
Travelled (m)

770
 
-

2573
654
1532
1276

-
1080
5873
711

1767
1984
957

6326 *
1397
1266
1822
1263

1953 m
1697

Statistical findings on the above data:

1. There was not a significant correlation between
the number of fixes made and the daily range size 
(rs = -0.35).

2. Analysis of variance revealed no significant
differences between the daily range sizes in each 
month (F = 1.01), or the daily range sizes for the 
different maras (F = 0.94).

3. Using analysis of variance; no significant 
differences were found between the distance 
travelled by the individual maras (F = 0.78), or 
between the different seasons (F = 0.75).
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chosen individually for each of the 19 samples to maximize 

the number of fixes obtained within the sample period (see 

Table 3-23). These 2/1 hr ranges varied from 2.25 ha to a 

maximum of 60.25 ha (x 19.97 ha). When divided by the 

seasonal range size for each mara in the same season (see 

Table 3-11 above) the 24 hr ranges varied from 0.03 to as 

much as 0.55 of the seasonal range (X 0.22).

To discover how far animals travelled in a day I 

plotted the movements, using program LENGTH (Doncaster, 

1935). for those days for which I had previously calculated 

daily range sizes. These daily movement patterns are mapped 

in Figure 3.19- To determine the distance travelled each day 

I used a digitizing pad, with appropriate software, on an 

Apple lie computer (courtesy of F. Vollrath, Dept. Zool., 

Oxford). The mean distance travelled in a 10 hr and 45 min 

day was 1953 m (+. 1697). The maximum distance travelled was 

5873 m (6326 m during one 24 hr period), and the minimum 

distance travelled was 711 m. It is of interest to note 

that there is no circling pattern to these daily wanderings: 

there is no tendency for animals to come back to the same 

place at the end of the day, as has been shown for maras in 

captivity where most pairs use the same sleeping spot every 

night (Dubost and Genest, 197*1).

The duration of visits to a given grid cell (50 x 50 

m) was computed by program LENSTAY. This program selects 

data sequences in which fix intervals were no more than 15 

minutes, and arrival and departure times for a cell were 

known to the nearest 15 minutes. The results are shown in 

Table 3.24. These results are accurate only to 15 minute 

intervals and so might underestimate a given duration of 

visit by up to 30 minutes. However it is clear that in the 

bulk of observations (81%) animals stayed in one 50 x 50 m 

grid cell for less than 50 minutes.

The pattern of daily movement which emerges from the 

results presented above is one of an animal constantly on 

the move: maras may cover up to a half or more of their
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Table-3-23.--Daily range size based on grid cells. Data 
were selected from days where radio fixes were obtained 
over at least twelve hours. The time periods for each 
sample were chosen in each case to maximize the number 
of fixes within a 24 hour period. Mara SYF was tracked 
for a full 24 hours on 841031.

Mara Name Date
Daily 

Range (ha)
Proportion of 
Seasonal Range

GCM
TIF
WOF
ENF

SYF

ELF

PAM

Mean
St. Dev.

831019
831019
831026
830321
830514
830519
831016
831117
831214
840106
841031
831019
83H04
831130
831219
830416
831114
831129
831216

13- 75
32.25
10. 25
8. 00
4. 50
2. 25
8. 00
50.25
4. 50
24. 50
36. 00
12. 00
13. 75
10. 25
60. 25
12. 25
20. 50
33- 00
23. 25

19- 97
16. 02

0. 11
*
*

0. 11
0. 06
0. 03
0. 09
0.55
0. 05
0. 29
0. 20
0. 12
0. 14
0. 10
0.73
*

0. 17
0. 28
0. 48

0. 22
0. 22

* Seasonal range size not available



Figure 3.19 (2 pages).

Paths followed by individual maras from 8:45 to 19:30. Only 
tracking days were used where there was no more than a 
single one hour sap in the tracking record for an individual 
mara during the above time period. The path shown for SYF 
on 831117 is based on data collected over 2k hours of 
continuous tracking.
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Table 3.24.--The number and proportion of records of 
maras staying in 50 x 50 m grid cells at varying time 
intervals. Data comes from program LENSTAY run on all 
the radio collared animals. The criteria for using data 
sequences were that: (i) no more than 15 minute gaps 
existed in the record, (ii) the approximate time of 
arrival (to 15 minutes) at a grid cell was known, and 
(iii) the animal was subsequently recorded elsewhere 
within 15 minutes of its last sighting in a cell. Due 
to the 15 minute data interval, timings could be up to 
30 minutes low since an animal could have arrived in a 
cell.14.99 minutes before being located there, and it 
could have stayed in that cell a further 1*1.99 minutes 
before being recorded elsewhere. All times are in 
minutes.

-Stay Time-
(Minutes) 

Minimum Maximum
Maximum 
Possible

Number 
Observations

Proportion 
Observations

0
10
20
40
60
90

120
180

> 240

10
20
40
60
90

120
180
240
 

40
50
70
90

120
150
210
270
 

396
81
35
22
29
11
12
a
3

0.
0.
0.
0.
0.
0.
0.
0.
0.

67
14
06
04
05
02
02
01
01
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seasonal ranges in one day, they rarely stay in one 50 x 50 

m grid cell for more than 50 minutes, and their movement 

patterns suggest no regular daily routine. The results 

covering the mara's behavioural time budgets show that the 

animals spent close to half their time feeding every day. 

This result must be an underestimate of foraging time since 

it does not include time spent searching for food. In the 

next section I will be looking at mara habitat use patterns 

to see if the mara's movement and activity patterns can be 

tied to the distribution of food or other resources.

3.5 Mara Usage Of Habitat

In this section I will be looking at the following 

three aspects of mara habitat usage to see whether ranging 

patterns can be tied to specific habitat features.

1. The general pattern of habitat usage.

2. Seasonal fluctuations in 1 above.

3. Foraging behaviour and food habits.

3-5.1 General Patterns of Habitat Usage

Two independent sources will be used to explore mara 

habitat use (also see Section 3.2): (1) usage patterns as 

revealed through recording an animal's habitat while 

radio-tracking; and (2) vegetation cover preference patterns 

through comparing cover values, sampled on a 300 X 300 m 

grid system, with usage patterns revealed through 

radio-tracking.
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Scan Defined Habitat Usage

The following habitat categories were used for this 

analysis: lagoon bed, open ground, scrub, and other. As 

described in Subsection 3.2.U, these data were obtained 

through recording the habitat and location every time a 

radio fix was recorded for an animal. These data were then 

used to create a distribution of habitat throughout the 

study site by totalling the number of unique 50 x 50 m cells 

visited by the radio-collared maras for each habitat type. 

The resulting distribution was 12% lagoon, 5% open, Sl% 

scrub, and 2% other. To determine if maras were exercising 

any habitat preference the number of scans of animals in 

each habitat was compared with the distribution of habitats 

in the study area using the X2 test (see Table 3.25). To 

insure independence between scans, and to limit the bias of 

not always being able to identify an animal's habitat while 

collecting radio fixes, data were selected at hour 

intervals. Of the 901 data points used from all 9 

radio-collared animals, 6% (51) were in the unknown habitat 

category. The X3 test results show that the maras 1 habitat 

use patterns varied significantly from the distribution of 

habitats at the La Blanca study area: the animals clearly 

spent most of their time (0.76) in scrub habitat (0.31 of 

the area), but they spent significantly more time in the 

open than expected. In fact, this underestimates this 

effect since the study area's habitat distribution was based 

only on the cells the radio-collared animals actually 

visited, and thus excludes the virtual 'sea' of scrub 

habitat which surrounds the La Blanca study area.
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Table 3.25.--The number and proportion of fixes of 
radio-collared maras in different habitat types 
throughout the year, and in the four seasons, compared 
to the expected number if maras had been using the study 
area's habitat uniformly. The results of X2 tests of 
the significance of these differences are shown below 
each table.

Habitat Proportion Observed Expected X2

.-----------------All Habitat Data-----------------
Lagoon 0.11 91 104.15 1.66
Open 0.10 88 40.32 56.40
Scrub 0.76 647 692.09 2.94
Other 0.03 24 13.44 8.30

• —— -• —— ^ —. __ ^ w __ __ H __ __ __ __ __ __ mm __ —. M- __ _• __ __ __ __ __ w —.—— —— .»» ̂  ̂  « __ . ̂  __ __ __ i... __ __ ^ ̂  «_ —_ ,

Total X2 = 69.3, P < 0.005

----------------Winter Habitat Data-----------------
Lagoon 0 0 16.66 16.66
Open 0.09 12 6.45 4.77
Scrub 0.90 123 110.74 1.36
Other 0.01 1 2.15 0.62

Total X3 = 23.41, P < O.O05

---------------Spring Habitat Data------------------
Lagoon 0.16 58 45.09 3.70
Open 0.15 55 17.45 80.76
Scrub 0.66 244 299-64 10.33
Other 0.03 11 5.82 4.62

Total X2 = 99.40. P < O.005

---------------Summer Habitat Data------------------
Lagoon 0.16 20 15.81 1.11
Open 0.11 14 6.12 10.15
Scrub 0.66 85 105-04 3-82
Other 0.08 10 2.04 31.07

• -——— ———— ^—— -^ ——• ^—— ————• -W .^ ___. .^ ^__ __!. ^__ «-B ^__ ^—— ———— -~- ^—— ^- ^__ __<•. ~__ ———— •___ ———— ———— ^—— ———— ———' ———— •——— ———— ^ ———— ^ ———— ^ ———— ———— ———— ———— ———— ———— ———— ———— ———— ———' ———' -

Total X2 = 46.16, P < 0.005

---------------Fall Habitat Data--------------------
Lagoon 0.10 13 26.59 6.94
Open 0.05 7 10.29 1.05
Scrub 1.51 195 176.69 1.90
Other 0.02 2 3-43 0.60

Total X : 10.49. P < O.025
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£over Value Defined Habitat Usage

The goal of this analysis is to compare the 

radio-collared maras* vegetation cover range and usage with 

the overall pattern of vegetation cover in the study area. 

The vegetation cover range for a mara is defined as the 

subset of vegetation (300 x 300 m) cells which a mara had 

visited. The vegetation cover range usage incorporates the 

number of independent fixes of an animal in each vegetation 

cell so that it reflects time spent in different cells and 

thus actual usage patterns. From these data a distribution 

can be built up of the maras' range and range usage patterns 

for each vegetation cover category. Figure 3.20 shows the 

distribution of Braun-Blanquet cover values for each of the 

vegetation categories in the sampled area. Since these 

cover values are not normally distributed, the Mann-Whitney 

test was used to distinguish differences in vegetation 

cover.

For the combined data on the movements of 

radio-collared maras three separate comparisons were made 

for each of the bare ground, herb, grass, and shrub 

vegetation categories. These were:

1. Between the study site vegetation cover and the 

vegetation cover of the maras' ranges. This comparison 

would show if maras were making any general selection in 

the areas they visited.

2. Between the study site's vegetation cover and the maras' 

vegetation usage. This comparison tests if maras were 

making any choices about which vegetation cover they 

preferred overall since it reflects how long they 

actually spent in cells with different cover values.

3. Between the maras' range vegetation cover and usage 

vegetation cover. This comparison tests what 

preferences maras have for specific vegetation cover

- 58 -



Figure 3.20.--Histograms of the percent of the plots sampled 
with each Braun-Blanquet cover value for the bare ground, 
herb* grass, and shrub cover types.
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within the area available to them a.s defined by the 

range cover values.

Results of these tests are shown in Table 3.26. The 

only significant differences found were that maras used 

vegetation cells with a higher percent bare ground cover and 

herb cover than expected if they had been using the study 

area uniformly (see Figure 3.21). The bare ground cover 

results tie in closely with the results presented on habitat 

usage, where I showed that maras spent more time in open 

habitat than expected. The result suggesting that maras 

were selecting areas with more herb cover may be misleading 

for the following reasons: (i) in Section 3.2 data analysis 

has shown that results pertaining to herb cover values may 

not be accurate, and (ii) in Subsection 3-5.3 evidence 

suggesting that grass plays a more important role in the 

maras diet than herbs (on the Peninsula Valdes) will be 

presented.

3.5.2 Seasonal Pattern of Habitat Usage

Pie charts are shown in Figure 3.22 of habitat use 

patterns in the four 'seasons of the year based on the number 

of times radio-collared maras were recorded in each habitat 

type. As these charts suggest, habitat use patterns were 

found to vary significantly between seasons (X2 = SO.60, 

degrees of freedom = 9, P < 0.001; See Table 3.27). The most 

striking changes can be seen in the usage of the lagoons 

during the year: this fluctuates from nothing in the winter, 

to 15.8% of the observations in spring, 15-5% in summer, and 

6% in the fall. These fluctuations fit in well with the 

water cycle on the Peninsula (see Chapter 2). In the drier 

seasons, spring and summer, the animals used the lagoons 

more. One reason for this may be that the water table on 

the lagoons would be closer to the surface than elsewhere. 

Thus forage on the lagoons could have a higher concentration
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Table 3*26.—-Mann-Whitney tests comparing the 
distributions of Braun-Blanquet cover values for the 
study site, ranee vegetation, and usage vegetation of 
the maras for each cover type (see text for sample 
definitions ).

Type 1 Median Type 2 Median W P Value

Bare Ground Cover
Range
Range
Usage

Hepb
Range
Range
Usage

Grass
Range
Range
Usage

Shrub
Range
Range
Usage

4
4
4

Cover
3
3
3

Cover
3
3
3

Cover
4
4
3

Usage
Site
Site

Usage
Site
Site

Usage
Site
Site

Usage
Site
Site

4
4
4

3
3
3

3
3
3

3
4
4

142749.
30798.5
954297.

142468.
31104.0
956417.

148480.
29537.0
943037.

159641.
29668.0
938134.

5

0

5

5

5

0

0

0

0.
0.
0.

0.
0.
0.

0.
0.
0.

0.
0.
0.

0897
2567
0095 **

0810
1168
0017 **

4780
5109
7951

2252
6375
1331



Bare Ground Cover

P 
1 
o
t 
s

80

60

UO 

20

Plots

Usage

Cover Values

Herb Cover

P
1 
o
t
3

80

60

UO 

20

Plots

Usage

Cover Values

Figure 3.21.--Comparisons between the distribution of 
Braun-Blanquet cover values (see Section 3.2) in the study 
area and in the maras* vegetation cover usage. Histograms 
are shown for both the bare ground and herb cover types. 
The figures show the percent of each Braun-Blanquet cover 
value in each sample. The vegetation usage distribution is 
calculated by determining the percentage of Independent 
fixes of the radio-collared maras (data selected at 1 hr 
intervals) with each cover value in each cover type.
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Figure 3.22.--Pie charts for each season of the percent of 
the fixes in which the radio tracked maras were recorded in 
the open, scrub, lagoon, and other habitat categories.



Table 3.27.--Seasonal differences in habitat use 
patterns. Observed counts, taken from radio-tracking 
data, and expected counts of maras in each habitat 
type. Xz tests show a significant difference in the 
number of scans of maras in different habitats (X2 = 
80.60, df = 9. P < 0.001).

-Winter- 
Habitat Obs Exp

-Spring- 
Obs Exp

-Summer- 
Obs Exp

-Fall- 
Obs Exp

Lagoon

Open

Scrub

Other

15

12

123

58

55

244

11

39

38

280

1O

20

14

85

10

14

13

98

4

13 23

22

195 165

Total 136 368 129 217
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of water than in the surrounding areas in these months. I 

have only observed maras drinking water on one occasion. so 

the water content of the plants eaten must be important to 

the animals in maintaining water balance.

3.5.3 Foraging Behaviour and Food Habits

Although a detailed study was not made on mara 

foraging behaviour the following statements can be made: (i) 

maras are primarily grazers and not browsers--in 8463 scans 

of adult maras they were only observed browsing on 8 

occasions compared to 4-702 scans grazing; (2) maras have 

tiny mouths (see Figure 3.23) apparently adapted for 

selecting the most nutritious parts of the food plants.

An analysis was made on mara food habits as 

reflected in the presence of plant cuticles in faeces. 

Cuticle is the thin waxy, protective layer covering the 

surface of the leaves and stems of plants. The cuticle of 

each plant species has a characteristic pattern which can be 

used to identify it. Through inspecting (using a 

microscope) the cuticles in an herbivorous mammals' faeces, 

and comparing them with a reference collection of cuticles 

of known plants in the study area, the plant species 

consumed by the animal can be identified. By using a 

sampling system, this method can be used to calculate the 

proportion of cuticle of each plant species in the faeces to 

provide information on an herbivore's food habits. These 

proportions are, however, open to misinterpretation since 

they may not reflect the actual proportion of plant species 

consumed because of (i) differences in the surface area of 

epidermis per unit weight of a particular plant species, and 

(ii) differential digestion of the species consumed 

(Bhadresa, 1986). To be used effectively this technique must 

be coupled with feeding trials, which I was not able to do, 

on the herbivores concerned to ascertain the relationships 

between the amounts of food plants consumed to the
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Figure 3.23 (Overleaf).

Photograph illustrating mara grazing behaviour. Note the 
small size of the mara's mouth, and the vegetation being fed 
on.





MARA ECOLOGY AND SPATIAL ORGANIZATION

proportion of cuticles of these plants in the faeces.

Because of time constraints, and because of the lack 

of feeding trial data, I have chosen to identify cuticles in 

the maras' faeces only to monocot (grasses) and dicot 

(herbs) cuticles. A full study of mara food habits in the 

wild has been conducted elsewhere (see Kufner, 1983). It is 

an easy task to identify these two groups of plants by the 

different patterns of the cells outlined in the cuticles: 

monocotyledenous plant cells are long and narrow, and always 

aligned in parallel columns; dicotyledeneous plant cells, on 

the other hand, are arranged randomly.

To do this analysis I collected 10 piles of fresh 

faeces, located at least 200 m apart, in November 1981. In 

the laboratory, 1 faecal pellet was selected from each 

pile. These 10 faeces were gently crumbled together into a 

petri dish and mixed thoroughly. Domestic bleach (8% 

available chlorine content) was diluted in the proportion of 

l:5t and this solution was poured onto the faeces. The 

solution was left to soak for about 1 hr, after which a 

pipette was used to deposit a drop of the solution onto each 

of 10 slides. Using a microscope with a 16 X objective, 5 

transects were made across each slide, at 4 mm intervals 

counting the number of cuticle fragments which were 

identifiable as either dicot or monocot. A total of 476 

cuticle fragments were identified as coming from grass 

plants, and only 36 as coming from herbs. This gives a 

grass to herb ration of 13:1. These results must be taken 

with caution for the following reasons: (i) only faeces from 

the month of November were analyzed, and (ii) the cuticle 

content of the faeces, as discussed above, may not reflect 

the proportion of plants eaten. However, the suggestion 

from these results is that grass plants play a more 

important role in the mara's diet than herbs in my study 

area.

I further analyzed faeces from pups from the 

entrance of three dens. Pup faeces are easily
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distinguishable since they measure only half the length or 

less of an adult faeces. Ten pup faeces were selected from 

the three dens and treated the same way as above. A total 

of 709 grass cuticle fragments were identified, compared to 

lU herb cuticle fragments, giving a ratio of grass to herbs 

of 51s1. A X2 test found this grass to herb ratio to be 

significantly different from that of the adults (Xz = 20.03, 

df = 1, P < 0.005). Thus it appears that grasses may 

constitute a larger proportion of the pups' diet than the 

adult diet. It seems likely that this reflects the 

availability of herbs around the three dens where I 

collected faeces--an area where the adults did not spend 

much time feeding (see Chapter 5).

3.6 Spatial Relationships Between Pairs

It is the aim of this section to investigate the 

spatial relationship between pairs of maras. In particular, 

I will be looking at the spatial overlap and correlation 

between maras' ranges throughout the period during which 

pairs were tracked together, and within seasons.

Before going on to present the results the point 

must be made that there were many uncollared animals within 

the La Blanca study area. Up to 34 pairs used the La Blanca 

den sites in 1983 (see Chapter 4). Figure 3.2/1 shows an 

ICELL plot for all the unidentified maras sighted during the 

study period. The distribution of these fixes shows a 

convoluted pattern spreading out from the lagoon which 

reflects the pattern of dirt tracks (see Figure 3.2 above). 

These tracks were heavily patrolled while radio-tracking, 

and were also open, which meant that the opportunities for 

sighting non radio-collared maras on them was much higher 

than in the surrounding scrub. Even with this sampling 
bias, the fixes plotted cover much of the area occupied by
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Figure 3.24.--ICELL plot of all the locations recorded for 
unmarked maras at the La Blanca study area during the entire 
period of field research.
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the radio-collared animals. The radio-collared maras must, 

then, have been interacting spatially with many more animals 

than I was able to track.

3.6.1 Long Term Overlap Between Ranges

Three measures will be used to examine the spatial 

relationship between the animals being compared: (1) the 

area (composed of 50 x 50 m cells) which both animals being 

compared shared, (2) the proportion of each animal's total 

range included in the overlap zone (these data comes from 

the ICELL program), and (3) the spatial correlation between 

ranges (see Subsection 3.3.2 for a discussion of this 

method).

Figure 3.25 illustrates the variation in the 

proportion of ranges overlapping between all the maras 

tracked throughout the study period. The overlap of six 

paired ranges were compared for the 4 maras who were tracked 

for longer than one season. Results of these comparisons 

are shown in Table 3.28. In one comparison there was no 

overlap at all, in three of the comparisons there were less 

than 6 ha in the overlap zone, in the other two comparisons 

the ranges overlapped 26.25 ha and 48 ha. The proportion of 

ranges overlapping varied from 0.0 to 0.29. The correlation 

of ranges using the Spearman rank correlation for animals 

whose ranges overlapped at all varied from -0.46 to -0.84. 

Even -0.46 shows less concordance between ranges than for 

any- of the between season correlations of ranges (-0.36 to 

-0.44) for a single mara with a one season lag (see Section 

3.3.2, and Table 3.14).

3.6.2 Seasonal Overlap Between Ranges

Looking at the pattern within seasons for the 9 

maras. Table 3.29 summarizes the number of hectares, and
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Figure 3.25.--Spatial overlap of maras f ranges. The symbol 
size shows the proportion of the animals' ranges being 
compared which overlap. Symbols are shown twice for those 
comparison where there were greater than a few points 
difference in the proportion of each range overlapping (due 
to the ranges being different sizes). No symbols are shown 
when animals were not tracked over the same time period.
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Table 3.28.--Overlap of ranges between animals 
throughout the period in which both maras (pairs) 
compared were followed. The number of hectares both 
animals* ranges shared, the proportion of each mara's 
range overlapping with the other, and the Spearman rank 
correlation coefficient of the two ranges are given.

Animals Dates Tracked Overlap Proportion Range 
Compared Together in ha Mara 1 Mara 2

ELF -

ELF -

ELF -

PAM -

PAM -

SYF -

PAM

SYF

TIF

SYF

TIF

TIF

830413

831005

831005

831005

83100?

831007

- 840222

- 840222

- 840222

- 841122

- 841122

- 841122

48

1.

26

5.

5.

. 00

0

25

.25

50

75

0.

0.

O.

0.

0.

29

0

01

13

03

02

0.

0.

0.

0.

0.

27

0

01

09

02

02

-0

-0

-0

-0

-0

.46

—

.84

.68

.82

.83



Table 3-29.--Overlap of home ranees of individual maras 
in different seasons of the year. Numbers given for 
each comparison are: (i) number of ha both animals' 
ranees shared, and the proportion of the column (ii) and 
the row (iii) animals 1 ranges in the overlap zone. 
Measurements of overlap were obtained using ICELL.

Season Comparisons Made

Mar-May 
1983 ELF

June-Aug 
1983 PAM

Sep-Nov 
1983 PAM

ENF 
21.75 

(0.29.0.15)

ELF
15. oo

(0. 20, 0. 17)

ELF PAM GCM 
17.25

Sep-Nov
1983

Dec-Feb
1983-1984

PAM

GCM

SYF

PAM

SYF

ELF
17.25

(0.17.0. 15)
29-50

(0. 29.O. 24)
0
—

ELF
0

0

PAM GCM

34. 00
(0. 29. 0. 28)

8. 00 2. 0
(0.07.0.07) (0.02,0.02)

PAM SYF

0

WOF 3.50
(o.o4.o.11)

TIF O

2. 00
(O.04.0.06)

1. 50 
(0.O3.0.02)

0. 50 
(0.01,O.01)

Sep-Nov SYF TIF 
TIF 1.75

(0.01,O.O1) 
TUM 0 33-00

(0.17.0.36) 
PAM 0.25 1.50

(0.0,0.0) (0.01,0.02)

TUM

0. 50 
(0.01,0.01)
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proportions of ranges, overlapping for five seasons from 

Fall 1983 to Spring 19&U. The range overlap in the 21 

comparisons made varied from none to a maximum of 33 ha. 

The maximum proportion of one animals' range contained in 

the overlap zone was 0.29. Correlations made between 

seasonal ranges for different animals varied considerably, 

but were always highly negative and never closer to 0 than 

-0.179 (maras TIF and TUM. see Table 3.30). Of the 21 

comparisons made only three showed more concordance between 

ranges than the minimum degree of concordance (-0./14) for 

one animal's range with a one season lag (see above). All 

three of these cases were breeding season comparisons when 

the animals whose ranges were being compared probably shared 

the same den site (see Chapter 5).

Finally, I looked at the mean distance apart 

radio-collared animals were within seasons. For each range 

comparison I measured the distance between each fix for one 

animal with every other fix for the other animal (see Table 

3.31). On average animals were widely spaced with the mean 

distance between maras varying from a minimum of 534- m to a 

maximum of 2232 m (X = l*iO5 m, ± 448) .

These results tie in well with the range correlation 

results suggesting that the radio-tracked maras were 

avoiding each other. This is well illustrated in Figure 

3.26 which shows overlayed contour plots for two maras' 

ranges for the 6 animals (pairs) whose ranges overlapped 

more than 10 ha. The contour intervals in these plots show, 

for both animals, the relative intensity of usage of each 

part of the animals' ranges. From these figures one can see 

that the animals' ranges do overlap considerably; but that 

peak usage areas, as marked by close contour intervals, are 

always in different places--albeit often adjoining peak 

usage areas of the neighbouring mara pair.
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Table 3«30.--Spearman rank correlations between 
different maras' ranees during entire period in which 
both animals were tracked, and within seasons. 
Correlations given only where ranges overlapped by at 
least one 5O x 5O m cell. Stars mark seasons in which 
both animals compared were tracked, but where their 
ranges did not overlap.

Maras Mar-May 
Compared 1983

ELF-ENF -0.589
ELF-PAM
ELF-GCM
ELF-WOF
ELF-TIF
PAM-GCM
PAM-SYF
PAM-WOF
PAM-TIF
PAM-TUM
SYF-GCM
SYF-TIF
TIF-TUM

Jun-Aug Sep-Nov 
1983 1983

-0.556 -0.640
-0.406

— —
- -

-0.274
-0.758

— —
— -
— . —

-0.833
_ _
_ _

Dec-Feb 
83-84

*
—

-o. 638
*
—
*

-0.779
-0. 832

—
—

-0.844
—

Sep-Nov 
1984

—
—
—
—
-

-O. 761
—

-0.781
-o. 830

-
-o. 852
-0. 179

All 
Data

-0. 462
-
—

-0.843
—

-0.679
-

-0.817
-
—

-0.834
—



Table 3*31*--Monthly mean distances (in 100 m) between 
maras. Means are the average of the distances between 
the location of every fix of one animal and the location 
of every fix of the other animal being compared.

-Comparisons Made-

Month

Aue

Sept

Oct

Nov

Dec

Jan

Mean

ELF ELF 
PAM SYF

7.

5.

7.

11.

9.

16.

9.

67

34

45 13.02

11 18.94

40 14.95

13 19.57

52 16.62

ELF PAM 
TIF SYF

11.

11.

11.34 12.

12.01 11.

18.18 8.

6.64 12.

12. 04 11.

20

17

56

50

33

56

22

PAM 
TIF

18.

18.

13.

13.

19.

19.

17.

28

26

32

83

54

74

16

TIF 
SYF

14.

16.

16.

18.

22.

19.

17.

92

22

24

19

32

77

94

Mean

13.

12.

12.

14.

15.

15.

02

75

32

26

45

74



Figure 3.26 (3 pages).

Contour plots showing the seasonal ranges for two maras 
overlayed on each other to illustrate the spatial 
relationship between the animals (pairs) being compared. 
The contour lines show the intensity of use (see text) of 
different parts of each animal's range. The contours are 
obtained by joining cells of equal intensity of use, with 
some 'smoothing* done by the contouring routine (CONTRA 
routine of the GHOST80 library). The contour intervals are 
spaced to encompass 0.90, 0.80, 0.60, 0.40, and 0.20 of the 
fixes in each animals range in increasing order of intensity 
of usage of each cell.

Colour codes for animals are:

Red PAM

Blue ' ELF

Green GCM

Red ENF

Blue TIF

Red TUM
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MARA ECOLOGY AND SPATIAL ORGANIZATION

3.6.3 Mara Spatial Organization

Above, I have shown that mara home ranges are not 

static in location--mara pairs are continually moving into 

new areas. The animals are constrained in how far they can 

move since they tend to return to the same breeding sites 

each year (radio-collared maras were never found farther 

than 2 km from the La Blanca Lagoon). These breeding dens 

may be used by 20 or more pairs of maras (see Chapter 5). As 

a result, the areas near dens are heavily occupied by maras; 

while the surrounding scrub between denning areas appears to 

be relatively sparsely inhabited. All the 

radio-collared maras' seasonal ranges overlapped at least 

one grid cell with at least one other of the tracked mara 

pairs. Some animals' seasonal ranges overlapped up to 29% 

with another pair. However, the range correlations suggest 

strongly that, despite an appearance of considerable range 

overlap, mara pairs are avoiding each other. Overlapping 

ranges are tessalated, rather than overlayed, on top of each 

other.

Mara ranges are not used exclusively by one animal 

or a group of animals, thus their spacing patterns clearly 

do not fulfill the requirements of Wilson's (1975) 

definition of territoriality as described in Section 3- 3 

above. Davies (1978), however, defined a territory as 

whenever animals are spaced out more than expected from a 

random occupation of suitable habitat. Despite an apparent 

abundance of suitable habitat farther afield, the 

radio-tracked pairs' ranges were all within 2 km of the La 

Blanca den sites--the animals appear to be highly clumped. 

However, if one assumes, post hoc, that mara movements are 

constrained by a need to be near a communal denning site, 

and thus that the scrub farther off cannot be considered 

suitable habitat then different conclusions could be drawn. 

The tessalated nature of mara spacing patterns, the 

infrequency with which pairs are seen together, and the fact
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that males may engage in fights when pairs meet, clearly 

suggest that maras are avoiding each other (see Chapter /I).

Doncaster (1985) has shown that, though the home 

ranges of red foxes in an urban and semi-urban environment 

may overlap considerably over time, they in fact are highly 

territorial with the ranges of different family groups 

continually floating around in unison. Frame (1984) has 

shown that a similar pattern may exist in cheetah females: 

their ranges may overlap completely, but they are never in 

the same place at the same time (as previously suggested by 

Eaton, 197^)• Leyhausen (1965) has found that a similar 

pattern may exits in cats (see also Bick and Bick, 1965, for 

evidence of floating ranges in male damselflies). Future 

studies of mara ranging behaviour may very well show that 

the range in use on any given day (the prevailing range) is 

an exclusive use zone, and thus a sort of moving territory. 

Without more data, however, this is purely speculation.

3.7 Summary

The goal of this chapter has been to lay the 

ecological and behavioural framework upon which the complex 

analyses in the following chapters can be built. I have 

touched upon a wide range of disparate topics--on some of 

which I have little data. This was necessary so that the 

results in the following chapters could be seen within as 

thorough an ecological framework as possible. With results 

on so many topics presented I will not attempt to tie the 

chapter together in a conclusion--instead the most important 

results will be summarized.

1. Within the La Blanca study area, maras 1 home ranges were 

not stable in size or location. The animals were 

continually moving into new areas. Mara movements were
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constrained by the need to return to breeding den sites 

each year (see Chapter 5)t so all the ranges mapped were 

located within 2 km of the main La Blanca den sites. 

During the course of a year, radio-collared maras 

covered an area of something like 200 ha; however, the 

actual size of the range in use at any time was about 35 

ha.

2. When looking at the configuration of ranges over periods 

of several months, the boundaries of the area covered 

are highly convoluted with lots of satellite cells. 

Within these ranges there are several areas of intensive 

use. These patterns are symptomatic of the dynamic 

nature of mara ranging behaviour. To look at the 

movement of maras over time, ranges were analyzed in 

seasonal blocks. Seasonal ranges for the nine radio 

collared maras had a mean size of 97-87 ha (+. 13.59). No 

significant differences between range sizes in different 

seasons were found. There is considerable spatial 

overlap between maras' seasonal ranges, all of which 

seemed to maintain a central core area used throughout 

the period the animals were tracked. There was no 

consistent pattern in the changes in direction, 

orientation or location of ranges.

3. Daily range size, the number of hectares visited during 

daylight hours, varied from 2.25 to 23.25 ha with a mean 

of 10.25 ha (+. 5.6/1). The animals may cover up to 60.25 

ha in a 24 hr period. Although the mean distance 

travelled by maras during daylight hours was 1953 m (± 

1697), the maximum distance travelled within a 24 hour 

period was 6326 m. The radio-collared maras stayed less 

than 5O minutes within 80% of the cells visited. I was 

unable to discern a pattern in their daily movements.

4. Maras are active throughout the day, with a tendency to 

be more active towards dawn and dusk. Analysis of the 

proportion of scans of maras engaging in different 

behaviours in different hours of the day revealed that,
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in general, the animals spend more time resting at midday 

and more time feeding in the late afternoon.

5. Animals were feeding in a greater proportion of scans in 

the fall and summer than during the rest of the year. 

More time was spent resting in the summer months and 

less time in the spring than in the other seasons. 

Maras moved proportionally less in the summer. Overall 

they spent U.6% of their time feeding, 18% sitting. 24% 

resting, 8% moving, and 4% engaging in other 

behaviours.

6. In roughly 76% of the fixes, the radio-collared maras 

were in scrub habitat. However, the animals spent 

significantly more time in the open than expected if 

they had been using the available area at random. This 

result is supported both, by analysis of habitat usage 

patterns, and vegetation cover value usage patterns. 

Usage of lagoons varies substantially in the different 

seasons: they were not used at all during the wet winter 

months; however, during the spring and summer the 

radio-collared maras were found on the lagoons in 15% of 

the fixes. Spring and summer are the driest seasons on 

the Peninsula Valdes, and it may be that more water is 

concentrated in the forage plants growing on the lagoons 

than in the surrounding scrub. The water content of 

plants must be important for maras since they almost 

never drink.

7. On the Peninsula Valdes maras are primarily grazing

animals. They were only recorded browsing on shrubs in 

8 scans compared to 4702 scans of maras grazing. They 

are probably selective feeders since they have tiny 

mouths which appear to be designed for choosing only the 

most nutritious food items. Analysis of mara faecal 

material revealed a dicot to monocot cuticle ratio of 

13:1, suggesting that grasses play a more important role 

in their diet than herbs.

3. The amount of overlap between the seasonal ranges of the
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different radio-tracked maras varied from none to a 

maximum of 33 ha. The maximum proportion of two ranges 

overlapping was 0.33. However, even in those cases where 

two maras (pairs of maras) ranges overlapped a lot (33 

ha) the two ranges compared were highly negatively 

correlated. This shows that the utilization 

distributions of two pairs of maras whose ranges 

overlapped were actually very different--they were not 

using the same cells with the same intensity, and may 

have been actively avoiding each other.

9. The radio-collared maras must have interacted spatially 

with large numbers of other unmarked maras; so the full 

complexity of the maras' spatial organization at the La 

Blanca study area remains hidden. Furthermore, analysis 

of the spatial overlap between different radio-tracked 

maras was limited by not having enough data to look at 

overlap on a fine enough (daily) time scale. The 

evidence suggests that mara pairs living in the same 

area actively avoid each other. Too little evidence is 

available; but it may be that maras are territorial in 

the same sense that Doncaster (1985) has shown in red 

foxes: ranges overlap considerably when looked at over 

long periods of time, but the area in use at any moment 

by a given animal (or family) is an exclusive use zone 

into which other foxes seldom venture.
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Chapter 4 

THE ECOLOGY OF THE PAIR BOND

4.1 Introduction

The mara is one of the few species of mammals to 

have a monogamous breeding system. Monogamy is rare in 

mammals with some authors reporting that only 3% of the 

species studied have this social system (Kleiman, 1977). 

Circumstantial evidence long suggested that the pair-bond in 

maras is strong: the sheep herders of Patagonia hold the 

male mara up as an example of familial loyalty, and say that 

if one kills a female mara, one must also kill the male as 

it will never mate again. As in many legends there is some 

truth in this as the results presented below will show. The 

goals of this chapter are to describe how the pair-bond 

functions in maras, and to answer the question of why this 

species has adopted this social system.

The chapter will be divided into the following seven 

sections: (4.2) a review of the ecology of monogamy with 

reference to mammals, (4.3) a survey of the literature on 

maras, (4.4) a summary of analysis methods used, (4.5) a 

review of the evidence that maras are monogamous based on my 

field data and the literature, (4.6) an examination of the 

mara's pair-bond from both a behavioural and ecological 

perspective, (4.7) tests of the various hypotheses as to why 

maras have adopted this social system, and (4.3) a summary 

of the most important findings in this chapter.
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a.2 Monogamy in Mammals

The Concise Oxford Dictionary (Oxford University 

Press, Oxford, 1976) defines monogamy as "the habit of 

having only one mate at a time". Monogamy has been used by 

'mammalogists more broadly to refer to a social system where 

a mated pair remain together, normally reproducing sexually 

only with each other, through several breeding seasons. The 

pair often share the same home range, and remain apart from 

conspecifics. Occasional covert matings outside the pair do 

not negate the existence of monogamy. Monogamy does not 

necessarily imply a life-time relationship since, if one 

member of the pair dies the remaining mate may develop a 

bond with another individual of the opposite sex (Kleiman 

1977; Wickler and Seibt, 1981; Wittenberger 

and Tilson, 1980).

Polygynous mammalian mating systems are 

comparatively well understood (see for example studies by 

iClutton-Brock et al, 1982. on red deer; and Le Boeuf. 1972 and 

1974- on elephant seals). The theory of the evolution of 

monogamy in mammals, however, lags behind (Wittenberger and 

Tilson, 1980), and as the discussion below will show, a 

unified theory to explain monogamy in mammals does not 

exist. The trend among authors is to view mammalian 

monogamy as having arisen for a variety of reasons in 

different taxa (Kleiman, Op. cit. and 1981 j Dunbar, 1934; 

Wittenberger and Tilson, Op, cit.).

Monogamy has been described as a rare mating system 

in mammals: Kleiman (Op. cit.) reports 3%, and Crook (1977) 

reports that 12.5% of the mammal species studied have this 

breeding system. However, Zeveloff and Boyce (1980) report 

that 52% of the mammal species in their sample (N=155). 

which they admitted to" be biased, were monogamous. This

suggests that these previous estimates of the proportion of
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mammal species which are monogamous may be low. Trivers 

(1972), in his seminal paper on parental investment and 

sexual selection, raised the point that the kind and 

quantity of 'parental investment* in offspring by males 

versus females are very different in mammals. Parental 

investment is defined as any investment by parents in an 

individual offspring that increase the offspring's chances 

of surviving at the cost of the parent's ability to invest 

in other offspring (Trivers, Op. cit.). This point is pivotal 

in understanding why there appears to be a bias towards 

polygyny in mammals. The ways this difference affects the 

two sexes are outlined below:

Because of the internal development of the young, 

female placental mammals have invested heavily in each 

offspring at birth. Also, eggs cannot be produced ad 

libi'tuin, and gestation periods are long (up to 12 

months or more); so, compared to males, females of many 

species are constrained to breeding at a. slow rate. 

Due to these two factors, female mammals can be 

expected to continue to invest in their offspring 

post-partum to ensure that the energy they have 

invested does not go to waste through offspring 

mortality. Further, with their mammary glands (one of 

the distinguishing characteristics of mammals) females 

are able to supply all or most of the nutritional needs 

of the developing young post-partum. This males cannot 

do.

The initial investment by males in their offspring 

consists of a small quantity of easily produced sperm. 

This, and the low likelihood of females abandoning 

young as shown above, means that males (other things 

being equal) may produce more offspring by mating with 

as many females as possible.

Kleiman (Op. cit. ) describes the simplest mammalian social 

system as one of short stages of adult male and female
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interactions that result in conception, short periods of 

maternal care of the young, probably exclusive but 

overlapping home-ranges, and polygyny. This system may have 

been the primal mammalian social system (Wilson, 1975), and 

it probably arises in mammals because of this differential 

parental investment in offspring prior to birth by male 

versus female parents.

This is very different from the situation in birds 

where the differences in parental investment between the 

sexes at hatching are smaller relative to the mammals. With 

a similar level of investment, females are almost as likely 

as males to abandon the young to their mates' care. The 

incentive for males to attempt to mate promiscuously may be 

small since they stand a high probability of losing their 

entire investment through offspring mortality if they desert
•

the young. Males, thus, may best enhance their inclusive 

fitness (Hamilton, 196»f) by staying with the female to help 

rear the young. The result is that roughly 90% of bird 

species are monogamous (Lack, 1968).

Why then does monogamy ever occur in mammals? 

Several hypotheses have been proposed — and most authors 

agree that> no single one is adequate to explain monogamy in 

all cases. Below, I will first look at the preconditions 

which may be necessary for monogamy to arise, and then 

examine a range of hypotheses as to why monogamy has 

developed in different situations.

4-. 2.1 Preconditions for and Nature of Monogamy

These conditions do not necessarily always result in 

monogamy but they may be necessary for other factors to take 

effect.

Kleiman (Op. cit.) has suggested that monogamy may 

evolve when group living is favoured (see Chapter 5 for a 

detailed discussion of group living). Group living may be 

favoured for the following reasons: (i) a lower
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susceptibility to preclation through either group defense 

(see Kruuk, 1964) or cooperative vigilance (see Kenward, 

1978), (ii) improved acquisition of food (see Kruuk, Op. 

cit.), and (iii) localisation and limitation of some resource 

(see Cowan and Garson, 1935). However, the advantages to 

living in groups on their own would not necessarily lead to 

monogamy since groups could just as easily consist of, for 

example, two females as one male and one female.

Females must obtain benefits from monogamous 

pair-bonding that are not otherwise obtainable (Wittenberger 

and Tilson, Op. ci t. ). These might include: protection from 

predators or harassing males, avoidance of competition, or 

direct paternal investment in young which is not shareable 

with other females. Another precondition for monogamy, in 

some circumstances, is that females must be able to 

ascertain the true mated status of potential mates, and 

mates must not desert.

Kleiman (1977, 1931) differentiates two kinds of 

monogamy in mammals: 'facultative* and 'obligate' monogamy. 

She also states that the selective pressures leading to 

monogamy in both cases may be different. The two kinds of 

monogamy are characterized as follows:

Facultative Monogamy. which is typified by the following: a 

weak pair bond, polygyny occasionally occurs, mated 

pairs interact rarely and occasionally 

antagonistically, parental investment is indirect 

(often defense of territory only), development of 

the young is rapid, mature juveniles leave the 

parental territory and reach reproductive age early, 

males are more intra-sexually aggressive and 

territorial than females, and parent offspring 

conflict is responsible for juvenile dispersal.

Obligate Monogamy, which is typified by the following: sex 

role differences are slight and in some cases 

reversed (females may be more aggressive than males 

and more territorial), males exhibit paternal care
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as do juveniles and siblings, young are dependent on 

their parents longer (sometimes even while sexually 

mature), the pair bond is strong, animals 

synchronize activities, allogrooming often occurs, 

sexual infidelity is prevented by intrasexual 

aggression and by the reproductive inhibition of 

siblings and offspring by the breeding pair, and the 

dispersal of young is forced by intrasexual 

aggression.

4.2.2 Hypotheses to Explain Monogamy

The following hypotheses have been proposed to 

explain why monogamy occurs in a variety of mammal species 

(see Kleiman, 1977 and 1931; Dunbar, 1984; Zeveloff and 

Boyce, 1980; and Wittenberger and Tilson, 1930):

1. The young need direct or indirect, nonshareable and 

indispensable, paternal care to survive (from Kleiman, 

1977, and Trivers, 1972). Paternal care can take two 

forms: (i) direct care where males either carry the 

young (e.g. in Callicebus moloch a monogamous primate, 

MendozQ and Mason, 1936), bring food to the young (e.g. 

wolves, Mech, 1970), or both; and indirect care, either 

by males defending a territory guaranteeing the female 

and young access to the resources they need (e.g. 

elephant shrews, Rathbun, 1979). or guarding the young 

and females from predators (e.g. klipspringer, Dunbar, 

1984). This is supported by Zeveloff and Boyce's 

findings (1980) that there is a strong correlation 

between monogamy and both altriciality and litter size, 

so that opportunities for males to invest in paternal 

care are greater. Also, high confidence of paternity 

(one of the preconditions for monogamy, see above) could

be associated with short gestation periods typical of 

species producing altricial young.
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2. The distribution of food or other resources may lead to 

monogamy under the following two circumstances: (i) In 

territorial species where the carrying capacity is not 

great enough to permit another female simultaneously 

raising a litter in the same range, and where males 

cannot monopolize sufficient resources to attract 

several females (from Kleiman, 1977; e.g. gibbons, 

Tenaza, 1975). (ii) In conditions of low population 

density, usually as a function of food resources being 

in rich but widely dispersed patches, where only a 

single female may be available to a male it may be 

uneconomic for the male to try to defend a territory 

large enough to encompass the ranges of several females 

(from Kleiman, 1977; e.g. dikdiks, Hendrichs and 

Hendrichs, 1971).

3. Monogamy should evolve in territorial sp ; if pairing 

with an available unmated male is alwa,,^ setter than 

pairing with an already mated male: i.e. there are no 

advantages to mating with a superior male, or a male 

holding a superior territory (from Wittenberger and 

Tilson, Op. ci't). Parental assistance by males may be 

important but not indispensable to females (e.g. 

reedbuck; Jungius, 197D-

4. Monogamy should evolve in non-territorial species when 

the majority of males can reproduce most successfully by 

defending exclusive access to a single female (from 

Wittenberger and Tilson, Qp.cit.). This typically occurs 

where sex-ratios are male biased. Under these 

conditions females may or may not benefit, but the cost 

of preventing sequestering is too high to resist.

5. Monogamy should evolve even though the polygyny 

threshold is exceeded if aggression by females prevents 

males from acquiring additional mates (Wittenberger and
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Tilson, Op. cit.). This would typically occur where a 

dominant female prevents breeding by a sexually mature 

subordinate female, or females prevent other females 

from entering the pair's territory (e.g. Jackals; 

Moehlman, 1979).

U.2.3 Consequences of Monogamy

Once monogamy had formed various energy saving 

cooperative behaviours could develop. Amongst birds, mated 

males are typically larger than females and spend more time 

in territorial defense, while the smaller females spend more 

time foraging for the young (Martindale, 1982). A similar 

dimorphism in si2e and behaviour occurs in some mammals. 

However, in monogamous mammal species there is usually a 

minimum of sexual selection, and sexual dimorphism is 

typically reduced (Kleiman, 1977; Rails, 1977). Kleiman (Op. 

citi) described how none of the monogamous forms copulates 

outside the physiological oestrous period (in contrast with 

polygynous species) except the primates. The time spent in 

sexual and courtship behaviour could be reduced once a bond 

has been established. This would save energy for such 

behaviours as foraging and care of the young. In some 

species the period of actual sexual receptivity has been 

shortened to only a few hours a year. In addition to saving 

energy, this may also help the female ensure her mate's 

fidelity since he must stay near her to be certain of being 

present when she is receptive (M. Ridley, Pers. comm.; Dept. 

Zoology, Oxford).

One cooperative behaviour typical of monogamous 

species is territorial defense (Kleiman, 1977). Males often 

engage in territorial defense to prevent other males from 

approaching and mating with 'their 1 females. In polygynous 

species females are typically non-aggressive towards

conspecifics. In contrast, in monogamous species females
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often exhibit high levels of both inter- and intra-sexual 

aggression and dominance, thus defending resources for the 

mated pair and offspring (KLeiman, 1977). But, in these 

species pair-bonded animals still tend to be most aggressive 

towards same sex conspecifics. The importance of optimal 

behaviour (Krebs, 1978) thus has a further complexity in 

monogamous species since the optimal behaviour for a 

pair-bonded individual will then depend on what its mate is 

doing (Martindale, 1982).

Many factors influence the social organization of a 

species. Such parameters as differences in the dispersion 

of food or other resources, availability or selectivity of 

mates, predator pressures, and energy budgets may all affect 

what behaviours are most adaptive under certain 

environmental conditions. Since mating systems are strictly 

a behavioural attribute they may posses greater phenotypic 

plasticity than physiological or morphological adaptations. 

For these reasons the mating system of a species might be 

expected to stray from what is considered its norm in 

different habitat types. Thus, some species considered to 

be basically monogamous might under some circumstances 

exhibit polygyny or vice versa (Kleiman, 1977; Emlen and 

Oring, 1977; Zeveloff and Boyce. 1980). But, Glutton-Brock 

and Harvey (1977) report that in primates monogamous 

breeding seems to be an extremely stable characteristic, and 

that the switch from monogamy to polygyny is not easily 

achieved.

&.3 Captive Studies on Maras

In the most detailed captive study made to date, in 

a colony of about 70 maras in France, maras were found to 

have a monogamous pair-bond which lasted for at least the 2 

years of the study (Dubost and Genest, 1974; Genest and
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Dubost, 197*1). Genest and Dubost (Op. cit.) further described 

the following characteristics of the mara's pair-bond:

1. The bond between mates is very strong, and if one of the 

partners dies there may be a considerable time lag 

before the survivor forms a bond with another animal. 

In one instance a male was still alone and exhibiting 

searching behaviour six weeks after its mate had died, 

despite the fact that there were several single females 

available.

2. The pair-bonded male and female usually remain within a 

few meters of each other. The female fills the role of 

leader and initiates activities (e.g. resting, walking, 

grazing, and movements towards the den). Females, 

however, are only 'passive* (sic) leaders since they do 

not make much effort (e.g. waiting for the male while 

moving) to maintain contact with their partners. Males, 

on the other hand, follow the female assiduously. 

Further, if a male becomes separated from his mate he 

searches for her and produces a high pitched whistle 

(presumably an attraction call). Two characteristics 

may assist the male in staying close to his partner: (i) 

The mara's highly visible white rump patch may serve as 

a flag to show that the female is active since it is 

only visible when a mara is standing or moving about, 

and is hidden when the mara is sitting (they usually 

graze in a sitting position) or lying. The other 

possible aid is (ii) a low 'grumble' vocalization which 

the two partners emit alternately while grazing and 

moving. These calls do not appear to carry more than a 

few meters, hence reducing the risk of detection by a 

predator, and thus appear to be adapted to maintaining 

close contact between mates.

3. Males defend a moving territory around their females. 

The male of a pair will not tolerate the approach of
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another adult male (who may temporarily leave his mate) 

to within 10 m of his female. If such an approach 

occurs, he displays by circling in a tight figure of 

eight in front of the female, and marks the ground with 

his anal glands and faeces. If the intruder does not 

withdraw, the male of the pair advances and a violent 

attack and chase may ensue. Females on their own will 

tolerate a greater degree of proximity by another pair. 

It occasionally happens that the male of one pair is 

dominant and chases the other away. The victor will 

briefly stay by the other male's female and may sniff 

her genitals; but then returns to his own mate so that 

the losing pair is soon reunited. Females having a 

post-partum oestrus may be pursued aggressively by other 

males, and intense fights can develop between the 

oestrous female's male and other males. But, these 

fights usually occur after the female has already mated 

with her partner (presumably because he is aware of her 

reproductive state soonest), and males usually return to 

their own partners within an hour.

k. Strict fidelity of a male towards a female persisted 

even when there was a surplus of females in the 

population. Pair-bonded males would mate with spinster 

females, but would stay with these females only for the 

time necessary to mate. Lone females in the captive 

population, however, reproduced at the same rate as 

pair-bonded females.

5. The male does not take part in the rearing of the 

young. However, since he is virtually always close to 

the female, he ensures that other adults do not 

approach, thus allowing her undisturbed time with their 

own offspring. The male may also assist a female in 

difficulty. In one case a female with partially 

paralyzed hindquarters was able to support herself 

against the flank of her mate when fleeing. Another
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male always placed himself between the blind side of his 

mate, who had lost an eye, and danger.

However, as Genest and Dubost (Op. cit.) have stated, 

"in the absence of information on the biology of this 

species under natural conditions, we cannot fully appreciate 

the role played by pair-living, nor can we Judge whether it 

is a response to specific ecological conditions." In the 

results presented below I will try to place the mara's 

social system in perspective with its ecology in the wild.

q.q Methods

The data sets used in this chapter were obtained 

from the QUERYMASTER data base, and then subsequently 

analyzed using the MINITAB and PSTAT statistical packages. 

Most of the data extraction and analyses methods used in 

this chapter have been presented in Chapter 2 (Methods and 

Study Site). Many of the analyses are based on comparing the 

frequencies of different behaviours between individuals, 

sexes, and the time of year. The data collection method 

used was to record the behaviour of every visible mara every 

15 minutes (the general scan method — see Chapter 2). This 

can lead to a problem of data independence since a behaviour 

may last for longer than 15 minutes with the result that 

consecutive scans on the same animals may not be 

statistically independent. This problem was minimized by 

sampling, where necessary, from the scan data at a 1 hr 

interval to limit the effect of behavioural 

auto-correlation.
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U.5 Are Wild Maras Monogamous?

The data on captive animals (see Section ti. 3 above) 

shows conclusively that maras are monogamous under those 

conditions. In this section the evidence that maras are 

monogamous in the wild will be reviewed using my field 

observations. The evidence is of two types: (i) the 

distribution of observations of different group sizes which 

I observed in the wild, and (ii) case studies of intensively 

observed identifiable individuals. Each of these will be 

addressed in turn.

U.5-1 The Distribution of Group Sizes

Whenever maras were observed in the field I 

attempted to determine how many individuals there were in 

each group, and how many of these individuals were of each 

sex. A group was defined in the field as any maras located 

within 15 m of each other for all or most of the time they 

were observed. An observation of a group could vary from a 

brief sighting, lasting only a few seconds, of maras fleeing 

from a moving car in the scrub; or an extended observation 

session lasting several hours. These data were examined to 

look at the overall and seasonal patterns of mara group size 

and composition.

To prepare the data set for this analysis all 

observations of unique groups (not counting the same group 

more than once for a given day) were extracted from the 

QUERYMASTER data base (see Chapter 2). These data were then 

run through Program SELGROUP which determined the maximum 

number of animals seen in a group during the period it was 

observed. In total I was able to obtain estimates of the 

number of animals in 907 groups of maras.

However, many of these groups were observed only
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fleetingly. To test the reliability of the size and 

composition estimates for groups viewed briefly, defined as 

those recorded in only one observation scan, the 

distribution of membership sizes was compared between groups 

recorded in one, and more than one scan. The median number 

of adults in the /J-39 groups which were recorded in single 

scans was 1 adult (54% of the total). For groups recorded 

in more than one scan the median number of adults was 2, 

with 57% of the groups containing 2 individuals (see Table 

4.1). These distributions were found to be significantly 

different using the Mann-Whitney test (W = 165668, P < 

0.000), with groups seen only once being significantly 

smaller than groups seen several times. As a result, only 

groups recorded in 2 or more observations scans during one 

observation session were used for the analyses done below.

Examining the group composition data (see Table 4.2) 

shows that of the groups for which I was able to identify 

the sexes of all the adults, 63% consisted of 1 adult male 

and 1 adult female, 17% consisted of lone females, 3% 

consisted of lone males, 6% consisted of 1 male with 2 

females, and 6% consisted of groups with other 

compositions. A X3 test on the number of groups containing 

1, 2. and more than 2 adults in different bi-monthly blocks 

was made to investigate whether group composition changes 

during the year (see Table 4.3). The overall X3 showed that 

there were no significant differences (X3 = 17.59. df= 10, 

NS) in group size between bi-rnonthly blocks.

With these results it is clear that the majority of 

groups consist of one male and one female, and that this is
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Table 4.1.—The distribution of numbers of maras counted 
when croups were viewed in only one scan and in more 
than one scan. Only data on adults are Included in this 
table. Groups with O adults consisted of varying numbers
of Juveniles.

Number
Adults 
in Group

Observed Once

Count Prop

Observed >= 2

Count Prop

O
1
2
3
4
5
6

4
24O
166
22
7
O
2

0.01
0.54
0.38
O.05
0.02

0
O.OO

5
105
266
70
16
3
1

O.O1
0.23
0.57
0. 15
0. 03
0.01
0.00

Total 441 466



Table ft.2. The distribution of the number of adults of 
each sex in observed groups. Only groups used where the 
sexes of all adult members were know. A total of 288 
males and 337 females were seen in groups where the 
sexes of all members were known.

Group
Composition

1 Male Only
1 Female Only
1 Male & 1 Female
1 Male ft 2 Females
1 Female & 2 Males
Other

Total

Total
Count

27
62
223
22
8

ill

356

Prop
Total

0.08
0.17
0. 63
0.06
0.02
o.ou

1.00



Table ft.3. The distribution of group sizes in different 
months of the year. Only croups used where the sexes of 
all adult members were known. Also, shows results of a 
X* test of whether there were significant differences in 
group size in different bi-monthly periods during the 
year.

Number of Adults

Months

Jan-Feb
Mar-Apr
May-June
Jul-Aue
Sep-Oct
Nov-Dec

Total

X2 Test

1

Obs

1
9
7
5

ft5
22

89

Results

0.17
0. 13
O.O1
6.4ft
O.O7
3.56

Exp

1.50
8.OO
6.75
1ft. 75
ft3.25
1ft. 75 .

89. OO

2

Obs

5
20
15
ft8
1O9
30

227

0.36
O.01
0.29
2.86
0.02
1.5ft

Exp

3.83
20. ftO
17.22
37.62

110.31
37.62

227.OO

>2

Obs

0
3
5
6

19
7

fto

0.67
0. 10
1.27
0. 06
0.01
0.02

Exp

0.6?
3.60
3.03
6.63
19. ftft
6.63

fto. oo

Total X* = 17.59. df = 1O, Not Significant
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the general pattern year round. However, it is noticeable 

that many of the groups seen did not consist of two 

individuals. In fact, 25% consisted of a single male or 

female. Several reasons might explain this: (i) there could 

be many non-pair bonded animals, (ii) pair-bonded maras 

might not spend all daylight hours together, or (iii) 

because of the short span of time most groups were watched 

there may be weaknesses in the data. How long the bonds 

between Known individual maras lasted will be examined in 

the next subsection.

4.5.2 Individual Case Studies

A major problem in this study has been the sparsity 

of individually recognizable animals. A total of 22 maras 

were recognizable and followed for more than a few days (see 

Table 4. 4 , and Chapters 2 and 3). During 22 months of field 

work I only had three pairs where both partners were 

recognizable. On none of these pairs do I have more than a 

few months of data. The data on these three pairs are 

summarized below:

1. LRF and LRM were seen together at Estancia Larreburu 

from 17.9.8! to 12.11.Si. Both animals were present 

every time this pair was observed.

2. GIF and TDM were captured at Puesto Centenario and 

were only seen on two occasions. They were first seen 

on 27.7.33 and last seen on 5.9.34, a span of 406 

days.

3. TIF and LEM were observed together from 17-10.83 to 

15.12.83. Both animals were radio-collared and I was 

able to follow them extensively. After 15-12.33 they 

were not found together again. LEM died shortly after- 

being last tracked on 22 February 1934. TIF was 

tracked until 23.11.84, and was with a new mate in
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Table 4.ft.—The period over which individually 
identifiable maras were sighted, and the identity of 
accompanying animals. M = Male, F = Female, J = 
juvenile. Ad « Adult of unknown sex.

Mara 
Name

CAM
ELF
ENF
GCM
GIF
JAF
LEM
NAF
PAN
PJF
PUF
SLF
SYF
TEF
TIF
TIM
TUM
WAM
WOF
LRF

First 
Sighted

31.8.83
21.3.83
5.3.83

18. ft. 83
27.7.83
15.6.83
7. 10.83
12.6.83
13. ft. 83
2.1O.83

15. 10.83
7. 10.83
5. 10.83
17.10.83
7. 1O.83

15.11. 83
28.9.8ft
2.8.83

7.10.83
17.9.81

Animals 
With

Alone
2 J.I M

TDM

TIF
2 Ad

2P. lAd
1M. IF
2 Ad

Alone

LEM

LRM

Last 
Sighted

22.9.8ft
2.5.8ft

2ft. 6. 83
18.1.8ft
5.9.8ft
3.9.8ft

22.2.8ft
16.11.83
22.11.8ft
22.9.8ft

20. 12.83
21.11. 8ft
23. 11. 8ft
1. 12. 8ft

23.11.8ft
12.9.8ft

23. 11.8ft
16.11. 8ft

8. ft. 8ft
11.11.81

Animals 
With

PJF
7

1 M
ft Ad
TDM
1 M
o
?

Alone
CAM

TIM, 3 J
1 M
?

1 M. 1 J
?

Alone
7
7
?
LRM

Span of 
Days

388
ftod
111
306
ft06
ftft6
138
157
589
356
66

ftll
ft!5
ft5

ft!3
302
56

106
18ft
55



THE ECOLOGY OF THE PAIR BOND

September 1984. It is probable that they split up 

because LEM was rapidly losing condition from an 

injury sustained when captured (also see Chapter 3).

For the nine most extensively observed animals. 

Table 4.5 shows the group composition for every half monthly 

block in which I was able to estimate group size. From this 

table it is clear that in the bulk of the bi-monthly periods 

'(63%. or 82% for periods where the best estimates of group 

size were made) animals were sighted in pairs, but that 

pair-bonded animals sometimes seemed to be on their own. 

Also, some of the marked animals occasionally appeared in 

trios. These were of short duration for eight of the nine 

intensively observed animals. However, it seem likely that 

mara JAF was a member of a trio as she was seen with two 

other adult maras (1 male and 1 female) during 4 out of the 

7 two week periods during which I was able to obtain a group 

size estimate for her.

Can we then clearly say that maras are monogamous? 

The data on captive animals seem conclusive, but those 

gathered in the wild are not so clear. This is a common 

problem in field studies; because of the difficulty of 

obtaining lifetime data on animals in the wild, the evidence 

that a species has a monogamous social system is often 

incomplete. Given this problem, Kleiinan (1977) suggested 

that the following factors are evidence that a species is 

monogamous:

1. Pairs stay together both during and outside the period 

of reproduction.

2. Animals only copulate with their pair bonded mate.

3. No unrelated adults share a bonded pairs home-range.

4. Only one pair breeds at a time in family groups.

The field data strongly suggests that mara pairs stay 

together year round, both during and outside the period of
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Table A. 5- Chances In sizes of croups for known maras. 
Months are divided Into bl-monthly periods. The best 
estimate of croup size for each of the Identified maras 
were used for each bi-monthly block. * mark entries 
were the estimates of croup size were made based on only 
one or two slchtlncs of the animal. In 63% (59:93) of 
the periods animals were slchted In pairs (82%, 59:72, 
If only the best data are used).

-MARA NAMES-
Months

-1983-
Mar 2
Apr 1

2
May 1

2
Jun 1

2
Jul 1

2
Auc 1

2
Sep 1

2
Oct 1

2
Movl

2
Dec 1

2
-1984-
Jan 1

2

Auc 2
Sep 1

2
Oct 1

2
Nov 1

3

CAM ELF GCM JAP

2 2
2

1
1 *
2 3

1
3

33 3
2

2 2
1*2 2
1*2 2

2 2
222

2 1 * 2
1

1 2

2
2 3

' 2

PAN

2
1 *

2
1 *
1 *

2
2
2
2
2
3
2
2
2
2

1 *
2

1 *

PJF SLF SYF TIF

2 2 2 1 *
2321
2 1 * 2 1 *

2 2 1 *
2 1 * 1

1 * 22

1 * 1 *
2

2 1 *
2 2
2 1 *

2 1 * 2
2 2

222
2
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reproduction. The data on the other three points are less 

clear. Without genetical data it was impossible to say 

whether maras only mated with one other individual. But, 

most matings leading to parturitions must occur (see Chapter 

5) in June and July, a time when maras are spatially 

dispersed (see Chapter 3). This would, thus, limit a male's 

opportunities to encounter and mate with other females (this 

point is discussed in detail in Section 4.7). With regards 

to Point 3 above, although mara's home-ranges overlap 

considerably there is evidence that the radio-collared 

animals were avoiding each other in time and space (see 

Chapter 3). Kleiman's last point is not relevant since maras 

do not live in family groups. The overriding evidence that 

this species has a monogamous social system is the group 

size data--maras are seen in groups consisting of one male 

and one female 63% (or 82%, see above) of the time. 

However, a few animals may be in trios of one male and 2 

females--although it is possible that third animals are a 

pair's offspring from the previous year. It is not unknown 

for trios to occasionally occ.ur in other basically 

monogamous species (for example klipspringer, see Dunbar and 

Dunbar, 1974).

4.6 The Nature of the Pair Bond

In this section the behavioural relationship between 

paired males and females will be investigated. Much of this 

will be a rehash of Dubost and Genest's (1974; also see 

Genest and Dubost, 1974) work on captive maras. However, it 

is necessary to cover the same ground since data on wild 

maras have not been presented before. The topics which will 

be covered are: (i) spatial maintenance of the pair bond, 

(ii) behavioural coordination between mates, (iii) 

behavioural differences between the sexes, and (iv)
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interactions between pairs. A number of other aspects of 

the pair bond will be discussed in detail at the end of the 

section.

4.6.1 Spatial Maintenance of the Pair Bond

I have already shown that the male-female pair is 

the commonest group size seen throughout the year (see 

Tables 4.2 and 4.3 above); and also have shown that at least 

some maras stay with the same mate for extended periods of 

time (maximum observed was 406 days, see Subsection 4.5.2). 

Here, data on the spatial maintenance of the bond will be 

presented.

While making observation scans on maras I recorded 

the distance to each mara's presumed mate every 5 minutes. 

These data were extracted at 1 hr independence intervals and 

are summarized in Table 4.6. Figure 4.1 shows a plot of the 

proportion of the observations of maras at varying distances 

from their mates (only one of the two records per 

observation pair were used here to avoid duplication). In 

35% of the observations maras were within 10 mara lengths 

(each mara length measures about 77 cm, see Appendix A) of 

their mates. These data were then divided into bi-monthly 

blocks to examine if there were any seasonal trends using a. 

X2 test. But, no significant differences were found (X2 = 

11.39, df = 15, NS). Thus if the distance to mate data can 

be assumed to be a measure of the strength of the bond 

between two animals then, not only does the bond last, but 

it also seems to maintain the same intensity thoughout the 

year.

4.6.2 Behavioural Coordination Between Mates

Two topics relating to the maintenance of contact 

between paired animals are discussed below: (i) how the
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Table 4.6.--The distribution of the number of times 
mates were observed at different distances apart. 
Distances are measured in mara lengths (approximately 77 
cm.)• Data taken from all 1983 and 1984 data selected 
at 1 hr intervals to ensure independence.

Distance to Mate Number of Proportion of 
in Mara Lengths Observations Observations

Touching
0
2
5

1O
20
40
>

- 2
- 5
- 10
- 20
- no
- 1OO
100

4
70

18ft
147
&5
12
3

14

0.008
0. 15
0.38
0.31
0.09
0.02
0.006
0.03

Total 479 1.00
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Figure 4.1. The distribution of the distances between 
mates during general scans (N » 479)* Distances measured 
In .mara lengths (about 77 cm).
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actual contact is maintained, and (ii) behavioural 

coordination between mates which may facilitate them staying 

together.

Maintenance of Contact

The scrub which the mara inhabits (see for example 

Figure 2.7 in Chapter 2) is slightly higher than the height 

of a sitting mara, as a result an animal need move only 5 or 

10 m to be out of sight of its mate. Thus, the maintenance 

of contact between mates may be a problem for the mara. 

Investigating the way partners maintain contact may give us 

some insight into the nature of the pair bond. I have 

already mentioned the low pitched 'grumble* contact call 

(upon which detailed data were not collected) which may help 

the animals stay together (see Section 4.3). Genest and 

Dubost (197^) have shown that travelling pairs walk or trott 

in single file with the female usually leading the 

procession. They further suggest that females initiate most 

activities. Here two topics will be examined in turn below: 

(i) initiation of movement (reiterating material covered by 

Genest and Dubost, Op. cit.), but redone on my data to check 

behaviour of wild maras), and (ii) how each sex monitors 

their mates' movements.

While collecting behavioural scan data in 1981, 

every time a male or female moved between scans its 

movements, when a clear pattern existed, were recorded as 

being either towards or away from its mate. Scans were 

selected at an independence interval of 1 hr. The following 

results were obtained:

Males were recorded moving towards their mates 130 

(67%) times and away 64. (33%) times out of 1555 scans.
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Females were recorded moving towards their mates 35 

(21%) times and away from their mates 129 (79%) times 

out of 1657 scans.

A X2 test was used to compare the number of times males and 

females moved away and towards their mates between scans. 

The expected values were derived on the basis that both 

sexes move towards and away at the same frequency. Males 

were found to have moved towards their mates significantly 

more often than females, and females were found to have 

moved away from their mates significantly more often than 

males (X2 = 79-53. df = 4. P < O.O05). These results clearly 

support Genest and Dubost's (Op, cit.) findings that females 

initiate most movements and that males follow the female.

To investigate the second topic: during the 1933 and 

1984- field seasons data were collected to examine how mates 

might monitor each other's location as a means of 

maintaining contact. To do this, the orientation of the 

head (which delineates where an animal is looking, but see 

below) of each animal in a focal pair was recorded as being 

either: (i) oriented towards their mate (i.e. the mate was 

located within the quadrant centered on the direction in 

which the animal was looking), (ii) oriented parallel to 

their mate, or (iii) oriented away from their mate. The 

following results were obtained (summarized in Table 4.7):

X2 tests were used to examine whether both sexes 

oriented independently of their mate's position. The 

expected values for this test were made on the basis 

that if the sexes were orienting independently of their 

mates position they should have their heads oriented 

towards their mates in 25% of the scans, parallel to 

their mates in 50% of the scans, and oriented away from 

the mate in 25% of the scans. In both sexes the X2 

test gave significant results showing that head 

orientation was not independent of the mates position 

(males: X2 = 14.96, df = 2, P < 0.005; females: X2 =
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Table 4.7. X* tests of the orientation of mara males 
and females relative to their mates (see text for 
calculation of expected values). Data are from 1983 and 
1984 only* and records are selected at 1 hour 
Intervals. Two by Two X* tests further reveal that the 
only significant difference Is In the orientation 
towards mate category with males oriented towards their 
mate significantly more than females (X2 = 6.05. df = 1. 
P < 0.025).

Ma.le Orientation with Female Orientation

Orient- Males Females
tatlon Observed Expected Observed Expected Total

Towards
Side
Away

29
27
34

21.99
28.64
39.38

14
29
43

21.01
27.36
37.63

43
56
77

Total 90 9O.OO 86 86.00 176

Total X: 6.27. df 2. P < O.O5

Observed Orientatlon of Sexea with Random Orientation

Orient- Males Females 
tatlon Observed Expected Observed Expected Total

Towards
Side
Away

29
27
34

22.50
45. oo
22. 50

14
29
43

21.50
43.00
21.50

43
56
77

Total 90 9O.OO 86 86.0O 176

Total X* 
(2 df)

14.96 
P < O.OO5

28.67 
P < 0.005
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28.67, df = 2, P < 0.005). Males had their heads 

oriented towards and away from their mates more than 

expected; and females had their heads oriented away 

from their mates more than expected, and parallel to 

and towards their mates less than expected.

To look at the differences between male and female 

orientation a X3 test was made comparing the head 

orientation of the sexes. The results showed a 

significant difference between males and females (X2 = 

6.27. df = 2, P < 0.05). However, looking at each 

orientation category singly the only significant 

difference found was that males had their heads pointed 

towards their partner more than females (X2 = 6.05, df 

=1. P < 0.025).

For the females 'these results are similar to those 

on movement patterns, suggesting either that: (i) females 

both move and orient themselves away from their mates; or 

(ii) males choose to move behind the female and hence always 

stay to her rear. In practice, these two possibilities make 

little difference since they both suggest a pattern of 

females' controlling the movements of the pair. 

Interpreting orientation results for the male is more 

complicated, partly because I have no data on the mara's 

field of view. Small antelopes have a 270° field of view 

(Dunbar and Dunbar, 1980) and maras having a generally 

similar morphology, might be much the same. Thus, maras 

would not need to face their mate to keep them in sight. In 

fact, when maras are observing a source of potential danger 

(usually myself) they almost always look with their head 

oriented parallel to, and hence with only one eye towards, 

the potential danger. Because of this I suggest that if 

males were primarily concerned with monitoring the movements 

of their partner they would have their head oriented 

parallel to their mates most of the time. This, as the 

results above show, is not the case since they spend more
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time than expected looking towards or away from their mate. 

This pattern might, however, be the optimal one for predator 

scanning which, as will be discussed in Section 4.7, has 

relevance for understanding why maras are monogamous.

Behavioural Coordination

While watching maras I was impressed by the degree 

of behavioural synchrony between partners: males and females 

usually seemed to be doing the same thing at the same time. 

This kind of behavioural synchrony, if it existed, could 

help keep the members of a pair in close proximity since it 

would prevent one animal being left behind resting when the 

other becomes active. Similar patterns have been reported 

for monogamous ungulates by Dunbar and Dunbar (Op. cit.). and 

Leuthold (1977).

To test- for behavioural synchrony, scan data were 

extracted using a 1 hr independence interval from the 

QUERYMASTER data base. The behaviour codes were sorted into 

6 general categories (see Chapter 3 for behavioural 

categorization); and the number of times each sex was 

observed behaving in each category was sorted against its 

mate's behaviour at the same time. Table 4.8 summarizes 

these observations, and also shows time budgets for the 

sexes (also see Figure 4.2). Looking at this table it is 

clear that the bulk (57%) of the observations fall along the 

middle line where both sexes were simultaneously engaging in 

the same general behaviour.

A X3 test was used to check whether members of pairs 

were behaving independently of each other (see Table 4.9). 

For this purpose the males 'Other* behaviour category and 

'Interacting with Pup' behaviour category had to be combined 

to ensure obtaining high enough expected values for the 

test. The X3 test showed that the observed values were
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Table 4.8. Frequencies with which males and females 
were observed engaging In various combinations of 
activity during general scans. Samples selected at one 
hour Intervals for the same mara pairs to Insure 
Independence of scans. Decimal values In the right-most 
column, and along the bottom of the table, show the 
proportion of observations of each sex engaging In each 
behaviour category. 57X of the observations occur on 
the centre line where both sexes were engaging In the 
same behaviours at the same time.

Male's Behaviour
Female's ____ 
Behaviour Feed Sit Lie Move Int W/P Other Total

Feed

Sit

Lie

Move

Inter w/P

Other

118

13

8

6

4

1

38

56

7

12

41

5

12

4

38

1

7

1

14

8

1

50

2

2

O

O

O

O

4

0

6

3

2

7

2

6

188
0.392
84

0.175
56

0. 117
76

0.159
60

0. 125
15

o. 031

Total 150 159 63 77 4 26 479 
O.313 0.332 0.132 O.161 O.OO8 0.054 l.OOO



Figure ft. 2. Graphical Illustration of the coordination 
of behaviour between male and female mates. The size of 
the symbol represents the percentage of general scans 
observations of mates engaging In that combination of 
behaviours (N - 479).

Nothing 0 - 1 % of Observations

1.1 - 5 X of Observations

5.1 - 10 % of Observations

10.1 - 15 X of Observations

15*1 - 30 X of Observations

L.
D
O
•H

JZ
HI
CQ

CD
£ 
CD

Feed

Sit

Lie

Move

W/Pup

Other

Feed Sit Lie Move W/Pup Other

Male B e h a v iou r



Table 4.9»--Xa test of the assumption that mara males 
and females engage In different behaviours independently 
of their mate's behaviour. Data taken at 1 hr 
independence intervals. Expected values for each cell 
calculated on the basis of the conjoint probability of 
both sexes engaging in each behaviour combination if 
they were behaving at random and independently of their 
mate's activities.

-Male Behaviour-
Female Feed
Behav Obs

Feed
Sit
Lie
Move
IntW/P
Other

US
13
8
6
4
1

Exp

58.9
26.3
17.5
23.8
18.8
4.7

Sit
Obs

38
56
7

12
41
5

Exp

62.4
27.9
18.6
25.2
19.9
5.0

Lie
Obs

12
4

38
1
7
1

Exp

24.7
11.0
7.4
10.0
7.9
2.0

Move
Obs

14
8
1

50
2
2

Exp

30.2
13.5
9.0
12.2
9.6
2.4

Mscl
Obs

6
3
2
7
6
6

Exp

11.8
5.3
3.5
4.8
3.8
0.9

Total

188
84
56
76
60
15

Total 150 159 63 77 30 479

Test Results

59.4
6.7
5.2

13.3
11.6
2.9

9.5
28.4
7.2
6.9
22.3
0. 0

6.6
4.5

127.4
8.1
0.1
0.5

8.7
2.2
7.1

116.8
6.1
0.1

2.8
1.0
0.6
1. 1
1.3
27.3

Total X* = 173.5. df = 2O. P < O.005
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significantly different from those expected (X2 = 173.5. df 

= 20, P < 0.005) if animals had been engaging in different 

behaviours independently of their mate's behaviour.

To further test the significance of this result. 2 

by 2 X2 tables were constructed for each cell comparing the 

observed frequency of that behaviour combination against the 

derived likelihood of obtaining that behaviour combination 

(see Table /I. 10). Only those cells where expected values 

were 5 or greater were used. The observed number of 

observations of behaviour combinations are only 

significantly greater than the expected values in five 

cases: In the four cases where both sexes were engaging in 

the same behaviour (both feeding, both sitting, both lying, 

and both moving); and when the female was caring for the 

pups and the male sitting.

Thus, the data show that there is a high degree of 

behavioural synchrony between mates. If the behaviour 

combination where the female was caring for the pups and the 

male sitting (since males do not otherwise care for the 

young) is included, 65% of the time both members of the pair 

were engaging in equivalent behaviours.

4.6.3 Behavioural Differences Between the Sexes

In this subsection the differences between male and 

female behavioural time budgets will be examined (summarized 

in Table 4.11 and Figure 4.3; also see Chapter 5). As above, 

behavioural scan data were selected for each sex at 1 hr 

intervals. The number of times each sex was observed 

engaging in each behaviour category were tabulated. Tables 

4.12 to 4.20 show time budgets for the two sexes under 

varying conditions (they also show results of X= tests 

comparing the time budgets). Overall the time budgets of 

males and females were found to be significantly different 

(X3 = 119.O5, df = 7. P < 0.005). The main differences were 

that: males sit and interact with other adults more than
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Table ft.10.—The results of 2 by 2 Xs tests of the 
likelihood of the co-occurrence of behaviours for mara 
pairs. •*• and f - f in the ft th column refer to whether 
the observed value was greater or less than the derived 
expected value.

-Behaviour- Number Number 
Male Female Observed Expected

Feed Feed
Sit
Lie
Move

Int W/Pup
Sit Feed

Sit
Lie
Move

Int W/pup
Lie Feed

Sit
Lie
Move

Int W/Pup
Move Feed

Sit
Lie
Move

Int W/Pup

118
13
8
6
ft
38
56
7
12
ftl
12
ft
38
1
7
1ft
8
1
50
2

* 58.9
26.3
17.5
23.8
18.8
62. ft

+ 27.9
18.6
25.2

* 19.9
2ft. 7
11. O

+ 7. ft
1O. 0
7.9
30.2
13.5
9.0

* 12.2
9.6

Xs*
Value

Ift2. 3
11.9
8.6
23-0
19. ft
23.5
51.5
12.3
12. 3
38.2
12. ft
6.3

166.1
11. 1
0.1
17.1
3.2
9.6

165.5
8.3

P <

O.OO5
0.005
O.OO5
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.025
O.OO5
O.005
N.S.
0.005
N.S.
0.005
0.005
O. 005



Table A. 11.—Summary of Inter-sexual and Inter-seasonal 
differences in behaviour. All data obtained at 1 hr 
independence intervals to minimize auto-correlation of 
the data. Results and X2 statistics for each 
comparisons made are shown in Tables 4.12 to 4.2O.

Comparison Made Result

Male vs Females
-———OVERALL————————————————————————— 
Significantly different. Males (i) 
sit more, (ii) Interact with other 
adults more, and (iii) interact with 
pups less than females.

Male vs Female

Females

Males

—OUTSIDE BREEDING SEASON——————————————————— 
No significant differences.

IN VS OUT OF BREEDING SEASON———————————————— 
Significantly different. During 
breeding season females (i) feed less, 
(li) sit more, (ill) lie less, and (iv) 
engage in miscellaneous behaviours 
more (includes parenting) than outside 
breeding season.

Significantly different. During the 
breeding season males (i) feed less, 
(ii) sit more, and (iii) engage in 
miscellaneous behaviours (primarily 
interact with other adults) more.

Male vs Female
•DURING BREEDING SEASON———— 

Significantly different, 
more than females.

Males sit

Male vs Female 
at dens

Significantly different. Females 
(1) sit less and (ii) interact 
with pups more than males.

Females, at vs 
away from dens

Significantly different. At den 
females (1) feed less and (ii) engage 
in miscellaneous behaviour (mostly 
parenting) more than away from the den

Males, at vs
away from dens

Significantly different. Males at 
den (i) feed less and (ii) sit more 
than away from den.

Male vs Female, 
away from dens

Significantly different. Males (i) 
feed less and (ii) sit more than 
females while away from the den.



Figure 4.3 (2 Pases).

Pie charts illustrating the proportion of observations, 
or time budgets, of mara males and females engaging in 
different general behaviour categories at different 
times of the year, and at and away from the den.
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Table 4.12.—The number of independent scan observations 
of mara males and females behaving in each of 7 
behaviour categories. Data taken from all observations 
of adult maras selected at 1 hr Intervals.

-Male Totals- -Female Totals- 
Behaviour Observed Expected Observed Expected

Graze
Sit

Rest
Move

Interact W/Adults
Interact W/Pups
Other

Total

X2 Test Results

166 182.8O
157 118.28
85 81.82
54 54.23
31 16.36
5 45.35

13 12.16

511 5H.OO

1.54
12.67
0.12
0.00

13.09
35.90
0. 06

225 208.2O
96 134.72
90 93-18
62 61.77
4 18.64

92 51.65
13 13.84

582 582.00

1.36
11.13
0.11
O.OO

11.50
31.52
0.05

Total X* =* 119.05. df = 7. P < 0.005

Table 4.13.--Comparison of male and female behaviour 
outside the breeding season.

-Males- -Females- 
Behaviour Observed Expected Observed Expected Total

Graze
Sit

Rest
Other

82
15
31
14

77.45
13-33
30.82
20. 40

104
17
43
35

108.55
18.67
43.18
28.60

186
32
74
49

Total 142 142.OO 199 199.00 341
————_ — ______ _______ __ _ _ ______-.—— — — — .— — — •—•— — — — — — — — — — — — — — — — _ —.

X* Test Results 0.27 O.19
0.21 0.15
0. 00 0.00
2.01 1.43

^ ̂  •«. IM •__ ^V ^ ,M V •• ^ M» •« W •• H» ^ jn, ^^ ^ -j_—— ^ ̂  ^ ^^ ^^ ^ ^ »^ ^^ «M ____ «__ MM ^V ^ -• ^ ™* *^ -^ ^ ^ ^ ^ ••• ^ «^ •• ••• "^ ——• ~~ ^ ̂  «^ •

Total X* » 4.26. df - 3, Not significant



Table 4.1/1.—Comparison of female raara behaviour during 
and outside the breeding season.

Behaviour
-Non-Breeding- 

Observed Expected
-Breeding- 

Observed Expected Total

Graze
Sit

Rest
Other

Total

X* Test

Total X2

104
17
43
35

199

Results

» 43.73,

78.42
33.46
31.37
55.76

199.00

8.35
8. 10
4. 32
7.73

df = 3. P <

121
79
47

125

372

0. OO5

146.58
62.54
58.63
104.24

372.OO

4.47
4.33
2.31
4.14

225
96
90

160

571

Table 4.15.--Comparison of male behaviour during and 
outside the breeding season.

Behaviour
-Non-Breeding- 

Observed Expected
-Breeding- 

Observed Expected

Total X2 m 77.45. df = 3. P < 0.005

Total

Graze
Sit

Rest
Other

Total

X* Test

82
15
31
14

142

Results

46.32
43-54
23.57
28.57

142. OO

27. 49
18.71
2.34
7.43

85
142
54
89

370

120.68
113. 46
61.43
74. 43

37O. 00

10.55
7. 18
O. 90
2.85

167
157
85
103

512



Table 4.16.—Comparison between male and female 
behaviour during the breeding season.

-Males- -Females- 
Behaviour Observed Expected Observed Expected Total

Graze
Sit

Rest
Other

Total

X* Test

85
142
54
89

370

Results

1O2.72
11O.20
50.36
106.71

370.00

3.06
9.17
0. 26
2.94

121
79
47

125

372

103.28
110.80
5O. 64
107.29

372.00

3.O4
9.13
0.26
2.92

206
221
1O1
214

742

Total Xz = 3O.79. df = 3. P < O.OO5



Table 4.17.—Comparison between male and female 
behaviour at breeding den sites.

Behaviour
-Male Totals- 

Observed Expected
-Female Totals- 

Observed Expected

Total X: 49.39t df = 6, P < 0.005

Total

Graze
Sit

Rest
Move

Inter W/Pupa
Other

Total

X* Test Results

15
63
18
12

ft
2

lift

20.1ft
42.86
12.86
12. 86
22.29
3.00

lift. 00

1.31
9.ft7
2.06
O.O6
15.00
0.33

32
37
12
18
48
5

152

26.86
57.1ft
17.1ft
17.1ft
29.71
ft.OO

152.00

0. 98
7.10
1. 5ft
0.0ft

11. 25
0.25

ft7
1OO
30
30
52
7

266

Table ft.18.--Comparison of male and female behaviour 
away from den sites during the breeding season.

Behaviour
-Males- 

Observed Expected
-Females- 

Observed Expected

Total 256 256.00 220 220.00

Total

Graze
Sit

Rest
Other

70
79
36
71

85.51
65.08
38. 18
67.23

89
ft2
35
5ft

73.ft9
55.92
32. 82
57.77

159
121
71

125

476

X2 Test Results 2.81
2.98
0.13
0.21

3.27
3.47
0.15
0.25

Total X: 13.26. df P < O.O05



Table 4.19.—Comparison of female behaviour at the den 
versus away from den during the breeding; season.

-Behav at den- -Behav Away From Den- 
Behaviour Observed Expected Observed Expected Total

Graze
Sit

Rest
Other

32
37
12
71

49.44
32.28
19.20
51.08

89
112
35
54

71.56
46.72
27.80
73.92

121
79
47

125

Total 152 152.0O 220 220.00 372
——• ^ ̂m mm "^ ̂ m ** ** ̂ m ̂ m "• ** •" ̂  ̂  ̂  ™* ̂  •• ̂  ̂  ̂  "^ ̂  ̂  ̂

 ̂  ̂  *» ̂  ———— «M .^ *—— «•. •!• ^ «W
 .^ «•• ^B ̂  «~ M* M* «• ̂  •« ——• ^

 ̂  •"• ^ ̂" *» ̂  •

X* Test Results 6.15 4.25
0.69 0.48
2.70 1.87
7.77 5-37

Total Xz = 29.28. df * 3. P < 0.005

Table 4.20.—Comparison of male behaviour at the den 
versus away from the den during the breeding season.

-Behav at Den* -Behav Away From Den- 
Behaviour Observed Expected Observed Expected Total

Graze
Sit

Rest
Other

15
63
18
18

26. 19
43-75
16.64
27.42

70
79
36
71

58.81
98.25
37.36
61. 58

85
142
54
89

Total 114 114.00 256 256.00 370
HM ^.MM» rtM .VM»^«VM.«M .^ MM «M ^.lM^«*M»^«««»^ M»«««-«M<»>»<^**^**«>«*-

M OTV M.«M«..«^«M ^*».^^.M
.««^ M.«»«V «M MM <

Xs8 Test Results 4.78 2.13
8.47 3.77
0.11 0.05
3.24 1.44

«,_ ^^ j^^ ^^ ^^ m^ ^^ —^ ^^ ^_ B^ ^» ^*» <^B ^H ^^ i^M ^M> ^^ «^ ^» «^ ^M ^" ^» ••• "^ ^^ ^W ^" ^» ^™ ^W ••• ^» ^^ ^» ^» ^^ "^ •• *• ••* ^" "•• •"• «^ ••• *^ ^" ••• ^™ ••• «^" "^ ^^ •

Total Xa = 23.99. df = 3. P < 0.005
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females, and females interact with pups more than males.

The overall pattern of the differences in behaviour between

males and females is as follows:

1. Outside the breeding season there are no differences 

between the behavioural time budgets of males and 

females.

2. During the breeding season both sexes feed less, sit 

more, and engage in a variety of miscellaneous 

behaviours (including the interact with adult and the 

with-pup behaviour categories) more than outside the 

breeding season.

3. The sexes have different time budgets during the 

breeding season: at the den females interact more with 

pups than males, and feed more than males while away 

from the den; while males spend more time sitting than 

females both at and away from the den.

The significance of these differences will be discussed in 

more detail in the next section (U.7).

H.6.H Relations Between Pairs

Here I will be examining both the nature of the 

behavioural interactions and the spatial relationships 

between pairs (covered in detail in Chapter 3).

Genest and Dubost (Qp. cj't.; and Dubost and Genest, Op, 

cit.) have already described (also see Section U.3) the 

nature of mara behavioural interactions. The main points 

they make are that: (i) females were never observed to 

behave aggressively towards other adults, (ii) males defend 

an area with a radius of about 15 m around their female, and 

will fight with- any other male which attempts to approach 

their mate; and (iii) when fights occur they are short lived 

and appear to have no long term consequences for either pair 

involved. In the rare cases where one male chased off the
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other, the winner will approach and stay by the loser's 

female for a few minutes. However, winners were never seen 

to take over the other female with the result that losing 

pairs were always quickly reunited. My observations support 

these findings. The frequency of aggressive behavioural 

interactions during the year are discussed in Chapter 5 

where I show that 95% of the 252 aggressive interactions 

between pairs observed occurred during the pupping season 

(roughly 15 August to 30 November), and that gti% of these 

took place at breeding den sites. The other 13 interactions 

observed were scattered through the other months of the 

year. These results show clearly that virtually all 

aggressive interactions take place at dens during the peak 

of the pupping season. Aggression at the den is probably 

associated with the presence (or potential presence) of 

females in oestrus. The function of aggression away from 

dens, and outside the periods when females come into 

oestrus, is not known; but it may be associated with 

maintenance of spacing between pairs so that maras can 

minimize competition for food in any given patch (see 

Chapter 3 and below).

In Chapter 3 I describe the rnaras ranging patterns 

and spatial organization. Here I will summarize the main 

points relevant to understanding pair-bonding in maras.

Mara ranging behaviour is extremely dynamic with pairs 

continually moving into new areas--within a year the 

animals cover an area of about 200 ha, while at any 

given moment the prevailing range measures about 35 

ha. On a given day animals covered a mean of 10.25 ha, 

but may cover as much as 60.25 ha within a 2H hr 

period. Animals usually stayed less than 50 mins in 

any 50 x 50 m cell. Maras are primarily grazing 

animals. They are probably highly selective feeders 

since they have tiny mouths apparently adapted for 

choosing only the most nutritious food items. They 

spend on average 46% of the day feeding. The pattern
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of feeding, moving over a large proportion of their 

range in a day and staying only a short time in any 

given cell, suggests that their food sources are widely 

dispersed and that the resources in any given patch are 

quickly used.

Some radio-collared animal's ranges overlapped 

substantially. However, even in those cases where two 

pairs* ranges overlapped a lot (e.g. 33 ha) the two 

ranges were highly negatively correlated showing that 

the two pairs' utilization distributions were very 

different. Pairs living adjacently were not using the 

same cells with the same intensity, and may have been 

actively avoiding each other.

4.7 Tests of Hypotheses

With the fundamentals of the mara's pair bond and 

spatial organization (see above and Chapter 3) described, I 

will now tackle the question of why mara's have adopted a 

monogamous social system. In the light of the hypotheses 

reported in the literature (see Section 4.2) as to why 

mammals are monogamous, and the above results, I propose the 

following not necessarily exclusive hypotheses (see Dunbar, 

1934; Kleiman, 1977J Kleiman, 1931; and Wittenberger and 

Tilson, 1930):

1. Maras are monogamous because the pattern of resource 

dispersal in their habitat militates against the 

formation of large groups; thus, either:

1.1. Animals are spatially dispersed in such a way that 

a viable home range is normally only adequate to 

maintain two individuals.
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1.2. Due to the pattern of resource distribution, a 

maximum of 2 (sometimes 3) individuals can graze 

in a given patch at a given instant, although the 

ranges of two pairs living adjacently may overlap 

considerably.

2. Maras are monogamous because males reproduce most 

successfully by staying with a single female either 

because:

2.1. There is a male bias in the population and males 

do better by sequestering a single female than by 

trying to mate promiscuously.

2.2. Females are widely dispersed, and the oestrous 

period is short (they are only receptive for about 

an hour, see Chapter 5), so that males do better 

by staying and mating with a single female than by 

trying to find several females with which to mate.

3. Maras are monogamous because female aggression keeps 

males from acquiring additional females.

4. Maras are monogamous because of the need for direct 

paternal care of the young.

5. Maras are monogamous because females spend most of the 

time feeding to meet their high energetic needs due to 

the demands of lactation and gestation, and spend little 

time predator scanning, and hence need a male to guard 

them from predators.

Each of these possibilities will be addressed in turn 

below.

Effects of Resource Distribution

Since detailed data were not collected on mara food 

habits or food availability it is difficult to test this

- 96 -



THE ECOLOGY OF THE PAIR BOND

hypothesis directly. Instead I have had to rely on 

inference from the maras' ranging patterns and spatial 

organization.

I-t is straightforward to assess the first 

sub-hypotheses: that the animals are spatially dispersed in 

such a way that a viable home range is normally only 

adequate to maintain two individuals. This would require 

different pairs to be occupying non-overlapping 

home-ranges. Clearly this is not the case as different 

pairs' ranges overlapped up to 33% or more of their total 

area (see Chapter 3). Further, individual maras are capable 

of covering a lot of ground (up to 60.25 ha) in a day, and 

it seems likely that one male could cover an area 

incorporating the ranges of two females.

A number of factors must be investigated to assess 

the second sub-hypothesis that: due to the pattern of 

resource dispersion a maximum of 2 (or occasionally 3) 

individuals can graze in a given patch simultaneously. 

Below I present a list of relevant factors:

1. The general pattern of mara spatial organization is of 

pairs inhabiting largely overlapping territories; but 

with the utilization distribution (see Chapter 3. 

Section 3.6) of maras using overlapping ranges being 

negatively correlated, showing that the pairs were 

actively avoiding each other.

2. Large grazing groups do, albeit rarely, form: up to 70 

animals have been seen grazing together on an o,pen 

lagoon measuring about 3 ha. These large grazing groups 

were only sighted in January and February. This is the 

driest time of year, and it seems likely that the 

vegetation on the lagoons at this time of year is more 

nutritious than that available in the surrounding scrub 

(see Chapters 2 and 3).

3. The mara's ranging behaviour of continually moving into 

new patches (50 X 50 m cells) and staying in each patch 

for less than an hour suggests that (i) the food
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resources in any given patch are quickly exhausted, and 

(ii) that resources are dispersed in an unpredictable 

and irregular pattern (see Subsection 4.. 6. 4 and Chapter 

3).

The second point, above, shows that given certain 

environmental conditions maras will graze near each other, 

and hence suggests that the more 'normal* dispersed ranging 

pattern of pairs avoiding each other is probably due to the 

distribution of food resources, and not social factors. 

Furthermore, the mara's ranging behaviour of pairs staying 

in each patch (50 X 50 m cells) for less than an hour (see 

Chapter 3), and of individual pairs avoiding each other, 

suggests that the dispersion of resources forces the animals 

to space out to avoid competing for the rapidly depleted 

resources in any one location. Under these circumstances, 

foraging conditions alone might favour maras being 

solitary. On the other hand, with maras spending on average 

46% of their time feeding (see Chapter 3), during which time 

their heads are lowered, and thus their ability to detect 

predators severly impaired, it seems likely that they could 

be more vigilant, and hence safer, foraging in groups. A 

group of 2 or 3 maras might be the optimal compromise. 

Thus, this argument may explain why maras live in groups of 

2 or 3 animals, but it does not explain why mara groups 

usually consist of one male and one female.

Males Sequester Females

Regarding the first sub-hypotheses that males 

reproduce most successfully by defending access to a single 

female: sequestering individual females would be especially 

advantageous for males where sex ratios are male-biased 

because the majority of males would then achieve higher 

success by claiming sole possession of one female rather
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than by taking their chances in a promiscuous lottery 

system. Females may or may not benefit from being 

sequestered, but the costs of resisting the male's continual 

presence must exceed the costs of accepting his presence. 

The following factors suggest that this hypothesis does not 

apply to maras:

Males stay with the females throughout the year even 

though mating only occurs between June and October 

(most matings resulting in parturitions occur in June 

and July, see Chapter 5). This would not be necessary 

if sequestration of females for mating purposes was all 

there was to the monogamous bond.

Although the difference is not significant, the data in 

Table &.2 (see above) suggests that there may be a 

slight female bias in my study area with slightly more 

females than males in the population (337 females, 288 

males, Z=1.93t NS). xne presence of at least one trio 

consisting of one male and two females (see Subsection 

4.5.2) also supports this. It seems highly unlikely 

that there were more males than females in the 

population.

The following factors are relevant to assessing the 

second sub-hypothesis: that males do better by staying with 

a single female.

The ranging behaviour of maras suggest that their 

movements in pursuit of food are relatively 

unpredictable: the radio-collared animals were 

constantly moving into new areas throughout the period 

they were tracked, and their ranging patterns seemed 

adapted to using unpredictable and irregularly 

distributed patches which were quickly exhausted (see 

above and Chapter 3). Thus female maras must be, 

likewise, widely and unpredictably dispersed.
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Most matings leading to successful parturitions must 

occur in June and July (see Chapter 5), a time of year 

when maras are highly dispersed (see Chapter 3). 

Furthermore, the female's oestrous period only lasts 

for a few hours at the most (see Chapter 5).

Thus, during the time of year when most matings occur 

females would be highly dispersed and difficult to find. 

Finding a female in oestrus would be doubly difficult. The 

energetic costs for males would be very high; and, in 

addition, males would be forced into time consuming and 

energetically costly fights with other males over oestrous 

females. Under these circumstances the risk for a male of 

being at the wrong place at the right time would be high. 

Female spacing patterns would make it economically difficult 

for a male, no matter how powerful, to monopolize several 

females: the would be polygamist would simply exhaust 

himself searching for females in oestrus, and fighting over 

the few he found. Hence it seems likely that males might 

best ensure that they have an opportunity to reproduce by 

staying with a single female throughout the period in which 

she is receptive. This hypothesis appears to have 

considerable relevance as to monogamy in maras, but it would 

not account for the pair staying together year round.

Females Chase off Other Females.

This is typically seen in territorial species where 

only one male and one female in a. territory breed. Females 

might either, prevent other females from entering the 

territory. or keep other females in the territory from 

breeding through aggression. Because female maras were 

never observed acting aggressively towards each other there 

is no evidence that the monogamous bond is maintained by 

females.
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The Need for Direct or Indirect Paternal Care

The kind and quantity of paternal care of the young 

by maras is discussed in Chapter 5, and the relevant points 

are summarized here. There is little direct evidence of 

paternal care by male maras. They neither carry nor bring 

food back to the young. However, males spend over half 

their time (57% see Chapter 5) sitting while at the den, and 

68% (41:60) of the time sitting while females are nursing 

the pups. Also, males occasionally were seen sitting for 

several hours by breeding dens in the absence of females. 

Sitting is the behaviour category associated with highest 

vigilance; and, as I will show in the next chapter, 

increased vigilance at the den is probably the main reason 

why maras den communally. Thus, although mara males do not 

directly care for the young they do appear to invest in a. 

substantial amount of indirect paternal care: i.e. pup 

guarding. However, it seems unlikely that guarding the 

young is the main reason why maras have opted for monogamy 

since several females could, and do (as shown in Chapter 5). 

cooperate in pup guarding.

A Response to Energetic Constraints

Throughout this chapter I have presented 

considerable evidence that maras pairs coordinate their 

activities closely:

Males maintain contact with their mates, while females 

move independently.
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Males spend more time sitting (the behaviour associated

with highest vigilance) than females during the

breeding season.

Females spend more time feeding than males, at least

during the breeding seasons, almost certainly in

response to the high energetic demands of gestation and

lactation.

Only females engage in direct care of the young.

Thus there seems to be a clear division of labour between 

the male and females in a pair: males invest in guarding and 

maintaining contact with their mates; and females invest in 

taking care of the young, and feeding to supply the 

nutritional demands of lactation and gestation. Further, 

because females initiate most movements, and probably decide 

where the pair goes, they may be acting so as to meet their 

energetic requirements most efficiently. It seems unlikely, 

however, that the advantages of this coordination are the 

reason monogamy has arisen in maras since a male could 

fill these roles for several females, as the presence of a 

few trios of one male and two females suggests. Also, 

groups of females moving together without males might be 

able to benefit from most of the advantages of predator 

defense available to the monogamous pair.

The answer to why inaras are monogamous is complex, 

as the evaluations of the hypotheses presented above show. 

Looking at these various hypotheses in detail, however, I 

suggest the following:

1. The distribution and nature of food resources 

(Hypothesis 1) has led to maras feeding in small widely 

dispersed groups.

2. Given the mara's ranging patterns, and the short period 

in which females are sexually receptive, males reproduce 

most successfully by staying with one female to insure 

having at least one mating since the energetic cost of 

trying to mate with several widely dispersed females is
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so high (Hypothesis 2). This raises the question of 

whether females are not helping to force monogamy on the 

males through having such a short period of sexual 

receptivity. However, due to the lack of data on the 

female's oestrus cycle in the wild this is so far only 

speculation.

3. Since the males opportunities for mating promiscuously 

are low, they may improve on their investment by 

continuing to guard the same female (and to a lesser 

extent their young) from predators throughout the year 

(Hypothesis 4). This has led to the development of the 

extreme degree of coordination between mates discussed 

above.

With these results it is clear that the path that has led to 

monogamy in maras is not a simple one. A variety of factors 

have worked together to favour the development of this 

social system.

A striking aspect of the pair-bond is the high 

degree of coordination which has developed between mated 

males and females. Also, it is interesting that Dubost and 

Genest's (197&) study reports that an equally strong 

pair-bond exists in captive maras. This is surprising for 

the following reasons: (i) in captivity there were 70 or 

more maras in the population all living within a 10.3 ha 

enclosure, and (ii) females were breeding year round (unlike 

in the wild). Thus, there would appear to have been ample 

opportunities for a polygynous social system to develop, as 

is the mammalian norm (Wilson, 1975). Mating systems are 

often thought to have a great degree of plasticity (see 

Crook and Gartlan, 1966), so it is surprising that the 

monogamous bond in the captive maras had not broken down 

despite the apparent opportunities for males to increase 

their reproductive success by monopolising several females. 

It would appear that maras are like the monogamous primates 

for which monogamy has been reported to be an extremely 

stable characteristic (Glutton-Brock and Harvey. 1977).
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4.8 Summary

In this chapter I have attempted to do two things: 

describe the nature of the pair-bond in maras, and evaluate 

different hypotheses as to why maras have adopted this 

social system. Here, the main findings presented will be 

summarized:

1. Out of ZUl groups seen, 63% consisted of 1 adult male 

and 1 adult female. This pattern was maintained 

throughout the year. In 62% (32% when only the best 

data are used) of the bi-monthly periods in which 22 

individually identifiable maras were seen, they were in 

groups consisting of two animals--one male and one 

female. Some animals, however, were sighted on their 

own (25% of groups seen). In addition a few trios were 

seen: 73% (22:30) consisted of one male and two females, 

with the other 26% consisting of one female and two 

males. The small size of third animals in some of the 

trios suggests they may be young, however it is certain 

that some males accompanied two females at least 

temporarily. Thus, the available evidence clearly shows 

that, as in captivity, maras in the wild form monogamous 

pair-bonds which last throughout the year.

2. In 35% of the observations paired maras, identified 

within observation periods by their behavioural 

synchrony and proximity to each other, were within 10 

mara lengths (77 cm) of their mates (N = 479). The 

maintenance of contact between paired maras may be 

difficult, both because the scrub vegetation is higher 

than a mara, and because animals move far during a day 

(up to 6 Km or more). Data on maras in captivity show 

that contact between mates is maintained mainly by the
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male. Female's initiate movement and serve as the 

'passive* leader of the pair (Dubost and Genest, 1974). 

The same seems to be true in the wild: females move away 

from their mates more than males, while the reverse 

holds true in males; also females tended to be oriented 

with their mates to the rear. The males' orientation 

tended to be either towards or away from their mates, 

and may be seared towards efficient predator scanning.

3. The degree of behavioural synchrony between paired males 

and females is striking: 57% of the time both animals in 

a pair were observed they were doing the same thing. 

There were, however, behavioural differences between the 

time budgets of the sexes, summarized as follows: (i) 

outside the breeding season there were no significant 

differences; while (ii) during the breeding season both 

sexes feed less, sit, engage in interactions with other 

adults, and interact with pups more. Further, females 

interact more with pups (males hardly interact with pups 

at all) and spend more time grazing than males, while 

males sit (the behaviour associated with vigilance) and 

interact with other males (usually agonistically) more. 

While females were with the pups (usually nursing), 

males were sitting 63% of the time.

H. Fights between males were observed almost exclusively 

during the pupping season. This is the only time of 

year in which males have ready contact with several 

females which may be sexually receptive.

5. The suggestion from the behavioural and orientational 

differences between the sexes is that females are geared 

towards finding food to fulfill the high energetic 

requirements of lactation and gestation, and towards 

directly caring for the pups. Males, on the other hand, 

are geared more towards maintaining contact with their 

mate, defending her from the approaches of other males, 

and scanning for predators which could serve to protect
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both their mates and offspring.

Several hypotheses were evaluated to explain why maras 

are monogamous. Three hypotheses, each building on the 

other, are suggested to trace the evolutionary pathway 

leading to monogamy in maras: (i) The distribution of 

food resources has meant that maras feed in small groups 

in widely dispersed and unpredictable patches. (ii) 

Because of the wide dispersion of maras due to the 

pattern of food distribution, and because of the 

shortness of the female's oestrous period, it is 

energetically costly for males to find sexually 

receptive females. Thus, the opportunities for males to 

mate with several females are low, so males may best 

maximise their inclusive fitness by staying with one 

female rather than by trying to mate polygynously. 

(iii) Once monogamy has been favoured a variety of 

pressures have led to maras adopting the extreme degree 

of coordination between pair-bonded males and females we 

see today. Now that the social system has developed it 

has proven particularly resilient to environmental 

pressures, with mara males maintaining the system even 

when opportunities (in captivity) to mate polygynously 

present themselves.

- 106 -



Chapter 5 

COMMUNAL DENNING

5.1 Introduction

In this chapter I discuss the workings of the mara's 

communal denning system. As discussed in Chapter H, maras 

are monogamous with mated males and females remaining 

together throughout the year. Despite their monogamous 

breeding system maras give birth to, and rear their pups at 

communal dens; where up to 20 or more pairs creche their 

young together in one burrow. This system is partly 

analogous to those found among certain birds (see for 

example Vehrencamp, 1973, and Crook, 1964), but appears to 

be unique amongst mammals. The aims of this chapter are to 

describe the mara's communal denning system, and then to 

examine this system from an evolutionary perspective to 

determine what advantages it confers on individual maras.

In Section 5.2 the literature on why animals live in 

groups will be reviewed to provide a theoretical background 

to the chapter. Section 5-3 will be devoted to a 

description of the breeding biology of the mara based on my 

observations and results from other studies. The following 

sections will be devoted to describing: the patterns of den 

usage by maras (Section 5.4); how adults care for their 

offspring (Section 5.5); the behaviour of mara pups (Section 

5.6); and the nature of interactions between adults at the 

den (Section 5.7). Three hypotheses as to why maras den 

communally will be examined in Section 5-3. Finally, in 

Section 5.9 the main findings presented will be summarized.
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5.2 Theoretical Baals; Why Animals Live in

Alexander (1974). amongst others, has arsued that 

there are no automatic or universal benefits from group 

living. There are, however, a number of automatic and 

universal disadvantages such as increased likelihood of 

disease and parasite transmission, and increased intensity 

'of competition for resources, including mates. Other 

potential costs of group living include greater 

conspicuousness, which may render an animal less effective 

as a predator or more vulnerable as prey; increased 

probability of misdirected parental care, and a heightened 

risk of incest (Hoogland and Sherman, 1976; and Hoogland, 

1979). Groups, then, must form and persist only if the 

individuals involved gain in inclusive fitness (Williams, 

1966; and others). Below, I will be examining those factors 

which may favour the formation of groups, despite their 

inherent disadvantages, which are relevant to understanding 

the mara's communal denning system.

For the purposes of this discussion a. group can be 

considered as a. collection of 2 or more individuals. For 

maras a group, as distinguished from a pair, will be 

considered as between 3 and 20 or more adults within 30 m of 

each other. Maras are herbivores, so I will be discussing 

mainly those aspects of 'group-living theory* relevant to 

non-carnivorous animals. The kinds of factors favouring the 

formation of groups can be divided into four main 

categories:

1. The following factors may favour group living, either 

together or independently, as a means of avoiding 

predators:

1.1. Animals living in a group may collectively be more 

vigilant and hence safer from predators, than they 

would be if alone (see for example Kenward, 1978). 

Further, as group size increases the benefits of
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more animals watching may level off so that 

individuals could spend more time doing other 

things, such as feeding or resting (see Bertram, 

1980).

1.2. Animals in a group could act together to chase off 

predators from which a single individual would be 

unable to protect itself (see Kruuk, 1964).

1.3. Many prey moving together could confuse a charging 

predator making it difficult to focus on one 

particular individual (see Neile and Cullen, 1974; 

and Jarman, 1974).

1.4. Concentrations of animals may provide safety for 

their members since the chance of a predator 

taking any given individual decreases as group 

size increases (Hamilton, 1971). In particular, 

weak animals could benefit since it might be 

difficult for a predator to detect their poor 

condition amongst the other individuals (Kruuk, 

1972; and Estes, 1976).

1.5. Although groups may be more conspicuous than 

single animals, "it is unlikely that the number of 

attacks on a. group is proportional to its size; a 

herd of say a hundred animals does not have to 

withstand one hundred times as many attacks as a 

lone animal" (Bertram, 1974).

1.6. Groups could form for the simple reason that 

scarce, albeit large, aggregations of animals 

might be difficult for a predator to encounter 

(Vine, 1973; and Treisman, 1975).

2. The nature of food resources may necessitate animals 

banding together to find, catch and/or retain prey which 

individual animals would be unable to take (see Kruuk, 

Op. cit.\ and Schallar, 1972). These reasons are typically 

given to explain why some predatory species live in 

groups; but they may also apply to herbivorous 

animals--e.g. quelea's (a species of weaver birds)
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follow each other to food (de Gr-oot, 1980).

3. The quality and distribution of some critical resource 

such as food or a breeding site may force the formation 

of groups (see Alexander, 1974; and especially Cowan and 

Garson, 1935). Jarman (Op. cii.) for antelopes, and Crook 

and Gartlan (1966) for primates have found the following 

general effects: (i) when resources are of low quality 

and highly patchy in distribution they favour the 

formation of small groups; (ii) when resources are of 

low quality and homogeneously distributed they favour 

the formation of large groups; (iii) when resources are 

of high quality and patchy they favour the formation of 

large groups; and (iv) when of high quality and 

homogeneously distributed they favour the formation of 

small groups which often are territorial.

/I. Finally, certain patterns of "resource dispersion" may 

create conditions where the smallest maintainable 

territory can support a group larger than the minimum 

breeding unit. In this case, irrespective of advantages 

to sociality, the cost to a dominant of evicting 

individuals may be greater than the cost of allowing 

them to remain (Macdonald, 1933; Kruuk and Macdonald, 

1935; and Carr and Macdonald, 1936).

According to Alexander (1974) groups form as a 

result of combinations of the above selective pressures and, 

thereafter social behaviour may evolve. Alexander gives 

three reasons why social behaviour could arise in 

group-living animals: (i) it could enhance the original 

advantage of group living, (ii) it could reduce the 

likelihood of disease and parasite transmission, or (iii) 

reproductive competition amongst group members could lead to 

the development of, for example, polygyny or dominance 

hierarchies.
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Group Living Monogamous Species

Communally denning mammal species are common: family 

groups of wolves share a single den site (Mech, 1970), 

warthogs form family groups which move around during the day 

and return to large burrows to sleep at night (Cumming, 

1975). groups of mole rats live together in communal burrows 

with only one 'queen' female producing young (Jarvis, 1973). 

prairie dogs live in large colonies (Hoogland, 1979); of the 

mara's relatives the plains viscacha (Lagostomus maximus ) , 

and the cavies (such as Cat/jfa aper&a , Galea musteloides, and 

Hicrocavia austral is) all live in groups around burrows 

(Weir, 1974; and Rood, 1972). In all of these species there 

are either dominance hierarchies, or only one female and one 

male in the group usually produce young. In the mammal 

literature I have been unable to find any monogamous species 

which, like the mara, practices communal denning with all 

pairs producing young. To find a vertebrate with a similar 

social system I have had to turn to birds.

Many monogamous bird species nest in colonies with 

each pair using its own nest (e.g. herring gulls; Tinbergen, 

1953). However, few birds seem to have adopted a system 

•similar to the mara. In some species several females lay 

their eggs in one nest to be incubated by a single male: 

e.g. rheas and tinamous (Bruning, 1974; and Lancaster, 

1964). A few species build communal nests in which each pair 

occupies a private chamber and rears it own brood: e.g. the 

African weaverlike bird. Bubalornis albirostris; and the 

wattled starling, Cr ea tophora cinerea (Crook. 1964; and 

Lack, 1968). In these last species, the advantage of 

collaborating to this extent appears to be the improvement 

in defense against predators (Lack, Op, cit.").

One avian species which both maintains monogamous 

pairs and nests communally is the groove-billed ani 

(Crotophaga suIcirosiris ) . In groove-billed anis. groups 

are composed of monogamously mated pairs which defend a
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common feeding and nesting territory, construct a single 

nest, and share the raising of the joint brood (Vehrencamp, 

1977 and 1978). The typical group consists of two or three 

pairs, but solitary pairs are not uncommon. All pairs lay 

in the nest, but incubation effort varies with only the 

group's alpha male covering the eggs and nestlings at 

night. The alpha pair has higher reproductive success. 

Predation, however, is highest on the adults while 

incubating. Vehrencamp suggests that the advantage of 

communal nesting to anis is the reduction of parental care 

costs, particularly the risk of mortality during 

incubation.

5.3 The Mara's Breeding Biology

In this section the mara's breeding biology will be 

described. The following topics will be covered: gestation 

period, lactation period, birth of the pups, growth of the 

pups, and breeding seasonality.

5. 3. 1 Pregnancy and Gestation

In captivity in France, Dubost and Genest (1974) 

report the mara's gestation period as ranging from 3.0 to 

3.6'5 months (91 to 111 days. N = 53). They further suggest 

that this variation could be due to (i) seasonal variation, 

(ii) missed observations of later copulations, or (iii) 

delayed implantation of the foetus. Litter sizes vary from 

1 to 3; and Dubost and Genest (Op. cit) reported that of 63 

pregnancies recorded to term 70% produced twins, 25% 

produced single pups, and 5% produced triplets. Because of 

difficulties in marking pups I was unable to accurately 

determine litter sizes in the wild. Of 9 lactating 

identifiable females during one pupping season, 7 (78%) were
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recorded as having 2 pups, with the other 2 (22%) having a 

single pup each. These results suggest a similar pattern in 

wild mara litter sizes to those reported by Dubost and 

Genest (Op. cit.).

5.3.2 Parturition

Maras were observed giving birth on three occasions 

(see descriptions in Appendix C). One unmarked female was 

observed giving birth to two pups on 14 August 1983 at 

Chicken Den, Puesto El Salitral. The radio-collared females 

ELF and SYF were seen to give birth to pups on, 

respectively, 15 September 1933 and 15 September 1984. Both 

SYF (2 pups) and ELF (1 pup?) gave birth at Ash Den, Puesto 

La Blanca.

In the days prior to parturition females engage in a 

lot of exploratory activity. Heavily pregnant females were 

observed intensely investigating the area around the dens at 

each study site. An example of this is that on 3 October- 

1931, at Estancia Larreburu, I saw a heavily pregnant female 

visit three different dens. She spent at least an hour in 

the vicinity of each den and entered and explored each one 

in detail.

The three females who were observed giving birth 

showed the same pattern of behaviour. On the day of the 

birth the females arrived at the den 1 to 2 hrs before 

parturition. During this pre-parturition period the females 

were particularly alert: all three walked around the den and 

investigated surrounding armadillo and owl burrows, and 

other features. All three females then sat in, and dug at, 

the entrance to the dens. After this period of intense 

activity the females gave birth to the first pup. The pups 

are born in a membraneous sack which the females licked off 

immediately post-partum. SYF gave birth to her second pup 

17 min after the first; and she passed, and ate, the 

afterbirth 14 min later. I once found a placenta in the
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entrance to a den, but assume they are usually eaten. Pups 

are able to walk almost immediately post-partum.

The unmarked female produced her pups within the den 

mouth; and ELF produced her pups about 1 m away. SYF. 

however, gave birth 10 m away in the open because she had 

been chased from the den by the male of another pair. In 

the 10 min following parturition, SYF slowly led the 

•tottering and extremely vulnerable pup to the den. Since I 

saw so few births, despite the numerous hours spent 

observing at dens during periods when births must have been 

occurring, most probably take place deep in the den's mouth 

where females seemed to spend a lot of time. It is unlikely 

that births occurred at night since I never observed adults 

visiting the den after dusk.

After parturition the females stayed within a few 

metres of the den for a further 2 to 3 hrs. During this 

time all three females groomed and nursed their pups. SYF 

and ELF had considerable difficulties with pups of other 

pairs trying to gain access to their teats, and chased these 

other young off many times. The unmarked female's pups were 

grazing within 1.5 hrs of birth, although only in the mouth 

of the den. Two to three hours after birth the females left 

the den area.

The role of the male during these three births 

appeared to be important. ELI and SY1, in particular, 

repeatedly chased other pairs away from the den. ELI chased 

other maras 27 times in 5-5 hrs, SY1 chased 16 times in 3 

hrs, and the unmarked male chased twice in H hrs at the 

den. Both the unmarked male and SY1 showed great interest 

in the newborn pups--sniffing them carefully. ELI showed no 

interest, but he was almost continually occupied chasing off 

other males. In all three cases the pairs left the area 

chin-rump-following, suggesting that the females were coming 

into a post-partum oestrus. The closeness of the 

Post-partum oestrus may, in part, explain the large number 

of chases observed. However, providing space around the
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female, so that she can give birth free of distractions from 

other investigating maras, may also be an important function 

of the males* vigorous defense of the area around their 

mates.

These observations follow closely those reported by
t

Dubost and Genest (Op. cjft.). in addition, A Kacelnik (Pers. 

comm, Dept. Zool. Ox. Univ.) reported seeing maras in the 

Buenos Aires zoo partially filling in the mouth of the den 

after the new born pups had entered; perhaps as a means of 

inhibiting the entrance of predators.

5.3-3 Lactation and Growth of the Pups

The two longest periods over which identifiable 

females were seen suckling pups were 68 and 71 days (see 

Table 5-1). However, these pups when first seen being nursed 

were already well coordinated, and hence were probably at 

least a week old. This suggests that pups are nursed for at 

least 75 to 73 days. Dubost and Genest (Op. cii.) report a. 

lactation period of 77 days (11 weeks) which ties in well 

with these results.

Pups born in September and October are nearly adult 

size by January or February. They are, however, still 

distinguishable as juveniles until well into the Austral 

autumn (April-May). In March 1984 three juvenile males were 

caught. They weighed respectively 6.3 kg, 5.3 kg, and 2.3 

kg; or 33, 71, and 23% of the mean adult weight of 3.12 kg 

(see Appendix A). The smaller of these must have been a late 

born pup (see below)--perhaps a December or January birth. 

The other two appeared to be average size young of the year 

when compared visually to other young, who were all about 

five to six months old.



Table 5.1.--Duration of time over which marked females were 
observed nursing pups within one breeding season. Data 
taken from all years and all dens. Dens: ** Ash. M Horse 
Bones. c Chicken. ° owl. « Estancia, *" Airport, and M 
Mo lino. Pups are size/age categorized into 4 groups (see 
details in Table 5.2) with size 1 being the smallest and 
size 4 pups the largest.

Mara 
Name

ELF**
GC2*
NL2M
OC2C
PA2*
PJF*
PUF°
SLF°
SYF*
TEF*
WB2e
TE2B
SC2^
NE2'"
LRF»-
DN2"

-First 

Date

15
19
16
1U
7

28
3.

15.
15
4.
1.
6.

1ft.
4.
21
8

.9.
• 9.
.9.
.8.
.9-
.9.
1O.
1O.
.9.
10.
10.
10.
10.
10.
.9.
.9.

83
83
83
83
83
83
83
83
84
84
81
81
81
81
81
81

Sighting- -Last Sighting- 
Pup Number Pup Number 
Size Pups Date Size Pups

Born
2
2

Born
o

2
2
4

Born
o
-
—

—
—
—

1
1
2
2
2
2
2
1
2
—
-
—
—
—
—
—

8.
28.
3.
28
29

1O.
9.
9.
17

17.
26.
2.

30.
2.
2.
2O

1O.
11.
1O.
.8.
.9.
11.
12.
12.
.9.
1O.
1O.
11.
1O.
11.
11*
.9.

83
83
83
83
83
83
83
83
84
84
81
81
81
81
81
81

3
Juv
3
2
o
4

Juv
Juv
1
2
—
—
—
-
—
-•

1
2
1
2
1
1
2
1
2
—
—
—
-
-
—
—

Span Days 
Observed 
Nursing

24
71 *
IS
15
23
an
68 *
56
3

18
26
28
17
30
43
13

* Longest lactation periods observed. In both cases pups 
must have been at least a week old when first seen being 
nursed since they were already well coordinated and partly 
grown.
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5.3-fl- Breeding Seasonality

Dubost and Genest (1974) reported captive maras 

breeding throughout the year with a slight drop in the birth 

rate between June and August (winter in the Southern 

Hemisphere). However, at my Patagonian study site the 

occurrence of births was highly seasonal. During three 

years of field work pups were only observed between August 

and March (see Figure 5.1); and size 1 pups, probably less 

than two weeks old (see classification protocol in 

Table 5.2), were only seen between 14 August and 2 November. 

All the pups seen in February and March, because of their 

large size, must have been 2 to 3 months old. A shepherd 

(Sr. Laquirique, Pto Madryn, Argentina) reported seeing new 

born pups on one occas-ion at the beginning of February at 

the El Salitral study area, and I have seen some pups which 

were probably less than a month old at the end of January. 

Thus, the pupping season on the Valdes Peninsula can be 

considered to run from mid-August to mid-January.

Figure 5.2 shows histograms of the total number of 

unique size 1 pups seen at the intensively observed den 

sites per 15 day period during the 1933 and 1934 breeding 

seasons. This figure also shows the proportion of the total 

maximum number of pups which were size 1 per 15 day period. 

In 1933 there appeared to be a peak of births between the 

1st and 15th of October as shown by the large number of size 

1 pups seen then. In 1984 the peak appeared earlier, during 

the last two weeks of September. These histograms show that 

a large proportion of the pups seen were newly born in late 

August and early September; and, that this proportion drops 

off rapidly as relatively fewer pups are born compared to 

the number of pups which have already matured beyond size 

(category) 1. By the middle of November no new size 1 pups 

were seen at any of the intensively studied dens.

The monomodal nature of the histograms in Figure 

5.3, showing the maximum number of pups of all sizes seen on
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on a given day during each two week period over 22 months of 
field work.



Table 5.2.--Criteria for classifying pups into 4 size 
categories.

Size 1 Tiniest pups, do not walk well and their legs
are enormous relative to body size. Some 
pupa still have a visible umbillicus.

Size 2 Larger than size 1. but still small; while
being suckled their heads are raised to the 
teat, and their bodies are generally below 
the upper teat of a sitting mara.

Size 3 Large pups, but still not as coordinated as
size /l pups. While being suckled their heads 
go down to the teat, and their back is at 
least at the level of the upper teat on a 
sitting female.

Size /I Large (± 3/4 adult size) and well
coordinated, run easily. They look like 
small adults.



Fissure 5*2 (2 Pases).

Histograms of the number of unique size one pups, and the 
proportion of all pups which were size 1, seen during two 
week periods at the intensively observed den sites during 
the 1983 and 1984 pupping seasons.

A. Number of size 1 pups in 1983.

B. Number of size 1 pups in 1984.

C. Proportion of pups which were size 1 in 1983

D. Proportion of pups which were size 1 in 1984
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a given day during each two week period, strongly suggest 

that females are only producing one litter annually. 

Further, the number of size 1 pups seen (see Figure 5.2) 

drops off sharply by the end of October, with no climb later 

on to suggest that females were producing a second litter. 

There is no evidence that wild females have the three to 

four pregnancies a year Dubost and Genest (Op. cit.) have 

described as the norm in captive animals. It seems likely 

that environmental conditions in the wild, at least on the 

Valdes Peninsula, do not allow reproduction at such a high 

level.

What then of the post-partum oestrus described 

above? With a gestation period of approximately 100 days 

one would expect females producing pups in late August to 

give birth to another litter at the end of November or early 

December, a time when new born pups were never seen. 

Nevertheless, one female which was killed by a shepherd on 

26 October 1981 was both lactating and carrying 2 tiny 

foetuses. Also, the few births reported in late January 

suggest a late October mating, which could have resulted 

from a post-partum oestrus. Thus, at least some females 

must become pregnant soon after giving birth. One possible 

explanation is that females mate post-partum, but reabsorb 

the foetuses if their offspring survive. I will be showing 

later that there is considerable pup mortality (see Section 

5.4), and carrying a foetus while lactating may be a good 

insurance policy against offspring loss. A similar 

phenomenon occurs in the mara's relative the coypu, 

My ocas tor coy pus , where females reabsorb litters depending 

on the male to female ratio of the foetuses and 

environmental conditions (Gosling and Petrie, 1931; see also 

data on wallabies in Kaufmann, 197*O-
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3. ii The Ecology of Denning

The pattern of den usage by breeding maras will be 

described in this section. At my three main study sites 

(Estancia Larreburu, Puesto La Blanca, and Puesto El 

Salitral) a total of 29 mara dens were found, of which 15 

were occupied by pups. Eight dens were observed 

intensively; and by counting different years as independent, 

detailed denning records were obtained on 11 dens over three 

breeding seasons. A further 20 dens, 16 of which were known 

to be used, were found away from these three sites on the 

Valdes Peninsula. In total 710.42 hrs were spent 

intensively observing den sites, and numerous hours were 

spent wandering over the countryside collecting data on dens 

opportunistically. These data will be used to illustrate 

the following aspects of the mara's denning ecology: (i) the 

general pattern of den usage, (ii) seasonal and annual 

patterns, (iii) the distribution of den membership sizes, 

(iv) breeding success and mortality, and (v) the degree of 

association between maras using different dens.

5.^.1 Methods

Three main methodologies, apart from those already 

mentioned in Chapter 2, were used to collect and analyze 

data. These were: (i) finding and assessing.the status of 

dens, (ii) estimating den membership size, and (iii) 

estimating pup mortality.

- 118 -



COMMUNAL DENNING

Finding and Assessing Den Status

Data on dens other than those in my three study 

sites were collected opportunistically. Once every two 

weeks during the breeding season I drove or walked around 

the Peninsula looking for maras and signs of dens. When 

dens were found their locations were mapped and they were 

judged to be active or inactive. Dens were judged to be 

active, that is used by adults for the purpose of rearing 

pups, if I saw mara adults or pups at them, or earth had 

been moved in their mouths recently and there were lots of 

fresh tracks and faeces present. Estimates of dens' ages 

were made by asking the local shepherds. The term 'den 

site 1 is used to refer to dens where more than one burrow 

was used; while 'den' was used to refer to breeding sites 

where only one burrow, perhaps with various entrances, was 

used.

Estimating Daily Den Membership

Estimating the number of mara adults and pups using 

a den on any given day was complicated by the lack of 

identifiable adults: at my most intensively studied den in 

.1983, Ash Den Site, of the 15 or so adult pairs using the 

den only four maras were individually identifiable. With 

few recognizable individuals, and the confusion of mara 

pairs continually moving in and out of the area around a den 

(see Section 5.5), it was difficult to estimate the number 

of animals using a den. It was, however, feasible to count 

the number of pups (but see following paragraph). Since 

there is small variation in litter sizes in maras (see
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Section 5-3) pup counts could be used to obtain a daily 

estimate of adult membership size for a den. Based on the 

findings of Dubost and Genest (Op cit) that 70 % of litters 

were twins, 25 % were singletons, and 5 % were triplets, the 

following formula was used to estimate the number of females 

using a den on a given day.

Formula 5. j.

NF = Number of Females at Den

NP = Number of Pups at Den

NF = (NP * Q.7) + ( NP * 0.25) * (NP * 0.05) 
2 3

For all practical purposes (but see Chapter 4), the number 

of females with pups at a den is synonymous with the number 

of monogamous pairs using a den.

Although more practical than counting adults, 

obtaining a daily estimate of den membership size through 

direct pup counts was not always straightforward. While 

recording den scans, made every 10 to 15 minutes, all 

visible pups were counted (see Chapter 2 for methods of data 

collection). The maximum number of pups counted in a single 

scan during the day was used to estimate the minimum daily 

den membership size using Formula 5-1. However, using the 

maximum pup count could lead to underestimating den 

membership because pups in different size categories were 

not visible to the same extent — older (size four) pups 

tended to leave the den early in the morning and stay away 

most of the day; while smaller, younger pups might come out 

only when their own parents were at the den. Thus, the 

maximum number of pups recorded during scans would not 

account for those which had left the area for the day before 

observations began, or which were inside the den.

More accurate estimates of daily den membership size 

were obtained while collecting pup scan data. At each pup 

scan (made every 10 mins) the number of each size category 

of pup was recorded. So the daily estimate of the number of 

pups at a den was obtained by adding up the maximum count
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for each pup size category, regardless of when recorded 

during the day. This method consistently gave higher 

estimates of the number of pups at a den: of /12 days where 

both den scan and pup scan data were collected, den scans 

averaged 0.8/1 (± 0.14) of the pup scan derived estimates of 

the number of pups at a den. . Even using this method, the 

numbers obtained should be treated as an index of den 

membership size since accurate counts could not be obtained 

without more identifiable pups and adults.

Estimating Seasonal Den Membership

The best estimates of the total number of pups or 

adults which used a den during a breeding season, were for 

dens where pup scans were made regularly (approximately once 

a week). To obtain an estimate, a chart was prepared with 

the days of the year down one side and with a column for 

each pup which used the den across the top (see for example 

Table 5.3). Then, for each day the den was watched the age 

category (1 to 4) for each pup observed was entered across 

the page horizontally from the oldest pup to the youngest. 

The next day observations were made at the den, the age 

category of each pup seen was again marked on the chart; but 

this time matching them with pups from the previous session, 

so that the presence of a given pup through the breeding 

season can be followed down a column. The following rules 

were used to match pups in successive observation days: (i) 

pups can not go down in age as the season progresses; and 

(ii) if for a given pup, more than 3 weeks have passed since 

an unmatched pup of the same age was recorded, and no older 

pups were available to match with it, same age category pups 

were considered new animals. This last rule only applies to 

size one, two, and three pups since size four pups were 

sighted at dens inconsistently. These charts were used to
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Table 5.3.—Sample chart of growth of pups at Owl Den during 
the 1983 and 1984 denning seasons. M's mark where pups may 
have died according to the criteria In the text.

-Number of Pups at Den- 

Date 1 2 3 4 5 6 7 8 9 1O 11 12 13 14 15

26.8. 
8.9* 

14.9. 
20.9.
30.9.
3.
7.

15.
24.

1.

9.
14.
15.
16.

10.
10.
10.
10.
11.

10.
10.
10.
10.

83 
83 
83 
83
83
83
83
83
83
83

84
84
84
84

* * * *
1 1 

211
* * *

4 4 4 * *
4433

4443
M

2
3222
M M M M 1

M

•1983

3

3
M

-1984

2
3
3
4

222
322
322
4 M 3

4

2
2
2
3
4

1
1
1
2
3

1 1
111
222
333
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estimate how many adults and pups used a given den during a 

breeding season and to illustrate how the number of pups 

using a den changes as the season progresses. There are two 

problems with this technique: (i) it could underestimate den 

membership size since pups could have left the area before 

observations began, or come after observations ended; and 

(ii) matching pups observed between different observation 

sessions could underestimate the number of pups born at a 

den since a new pup might be confused with an animal which 

had died.

Estimating Mortality

Rough estimates of mortality at the den were based 

on the disappearances of pups from a chart (see Table 5.3) 

prior to reaching the critical size 4 age category when pups 

became fairly independent from the den. Only in a few cases 

could I be certain that pups had died: either I found a dead 

body, or the pups disappeared suddenly from a den site and I 

was sure they had not been moved elsewhere.

5.4.2 General Patterns of Den Usage

Table 5.4 shows the number of pups observed at each 

den in each year they were studied at my three main study 

areas. In Table 5.5 the location and habitat around each 

den studied is described (for more details of the study 

areas see Chapter 2). Data on the respective membership 

sizes, numbers, and locations of dens at each of the three 

study areas, as well as those dens which were observed 

opportunistically elsewhere, are summarized below.
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Table 5.4.--The number of hours and days over which 
intensive observations were made at different den sites. 
Also shows the estimated number of pups, adult pairs, and 
number of pups which died prior to reaching size category 4 
at each of the Intensively studied den sites.

Den Site

Molino
tt

Airport
tt
tt

Estancla
tt
tt

Corral
Fence
La Anita

Ash
11

Owl
tt

Goose I
Goose II
High Lag.

Chicken
tt

Corral
tt

Horse Bone

Boliche
Valley

tt

Main
tt

Valley
tt

Mart 11 lo
Cliff

Year

1981
1983
1981
1983
1984
1981
1983
1984
1981
1981
1981

1983
1984
1983
1984
1983
1983
1984

1983
1984
1983
1984
1983

1984
1983
1984

1983
1983
1983
1983

1983
1984

Obs 
Hours i

•— -— — Estan
36.9

-
150.76

—
—

95.25
—
—
—
—
—

------Pues
109. 00
38.79
59.39
26.43

—
—

----Puesto 
32. 24
98.68
27. 27
5.0

32.41

-
-
—

—
—

-----Other

-

Days * 
Matched

cia Larrc
6
—

23
-
—

20
—
—
—
—
—

to La Bl«
13
6
7
3
—
-

El Sallt
5

15
4
1
5

VA! 1 *»V— -
V OkJL JL C»£r

—

—

-

o Centem

—
—
—

—
-

lumber 
Pairs

sburu---
9
7
9
3
3
5
7
?
1
1
2

»4 A w <a»

22
9
9
3
1
2
1 

tral —— -
5

19
7
1
8

2
1
2

irio----
1
1
7
2

1
1

Number 
Pups i

14
7

14
6
6
8
0^

ty

2
2
4

33
14
15
5
1
4
1

8
31
12
2

14

3
2
3

1
1
A
3

2
2

Pup 
Mortality

tf^

(J

1^ 
•

7
t^

05

7
?
2
7
7

14
12
3
5
1
4
1

7
7
7
2
?

7
7
?

4^

(^

7
7

?
2



Table 5-5.--Descriptions of the main dens observed during 
the 1981. 1983. and 1984 breeding seasons.

Closest Closest
-Number- Human Active

Den Site Dens Hole Site Den Habitat

Moll no 
Airport 
Estancla 
Corral 
Fence 
La Anita

Ash
Owl

Goose I
Goose II
High Lag.

Chicken
Corral
Horse Bone

Bollche
Valley

Main
Valley

Martlllo
Cliff

2 
2 
1 
1 
1 
1

2
1
1
1
1

1
2
2

1
1

1
1

1
1

2 
6
3
1 
1 
1

3
4
1
1
1

1
3
4

i
i

i
i

i
i

2000 
250 
60 
60 

30O 
1OO

-Puestc
60

10O
400
450

2000

, ̂ .Gt J-lAA .L'CSl

m 2000 
m 25O 
m 7O 
m 70 
m 15O 
m 50O

3 La Blan<
m
m
m
m
m

-Puesto
60

150
150

m
m
m

-Grassy
2000
2OOO

m
m

-Puesto
4000
4OOO

-Other 
8000
20OO

m

200
200
50
50

180O

JUX'U

m 
m 
m 
m 
m 
m

•r Cft

m
m
m
m
m

El Salitral
18O
180
180

Vallev— •V CK *4» «1* C5£r

500
500

m
m
m

m
m

Centenario-
400

m 4OO

f\± CSttD

m 4ooo
m *>

m
m

m

Open, near corral 
Airstrip on scrub edge 
On scrub edge 
In sheep corral 
In scrub near house 
In scrub, edge of lagoon

Open
Scrub

ground
, near

Lagoon edge

near house
house
in open

On lagoon
Small

Open
Scrub
Scrub

Open
Open

Open
Open

Open
Scrub

lagoon In scrub

ground
edge
edge

Valley
Valley

valley
valley

patch
, edge

near house
in open
in open

. scrub
, scrub

, corral
. corral

edge
edge

300m
5OOm

in scrub
of sea cliff
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Estancia Larreburu and Environs

In 1981 intensive observations were made here at 

three different dens: Molino Den Site, Estancia Den and 

Airport Den Site. An additional three dens, Corral Den, 

Fence Den and La Anita Den, were observed 

opportunistically. All these dens except the Molino and La 

Anita Dens were located within 300 m of a human occupied 

house. Molino Den Site was located at an outlying corral 

about 2 km away; and La Anita Den was located next to 

another Estancia about 1 km away. A total of 7 active and 6 

inactive or unknown status dens were found in the study area 

(see Figure 5.4). Since pup scan data were not collected 

here, estimates of den membership (see Table 5.4) are based 

solely on the maximum number of pups, regardless of size, 

seen at the den each day observations were made. A minimum 

of 39 pups were born at this study site in 1931: 14 pups at 

Molino Den Site, 8 at Estancia Den, 14 at Airport Den Site, 

2 at Fence Den, 2 at Corral Den, and 4 at La Anita Den (see 

Tables 5.6, 5.7. and 5-8 for daily pup counts at three of 

these dens). Using Formula 5«1. an estimated 24 pairs 

produced pups at these dens in 1981. In 1983 and 1984 these 

dens were observed sporadically, and all but the La Anita 

and Fence dens were still used for rearing pups at the 

study's end.

Puesto La Blanca and Environs

Observations were made at this study area during the 

1983 and 1984 breeding seasons. Two main dens were used 

here, Ash Den Site and Owl Den, both located within 200 m of 

the house at the edge of the scrub (see Figure 5.5). At both 

dens I collected pup scan data, so the estimates of the 

number of pups born are more precise than at the Larreburu
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Figure 5.4.—Map of the Estancia Larreburu study area 
showing the location of all active and inactive dens found 
in 1981. 1983. and 1984. The open stars mark inactive or 
abandoned dens, filled stars mark active dens, and circles 
with x f s mark windmills.



Table 5-6.—Slghtings of mara pups at Molino Den Site. 
Estancia Larreburu. during the 1981, 1983. and 1984 breeding 
seasons.

Date Number Pups Comments

12.8.81
23.8.81
5.9.81
8.9.81
11.9.81
14.9.81
16.9.81
20.9.81
15.10.81

-
— .

10
9
2

12
8

12
0

- — 1981 —————————————————————————
Active?
Active?

2 in Corral Den

2 tiny new born
Pups Predated

_-_1QA^_- — - — --.--- — -- — ---------- — -

14.10.83 ? Corral Den Only Active

. —————————————————————1984 ————————————————————— 
25.1O.84 - Inactive



Table 5.7.--Sishtinas of mara pups at Estancla Den, Estancia 
Larreburu. during the 1981. 1983 and 1984 breeding seasons.

Date Number Pups Comments

11.9.81
12.9.81
13.9.81
15.9.81
17.9.81
21.9.81
22.9.81
24. 9. 81
25.9.81
26.9.81
1. 1O.81
2. 1O.81
5.10.81
6.10.81
9.10.81

12. 10. 81
13.10.81
27.10.81
30.1O.81
2.11. 81
4.11.81
6.11.81

14.1O.83
23. 1O. 83

- ————————— 1981 ———————————————————— ———
- Active

Active
Active

- Active
2 1 new born pup

Active
2
4
3
3 1 new born pup
3
2
7
2
7
8
7
2
2
4
4
2

_ 1 oQ-a__ __ _ __— — JLyoo
Active
Active 

_ _ 1 oAZt - - __-_ ___ _
13.10.84 - Active? 
7.1O.84 3



Table 5.8.—Slghtlngs of raara pups at Airport Den, Estancia 
Larreburu. during the 1981. 1983 and 1984 breeding seasons.

Date Number Pups Comments

6.9.81
12.9.81
13.9.81
19.9.81
21.9.81
22.9.81
24.9.81
25.9.81
27.9.81
3.10.81
4. 10.81

10. 1O.81
11.10.81
14.1O.81
15.10.81
17.10.81
19.1O. 81
20. 1O.81
21.10.81
26.10.81
28.10.81
30.1O. 81
31.10.81
1.11.81
2.11.81
6.11.81

— — — — _ — __3_UB^_ ________ ___________________ 

- Active
Active

1
- Active
3 1 new born pup
2
4
3
7 2 new born pups
8
6

10
1O
7
7
9
8
8

14
5
7
6
5
4

10
2 

___________1 o A •*—-_- — _-._________-.-________
14.1O.83 - Active
18.10.83 - Active
23.1O.83 6 4 Size 3. 2 Size 4 Pups

.——————————— —————————1984 ——————— —————————————— 
13.10.84 6



Scrub PM Open I_I Lagoon 1 KM

Figure 5.5.--Map of the Puesto La Blanca study area showing 
the location of all active and inactive dens found in 1983 
and 198ft. The open stars mark inactive or abandoned dens, 
filled stars mark active dens, and circles with x's mark 
windmills.
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dens (see above). In 1933t using the pup scan data to make 

the calculations, at least 48 pups used these two dens (33 

at Ash and 15 at Owl, see Table 5.9 and 5.10). In 1984, 

although at least 19 pups were born here (14 at Ash and 5 at 

Owl), only 2 may have survived. Whether the pups were 

killed by disease or a predator is unknown (12 of the Ash 

Den Site pups disappeared between 4 and 6 October; and the 5 

Owl Den pups disappeared between 14 and 16 October). Two 

other dens were used by pups: Goose Den I and Goose Den II. 

They were located 200 m apart at the edge of the lagoon, and 

were about 350 m from the ranch buildings. Pups were not 

seen at either den in 1934; but in 1983 one pup was seen on 

two occasions at Goose Den I, and Goose Den II was used by 

at least three pups. However, I suspect none of these pups 

survived since both dens seemed to have been abandoned 

within a month of the pups* first appearances. Weasels 

(Galictus cuja ) might have killed the young since 2 were 

seen at Goose Den II about the time the pups were last 

sighted there. The den about 200 m south of Ash Den Site 

was used occasionally by large Ash Den pups which had 

wandered close to it with their parents. In August of 1984 

I found bones from at least 2 pups scattered around this 

burrow's entrance. The four other dens shown in Figure 5.5 

were not used by maras during my stay in the field.

Puesto El Salitral

As at La Blanca, observations were made here during 

both the 1983 and 1984 breeding seasons. Three main dens 

were used by maras for rearing pups at this area during the 

study period: Chicken Den, Corral Den Site and Horse Bones 

Den Site (see Figure 5.6). All three were located in the 

open within 300 m of the house. Of the other three dens 

found in the area (see Figure 5.6) two, located west of the
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Table 5-9.--Sightlngs of each size category of mara pup at 
Ash Den Site during the 1983 and 198/1 breeding seasons.

Date Total Size 1 Size 2 Size 3 Size ft Comments

31.8.83 
3.9.83
7.9.83 
15-9.83
19-9.83
28.9.83
2.10.83
a. 10. 83
5.10.83
8.10.83
13.10.83
17.1O.83
27.10.83
28.10.83
5.11.83
9.11.83

10. 11.83
11.11.83
28.11.83
8.12.83

30.8.8ft
10.9. 8ft
15.9.8ft
17.9.8ft
23. 9.8ft
26.9.8ft
27.9.8ft
6. 1O. 8ft

27.10.8ft
1.11.8ft

11.11.8ft
21.11.8ft

5 
5 
7 
8 
6

12
2O
18
20
23
15
13
13
11
6
6

1O
10
0
2

—
2
5
6

10
12
11
—
—
—
2
2

5

1 
3 
3
—
ft
5

11
1O
3
1
—
1
—
—
—
—
—
—

—
2
ft
ft
8
8
ft
—
—
—
—
-

——— 1983--

5
2
1
5
3
3

11
5
7
5
5
—
—
—
—
—
—

——— 198ft--
—
—
—
2
2
ft
6
—
-
-
—
-

-

-
7
—
2
2
5
ft
3
3
—
-

10
9
—
—

—
—
—
—
—
—
1
—
—
—
—
—

1
ft
—
—
-
2
1
5
2
—
—
—
1
—
2

-
—
—
—
—
—
—
—
—
—
—
—

No maras

Active

All pups dead
Pair at den
Pair at den



Table 5.10.—Sightlngs of each size category of mara pup at 
Owl Den during the 1983 and 1984 breeding seasons.

Date Total Size 1 Size 2 Size 3 Size 4 Comments

26.8.83
8.9.83

1ft. 9. 83
20.9-93
30.9.83
3.10.83
7.10.83

15.10.83
24. 10.83
1.11.83

9.10.84
14.10.84
15.10.84

4
2
3
3
5

11
8

14
8
6

1
4
1

_
2
2
—
—
1
3
4
—
—

—
-
1

-___ig83__•*p ^ *^ ^^

-.

1
—
—
5
3
3
4
—

- —— 1984 —
1
3
—

^

—
—
—
—

3
2
4
2
4

—
1
—

^
—
—
—
3
2
-
3
2
2

—
-
-

16.10.84 Pups Dead
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Figure 5.6.—-Map of the Puesto El Salitral study area 
showing the location of all active and inactive dens found 
in 1981. 1983. and 1984. The open stars mark inactive or 
abandoned dens, filled stars mark active dens, and circles
with x's mark windmills.
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house about 300 m, were never seen to be used by pups; and 

one, located north and east about 100 m from Corral Den Site 

was occupied by two pups on 3 October 1983. This den may 

have been used for temporary shelter by larger pups which 

had wandered from Corral Den Site. In 1983, based on pup 

scan counts, approximately 34 pups were born here: 8 at 

Chicken Den, 12 at Corral Den Site, and 14 at Horse Bones 

Den Site (see Tables 5.11, 5.12, and 5.13). The following 

year, 1984, 33 pups were born here; 31 at Chicken Den and 2 

at Corral Den Site. The Corral Den Site pups probably died a 

couple days after parturition when that den was flooded.

Other Denning Areas

A further 20 mara dens were found on the Valdes 

Peninsula away from my main study areas (see Figure 5-7). 

Four dens were located in two grassy valleys 2 km and 5 km, 

respectively, west of El Salitral (Puesto Centenario and 

Grassy Valley Dens in Tables 5 • ^ and 5.5). Between these 

dens at least three pups were produced in 1983 and at least 

10 in 1984. I saw pups at all but three of the 16 other dens 

(see Table 5.14). Eight of these were located near estancia 

buildings in situations similar to my three main study 

areas. All eight, according to the local shepherds, were 

used by several pairs of maras. The four remaining dens, 

which I knew to be active, were all at least 1 km from a 

human inhabited site. Two were located 5 km north of Puesto 

El -SalitraK see Figure 5-7) about 500 m apart in openings 

in the scrub. One of these dens was used by at least two 

pups. The other two known active dens were located near the 

San Jose Gulf. One was on the edge of a sand dune and had 

Pups from one pair in it in December 1979 (when I made a two 

month visit to Patagonia). This den had disappeared by 1981. 

The other was located in sandy soil on top of a sea cliff
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Table 5.11.--Sightings of each size category of mara pup at 
Chicken Den during the 1983 and 1984 breeding seasons.

Date Total Size 1 Size 2 Size 3 Size 4 Comments

2.8.83 
lU.8.83 
16.8.83 
26.8.83
28.8.83
21.9.83
27.9.83

26.8.81
3.9.84
22.9.84
28.9.84
7.10.84
10.10.84
16.10.84
19.10.84
20.10. 84
22.10.84
24.10.84
26.10.84
27.10.84
28.10.84
29.10.84
2.11.84
11.11. 84
23.11.84

2 
2 
5
3
7
8

—
1

13
11
19
15
15
19
19
16
16
16
15
15
16
15
15
11

2 
2

—
2
—

—
—

11
—
2
—
—
3
1
—
—
—
—
—
2
2
—
—

1 rt O *^----1983--

—
2
2

-- — 1984--
—
—
2
2
7
2
3
4
6
7
6
4
4
4
5
5
6
2

—

1
3

—
—
—
6

10
13
12
12
12
9

1O
9
7
6
6
3
8
5

Den dust dug

—
2
3

Active?
1
—
—
—
-
-
—
—
—
—
3
4
5
3
5
1
3



Table 5.12.--Sightings of each size category of mara pup at 
Horse Bones Den Site during the 1983 and 1984 breeding 
seasons.

Date Total Size 1 Size 2 Size 3 Size 4 Comments

4.9.83
16.9.83
18.9.83
3.10.83

20.10.83

2
10
11
14 3
10

.___!

7
—
3
1

198/1

7
6

1
3

1984
Inactive

Table 5.13.--Sightings of each size category of mara pup at 
Corral Den Site during the 1983 and 1984 breeding seasons.

Date Total Size 1 Size 2 Size 3 Size 4 Comments

2.8. 83
13.9.83
18.9.83
3.10.83
4.10.83

16.11.83

_
5
9
9

12
3

_
—
1
—
—

3.9.8ft

1983-

3

6

198/1

Just Dug

4
1

2
2

Den flooded 
on 6.9.84



Table 5* 14. --Sightings of mara pups at various dens during 
the 1981, 1983 and 1984 breeding seasons.

Den Site Date Number Pups Comments

Fence 
Fence 
Fence 
Corral 
La Anita

•---Estancia Larreburu-
7.10.81

13.10.8tt 3 
22.10.84 4
1.10.81 1 
.10.81

Goose 1
Goose 1
Goose 1
Goose 1
Goose 2
Goose 2
Goose 2
Goose 2
Goose 2
Goose 2

High Lagoon
High Lagoon

Main
Main
Main
Main
Valley
Valley
Valley

------ -fuesT< 
6.9.83
8. 9. 83

25.9.8ft
28. 9.8/1
6.9.83
8.9. 83

20.9.83
24.9.83

25. 10.83
.11.83
. 1O.84

11.10.84

------Puesto
23.9.83
27.9.83

14.10.83
18. 10.84
23.9.83

14. 10.84
18.10. 84

3 i*a BJ.anca-- 
1
1
—
-
1
3
3
3
2
0
o
0

Centenario--
—
1
1
1
—
3

It! Rjal i tr»Al -

Active?
Active?

Birth seen
Size 2 Pups

Predated by weasel
Active
Predated

Active?

Size 2/3

Active?

Active?

Grass Valley 
Grass Valley 
Bollche 
Road

20.9.83 2
18.10.84 3
18.10.84 3
3.10.83 2

Cliff 
Cliff

--------Whale Camp- 
11.10.84 1 
12.10.84 Den flooded



42'00'

Golfo Son Motios

42*00'

43T001

T o wri

IJ1

____£> « c; on

Figure 5.7.—Map of the Valdes Peninsula showing 
active and Inactive dens found In 1979* 1981, 1983. and 
198ft. The filled diamonds mark dens known to have been used 
during at least one of these years. Open diamonds mark 
abandoned or Inactive dens. Dens at the Estancla Larreburu. 
Puesto La Blanca, and Puesto El Salltral study areas are not 
marked.
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about 30 m from the edge. One pair had two pups here in 

1984 (P. Thomas, Pers. comm., Dept. Env. Studies, Univ. 

Calif., Davis). On 12 October the den was flooded in a rain 

storm and the pups probably died inside.

5.4.3 The Characteristics of Mara Dens

From Table 5.5 (see above), where the habitat of 

each den is described, it is clear that the dens with the 

largest membership sizes were all found close to sites of 

human habitation. This sample is biased since it was 

easiest to find dens near houses, however these results do 

suggest that there is something special for maras in the 

vicinity of human settlements. It is unlikely that this is 

related solely to specific habitat features associated with 

human settlements as I know of several abandoned Puestos 

which are surrounded by equally abandoned mara den sites. 

These data suggest that the presence of human activity is 

important to the mara pups' survival. The main benefit is 

likely to be protection from predators which might be 

hesitant to go near human sites. At all the isolated dens, 

at some point during the pupping season the young 

disappeared prior to when I expected based on the size/age 

of the pups. However, without additional data on mortality 

at dens it would be fruitless to speculate more.

5.4.4. Seasonal and Annual Patterns of Den Usage

The seasonality of breeding has been described in 

Subsection 5.3.4; here the relative timing of pupping at 

different dens will be discussed. Figure 5-3 shows plots of 

the number of pups per day seen at each of the intensively 

studied dens during the breeding season. The timing of 

pupping, as reflected in the number of pups sighted at each 

den per day, appears to be superficially the same between
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Figure 5*8 (2 Pases).

Plots of the maximum number of pups seen on different days 
at 9 intensively studied dens during the 1983 and 19S4 
pupping season. Plots are only shown for the El Salltral 
and Puesto La Blanca dens.
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COMMUNAL DENNING

dens. However, the plots suggest that the day with the peak 

number of pups varied between dens (e.g. see Figure 5.3: Ash 

Den Site and Owl Den in 1983). Below I will test whether 

there was any pattern to the differences between the timing 

of pupping at the different dens.

For these analyses only those dens were used where I 

had estimates of the number of pups at the den most of the 

way through the breeding season, and where there were no 

catastrophic die offs of pups: i.e. for 1981, Airport Den 

and Estancia Den; for 1983. Owl Den, Ash Den, Corral Den. 

and Horse Bones Den; and for 1984, Chicken Den. The data 

sets used were constructed from the breeding season day 

number (starting on 1 August) for each pup sighted in a day 

intensive observations were made at a den. For each den, 

Table 5-15 shows the mean day number and the standard 

deviation. Then, each of the different dens were compared 

using a t-test (see Table 5.15). The results of these tests 

showed that the timing of pupping was significantly 

different in 14 of the 21 comparisons made. Particularly 

noteworthy is that when dens were .compared from the same 

study area within the same breeding season there were no 

significant differences: the timing of pupping at Ash Dan 

Site in 1983 was not significantly different from Owl Den in 

1983; and Corral Den Site was not significantly different 

from Horse Bones Den Site in 1983 (Ash vs Owl, t = -1.47, 

NS; Corral vs Horse, t = 0.30 , NS).

On the basis of these results I suggest two, not 

necessarily exclusive, hypotheses to explain the difference 

in timing of pupping at the dens: (i) the differences found 

were due to between year variation in pupping, and/or (ii)
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Table 5.15.--Means and standard deviations of pup sightings 
at the most intensively studied dens in 1981, 1983, and 198ft 
and results of t-tests comparing the timing of puppings at 
the different dens. Study areas: •- Estancia Larreburu. » 
Puesto La Blanca, • Puesto El Salitral. Year: «• 1981. 3 
1983. * 1984. Critical values adjusted for multiple t-tests 
using alpha/C (C - number of comparisons made). 
* P < 0.05.

Mean
S.V. Estancia Ash Owl Corral Horse Chicken

Airport1- 1 67.7 2.6 3.25 3.84 4.56 7.7 3-94
(12.3) TfS * * * * *

Estancia1- 1 62.5 O.O9 1.42 2.88 4.59 5.42
(13-9) NS NS NS * *

Ash"3 62.3 1.47 2.96 4.98 6.73
(19.1) NS NS * *

Owl"3 58.6 1.77 2.82 6.23
(17.2) NS NS *

Corral"3 51.4 0.30 6.13
(18.4) NS *

Horse"3 5O.3 1O.27 
(13-9) *

Chicken*-* 73.1 
(14.5)
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the differences found were due to variation between pupping 

dates at different denning areas (my three study sites).

1. To test the fir-st hypothesis the data from all the dens 

in each year were combined: Airport Den Site and 

Estancia Den in 193l; Ash Den Site, Owl Den, Horse Bones 

Den Site, and Corral Den Site in 1983; and Chicken Den 

in 198/1. These distributions were then compared using a 

Kruskal-Wallis analysis of variance which showed that 

the peak period of den usage by pups was significantly 

different between years (H = 133.3. df = 2, P < 0.005).

2. To test the second hypothesis the data for each den site 

studied in 1983 were combined for each study area: Owl 

Den and Ash Den at La Blanca (X = 61.7); and Horse 

Bones Den Site, Corral Den Site, and Chicken Den at El 

Salitral (31 = 46.6). The data for each study site were 

then compared using at t-test. As above, these 

distributions were found to be significantly different 

showing that the peak of den usage by maras at the 

different study areas occurred at different times (T = 

7.52, P = O.0000).

From these results it appears that the timing of 

pupping varies significantly between years. It seems likely 

that climactic conditions in different years may be 

responsible for this variation. The finding that pairs in 

one area tend to pup together, irrespective of the pupping 

at other areas in the same season, suggests that there must 

be advantages to individual pairs in synchronising the birth 

of pups at the same study area (discussed in Section 5.3).

5.4.5 Distribution of Den Membership Sizes

At the 17 intensively observed dens (counting dens 

watched in several years separately) the estimated number of 

pups varied from 1 to a maximum of 33 (see Table 5.4). Using 

Formula 5.1 to make the calculations, dens were used by
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between 1 and 22 adult pairs of maras. The mean number of 

pups at a den was 10.94 (± 9-46, median = 16), and the mean 

number of adult pairs at a den was 6.65 (± 6.13. median = 

11; see also Table 5.4). Figure 5-9 is a histogram of the 

distribution of membership sizes amongst these 17 dens. 

Clearly the distribution of den membership is not normal. 

There is, however, a sampling problem with these data as, 

although I tried to find as many dens as possible, it was 

easier to find dens located near human settlements (see 

above). It seems certain that I under-sampled the numerous 

dens with small membership sizes which appeared to be 

scattered throughout the scrub. With such uneven sampling 

it is difficult to draw any firm conclusions other than that 

most dens appear to be used by 1 to 9 pairs (65% of pups 

born) with a few dens having much larger memberships.

5.4.6 Breeding Success and Mortality

Estimating the number of pups at a den and obtaining 

reliable estimates of mortality is difficult (see Subsection 

5.4.1), so results presented here should be viewed with 

circumspection. Table 5-16 summarises the number of pups 

born at each of the dens observed and shows estimates of the 

percentage of pups which died prior to reaching the age of 

independence (size category 4) from the den. Evidence of 

predation at the various dens are summarized in Table 5.17. 

Other potential causas of mortality include disease and 

hypothermia. From these results it is apparent that 

mortality can be very high. Of the nine dens upon which I 

had data, mortality varied from 21% to 100%. Of an estimated 

107 pups born, fully 50 appeared to have died before 

reaching size category 4.

Every den studied used by less than 10 pups had 100% 

mortality according to my estimates, suggesting that 

mortality may be closely tied to den membership size. To 

test what effect den size has on mortality the percent
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Figure 5.9.--Histogram of the distribution of the number of 
females (pairs) which gave birth to pups at 17 (counting 
dens observed in different years independently) intensively 
observed den sites.



Table 5.16.--The number of adults and pups, and the 
estimated percent of pups which died prior to reaching the 
age of independence from the den at each of the intensively 
studied den sites.

Den Site

Molino
Airport
Estancla
Corral
Fence
La Anita

Ash

Owl

Goose I
Goose II

Chicken

Corral

Horse Bones

Year

1981
1981
1981
1981
1981
1981

1983
1984
1983
1984
1983
1983

1983
198U
1983
1984
1983

Number Number 
Adult Pairs Pups

•--Estancia Larreburu
9
9
5
1
1
2

----Puesto La Blanca-
22
9
9
3
1
2

--Puesto El Salitral-
5

19
7
1
8

1U
14
8
2
2
4

33
14
15
5
1
4

8
31
12
2

14

Percent Pup 
Mortality

7
?
7

100
7
7

42
86
21

100
100
10O

7
23
7

100
7



Table 5. 17.--Observations and other evidence of predation on 
mara pups at breeding den sites.

Predator
Number 
Events Evidence of Predation

Patagonlan Weasel 1 Two seen in vicinity of den 
Gal ictus cujm immediately prior to the

disappearance of pups there.

Hairy Armadillo 2 Fresh armadillo tracks and faeces 
Chaetophractus sp. at time when pups disappeared at

two dens. Scrap of fur and bones 
found near faeces.

Red Backed Hawk 1 Stooped unsuccessfully on pups 
Buteo polysoma by den.

Patagonian Gray Fox 1 Foxes seen in the vicinity of a 
Dusicyon griseus den at the same time that pups

disappeared.

Domestic Doss 2 Seen chasing maras at dens.
Can i 5 familiar is Found one adult mara killed by a

dog. Lots of word of mouth 
evidence.

Domestic Cats 1 Saw a domestic cat stalking pups 
Felis cattus at a den unsuccessfully.

Humans many Lots of evidence from talking
to ranchers.
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mortality figures for these nine dens were correlated with 

the number of pups estimated to have been born at the dens. 

The result was a significant negative correlation (r

-0.844, df = 8, P < 0.01) suggesting that as den size 

increases mortality rates drop. To test if the correlation 

found was due to differences between dens with small 

memberships (under 10 pups) and dens with large memberships 

(10 or more pups) I correlated the mortality and den 

membership size estimates for the four dens used by more 

than 10 pups. No significant differences were found (r

-0.415. df = 3. N S). Although these data are sketchy, the 

results suggest that there may be some lower limit to den 

membership size, perhaps around 10 pups, below which dens 

cease to be viable. Whether this apparent effect is due to 

predation, some factor related to disease transmission, or 

hypothermia (perhaps a mi.nimum number of pups are needed to 

keep the group warm in the den at night) is unknown.

5.4.7 Associations Between Dens

The question addressed in this subsection is what is 

the nature of the relationship between maras using different 

dens located close together. As described above, at each of 

my study areas maras used a number of dens, often only 100 m 

or so apart. Below I summarise a range of points:

1. The data on the timing of breeding shows that pupping at 

the dens at each of my study areas was synchronised 

within years.

2. Pairs sometimes move their pups from one occupied den to 

another: in 1931 pups were moved from Estancia Den to 

Airport Den after the latter den was disturbed. Several 

times in subsequent years I suspected that pups were 

moved between dens, but without marked animals I could 

never be sure.
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3. At the El Salitral study area all the maras used one den 

site in 1934, while during the 1983 breeding season they 

used three different dens. In both years the number of 

pups produced were approximately equal (37 in 1933 and 

33 in 19S/i).

4. There is considerable spatial overlap between the home 

ranges of some animals using different dens at the same 

study area. ELF and PAM used different dens and their 

ranges overlapped 43 ha (approximately 23% of each 

animal's range, see Chapter 3). On the other hand, PAM 

and SYF used the same dens and their ranges overlapped 

26.25 ha (approximately 11% of both animal's ranges, see 

Chapter 3). One marked female might be seen grazing in 

the vicinity of one den while her pups were located in 

another several hundred meters away.

5. At each of my study areas the nearest other known 

concentrations of maras were several km away. 

Furthermore, in my radio tracking studies (see Chapter 

3) I never found animals moving more than 2 or 3 km from 

their denning site suggesting that there is little 

interchange between maras at different denning areas.

6. Lastly, at the start of the breeding season maras moved 

around considerably, apparently investigating the 

various dens. One of the best examples of this I have 

seen is summarized in Section 5-3 (above).

From the above it is clear that pairs using one 

study area are not subdivided into spatially segregated 

groups with some animals using one den site and others 

another site. These results suggest that there is 

considerable interchange between animals using different 

dens in the same area, and that the animals using dens 

located close together may form part of a larger social 

group or community (possibly with many of the individuals 

closely related). Table 5-IS summarizes the number of pups 

at each of three study sites over three years of field 

work. The number of pups born at a study site varied from
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Table 5.18.--Comparison between number of pups born and pup 
mortality at different study sites over three different 
years. Estancia Larreburu data does not Include the Molino 
Den Site since it was probably too far away for the animals 
there to associate with the maras nearer the Estancia. The 
Grassy Valley and Centenario dens are not included with the 
Puesto El Salltal data, nor the Far Lagoon den with the La 
Blanca date, for the same reasons.

Study Site Year
Number of 
Dens Used

Estimated 
Number of 
Pups Born

Minimum
Pup 

Mortality

Estancia
Puesto La
Puesto La
Puesto El
Puesto El

Larreburu
Blanca
Blanca
Salltral
Salltral

1981
1983
198/1
1983
198ft

5
a
2
3
2

30
53
19
37
33

7
23
17

o
9
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19 to 53 with a mean of 3^.4. pups (± 12.36, median = 36). 

The estimates of pups born per year per study site are 

similar suggesting that these could represent a general herd 

size for maras breeding around small human settlements. The 

scattering of dens elsewhere in the scrub, probably used by 

fewer pairs, suggest that another denning strategy may exist 

adapted to areas without the benefits (as yet undetermined) 

of breeding near a human occupied house. Without more data 

though, further speculation would be unproductive.

*>. 5 Care of the Young

Mara females nurse their offspring for about 11 

weeks (see Section 5-3). This is one of the longest 

lactation periods in rodents with only two species, both 

caviomorphs, known to have longer lactation periods: 

Hydrochoerus hydrochaeris has a lactation period of 16 

weeks, and Dasyprocia aguti has a lactation period of 20 

weeks (Weir, 1974; and Eisenberg, 19S1). This long lactation 

period, combined with the lengthy 100 day gestation period, 

are typical of the caviomorphs which have slow rates of 

development compared to the myomorph and sciuromorph rodents 

(Eisenberg, Op, eft.). Such a long period of nursing implies 

that the parent-offspring bond is strong (at least long 

lasting); and, further, suggests that parental care, in 

addition to nursing, may be important for pup survival. In 

this section the nature of mara parental investment in 

'offspring will be described.

I have little data on nursing and parental care once 

the pups have left the area of the den, so results presented 

here will focus primarily on the behaviour of mara adults 

and pups at the intensively observed den sites. The 

following aspects of how maras care for their young will be 

discussed: (i) how often parents visit the den and how long
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they stay when visiting; (ii) how much do females nurse 

their young, how this changes as pups grow, and how often do 

females suckle pups which are are not their own; and (iii). 

aside from nursing pups, what do adults do at the den and 

how does this vary between the sexes (see also Chapter 4)?

5.5.1 Methods

Most of the results presented below are based on 

data collected using the den scan data collection protocol 

(see Chapter 2). To extract and reformat data several BASIC 

and FORTRAN programs were written. Three main data subsets 

were used: (i) arrival and departure of focal pairs at the 

den, (ii) continuous focal pair sampling, and (iii) 

instantaneous scans of all adults and pups at the den made 

at 15 min intervals.

5.5.2 Visits to the Den

Females visit the den during the day to nurse and 

otherwise care for their offspring. In this subsection 

results summarizing the duration of time over which females 

visit the den, the frequency of visits, and how long females 

stay at the den when visiting will be presented. In 

general, for these analyses, results for the females and for 

the pair are similar since males usually accompanied their 

mates to the den (but see below).

Intensive observations were made at dens between 

7:00 in the morning and 20:00 in the evening. Mara adults 

were never observed visiting dens at night. No significant 

differences were found in the number of adults (as recorded 

in den scans) at the dens in the different hours of the day 

between 8:00 and 20:00 using the Kruskal-Wallis analysis of 

variance (H = 1*1.66. df = 10, NS).
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Females visited their pups at the dens for a period 

of something over 40 days (see Table 5.19). Mara females PJF 

(in 1983) and LRF (in 19Sl), the animals for whom I had the 

best data, were observed nursing pups at dens over periods 

spanning 44 and 43 days respectively. In PJF's case this is 

a minimum estimate since when she was first sighted with 

pups they were in size category 2, and hence must have been 

at least a week old. Dubost and Genest (Op. cit,), in their 

study in captivity, report that pups were restricted to the 

area immediately surrounding the den for the first 6 weeks 

(42 days) of life, which corresponds well with these 

results.

In captivity, from six weeks old and on mara pups 

spent the day away from the den with their parents, but 

continued to return to the den at night for a further 5 

weeks (Dubost and Genest, Op. cit.) . .My observations suggest 

that the same pattern occurs in the wild: at nightfall it 

was common to see large (category 4) pups running up to and 

entering a den. Pups of this size were seldom observed at 

dens with adults. In the morning, parents of size 4 pups 

would call their presumed young (only 1 or 2 pups would 

respond) out of the den with a whistle while still out of 

sight in the scrub (this type of interaction was observed on 

4 occasions). During the day, groups of two adults and one 

to three large pups were often found scattered throughout 

the scrub within 200 m of a. den site.

Breeding female maras appeared to visit the den at 

least once every day. Table 5-19 summarizes the results on 

7 recognizable nursing females. Of the 6 females on whom 

detailed data were available, all but one visited and nursed 

their pups every day on which the den was observed during 

their period of den usage. PJF did not visit the den on 2 

days during the 10 days (spanning 44 days) for which I
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Table 5.19.—Frequency of visits and the span of days over 
which mara females nursed their pups at the den.

Den
Used

Mara
Name

First
Seen

Last
Seen

Number of
Days Den
Watched

Number of
Days Den
Visited

Span of
Days

Air LRF 29.9.81
Ash ELF 15.9.83
Ash GCM 15.9.83
Ash PJF 28.9.83
Ash TEF 4.10.83
Owl PUF 3.10.83
Owl SLF 15.10.83

11.11.81
8.10.83
28.9.83

10.11.83
17.10.83
15.10.83
24.10.83

7
2

10
5
3
2

?
7
3
8
5
3
2

43
24
14
44
14
13
1O
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watched the den. However, on these two days she seemed to 

have temporarily moved her pups to another burrow located 

about 100 m away from Ash Den Site in the scrub. On 21% of 

the days (6:23) female maras visited the den more than 

once. On every one of these days, however, the first visits 

had been cut short by some disturbance (usually of human 

origin ) .

The length of time that females stayed at the den 

when nursing pups varied from 5 mins to as long as 9 hrs 

(Figure 5.10). Of 71 visits to dens by females who nursed 

pups during the visit the mean length of stay at the den was 

1.08 hrs (+. 1.17). An analysis of variance showed that there 

was no significant difference between the length of stay at 

the den by females nursing different size pups (F = 0.05, 

Factor df = 3, Error df = 67, NS).

5.5.3 Direct Care: Nursing the Young

Normally females nurse only one or two pups at a 

time, though occasionally as many as ii pups may suckle 

simultaneously. Within a given nursing session a female 

may, for short times, nurse pups which are not her own. 

Females have as many as 3 teats (Weir, 197^), although I 

never found more than 6 on a captured animal and never saw 

more than U. being used by pups. When several pups are 

suckling simultaneously they may fight over access to a 

particular teat (usually the upper pair), suggesting that 

some teats produce more milk than others. There is no teat 

order, as has been described in other caviomorphs such as 

Myoprocta pra'kti (Kleiman, 197^); and a pup will move from 

teat to teat: seldom staying at one for more than a minute.

Data were collected on 106 visits to dens by nursing 

females (using the EVR data protocols and an Epson HX20 

portable computer, see Chapter 2 and Appendix B). Estimates 

of nursing times were obtained for 71 of these visits. 

Females were judged to be nursing when one or more pups were
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sucking on a teat. As soon as the last sucking pup lifted 

its mouth from a teat the clock was stopped. Of these 71 

nursing sessions, the average time females spent nursing at 

least one pup was 0.3^9 hrs (+. 0.288, median 0.27). The 

minimum and maximum time a female was observed nursing 

during a visit were, respectively, 0.009 hrs and 1.31 hrs. 

Nursing would typically be divided into a number of bouts 

since both females and pups periodically broke off the 

suckling. The mean number of bouts per session was 9.21 (± 

8.23), and the mean bout length was 0.04 hrs. The maximum 

number of bouts recorded in a session was 34. Using analysis 

of variance, no significant differences could be found 

between the time females spent nursing different size/age 

pups (Source df = 3, Error df = 67. F = 0.25, NS). However, 

though pups seemed to be sucking whenever they were attached 

to a teat, nursing time does not necessarily equate directly 

with the amount of milk obtained by the young: e.g. brown 

rat pups can remain attached to the mother's teats for long 

periods even though milk removal is limited to brief 

intermittent milk ejections (Cross, 1977).

Females, however, often nursed more than one pup at 

a time. For the 71 nursing sessions monitored, the mean 

total time individual pups were suckled in one session was 

0.513 hours (+. 0.456, median = 0.392). The maximum length of 

time pups were suckled was 2.6 hrs and the minimum was 0.026 

hours. These results come from the total time individual 

pups were nursed by a female during a session: e.g. if two 

pups were nursed for 0.25 hours, simultaneously the total 

suckling time would be 0.5 hrs. These are over-estimations 

•of the length of time females' nursed their own pups since 

they include suckling time of pups other than their own.

A serious problem for these analyses was that I was 

unable to identify pups individually except on the basis of 

size. Hence, I had great difficult in determining the 

proportion of the time females spent nursing their own pups 

versus those of other females. There were usually, however.
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pups of various size categories at the dens. Thus, I could 

test whether females nursed pups of one size significantly 

more (taking into account the different number of pups of 

each size category) than pups of another size during a given 

visit to the den. A Mann~Whitney test was used to compare 

the amount of time the size of pup nursed most by the female 

was suckled (x 0.480, median = 0.334) against the amount 

of time pups of other sizes were suckled (X 0.0324, median 

= 0.0). The test showed that these distributions were 

significantly different (N = 71, W = 7331.0, P < 0.000), and 

thus that females nursed one size category of pup more than 

others on any given den visit.

From this result it is clear that females were 

discriminating between pups, at least on the basis of size, 

and were thus allowing some pups to suck more than 

others. Below, in Subsection 5-5.5i 1 will discuss the 

mechanism by which females probably identify their 

offspring, and also present results showing the considerable 

effort that females make to prevent some pups, presumably 

not their own, from gaining access to their teats.

To reduce the over-estimation of suckling time due 

to the inclusion of time when pups not of the same size as a 

female's own were nursed, data on the Jize category of pup 

which a female nursed most during a given session were used 

to obtain the following results. Females suckled pups that 

were the size of their own presumptive pups for a mean of 

0.48 hrs (i 0.437 hrs, see Figure 5.11). Since this is the 

total time suckled, to arrive at an estimate of the length 

of time for which each pup was nursed in a session the 

litter size data obtained by Dubost and Genest (1974) were 

used to derive the following formula (Formula 5.2) to 

estimate the length of time each pup was suckled.
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Figure 5.11 (Overleaf).

Histograms summarizing the amount of time: females spent 
nursing pups, pups were suckled overall (accounts for 
females nursing more than one pup at a time), and individual 
pups suckled. Data taken from 71 den visits monitored at 
the La Blanca and El Salitral study areas during the 1983 
and 198/1 pupping seasons.

A. Total time females spent nursing pups.

B. Total time pups were suckled.

C. Total time individual pups, presumed to be
the nursing females, were suckled.
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Formula 5.2

IPS = Individual Pup Suckling Time

TOTS = Total Time Main Size Pup Suckled

IPS = (0.70 * TOTS) + (0.25 * TOTS) + (0.05 * TOTS)
2 3

For the 71 nursing sessions on which suckling data 

were collected, individual pups were nursed by their 

'mothers* a mean of 0.296 hrs (+. 0.269 hrs) per female visit 

to the den (see Figure 5.11). A one-way analysis of variance 

was made on the suckling time data to see if there were any 

differences in the amount of time each age category of pup 

suckled, but no significant differences were found (Source 

df = 3, Error df = 67, F = 0.25. NS).

The simplest estimate of how much time females were 

sucked on by pups other than their own can be made by 

considering how long they nursed pups not the same size as 

their putative pups. The mean length of time which non-main 

size pups were suckled was 0.032U hrs (+. 0.0328) with a 

maximum of 0.482 hrs (see Figure 5-12). However in 55% 

(39:71) of the nursing sessions no non-main size pups were 

suckled at all. The proportion of the time females suckled 

main size pups was 0.9^ (± 0.11), a substantial proportion 

of the total (see Figure 5.12). However, this is probably an 

overestimate since suckling time of main size pups which 

were not the females' own are included in this estimate.

A significant positive correlation was found between 

the amount of suckling of non-main size pups and the number 

of pups at the den on a given day (rs = 0.^58, P < 0.01). It 

is clear from these results that females nurse principally 

one size of pups on a den visit (presumably their own pups) 

but that, at least occasionally, they allow pups other than 

their own to suck substantially.

Maras differ in this from some of their close 

relatives, many of which practice communal suckling: e.g. 

/'/ i c r o <;: <a v i <3 at a s t r & 1 is t Ga 1 e a in u _~ t e 1 o i de s , Hydr o c h o ems 

hydrochaeris (Rood, 1972; Macdonald, 1931). In these three
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species suckling does not appear to be particularly 

prolonged. However, in Cavea aper&a , where the nursing 

period is prolonged and thus presumably more important for 

pup survival, females behave aggressively towards offspring 

of other females which try to 'sneak' sucks (Rood, 1972).

5.5.4 Behaviour of Pups Towards Females

As mentioned in the previous sub-section, pups will 

at least occasionally be suckled by females which are not 

their mothers. Observations in the field suggest that 

females make a considerable effort to prevent pups from 

'stealing' milk, while at the same time some pups make a 

considerable effort to obtain milk from females who are not 

their mothers. When a female approached a den with a large 

membership it was common for her to be harassed by several 

pups: up to seven or more would crowd around her all trying 

to gain access to o. teat (see Figure 5.13). Aside from 

mobbing adults, pups would often try to suck stealthily: 

sneaking up behind a nursing female and attempting to latch 

on to a teat near one of her own offspring, apparently in 

the hope that the female would not detect its presence. 

Female responses to these pups could be quite violent and 

included moving away from, chasing, and even biting and 

shaking a pup (see Figure 5-13, and Table 5-20). Females may 

sometimes seriously injure pups: on one occasion I saw a 

.female pick up a pup and toss it 0.5 m away, and a number of 

pups had badly cut up ears presumably from being bitten by 

females.
Of the 106 nursing sessions recorded, females were 

harassed by pups to the point of acting aggressively towards 

them a total of 796 times--a mean of 7.51 times per den 

visit (see Table 5.20). Nursing bouts were interrupted a 

mean of 4.11 times, (+. 6.12) with one female being 

interrupted 34 times. With an average of 9.21 bouts (+. 

12.2) per nursing session (see Subsection 5*5.3) 45% of the
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Figure 5.13 (Overleaf).

Photographs illustrating typical interactions between 
nursing females and pups while at the den.

Pups mobbing a newly arrived female.

B Female chasing a pup which had been trying to
gain access to a teat.





Table 5.20.—Summary of the responses of adult females to 
the harassing behaviour of mara pups while at the den.

Number 
of Occurrences Reaction of Females

425

120

80

171

Chase pup

Lunge at pup

Bite Pup

Move away from pup
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nursing bouts were interrupted by the attempts of another 

pup to sain access to a teat. Outside nursing, females were 

harassed enough to respond aggressively, either by biting or 

chasing a pup, a mean of 5.04 times (+. 6.189, maximum 35) 

per visit. There was a significant positive correlation 

between the number of pups at the den and the number of 

nursing interruptions (rs = 0.571, N = 70, P < 0.01).

5.5.5 Pup Identification by Females

Females seem to use both smell and sound to identify 
their own offspring amongst the herd of pups at a den. As 

mentioned above, when mara pairs arrive at the den the 

females are often heard to whistle shrilly several times. 

Whereupon, one or two same size pups usually run up to the 
newly arrived female. This is one way adults may separate 
their pups from the herd since only 1 to 3 pups, presumably 
the whistler's own offspring, normally respond to the 

whistle (data were not collected on this). For another pup 

to go to a whistling female it could mean moving away from 

the den and perhaps missing the arrival of the pup's own 

mother.

While visiting the den, females carefully sniffed 

approaching pups before allowing them to suck. They 

particularly seemed to sniff the pups' rumps, and to a 
lesser extent their heads and flanks. Table 5.21 summarizes 

observations of females sniffing pups, and the pups' and 

adults' reactions immediately afterwards. In 48% of the 
cases (210:440) females allowed the sniffed pup to suckle. 
In 15% (66:440) of the cases the female actively prevented a 

pup from suckling immediately after sniffing it. Preventing 

the pup from suckling could take the form of the female 
moving away, biting the pup, or chasing it. The remaining 
37% of the cases when pups were observed being sniffed there 

was no observed reaction: the pup was not nursed after being 

sniffed nor did the female make an aggressive attempt to
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Table 5.21.—Female/pup sniffing behaviour at the den: 
responses of the pups to being sniffed and the reaction of 
females Immediately after smelling the pup. Data taken from 
EVR scans. Also shows result of X2 test of the amount pups 
of the different size categories were sniffed. The expected 
values for the X2 test were calculated on the basis of the 
number of times pups of each size category were recorded In 
pup scans on the days in which sniffing behaviour was 
recorded.

Female 
Reaction

Pup 
Response

.-Pup Size Category- 
1234 Total

_

Nurse
Nurse

—
Move Away

-
Stop Nursing

—
Chase
Bite Pup
Move Away
Scent Mark

Total

.
-

Raise Rump
Raise Rump
Raise Rump
Hide Rump

—
Stop Suckling

—
—
—
—

59
34
64
6
-

12
1
4

26
4
1
—

211

29
13
46
9
5
2
—
—
7
4
3
1

119

23
14
30
11
1
3
—
1

11
1
1
1

97

1
3
6
1
-
-
—
—
1
—
—
—

12

113
64

146
27
6

27
1
5

45
9
5
2

X2 Test Results:

Pup Size Observed Expected X2 Statistics

Size 1
Size 2
Size 3
Size 4

211
119
97
12

83
133
175
48

14.
1.
5.
5.

05*
21
90
20

Total X2 = 26.36. df = 3, P < 0.001
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keep the pup from sucking.

Pups commonly reacted to being sniffed by a female 

by raisins their rump (see Figure 5.14), proffering it to 

the female's nose. Of the 179 observations of this 

behaviour, 32% of the time (146:179) the pup was immediately 

allowed to begin to suck. Only 6 of the times when a pup 

raised its rump did the female move away or otherwise reject 

the pups attempts to gain access to a teat. This result 

strongly suggests that pups know their own mothers. Further 

evidence of this could be seen when a pup would approach a 

female who was not its presumed mother. It would hide its 

rump by pressing it firmly against the ground (see Figure 

5.1^). On 3 occasions I saw females turning their rumps 

towards a pack of approaching pups and enurinate back at 

them. Perhaps this was a way of communicating the smell of 

the female to the pups showing them that she was not their 

mother.

Females sniffed size 1 pups considerably more than 

the other size categories of pups (see Table 5.12; X2 = 

26.36, df = 3, P < 0.001). These small pups stay close to 

the den and a female attempting to nurse pups of this size 

may have to contend, particularly at a den with a large 

'membership, with a number of small pups crowding around her 

all perhaps rather difficult to tell apart (see Figure

5.

5.5.6 Non-Nursing Parental Care

In this subsection ways in which adult maras. both 

male and female, care for their young other than through 

nursing will be investigated.

How mara adults apportion their time while at the 

den, and how different this is from what they do away from 

the den, will be examined below. These data come from 

instantaneous general scans (see data collection protocols 

in the Methods Chapter) taken at 15 man intervals. Table
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Figure 5-14 (Overleaf).

Photographs illustrating the role of smell in female 
identification of their own offspring.

A Female sniffing a mara pup which is raising
its rump to the female's nose. This pup was 
subsequently nursed.

B Female sniffing a pup which is pressing its
rump to the ground. This pup was 
subsequently chased away.
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5.22 summarises the proportion of scan observations of adult 

maras behaving in each of six behavioural categories: 

feeding, sitting or standing, lying, moving, miscellaneous 

behaviours, and associating with pups (see also Figure 

5.15). Maras at the den spent 54% of their time sitting or 

lying and only 14% of their time feeding, while away from 

the den they spent 43% of their time feeding and 40% of 

their time sitting or lying. Males spent 13% of their time 

feeding at the den against 41% when away from the den; and 

73% of their time sitting or lying compared to 46% when away 

from the den. Females followed a similar pattern spending 

only 16% of the time feeding at the den against 44% when 

away from the den. So, in both sexes, the breeding pairs 

feed less (Males: X= = 75.49, df = 5, P < 0.001; Females: X3 

= 91.35. df = 5. P < 0.001), sit more (Males: X= = 31.49, df 

= 5, P < 0.001; Females: X3 = 17.21, df = 5, P < 0.001) and, 

not surprisingly, interact with pups more at the den than 

away (Males: X38 = 19.85. df = 5. P < 0.001; Females: Xs 

115.99, df = 5, P < 0.001). The large proportion of time 

that males spend sitting when at the den is noteworthy as 

this behaviour category is characteristic of greatest 

vigilance.

There is little evidence, aside from nursing, of 

direct parental care (see Table 5.23). There is little 

parental care reported in other caviomorph rodents--aside 

from some allogrooming, it consists primarily of guarding 

the pups (see for example Rood, Op. cit.i and Smythe, Op. 

cit.). As Dubost and Genest (Op. c i t. ) have reported, mara 

adults are almost never seen touching their offspring. I 

have seen females grooming small pups, and Dubost and Genest 

(Op. cit.) report that females clean the anal regions of the 

pups when they are small. Males in particular seldom touch 

pups. It does seems likely, though, that males can 

recognize their own offspring--in two of the three births 

observed males made a concerted effort to sniff their own

new born pups.
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Table 5.22.--Proportion of observation scans of males and 
females behaving In each of 1O behaviour categories.

Behaviour 
Category

Proportion of
Obs at den 

Male Female

Proportion of 
Obs not at den 
Male Female

Significant 
Differences

Feed
Sit

Miscellaneous
Lie
Move

Interact w/pups

O.
0.
0.
O.
0.
0.

13
57
03
16
09
02

0.
0.
0.
O.
0.
0.

16
27
04
12
10
31

O.
O.
0.
O.
0.
0.

41
27
OH
19
08
002

0.
O.
0.
0.
0.
0.

a/i
18
oa
17
08
10

1.
1.

1

1.

2.
2,

2.

3
3

3

All differences with probabilities less than 0.05-
1 - Behaviour of both sexes different at den from away from den.
2 - Males at den different from males away from den.
3 - Females at den different from females away from den.



Figure 5.15.--Pi« chart" showing the behavioural time ouo«et. of malea and female, at and away from the den.
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Table 5.23.--Number of observations of mara females and 
males engaging in different pup-associated activities at 
breeding den sites. Numbers in brackets refer to the number 
of observations of the behaviour oriented towards each pup 
size category from size 1 to size 4.

Total Total 
Behaviour Code Females Males

Sniff pup 472 (211.119,97,13) 55 (13.9,15.0)
Groom pup 3
Whistle for Pups 42 1
Enurlnate on Pups 8 4
Harassed by Pups 12O
Move Away from Pups 381 22
Chase Pups 627 (266.166.154.16) 21 (7.3.5.0)
Bite Pup 56 (16,34.4.0)
Lunge at Pup 124 (20.69,33,1)
Stott 15 1ft
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The length of the period maras stay with their young 

suggests that milk is not the only benefit of the 

association. Advantages to a prolonged parent-offspring 

bond could include: (i) adults teaching pups, by example, 

which food items are safe; (ii) parents teaching pups about 

the area in which they live; and (iii), at least in the 

pups' first year of life, parents could provide pups access 

to safe areas. However, in the absence of much parental 

care, it seems likely that the main benefits of the extended 

parent-offspring bond is the protection of the pups from 

predators.

Predators on pups may include Pat agon i an gray foxes, 

weasels, hairy armadillos, red-backed hawks, dogs, and 

people (see Table 5.17 above). Field notes suggest that 

adult maras usually react to predators by fleeing, while 

pups take refuge in the den. On one occasion I saw a male 

mara chasing a chicken which had wandered near a den. This 

suggests that mara adults could chase away a small predator 

which threatened pups. But, the main, or only, form of 

predator defense at the den must be vigilance; and this is 

an area where both females and males could invest in caring 

for their offspring. Males, may have a particularly high 

potential to protect the pups through vigilance since they 

spend such a large proportion of their time at the den 

watching (see above).

Both adult males and females spend some time at the 

den without their mates (but see Chapter H ) . Using the 

general scan data to examine this, the frequency with which 

adults of both sexes were alone at the den were compared. 

Out of 295 scans, 3% (24:295) of the time males were at the 

den alone, while 33% (96:295) of the times females were at 

the den alone (no recognizable mate present). Animals were 

considered alone at the den if their presumed mate was 50 or 

more m away. Females were at the den without their mates 

significantly more than males (X2 = 32.9^, 1 df, P < 0.005). 

However, male maras did spend time alone at the den when no
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other adults were present, suggesting that this is one way 

they could care directly for their pups. On three occasions 

I saw males waiting at a den while their mates were 100 to 

200 m off grazing. All three of these times the pups came 

out of the den and played and grazed, which they would not 

do if no adults were present (see Section 5.6).

Adults may use stotting to draw danger away from the 

den. On 8 occasions when I approached a den with mara 

adults and pups present, the adults first sat alert at the 

den, while the pups took refuge inside, and then stotted off 

20 m or so from the den. Stotting involves jumping up and 

down on the spot and is usually associated with the presence 

of a predator (see description in Smythe, 1970). It is a 

behaviour practiced by some species of antelopes and deer, 

and its function remains uncertain (but see Caro, 1986a and 

19&6b). As I walked towards the den the adults would stott 

and move off a further few meters. They would repeat this 

several times as I moved closer. This behaviour may have 

the same function as a broken-winged display in birds 

(Harvey and Greenwood, 1973); namely, drawing predators away 

from the nest. I tested whether adult maras stotted more at 

the den, when fleeing from predators, than when away from 

the den, but no significant differences were found (Xs = 

0.12, df = 1, NS). This may, however, simply reflect the 

small sample size.

5.6 The Behaviour of

In this section the behavioural development of mara 

pups will be discussed. Results will be presented showing: 

the overall behavioural time budget for pups, how this 

changes as the pups grow, and how pup behaviour is affected 

by the presence or absence of adults at the den. Most 

results presented here refer only to pups in size categories
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1« 2, and 3. Data on size (category) U. pups were collected 

too sporadically to be used in most of these analyses 

because they spent most of the daylight hours away from the 

den (see above). For these analyses pup behaviour was 

classified as being either grazing, nursing, or sitting. In 

effect I only analyzed the pups' 'states' (see Altman, 197*1, 

and Chapter 2) since other behaviours (e.g. running, frisky 

hopping, squabbling) were all of very short duration (i.e. 

1 events').

5.6.1 Behavioural Time Budgets and Development of Pups

The behavioural time budget of mara pups up to about 

6 weeks of age (size categories 1,2, and 3) is shown in 

Figure 5.16. Overall, pups at the den spent U.H.% of their 

time sitting, 43% of their time grazing, and 13% of their 

time nursing. These results were obtained from taking the 

average of the proportion of observations of the different 

size classes of pup engaging in each behaviour category. 

Below the behavioural development of the pups will be 

examined in more detail through looking at the following 

aspects of how their behaviour differs in each of the 

size/age categories: (i) the proportion of scans they were 

observed engaging in different behaviours, (ii) the 

proportion of scans they spend outside the den each day, and 

(iii) the inter-pup distances between pups in different size 

classes.

The proportion of observation scans of pups of each 

size class engaging in different behaviours are shown in 

Figure 5.16. The results of X3 tests of whether pups of 

different sizes engage in each behaviour a different amount 

are shown in Table 5-24. Summarizing these results: (i) the 

proportion of scans pups spent suckling does not change 

between size categories 1 and 3 (X2 = 1.22, d.f. = 2, NS); 

(ii) the proportion of scans of pup grazing decreases from 

size class 1 to 2 to 3 (X3 = 56.41, d.f. = 2, P < 0.001);



Figure 5.16.—Pie charts showing 
budgets for pups overall* and 
categories i, 2, and 3.
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Table 5.2ft.—The proportion of observation of different age 
classes of mara pups engaging in different behaviours. 
Differences found using the X3* test on the number of 
observations in each behaviour category. Data taken from 
pup scans selected at 30 minute intervals to limit 
auto-correlation.

Behaviour 
Category

Total X35 =

-Pup Size Categorles- 
123

Significant 
Differences 
Between Sizes

Sitting
Grazing
Suckling

0. 31
0.55
0. l/l

0. 47
0.41
0. 12

0. 56
0.32
0.12

49. 28
56.51
1. 22

P < O.001
P < 0.001
N.S.

106.Ul (U df)
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and (iii) the proportion of scans pups of different age 

classes spent sitting increases from size class 1 to 2 to 3 
(X= = 49.28. d.f. = 2. P < o.ooi).

Below, the amount of time pups of different sizes 

spend outside the den is examined. For each day data were 

collected at a den, the total number of times each size 

category of pup was recorded in a pup scan was divided by 

the number of pups of that size at the den (see Section 

5.4). These numbers could then be averaged across all the 

days in which den-scan data were collected to provide the 

following results: individual size 1 pups were seen a mean 

of 5.298 times per day (+. 4.367), size 2 pups were seen a 

mean of 8.291 times per day (+. 6.046), size 3 pups were seen 

a mean of 9.423 times per day (+. 7.415), and size 4 pups 

were seen a mean of 4.660 times per day (+. 4.149). These 
distributions were then compared using a Kruskal Wallis 

analysis of variance and were found to be significantly 

different (H = 8.639, df = 3, P < 0.05). The pattern that 

emerges is that as individual pups grow from size 1 to size 

3 they spend increasing amounts of time in the open around 

the den. By the time they reach size category 4, 

approximately 6 weeks old, the amount they are seen declines 

since they spend most of the day away from the den.

A similar pattern emerges when one examines how 

close pups of different size categories stay to other pups 

(see Table 5.25). While collecting pup scan data the nearest 

pup distance for each pup was recorded (in mara lengths 

distance code) every 10 minutes. The distance between pups 

was divided into four categories: 0 to 2 mara lengths, 2.1 

to '5 mara lengths, 5.1 to 10 mara lengths, and greater than 

10 mara lengths. The number of times that pups of each size 

were seen in each inter-pup distance category was totalled 

and compared using the X= test. The differences were found 

to be highly significant (X2 = 108.32. d.f. = 9, p < o.OOl) 
showing that smaller pups spend more time close to other 

young (regardless of size category) than larger pups.
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Table 5.25.--The proportion of pup scan observations of mara 
pups of different age categories at different nearest pup 
distances. x2 tests were made on the different cells to 
detect which differences were significant between different 
age classes of pups. * is P <0.05. ** is P < 0.001

Distance to
Nearest Pup -Pup Size Categories-
in Mara Lengths 12 3

0-2
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10 <

0.

0.

0.

0.
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0

*
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**

*

0.

0.

0.

0.
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06 **

03

001 **

o.

0.

o.

0.

83

10 *

05

02 **

0.

0.

0.

0.
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07
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*
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*



COMMUNAL DENNING

Reviewing the results of this subsection, the 

following were the most important findings: as pups grow 

older they spend more time out of the den, wander farther 

from other pups, and spend proportionally less of their time 

outside the burrow grazing and more time sitting. This last 

result, may be particularly important since sitting is the 

behaviour category where the pups are most vigilant--i.e. 

not distracted by grazing or nursing.

5.6.2 Effects of Adult Presence on Pup Behaviour

Here I will be looking at how pup behaviour changes 

at the den both when adults are present and absent, and with 

varying number of adults. These analyses will provide 

results showing both the degree of behavioural cohesion and 

coordination between adults and pups, and how pup behaviour 

may be adapted to the risk of predation.

The den-scan data were used (see Chapter 3 for data 

collection methodology) for these analyses. To insure 

independence between scans, which in the field were made at 

10 min intervals, a minimum independence interval of 1.03 hr 

was used to select the 163 scans used for these tests. A 

l.OS hr interval was chosen since this is the mean length of 

time females stay at the den (see Section 5.5.2). This 

limits the auto-correlation from scan to scan which would 

exist if several scans were included in the data set from 

the same female's visit to the den. The variables compared 

under the different conditions were: the number of pups 

visible outside the den, the average distance of the pups 

from the den, and the proportion of the visible pups 

engaging in suckling, grazing, and sitting.

The Mann-Whitney test was used to compare the number 

of pups in sight, the proportion of the pups engaging in 

different behaviours, and the proportion of pups at 

different distances from the den when adults were present
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and absent from the den. The following results were 

obtained:

1. Significantly more pups were visible at the den during 

scans when adults were present (X = 5.61, ± 3.69) 

than during those when adults were absent (x = 1.29. 

± 2.55) from the den (W = 1/1691.0. P < 0.000).

2. When pups were outside the den their numbers did not 

differ significantly whether adults were present or not 

(present: X = 4.57. ± 4.11; absent: X = 4.29. ±. 

2.43; W = 16396.5. NS) .

3- The proportion of the pups outside the den which were 

sitting was significantly higher when no adults were at 

the den than when adults were present (present: median = 

0.5; absent: median = 0.75; W = 16279, P < 0.0130). 

There was not, however, a significant change in the 

proportion of pups grazing (present: median = 0.0; 

absent: median = 0.25: W = 16552.5, NS).

4. Pups not with adults stayed significantly closer to the 

den when adults were absent from the den than when 

adults were present (present: X = 3.12. +_ 4.72. 

absent: X = 1.335, ± 0.77U W = 11550.5. P < 

0.0000) .

To investigate how increasing numbers of adults and 

pups at the den affects pup behaviour the Spearman rank 

correlation was used to obtain the following results:

1. As the number of adults at the den increases so does the 

number of visible pups (rs = 0.206, N = 163. P < 0.005). 

This is true independent of time of day, a possible 

confounding variable, since there were no significant 

differences between the number of adults (or pups) out 

of the den in different hours of the day between 8:00 

and 19:00 (see Section 5-5 above).
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2. Proportionally more of the visible pups suckle as the 

number of adults at the den increases (rs = 0.313, P < 

0.001) .

3. The proportions of pups grazing and sitting do not 

change significantly as the number of adults at the den 

increases (Grazing: rs = -0.120. Sitting: rs = 0.012).

H. The proportion of pups suckling, grazing and alert does 

not change as the number of pups at the den increases 

(Suckling: rs = 0.119. Grazing: rs = 0.1^5. Alert: r0 = 

-0.010; none are significant).

The pattern shown from the above results is that 

pups are greatly affected by the number and, particularly, 

the presence and absence of adults at the den. When adults 

were absent from the den fewer pups ventured out, and those 

that did stayed closer to the den than when adults were 

present. Furthermore, in the absence of adults, when pups 

were out they mostly sat around the den entrance (see 

above). Pups seemed little affected by the actual number of 

adults present since their behaviour (grazing and sitting) 

did not change with more adults at the den. What is 

important is that at least some adults are present; thus, 

pup behaviour in the absence of adults (mostly sitting by or 

in the den mouth) seems highly adapted to the risk of 

predation. These results suggest that the risk of grazing 

away from the den without adults present to warn the pups of 

danger was high.

5.7 Interactions Between Adults at the Pen

The behavioural relationships between adult maras 

have been described to some extent in Chapters 3 and 4. 

Here, I will be looking at two aspects of the way adult 

pairs interact at the den: (i) the nature and number of 

aggressive interactions between pairs; and (ii) how the
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number of adults at the den affects queuing time: the length 

of time between a pair's arrival at a den and the start of 

nursing.

Aggressive behaviour between pairs usually took the 

form of the male of one pair approaching another pair to 

attempt to sniff or mount the other female. Virtually all 

aggressive interactions were ended by one male chasing the 

other off and the two pairs eventually going separate ways. 

I never saw a male take over (keep separate from its mate) 

the female of another pair for more than a few minutes (see 

also Dubost and Genest, Op. ci t. ). An aggressive interaction 

could carry on for up to an hour, and might include a number 

of component interactions. For the sake of independence, a 

single aggressive interaction was counted for each 

interaction separated by more than an hour from another 

'fight' between the same individuals. I have not attempted 

to analyze interaction rates statistically—there were too 

many conflicting variables. However, the following findings 

were made: 95% (239:252) of the aggressive interactions 

observed occurred during the main part of the pupping 

season, 15 August to 30 November; of these, 7k% (136:252) 

occurred in the month of September; and of all the 

interactions observed, 39% (22^:252) took place in the 

vicinity of breeding den sites. The month of September is 

when the majority of the pups are born, and hence many 

females may have been coming into a post-partum oestrus (see 

Section 5.3). This could explain the high rate of 

interactions between pairs since males could be attempting 

to mate polygynously if the opportunity presented itself.

My impression in the field was that pairs arriving 

at the den spent a certain amount of time queuing, waiting 

20 to 30 m from the pups and den, while a previously arrived 

pair was at the den with the young. Of 71 closely monitored 

den visits, in 87% (62) pairs queued for less than 10 mins. 

The mean queue time was 0.092 hrs (+. 0.16, median = 0.03^). 

Queuing could be a cost for pairs using dens with large
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memberships: they might need to spend long times at dens

waiting to tend their pups. However. as the results

presented below show, there seems to be little relation

between queueing time and the number of adults at a den.

1. There was not a significant correlation between the 

amount of time a pair had to queue at the den before 

nursing pups and the number of adults at the den prior 

to the female's arrival (rs = -O.O14, N = 62. NS).

2. There was not a significant difference in queue time 

between the amount of time females waited between 

arriving at the den and starting to nurse, when other 

adults were already present and when no adults were 

present (W = 1108.0, P = 0.9307).

3. There was not a significant correlation between the 

queue time and the maximum number of adults at the den 

during a female's stay (rs = -0.135. NS, N = 71).

5.8 Tests of H.vpotheses

Having described the denning system, I will now seek 

an evolutionary explanation for why maras have adopted a 

communal denning system. I propose the following three, not 

necessarily exclusive, hypotheses:

1. Mara pairs use communal dens because there is a 

shortage of den sites, and groups are simply 

aggregations lacking functional advantage.

2. Den sites are not limiting, so pairs use communal dens 

because of an advantage in collective denning.

3. Limitation or scarcity of the den sites cause pairs to 

use communal dens (as in 1 above), but maras have 

subsequently evolved behavioural traits to capitalize 

on these aggregated conditions.
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Below, each of these hypotheses will be examined in detail

5.. S.I Hypothesis 1: Den Sites are Limiting

Possible reasons for den sites being limited are: 

(i) the ground is suitable for digging in only a few places; 

(ii) maras are unable to dig dens efficiently; and (iii) 

dens must be near a particular resource such as open ground, 

food, or water for energetic reasons or for safety from 

predators. Each of these possibilities will be assessed in 

turn below:

1. From Figures 5«4, 5-5 and 5.6, maps of the active and 

inactive den sites found at my three study areas, one 

can see that a large number of unused dens were located 

around each study site (19 unused dens compared to 111 

used dens). The wide distribution of these dens shows 

that maras are able to construct dens over a wide area.

2. Of 23 dens found at the 3 study areas, 4 (17%) were dug 

during the period of field work. This shows 

conclusively that maras can easily construct new dens if 

and when they please.

3. The distribution of dens which were used show a distinct 

pattern: most of the 20 'active' dens (12, or 60%) were 

located within 500 m of a human inhabited, or at least 

regularly visited, site. This strongly suggests that 

these kinds of sites must have qualities important for 

successful breeding (see Section 5.4 above). However, 

around each of these sites there were a. number of 

available den sites out of which maras used only one or 

two.

These results show clearly that dens are not 

limiting, and further that maras actively chose to den 

communally. The best illustration of this conies from the El 

Salitral study area where 4 dens were used in 1983 compared 

to 2 in 1984 (see Section 5.4), despite the fact that
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approximately equal numbers of pups were born each year (37 

in 1983 and 33 in 198U).

5.3.2 Hypothesis 2: Collective Denning

With the rejection of the hypothesis that limited 

den site availability forces maras to den communally, it 

seems likely that pairs must group together when breeding 

because of an advantage in collective denning. Possible 

advantages of collective denning are:

1. Lower likelihood of individual offspring being chosen 

from the group by a predator because of the large 

number of young to choose from.

2. Reduced risk of predation at the den, either or both 

through enhanced vigilance and strength of numbers.

3. Pups help each other by their greater corporate 

vigilance or collective strength (possibly aided by 

larger pups helping smaller ones).

k.. Communal suckling may be an advantage either, because 

some females actively suckle some babies other than 

their own, or all females will adopt an orphan or a 

very hungry baby for at least some time. Obtaining, 

or f stealing', milk from another female may be 

important for some pups' survival, and critical if a 

pup's mother dies.

5. Adult presence at the den sites during the day is 

vital for babies to be out during the day. The young 

need to be out as much of the day as possible to feed, 

exercise, and play/learn.

Any of the above predictions may be true, and none of them

is necessarily an exclusive explanation of why maras den

communally. Below each will be assessed in turn.
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Banding together at communal dens appears to reduce 

the likelihood of a given female's pup being taken by a 

predator. From examining the mortality estimates for dens 

with different mara membership sizes (see Table 5.16, and 

Section 5.4) the data suggest that, if dens were not hit by 

a catastrophic disease or predation, the mortality figures 

for dens with larger memberships may be less than those for 

dens used by fewer animals. However, the sample size is too 

small and unevenly collected to be certain if this is a real 

effect. Further evidence that maras are responding to 

predation risk in this way is the synchronization of pupping 

at the same study area within years (see Section 5.4)--a 

similar pattern (Darling, 1933) has been described for 

seabirds as a response to predator pressures: i.e. 

'predator swamping' (see review in Wittenberg, 1981).

group Defense and Vigilance

Despite the example mentioned (see Subsection 5-5-6) 

of a mara chasing a chicken, I have seen little evidence 

that mara adults, either singly or as a. group, are capable 

of defending the den from predators. Further, most 

predators (see Table 5.17) are as dangerous to the adults as 

to the pups. The best defense maras have against predators 

would seem to be vigilance, so that pups would have time to 

take refuge in the den and adults to run away. As mentioned 

in Section 5-2, one advantage of group living is that 

individuals can spend more time engaging in productive 

behaviour, such as grazing, and less time guarding. If mara 

adults cooperate in communal vigilance at the den, one 

should see the following:
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1. Increased numbers of adults should be vigilant as the 

number of mara adults at the den increases.

2. Proportionally fewer adults should be vigilant, and a 

greater proportion should be feeding, resting. and 

nursing young as the number of adults at the den 
increases.

The data for these analyses come from the general 

scan data set. Scans were selected at 1.08 hr interval, the 

mean length of stay at the den by nursing females, to reduce 

the problem of auto-correlation between scans. Only scans 

collected at least 30 mins before or after a human 

disturbance were used. The Spearman rank correlation was 

used to test how the behaviour of adults at the den changes 

with different numbers 'of adults present. The following 

results were found:

1. The number of adults alert increases as the number of 

adults at the den increases (rs = 0.765, N = 202, P < 

0.001) .

2. Proportionally fewer of the adults are alert as the 

number of adults at the den increases (rs = 0.323. N ?= 

168, P < 0.001).

3. Proportionally more adults are resting as the number

of adults at the den increases (rs = 0.359. N = 163. P

< 0.001). 

ll. The proportion of the adults nursing does not change

significantly as the number of adults at the den

increases (rs = 0.033, N = 168).

These results follow the predictions made. They show 

considerable evidence that groups of mara adults sharing a 

den coordinate their activities closely: as the number of 

adults at the den increases individual maras are able to 

spend more time grazing and resting, and less time predator 

scanning, while the safety of the group increases with more 

animals watching at any one time. Groups of adult maras at
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communal dens clearly cooperate more than if they were 

simply aggregations of individuals.

Cooperation Amongst PUP^

As already seen in Section 5.6, mara pups do not 

appear to coordinate their activities to the same extent as 

adults. The proportion of pups grazing or alert is 

apparently unaffected by the number of young around the 

den. Older pups do appear to be more attuned to the risk of 

predation since they spend a greater proportion of their 

time out of the den sitting (the most vigilant behaviour 

category) than do younger ones. However, the proportion of 

time these older pups spend sitting is not correlated with 

the number of pups present (see in Section 5.6).

The best evidence for coordination between pups was 

that there was not a significant difference between the 

number of pups out of the den (on the few occasions when 

they came out in the absence of adults) when adults were 

present and the number of pups out when adults were absent 

(see Section 5.6). This suggests that pups coordinate their 

activities to the extent that they only come out of the den 

as a group. Individual pups can then take cover amongst the 

others since the chance of any single pup being taken by an 

individual predator may be reduced (see Section 5.2). 

Further, although they do not appear to coordinate their 

scanning behaviour, pups may benefit from the safety of 

having more eyes watching. This could be augmented by the 

advantage that large pups, which spend more time sitting 

(watching) than smaller ones, could (in effect) be 

protecting the younger animals

These results suggest that pups do coordinate their 

behaviour to a limited extent; and thus, may benefit from 

communal denning. However, these results are not nearly as
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compelling as those already presented showing the amount 

adults coordinate their behaviour around dens.

Importance of Communal Nura-t,"S

Many aspects of this have already been covered in 
Section 5.5. To summarize:

1. Females go to great efforts to limit the amount they 

suckle offspring of other pairs: they have been seen 

biting* chasing, or otherwise preventing pups which were 

presumed not to be their own up to a maximum of 34 times 

during a single nursing session (x 7.51 per visit to 
the den).

2. Females have been seen nursing pups which were presumed 

not to be their own up to a maximum of 0.482 hrs 

(compared to a X of 0.06, ± p.11) during a den visit.

3. On 2 October 1983 two tiny apparently orphaned or 

abandoned pups (no female arrived to nurse them over 

several days) were observed being nursed by several 

females. I have no evidence to show whether or not 

these pups survived; but it is possible that suckling 

under these circumstances could at times be critical to 

an orphaned pup's survival.

Thus, though communal suckling is uncommon, it may 

occasionally be important for pup survival. However, it 

seems unlikely that communal suckling, though it may be an 

advantage, is the main reason maras den communally. In 

fact, the energetic costs of preventing pups not one's own 

from gaining access to a teat may be high: on 2 occasions 

(15.9.83 at Ash Den and 5-9.81 at Molino Den Site) I saw 

females leave the area of the den after continual harassment 

by pups, apparently without having nursed their own
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offspring sufficiently since they returned later in the 
day.

Cooperative pen

To test the hypothesis that the presence of adults 

is necessary to allow pups to spend as much time out of the 

den as possible two predictions were made: (i) if pups are 

dependent on adult presence, there should be a strong 

correlation between pup activities and the presence and/or 

number of adults at the den; and (ii) den members should 

maximize the number of hours at least some adults are at the 

den.

The first part of this hypothesis has already been 

investigated in the section on pup behaviour (Section 5.6). 

There it was shown that: (i) the number of pups out of the 

den increases as the number of adults at the den increases; 

(ii) in the absence of adults, pups spend proportionally 

more time sitting than grazing than when adults are present; 

and (iii) as the number of adults present increases pups 

wander farther from the den. These results suggest a high 

degree of coordination between the activities of the pups 

and the presence, absence, and number of adults at the den.

If mara adults maximize the time they spend at the 

den and if dens are of different creche sizes, one would 

expect the following to be true: (i) adults should maximize 

the number of hours a day during which at least some are 

present at the den, and (ii) at dens with fewer pairs, 

individual adults should spend more time at the den than 

those at dens with larger memberships.

To test whether adults maximize the time that they 

are at the den, the proportion of scans with adults present 

was correlated with the maximum number of pups at the den 

that day. The result was a significant positive correlation
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(rs = 0.573. N = 38. P < 0.001) showing that as den 

membership size increases (as shown by the number of pups) 

adults are at the den a greater proportion of the day. At 

dens where membership exceeds 10 pups (about 6 pairs) the 

proportion of the day in which adults are at the den levels 

off at about 90% of the observation scans (see Figure 5.17).

The second prediction, that individual adults at 

dens with smaller memberships should spend more time at the 

den than members of larger communes was tested as follows. 

A significant negative correlation was found between the 

time pairs spent at the den and the number of pups at the 

den during the observation day (rs = -0.24-9, N = 93, P < 

0.02). In addition, the length of visits to the den data 

were divided into two groups: one for dens which averaged 

more than 10 pups present per den observation session 

(median length of stay 0.667 hrs, N = 32), and one for those 

which averaged fewer than 10 pups (median length of stay 

1.0423 hrs, N = 66). A significant difference was found 

between these groups using the Mann-Whitney test (W = 19^3. 

P < 0.0066) showing that animals at dens with smaller 

memberships stayed at the den longer than adults stayed at 

dens with larger memberships. This is probably a 

disadvantage for animals at dens with small memberships 

since staying at the den may be energetically costly for 

adults--they do not spend as much time feeding at the den as 

away from the den (see Figure 5.15 above).

Thus, to a greater or lesser extent, these results 

suggest that every one of the possible advantages of 

collective denning mentioned at the start of this subsection 

have some validity. The evidence that adults are 

cooperating in guarding the den is particularly compelling.
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5« 3. 3 Hypothesis 3: Den Sites are Limited but Maras 
Cooperate

This hypothesis is really a combination of the other 

two. We have seen above that den sites appear not to be 

limited, with the proviso that maras may prefer to use dens 

located near human settlements; and we have seen that adult 

maras sharing a communal den coordinate their activities to 

a large extent. The question, then, is whether the 

advantages of cooperation are the reasons maras den 

communally, or whether they have evolved cooperation after 

being forced into communal denning. To some extent this is 

a chicken or egg question today, since the answer lies in 

evolutionary history. The results presented above suggest 
that the main reason maras den communally is that there are 

distinct advantages in banding together. Particularly 
strong evidence for this is that where there were several 

usable den sites (see Figures 5.4, 5-5, and 5.6) maras 

clearly choose to use only one or two of the available 
sites. However, without more data on the evolution of the 
mara's social system it is difficult to draw other than 

tentative conclusions from these results.

5.Q Summary and Discussion

In this chapter the main aspects of the mara f s 

denning system have been described, and several hypotheses 

as to why maras den communally have been tested. The main 

discussion of these results will be saved for Chapter 6; 

however, the most important points made are summarized 

below:
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1< Breeding Biology; The mara f s gestation period is about 

100 days. Litter sizes vary from 1 to 3, with 75% of 

litters consisting of 2 young. Pups are nursed for 

approximately 11 weeks—one of the longest lactation 

periods known in rodents. The majority of pups are born 

in September and October, although newborn pups are seen 

between August and January. Most females in the study 

area produce one litter a year. However, at least some 

females have a post-partum oestrus. Foetuses resulting 

from these matings probably come to term only if the 

female's current pups die or environmental conditions 

are particularly favourable. I suggest that allowing a 

second litter to develop while nursing may be an 

insurance against pup loss (a similar strategy is used 

by wallabies, see Kaufman, 1974).

2. Ecology of Denning; The pups are born in the mouths of 

dens which are virtually never entered by adults. 

Individual dens are used by one or more adult pairs for 

raising young. Data were collected on 29 mara dens. A 

total of 710.42 hrs were spent observing maras at 8 dens 

at 3 study areas over 3 pupping seasons. Dens fell into 

two categories: (i) dens used by one or two pairs in 

small openings in the scrub, located 1 km or more from 

the nearest neighbour (data on these dens were not 

collected); and (ii) denning areas, or communities, of 

several dens located within 400 m of each other. 

Denning communities were usually centered on large 

openings in the scrub (often lagoons) near small human 

settlements (1-5 inhabitants). It is speculated that 

the human presence may deter predators, and that this 

may be important for pup survival.

2.1. Number of PUPS Per Den; Between 1 and 33 pups 

(litters from 1 to 22 adult pairs) were estimated 

to have been born at the various studied dens. 

Most dens (15 out of 17) were used by under 10
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mara pairs. However. 35% (6U:l83) of the pups 

estimated to have been born were at dens used by 

10 or more pairs. Pup mortality was high, with 

4-7% (50:107) of the pups born at 9 intensively 

monitored dens dying before reaching 6 weeks of 

age. All pups born at dens used by 10 or fewer 

pups probably died. Causes of pups mortality 

may include predators such as weasels, armadillos, 

foxes, birds of prey, and humans. Other cause of 

pup mortality may be disease and hypothermia. 

2.2. Denning Areas; At different denning areas, females 

gave birth to between 19 and 53 pups at 2 to 5 

dens. The timing of parturition by different 

females at different dens in the same area was 

more synchronized than between areas, or the same 

area in different years. The denning areas 

studied were all at least 2 km from the nearest 

known neighbouring area. Results of radio 

tracking (see Chapter 3) show that maras seldom 

move between denning areas. Thus, it seems likely 

that many of the animals at one denning area are 

related. The results suggest that mara pairs 

sharing a denning area may be considered as a 

single social unit or herd.

3. Growth and Behaviour of Mara PUPS; Pups spend all their 

time in, or within 20 m of, the den for the first 6 

weeks of life. After 6 weeks the pups leave the area 

with their parents during the day, only returning to the 

den at night. After about 11 weeks the pups cease to 

use the den. Data on pup behaviour were only collected 

on animals up to 6 weeks of age. Pups spend HU% of 

their time sitting, 4-3% grazing, and 13% nursing. As 

pups grow older they spend proportionally more of their 

time sitting and less time grazing. Smaller (size 1) 

pups were out of the den less during the day than the 

larger (older) ones, and stay closer to other pups.
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When no adults were at the den. pups almost never 
ventured out of the den mouth; and when they did they 
stayed within 5 m of the den. sitting or grazing. When 
at least one adult is present, pups spend proportionally 
less time sitting, more time grazing, and wander farther 
from the den than when no adults are present. The 
proportion of pups engaging in different behaviours is 
unaffected by the actual number of pups or adults at the 
den--the decisive factor is that at least one adult is 
present.

1« Nursing the PUPS; Adult pairs visit the dens once a day 
(usually) between 7:00 and 20:00 to tend their pups. 
The mean length of stay at a den was 1.08 hrs. There 
were no significant differences between the length of 
time which females stayed at dens when nursing pups of 
different sizes. Females nursed pups a mean of 0.3^9 
hrs per den visit. Nursing was typically divided into 
several bouts (X 9.21, max = 34). Females often nursed 
more than one pup at a. time. It was difficult to 
estimate how long females nursed their individual 
offspring since pups of other pairs were continually 
trying to gain access to the teats. Females nursed each 
of their own presumed pups (the size of pups nursed the 
most) a mean of 0.296 hrs per den visit. No significant 
differences were found in the amount pups of different 
sizes/ages (up to 6 weeks) were nursed.

5. Communal Suckling and PUP Identification; In 45% (32:71) 
of the nursing sessions monitored, pups presumed not to 
be a given females gained access to the teats. Pups of 
other pairs were suckled a mean of 0.032 hrs per den 
visit (± 0.083. max = O./iS hrs), 0.11 of the time 
females nursed each of their pups. Females go to a 
considerable effort to prevent pups from * sneaking* 
sucks, and chase off, and even injure, pups presumed not 
to be their own. Fully U5 % of nursing bouts observed 
were interrupted by pups trying to 'steal' milk.
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Females were observed behaving aggressively towards pups 

a mean of 4.11 times per nursing session. They appeared 

to identify their offspring from smelling the pups' 

sides and rumps--pups raised their rumps to their 

presumptive mother's nose. and not to others. when 

attempting to gain access to a teat. Females also 

whistled to draw their presumed pups out of the den. 

There was a significant positive correlation between the 

amount of time females nursed pups presumed not to be 

their own and the number of pups at a den. The loss of 

milk to 'stolen* sucks. and the time spent preventing 

milk stealing clearly are costs of communal denning. In 

some other caviomorph rodents, communal suckling is 

common (e.g. capybaras: Macdonald, 1981); mara females 

go to a considerable effort to prevent it, but 

nevertheless some pups may gain a substantial amount of 

milk in this way.

6. Non-nursj-ng parental care: The long lactation period 

(which may be as much to maintain the parent-offspring 

bond as to provide nutrition to the pups), particularly 

relative to the much shorter one of most rodent species, 

suggests that the parent-offspring bond is important for 

pup survival. There is very little direct parental care 

other than nursing (e.g. almost no allo-grooming). 

Analysis of adult time budgets at the den showed that 

they feed less and sit more (particularly males) at the 

den than when away from the den. Since sitting is the 

most vigilant behaviour category, the fact that males at 

the den spend 57% of their time sitting suggests that 

they may be playing a guarding role. Adults are unable 

to defend the pups from predators so their main role 

must be to warn the young of danger, allowing them time 

to enter the den before a predator arrives. Also, 

stotting at the den may be a distraction display used to 

draw predators away from the pups. Thus vigilance is 

probably the main contribution that adults, and males in
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particular, make towards non-nursing parental-care.

' * RelatJUaUg—Between Pairs At The Den: Mara males were seen 

engaging in aggressive interactions, or fights, around 

dens 224 times. These interactions usually took the 

form of one male trying to approach and temporarily 
usurp another male's female. Interactions were of short 

duration and. invariably, mates were never separated for 

more than a few minutes by another male's actions. The 

interaction rate outside the period when females were 

coming into oestrus was low. Most of the aggressive 

interactions (74%) seen between male maras occurred in 

the vicinity of dens during the month of September. Most 

pups are born at this time, and so many females must 

have exhibited post-partum oestrus. This would be an 

opportunity for males to copulate with females other 

than their mates, and thus probably explains the high 

interaction rate at this time of year.

8. Test of Hypotheses: Three possibly interrelated 

hypotheses were presented as to why maras den 

communally, these were: (i) they do so because den sites 

are limited; (ii) they do so because of the advantages 

of collective denning; or (iii) they were originally 

forced to den communally because den sites were limited, 

but have since adopted a range of behaviours to take 

advantage of their enforced aggregated condition. These 

hypotheses were evaluated as follows:

8.1. Results suggest that den sites are not 

limited and that maras can easily dig new dens. 

Further, the results show that given a choice of 

several unused dens, maras were choosing to use 

ones already occupied by other maras.

8.2. Every one of the possible benefits suggested for 

why maras den communally were supported. The most 

important results were: (i) As the number of 

adults at the den climbs the number of adults 

sitting (the most vigilant behaviour) increase
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while the proportion sitting declines--thus, 

individually, maras were able to spend more time 

resting or grazing when more adults were present, 

while benefiting from increased vigilance (and 

hence safety from predators) overall at the den. 

(ii) Pup survival at dens with larger memberships 

was higher than at dens used by few pairs, 

possibly because of a 'selfish herd' effect, 

(iii) Despite the efforts of females to prevent 

pups which were not their offspring from suckling, 

some infants nevertheless are able to 'steal* 

milk. This may play an important role in the 

survival of some, particularly orphaned, pups, 

(iv) Adults were present more of the day at dens 

with larger memberships than at dens with smaller 

memberships, while individually they spent less 

time at the dens. This last point must benefit 

pups since most pups come out of the den when any 

adults are present, and thus at dens used by many 

pairs the pups have more time to graze and play. 

Adults may also benefit since they spend less time 

at dens used by many pairs, and hence spend more 

time on their own ranges where they enjoy higher 

grazing and resting rates than at the den.

8.3. The last possibility was hard to evaluate because 

the answer lies in evolutionary history. With all 

the advantages of denning in groups shown, and the 

fact that soil conditions make den digging easy 

for maras, it would appear likely that communal 

denning was adopted because of its inherent 

advantages. However, it is also possible that the 

mara has descended from a group living ancestor 

from which it has developed the system of 

monogamous pairs living apart from others except 

during the pupping season. Under these conditions 

communal denning could be a hold over from a
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previous era. Evidence for this last possibility 

is slim, but it is noteworthy that the mara's 

closest relatives, the other members of the family 

Caviidae, are all group living (further discussed 

in Chapter 6).

The driving force favouring communal denning in 

maras appeared to be predation pressure. This is similar to 

the system described for the weaverlike bird Bubalornis 

albirostris where each pair uses its own chamber in a large 

thorny communal nest which serves to deter predators (see 

Section 5.2). Unlike the groove-billed anis, where the main 

beneficiaries of the reduced predation risk are the adults 

(which, through communal nesting, minimize the time they 

spend individually at the highly dangerous nest site), in 

maras it seems likely that the pups benefit the most through 

cooperative den guarding. One point I have not investigated 

for lack of data is the effect of disease or parasites on 

the denning system—evaluation of this will have to await 

further field study.
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Final Discussion

In this concluding chapter* I will bring together the 

various results presented above to create a synthesis of the 

mara's behaviour and ecology which answers, as far as I can, 

the questions set out in the introduction: why are maras 

monogamous, and why do they den communally? Against this 

background I will then consider in depth how the mara's 

social system compares, first with those of other species of 

rodents, and second, with unrelated but morphologically, 

ecologically, and behaviourally similar species.

6.1 The Mara ancL its Environment

In this summary I will review the strategies maras 

have adopted in response to the environmental and 

ecophysiological constraints to which they are subject. 

First the constraints on the mara will be listed; and then I 

will discuss the following adaptations: (i) breeding 

seasonality, (ii) ranging patterns, (iii) the pair-bond, and 

(iv) denning behaviour. This division between 

ecophysiological constraints and behavioural adaptations is 

convenient, but at least partly artificial, since both are 

features of a complex adaptive syndrome, which probably 

evolved simultaneously.

The environmental constraints on the mara are of 

three types:

1. Seasonal fluctuation in resource availability tied to 

most precipitation occurring in the fall and winter 

(March to July, see Chapter 2).

- 168 -



Final Discussion

2. Unpredictable and wide dispersion of food (see Chapter 
3).

3. Predation pressures on pups and adults (see Chapters 3 
and 5).

4. The scarcity of open ground, and possibly small human 

settlements, for denning (see Chapter 5).

These are matched by three basic ecophysiological 

constraints:

1. The mara's food habits as highly selective grazers 

choosing only the most nutritious food items (see 

Chapter 3)•

2. The body size of about 8 kg (see Chapter 2 and Appendix 

A), and light morphology adapted to cursorial 

movements.

3. The mara's reproductive physiology with long gestation 

(100 days) and lactation periods (77 days; see Chapter 

5, and Dubost and Genest, 1974). This is probably due to 

the mara's phylogeny since all the caviomorphs have 

exceptionally long gestation and lactation periods for 

rodents (see Weir, 197&).

Seasonali t.v of Breeding

In captivity mara's produce three to four litters a 

year (Dubost and Genest, 197*O while in the wild, at least 

on the Valdes Peninsula, most females probably produce 

only one litter a year (see Chapter 5). Seasonal fluctuation 

in environmental conditions in the wild must prevent maras 

from breeding throughout the year. Most births occur in 

September and October, before the summer dry season, and 

after the fall and winter rains (see Chapter 2 for details 

of seasonal patterns in precipitation). This timing
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suggests either, or both of, the following: (i) the cold and 

wet winter weather may not be favourable for the pups to 

survive despite the presumed abundance of food at that time 

of year, and (ii) females may depend on stocking up energy 

as fat during the rains which they then use to get them 

through the long lactation and gestation periods. The 

consequences of breeding seasonality for the social system 

will be discussed below in the context of monogamy and 

communal denning.

Ranging Habits

Here I will address the following two questions: (i) 

what is the distribution of food resources and how is this 

related to mara ranging behaviour, and (ii) what are the 

spatial relationships between pairs of maras.

My data on the distribution of food resources for 

the mara are limited, and the main points will have to be 

inferred from observations of actual ranging patterns. 

Evidence is presented in Chapter 3 showing that maras are 

almost exclusively grazing animals, and that grasses 

probably make up a larger proportion of their diet than 

herbs (see Subsection 3.5.3). Also, results of vegetation 

sampling (see Subsection 3.2.5) suggest that, despite an 

appearance of uniformity, the distribution of grasses and 

herbs are unpredictable and irregular. The ranging 

behaviour of nine radio-collared maras was characterized by 

the following (see Chapter 3 for details):

Ranges were not stable in size or location, and 

radio-collared animals constantly moved into patches 

(50 X 5O m cells) which they were not known to have 

visited before.

The prevailing range size for two radio-collared maras 

at any given moment measured about 35 ha; while over a
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year maras may cover an area of 200 ha (see Subsection 
3.3.2).

Pairs stay within one general area with their movements

rotating around a central core.

Mara pairs stayed for less than 50 mins in 80X of the

(50 X 50 m) cells entered.

During a given day pairs traveled up to 6326 m (X

1953 m), and spent 46% of their time grazing (an

underestimate since it does not include time spent

searching for food items).

The pattern of resource distribution suggested from these 

results is that the food in any given 50 X 50 m cell is 

quickly consumed since the animals spend so little time in 

each patch (< 1 hr); and that, since the animals were 

continually moving into new areas, resources are probably 

widely dispersed in an unpredictable and irregular manner. 

With an unpredictable pattern of resource distribution what 

keeps a mara pair in one general area? 1 suggest either, or 

all of the following:

1. They utilize a. cropping regime to increase productivity 

(as suggested for other grazing species by McNaughton,

1979).

2. They must restrict their movements so as to stay in 

proximity to a good den site for pupping.

3. Familiarity with the locality is important for the 

animals to know:

3.1. The location of different food resources (this 

might be particularly important if maras were 

selecting for diversity in their diet as do some 

primates; see Hladik. 1977).

3.2. The location of cover as a means to evade 

predators.

4. The presence of other maras in the surrounding area 

restrict a pairs movements.
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In the absence of more data it is difficult to distinguish 

between these possibilities; however. since scrub areas 

between den sites appeared sparsely populated by maras it is 

likely that the need to stay near a denning site must be an 

important factor restricting animals' movements.

What is the nature of the spatial relationships 

between mara pairs? When looked at over three monthly 

periods neighbouring mara's ranges may overlap up to 33X of 

their total area. However, the spatial correlation (see 

Section 3.5) between neighbouring maras was very low 

suggesting that, despite the range overlap, mara pairs were 

avoiding each other. Future studies may reveal that 

different mara pairs living adjacently are actually 

occupying floating territories, as has been reported for red 

foxes (see Doncaster. 1985; for other examples see Chapter 

3). It seems likely that this putative spacing pattern would 

be tied to the ephemeral nature of food resources—with the 

food in any given (50 X 50 m) cell exhausted within an hour 

of a pair's arrival, competition between pairs foraging in 

close proximity is probably high and would thus favour 

animals staying widely spaced (see Jarman, 197&; and 

below). This pattern seems to break down during the driest 

part of the year, January and February, when large groups of 

up to 70 maras may be seen gathered together on dry lagoon 

beds (see Chapter 3). Maras very rarely drink, so they must 

depend on the moisture on and in plants to survive. At this 

time of year the grass and herbs in the scrub are extremely 

dry. I conjecture that the vegetation on the lagoons has a 

higher water content than the vegetation in the surrounding 

scrub due to the water table probably being closer to the 

surface; and thus, that maras prefer the lagoon vegetation 

at this time of year as a means of maintaining their water 

balance.
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The Monogamous Pair Bond

In Chapter U. I presented data showing that maras are 

monogamous in the wild, and tested several hypotheses as to 

why mara's have adopted this social system which is so 

uncommon in mammals. My evidence for monogamy in maras in 

the wild is of two kinds: (i) 63* of the groups seen 

consisted of one male and one female, and (ii) the extreme 

degree of behavioural coordination between paired maras 

suggests that a strong pair-bond must exist. The two 

critical factors leading to monogamy in maras are, I argue, 

(i) the dispersion of food resources, and (ii) the brevity 

of the female's period of sexual receptivity. The salient 

points of the argument are reviewed below:

- • As suggested above, the sparse distribution and 

unpredictable nature of food resources plays a pivotal 

role in mara spacing behaviour by forcing the animals 

to space out to avoid competing for the rapidly 

exhausted food resources in any one location. In these 

circumstances it is hard to avoid the conclusion that 

several animals feeding together would interfere with 

each other, and that this interference would increase 

at least in linear proportion to group size, and it 

would probably increase exponentially. Therefore, 

foraging considerations alone might favour maras being 

solitary. On the other hand, with maras spending on 

average H6% of their time feeding (see Chapter 3). 

during which time their heads are lowered and thus 

their ability to detect predators severely limited, it 

seems probable that they could be more vigilant, and 

hence safer, foraging in groups. Evidence for groups 

having higher vigilance than solitary animals has been

shown in Klipspringer (Dunbar and Dunbar, 1980), 
Ostrich (Bertram, 1930), and meerkats (Pers. comm.

D.W. Macdonald). A group of 2 or 3 maras might be the 

optimal compromise. While this argument may provide a
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Plausible explanation for observed group sizes, it has 

no direct bearing on the sex ratio of group members. 

Foraging groups might, for example, consist of single 

sex units. Therefore, the distribution of food alone 

would not necessarily lead to monogamy.

The mara's oestrous period lasts for only a few hours; 

and the oestrus which leads to most births occurs in 

May and June, a time of year when groups of maras are 

widely dispersed (see Chapters 3 and 5). This short 

period of sexual receptivity. combined with the wide 

dispersion of females due to the distribution of food 

resources is, I argue, the critical factor favouring 

monogamy in maras. Firstly, the energetic costs for 

males of finding widely dispersed females would be very 

high; and, secondly, males would be forced into time 

consuming and energetically costly fights with other 

males over oestrous females. Under these circumstances 

the risk, for a male, of being at the wrong place at 

the right time would be high. Thus, female spacing 

patterns make it economically difficult for one male, 

however powerful he may be, to monopolize several 

females: the would be polygamist would simply exhaust 

himself between searching for females in oestrus, and 

fighting over the few he found. Also, selection on 

females may have acted to favour short oestrous periods 

as a way of 'forcing' monogamy on the males. Males, 

under these conditions, probably do best by securing 

one female; and to guarantee securing her the 

relationship must be stabilized well in advance. 

Having got caught in this system, due to resource 

dispersion, the males do best by maximizing their 

female's productivity through being highly vigilant, as 

will be discussed below (see also Chapter U).

Once staying with one female for an extended period 

is favoured for a male, a range of factors have probably
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acted together to enhance the benefits of monogamy. The 

most obvious feature of the pair-bond is the extreme degree 

of behavioural coordination between the male and female. 57% 

of the time they are doing the same thing. which may help 

the pair stay in contact (see Chapter 4). Further, and more 

important, there is a clear division of labour between the 

sexes. Because of the energetic demands of gestation and 

lactation (which are exceptionally long for rodents. see 

above) during the breeding season female maras spend a 

larger proportion of the day feeding (40*) than males (27X). 

On the other hand, males, with their reduced need to feed, 

spend more time sitting, the behaviour associated with 

highest vigilance; and also maintain contact with their 

mates (see Chapter 4). Thus females would be at higher risk 

from predation if grazing alone than in the company of a 

male. Males enhance their monogamous condition through 

watching for their females to maximize their safety (they 

also may guard the pups, see Chapter 5) and the amount of 

time they spend feeding, so that their Joint offspring will 

have the full benefits of energy input from the female. The 

strength of the pair-bond in maras is remarkable since in 

captive situation, where opportunities for males to mate 

with several females exist, they still tightly maintain 

their monogamous bonds (see Dubost and Genest, 197^).

Communal Denning

During the breeding season groups of between 1 and 

22 pairs of maras congregate at single den sites to raise 

their pups. The pups stay at the den for a period of about 

6 weeks (after which they return to the den at night for a 

further 5 weeks), during which time their parents visit 

every day for about an hour to nurse the young (see Chapter 

5 for details of parental care). Not only were dens used by
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several pairs of maras. but dens were very clumped in 

distribution: several dens tended to be located within a few 

hundred meters of each other to form denning communities, 

usually centered on large openings in the scrub. The 

question of why maras den communally is a complex problem 

since the answer involves both the ecology of denning, and 

the mara's breeding biology and system of parental care. In 

Chapter 5 I tested three hypotheses as to the possible 

advantages to maras of denning communally. The available 

evidence suggests that communal denning is associated with 

increased protection from predators for pups and adults 

accrued through denning in groups of several pairs. The 

argument can be summarized as follows:

There were numerous unused den sites at all three study 

areas, and maras dug new dens in each area during my 

stay in the field (see Sections 5-5 and 5.8). Thus, den 

sites are not limited, and so maras appear to choose to 

den communally.

Pup mortality at dens was high, with H-7% of the pups 

born at nine intensively monitored dens dying before 

reaching 6 weeks of age. These data, despite 

acknowledged sample bias, suggest that pup survival was 

higher at dens with larger memberships than at dens 

used by few pairs (see Subsection 5.^.6). It is not 

clear what proportion of the mortality was due to 

predators or disease, however, I present evidence that 

predators on mara pups include weasels, foxes, 

armadillos, and humans.

As the number of adults present at a den increases, the 

number of adults sitting (the most vigilant behaviour 

category) increases while the proportion of adults 

sitting declines (see Section 5-8); thus, individually, 

adult maras were able to spend more time resting or 

grazing when more adults were present, while at the 

same time benefiting from higher safety from predation 

through increased vigilance overall at the den.
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Despite the efforts of females to prevent pups which 

were not their own from obtaining milk. some young, 

nevertheless are able to 'steal* some suckles (see 

Section 5.5). This may play an important role in the 

survival of some, particularly orphaned, pups. 

Adults were present for more of the day at dens with 

larger memberships than at dens with smaller 

memberships, while individually they spent less time at 

the dens (see Section 5.8). This may be important for 

adults since they spend little time grazing around the 

den (see Subsection 4.6.3). and may benefit from 

spending as little time there as possible so that the 

females can graze to fulfill their high energetic needs 

(see above). It also may be safer for the adults when 

they are away from the highly conspicuous den sites. 

Pups almost never come out of the den except when 

adults are present, and whenthey do come out in the 

absence of adults the predominate behaviour is to sit 

by the den entrance (see Subsection 5.6.2). When adults 

are at the den, most or all of the pups present come 

out to graze and play, even when their own parents are 

absent. Thus. as the number of pairs at a den 

increases. individual pups are able to spend 

proportionally more time in the open, grazing and 

playing. This is important for the pups so that they 

can mature and leave the den as quickly as possible.

With these results it appears that a reduced risk of 

predation is a major advantage to why maras den 

communally. I detected little movement of animals between 

denning areas, so it seems certain that many of the animals 

sharing a denning area are related. Thus this system, which 

involves different pairs, in effect, sharing guard duty at 

the dens, may be enhanced by kin selection.

There may, however, be a second denning strategy (on 

which I collected no data) since I found 4 isolated pupping 

dens in the scrub each probably used by only one or two
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pairs. i have no data on pup survival at these dens, but it 

seems likely that these sites provide safety to the pups 

through being highly cryptic. in the absence of more data 
further speculation would serve no useful purpose.

With these results 1 suggest two possible routes in 
the evolution of the mara's social system with its 

combination of communal denning and monogamy:

1. From an essentially monogamous starting point it has 
become advantageous for the maras to creche their 

young. This could have happened either, because of 

existing pressures, or because of pressures that existed 
in the recent past.

2. Ancestral maras were even more group living, and hence 

probably polygynous. Then their habitat changed to 

favour monogamy (by becoming more patchy and 
unpredictable), but some of the advantages of the 

creche remained. In this case one might consider 
monogamy as being imposed on a more gregarious system, 

rather than vice versa.

Distinguishing between these possibilities is difficult due 

to the lack of data on the mara's evolution. However, the 
latter possibility seems more probable, if only because 

coloniality is so widespread in the mara's caviomorph 

relatives regardless of their niche or habitat (Kleiman, 

1977). Another point in favour of the second possibility is 
that the greater the advantages of communal denning the more 

likely that maras evolved monogamy after communal denning 

since the advantage of being in larger groups would demand 
foraging further afield by the members because of the patchy 

distribution of food. This would lead to the females being 

widely spaced out, and eventually to monogamy.
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6.2 ComD&T»-{ sfon With

In this section I will be comparing the mara's 

adaptations with those of other large caviomorph rodents 

(those which weigh close to a kilo or more), a selected 

group of ruminant species, and hares. Several authors have 

made passing reference to the mara's morphological and 

behavioural convergence with the lagomorphs, and some 

species of ungulates (see for example Genest and Dubost, 

197U; and Smythe 1970). Now, for the first time, it is 

possible to consider these comparisons in the light of data 

on mara behaviour in the wild. Summaries of morphological, 

behavioural, and ecological data on these selected species 

of rodents, ruminants, and lagomorphs are shown in Table 

6.1. The questions I hope to address in this discussion are 

what does the mara share in common with each of these 

diverse groups of mammals, and what do these similarities 

tell us about the selective pressures leading to monogamy in 

mammals. The comparison with ruminants and lagomorphs may 

also shed some light on the phenomenon of convergent 

evolution.

Before beginning I must voice a note of caution 

regarding comparisons of this kind. The pressures which 

have led to a given species adopting a specific 

morphological or behavioural pattern are not necessarily 

those to which it is subject today. To fully understand a 

species' morphology and behaviour one must have an idea of 

both current and past pressures. Data on the factors 

affecting a species evolution in the past are usually 

unknown, and therefore any conclusions are inevitably 

tentative.
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Table 6.1 (Overleaf)--Some morphological, ecological, 
and behavioural traits of the larger (^ 0.3 kg) 
Caviomorph rodent species, the most cursorial lagomorphs 
(and hence similar to maras) for which good data are 
available, and the few ruminant species which are 
monogamous.

Kefereu£ejB-L [1] this thesis [2] Dubost and Genest. 1974 
[3] Rood, 1972 [4] Rood, 1970 [53 Lacher. 1981 [6] 
Herrera, 1986 [7] Smythe, 1978 [8] Gosling, 1981 [9] 
Kleiman. 1971 [10] Kleiman, 1974 [11] Weir, 1974 [12] 
Pearson, 1948 [13] Enders, 1935 [14] Weir. 197O [15] 
Osgood, 1943 [16] Montgomery and Lubin. 1978 [17] 
Kingdon. 1982 [18] Dubost. 1984 [19] Dubost, 198O [20] 
Dunbar and Dunbar, 1974 [21] Dunbar and Dunbar, 198O 
[22] Hofman and Stewart, 1972 [23] Tilson and Tilson, 
1986 [24] Monfort and Monfort, 1974 [25] Jungius, 1971 
[26] Hendrichs, 1975 [27] Nowak and Paradiso. 1983 [28] 
Cowan and Bell, 1986 [29] Graf, 1985 [30] Boutin, 1980 
[31] Pearson, 1951 [32] Tilson, 198O [33] Monaghan and 
Metcalfe, 1985 [34] Lechleitner, 1958 [35] Frylestam, 
1980 [36] Frylestam, 1986 [37] Boutin 1984 [38] 
Broekhuizen and Maaskamp, 1982.

Codes

Habitat S - steppe or scrub (bare ground between
plants), Grs - grasslands, Sv - savannah 
(grassland with scattered trees), F - 
forest, Of - open forest, Arb - arboreal, 
Re - rock outcrops, nrW - near water, Aq - 
aquatic, Ub - ubiquitous.

Diet Gz - grazer, Br - browser, Fr -
fructovore, Gh - general herbivore, 3d. - 
graminivore.

Group Size P - pair, F - family, C - colonial, S -
solitary, Sc - social.

Range Type Ft - floating territory, T - territory, H
- undefended home range, Ovh - overlapping 
home range.

Activity D - diurnal, N - nocturnal, C -
crepuscular.

Mating System Mng - monogamous, Prom - promiscuous. Poly
- polygynous. Hi - dominance hierarchy.

Anti-predator Fl - flight, Cv - cover.



Species
u . .. r Hote Boie AntiWeight Group Range Range Activity Hating Predator
(kg) Habitat Diet Size Size (ha) Type Patterns Systei Behaviour References

CAVIOHORPH RODENTS 
Doli c hot is patagonui 

Mar a

Cavia aperea 
Wild Guinea Pig

Galea iustel aides

Kerodon rupestris 
Rock Cavy

Hicrocavia australis 
Desert Cavy

Hydrochoerus hydrochaeris 
Capybara

Dasyprocta agouti 
Central Aierican Agouti

Hyocastor coypus 
Coypu

Nyoprocta sp. 
Acouchi

Agouti paca 
Paca

LagostoiUB Baxiius 
Plains Viscacha

Lagostoaus peruanui 
Hountain Viscacha

Chinchilla sp. 
Chinchilla

Caproiys ingrahani 
Hutia

Coendu prehensilis 
Coendu

ANTELOPES 
Cephalophus fonticola 

Blue Duiker

Oreotragus oreotragus 
Klipspringer

Hadoqua kirkii 
Kirk's Dikdik

Ourebia ourebi 
Orifai

Redunca arundiui 
Southern Reedbuck

HARES 
Lepus aiericanus 

Snowshoe Hare

Lepus europaeus 
European Hare

Lepus californicus
ii • i _ j 1 _ _ i. — . W U « 4

6-16

0.70

0.49

1.0

0.3

35-64

5-10

0.6-1.3

6.3-10.0

8.0

0.9-3.0

0.5-0.8

0.7

0.9-5.0

3.5-9

10.9-12.:

5.5

18

50-80

1.0-1.7

3.5-4.3

2.2-2.7

S

S

S

Re

S

Aq/Sv

F

Aq

F

F/nrH

S

S/Rc

Re

F/Rc/Arb

F/Sv/Arb

Of

I Sv/Rc

S

S/Sv

Sv/Reeds

F

Grs

S/6rs

6z/Br

6z/Br

6z

Br

Br

6:

Fr

Gh

Fr

F/H

Bz/Sd

Gh

Gh

Br

Gh

Br

Br

Br

6z

6:

Br

6z

6z

P 35 (use) FT 
200 (year)

C 0.12-0.14 Ovh

C 0.40

C

C 0.22-0.39

1-40 10-20 T

S/P 1-2 T

C

C

S/P

15-50

4-75

100

S H

S 8-38

P 2.5-4.0 T

P 6-9 T

P 7-8.4 T

P/F 20-45 T

P 35-60 T

S/Sc 3-10 H

S/Sc 12-300 H

S/Sc 145 H

D

C

D

D ?

D

C

D/N

N

N

N

C/N

D

C/N

N

N

D

D/N

D/N

C

D/N

N/C

D/N

Hng

Proi

Pro§

Poly /Hi

Proi

PI /Hi

Hng

Poly

Proi

Proi

Poly

Hng

Hng

Hng

Hng

Hng

Poly

Poly

Poly

Fl

Cv

Cv

Cv

Cv

Hater

Cv

Cv/Nater

Cv

Cv

Cv

Cv

Cv

Cv

Quills

Fl

Fl/Cv

Fl/Cv

Cv

Fl/Cv

Fl/Cv

1,2

3

3

5

3,4

6,27

7,13

8

9,10

10,13

10,11

12,31

14,15

10

16,27

17,18,19

20,21,32

17,22,23,26

'17,24

17,25,26

28,29,30,37

28,35,38

28,34
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6.2.1 Maras as a Caviomorph Rodent

Caviomorph rodents have a wide variety of social 

systems and live in a wide range of habitats (see review in 

Kleiman. 1974; and Lacher. 1981). They range from colonial 

plains dwelling species like the plains viscacha (see Weir. 

197^) to mainly solitary forest species like the agouti (see 

Smythe, 1978). Below I list the most striking comparisons 

between maras and the other caviomorphs (for references see 

Table 6.1):

1. Maras have by far the largest home range size of any of 

these species. Looking at the prevailing range size 

(30-35 ha) the only species with a home range of a 

similar size is the coendu (£. 38 ha).

2. Maras are the most cursorial species, relying mainly on 

speed to escape from predators instead of retreating to 

an earth (e.g. plains viscachas), thick cover (e.g. 

agoutis), or water (e.g. capybaras).

3. With the possible exception of the paca, maras are the 

second largest of these species (6-16 kg) with only the 

capybara weighing more (35-64 kg).

4. All the rock and steppe dwelling species (including the 

mara) are diurnal or crepuscular, with the exception of 

the crepuscular and nocturnal plains viscacha; while the 

forest and water dwelling species are all primarily 

nocturnal.

5. The savannah dwelling species, other than the mara, all 

live in colonies and have a promiscuous or polygynous 

mating system. Even maras form colonies during the 

pupping season, as reviewed above. In contrast, all the 

forest dwelling species are primarily solitary.

6. The only other species which is definitely monogamous is 

the agouti, Dasyprocta aguti. They are animals of dense 

tropical rain forest with one male and one female 

sharing a territory; however, the paired animals are
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rarely together and they live a mainly solitary 
existence.

Thus, while maras share being primarily diurnal with most of 

the other plains dwelling caviomorphs. in all other features 

of their ecology they are strikingly different. Maras can 

be seen as unique amongst the caviomorph rodents, for which 

data are available. in their ecology. morphology. and 
behavioural adaptations.

6.2.2 Maras and Ruminants

The similarities between maras and ruminants which 

previous authors have noted are as follows:

Morphological: Unlike most rodents, maras fall well 

within the range of linear dimension and weight 

embraced by ungulates. Maras have the long legs, 

particularly the powerful hind legs, and general body 

form of a small ungulate. Further, the paws are 

reduced in size and hoof like (see Dubost and Genest, 

1974).

Escape Behaviour; Maras usually rely on flight to 

escape from predators, and can attain speeds of at 

least 60 kmh for short stretches. Also, and most 

remarkably, maras use stotting as part of their 

predator evasion repertoire, a characteristic ungulate 

escape behaviour, the function of which is as yet 

unclear (see Smythe, 1970; and review in Caro, 1986a).

Rather than review the social organization of all 

species of ungulates (see reviews of ungulates in Geist, 

197U; and antelopes in particular in Jarman, Op. cit.) ( I will 
here look at Just those species which are known to have a 

strong monogamous pair bond, and ask the question of what 

these species have in common with each other and with 

maras. In the literature I have found only 5 species which
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are known to maintain tight year round monogamous bonds in 

the same manner as maras. These are: (i) klipspringer 

(Oreotragus oreotr agus ). (ii) Kirk's dikdik (Uadoqua 

ArirArii), (iii) oribi (Ourebia ourebi). (iv) southern 

reedbuck. (Redunca arundium). and (v) blue duiker. 

(Cephalophus nonticola, see Table 6.1 for references). 

Aside from a social system where pair-bonded males and 

females are usually in contact with their mates, all five of 

these species share most of the following ten 

characteristics (see Table 6.1 for references):

1. They live in relatively open habitat, either steppe or 

grassland, with the exception of blue duiker which lives 

in open forest.

2. Living in pairs is probably an anti-predator adaptation 

which, at least in klipspringer and blue duiker, allows 

the female and male to invest more, respectively, in 

caring for the young, and guarding the female and young 

from predators.

3. Their main escape strategy is to flee to dense cover or 

rocks, although they also rely on speed and dodging to 

escape.

4. Reedbuck, klipspringer, and oribi are all occasionally 

observed in bands comprising several family units. 

These large groupings do not persist for long and are 

usually associated with a seasonal and localized 

abundance of food.

5. There is little or no sexual dimorphism.

6. Blue duiker, klipspringer. and Kirk's dikdik were 

classified in Jarman's (197^) class 'a' feeding style: 

concentrate selectors feeding very selectively on a wide 

range of plants, using particular plant parts only, and 

typically remaining in one vegetation type and in one 

small home range throughout the year. Oribi and 

southern reedbuck were classified in Jarman's (Op. cj't.) 

class f b f feeding style: also highly selective though 

less so than class ? a f , usually feeding entirely on a
«
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range of grass species or browse (oribi concentrate on 

young grass shoots), and remaining in one vegetation 

type and one home range throughout the year.

7. Jarman (Op, cit.) has described the pattern of food 

distribution for these species as follows: the food 

items for class 'a 1 , and to a lesser extent class 'b f . 

are spatially scattered small distinct items separated 

by varying distances from the next similar acceptable 

item.

8. Four of these five species are known to be diurnal. 

This is probably an adaptation to their open habitat, 

since their main predator defense is early detection so 

that they can either flee or hide (see Dubost. 1980). 

Other small ruminants rely on crypsis to evade predators 

(e.g. musk deer; Green, 1985).

9. All are territorial.

10. Four are relatively small: varying from H to 9 kg for 

the blue duiker and Kirk's dikdik, to 10 to 15 kg for 

klipspringer, to 1U. to 21 kg for oribi. The southern 

reedbuck is the exception as it weighs between 50 and 

80 kg, though even this species is not big compared to 

the many ruminant species weighing over 100 kg.

These characteristics contrast markedly with other 

ruminants which are typified by the following traits:

The smaller species such as muntjac, duiker, sunni, steenbok 

and grysbok, are all solitary with groups almost 

never comprising more than a lone female and her 

offspring (see Green, 1985. for review of these 

species). Some of these species may be 

facultatively monogamous (Kleiman, 1977) with 

females sharing a territory with a male but almost 

never coming into contact. But most are polygynous 

with a male's territory probably overlapping that of 
several females (e.g common duiker, Dunbar and

Dunbar, 1979). They are concentrate selectors (in
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Jarman f s class 'a' feeding style), as are 3 of the 

above species, and most live in dense forest on 

permanent territories. These species are mostly 

nocturnal and rely on crypsis to escape predators. 

Females tend to be larger than the males; which 

Rails (1976) has suggested may be related to 

competition for food being higher amongst females 

than males because of the energetic demands of 

reproduction.

The larger ruminants are, in general, open plain dwellers. 

There are too many variations of their social 

systems to list here (see reviews in Jarman, Op. cit.i 

and Geist. Op. cit.). but they tend to live in groups 

of several or many females with one or more 

accompanying males, and their mating systems are 

invariably polygynous. In food habits they range 

from Jarman f s comparatively selective class 'b f 

feeding styles (discussed above), to the often 

migratory class f d f which moves in pursuit of grass 

in the optimum condition, to class f e f which feed 

unselectively on a wide range of grasses and browse 

and move seasonally within a large home range. 

Jarman (Op, cj't.) has shown a strong trend in 

increasing body size in the different species from 

class a to the class e feeding styles.

Thus, the monogamous ruminants which maintain year 

round pair-bonds seem to fall into the middle ground between 

the small solitary ruminants and the group living ones. 

With these comparisons made it is clear that there are 

numerous similarities -between the truly monogamous ruminants 

and maras. In the list of characteristics of these species, 

maras match every one perfectly except for the ungulates' 

strict territoriality. This difference may be explained by 

the maras need to stay near a communal den site, which 

forces pairs into tighter contact than might be preferred 

for purely foraging purposes. Further, my data suggest that
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pairs are avoiding each other in time, in effect occupying 

floating territories (see above). even if their ranges do 

overlap considerably. It has often been suggested that 

social organization is more flexible than either ecology and 

morphology (e.g. Monaghan and Metcalfe, 1985); thus, it 

seems likely that the selective pressures which have led to 

monogamy in maras are similar to those in the ruminants 

since the adaptations made by both groups are strikingly 

similar.

6.2.3 Maras and Lagomorphs

Maras have often been compared with the lagomorphs 

since their long ears and habit of sitting lend them the 

appearance of large hares (L&pus ) . One of their common names 

in english is the Patagonian hare, which is also the 

translation of the common Argentine name for them: Li&bre 

Patagtin ica . Below 1 summarize data on the ecology and 

behaviour of hares to allow a comparison to be made (again 

see Table 6.1 for references).

1. Hares weigh up to 5

2. They normally inhabit grasslands, steppe or forest.

3. As a means of evading predators, hares depend on flight 

(they can attain speeds of 80 kmh) as well as crypsis.

U.. Hares are concentrate selectors, feeding mainly on 

grasses and herbs.

5. They may be active during the day and night.

6. Daily movements of hares vary between 1.6 and 16.2 ha, 

but they may occupy ranges of up to 3OO ha.

7. Most species of hares are solitary except during the 

breeding season; though European hares will occasionally 

band together to forage in groups under certain patterns

of food distribution (see Monaghan and Metcalfe, 1985). 

The mating system is polygynous with males fighting over

and chasing females.
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They rarely use dens and the young are often born in the8.

open.

These data come from hares living in a variety of 

environments. however introduced European hares. Lepus 

europeaus , were abundant at all my study areas and nothing I 

saw there disagreed with the description of their behaviour 

and ecology made above. Judging from these results, hares 
share few behavioural or ecological features with maras. In 

fact, hares seem much more similar to the generally smaller 

non-pair-bonded ruminants described above than they do to
maras

6. 3 Concluding Remarks

The most striking feature of these comparisons is 
that maras emerge as a species with a unique combination of 

traits: their combination of monogamy with communal denning 

is so far unknown in any other species of mammals. Despite 

this, their similarity with the monogamous ruminants is 

striking in a wide range of ecological, morphological and 

behavioural adaptations. This remarkable degree of 

convergence between maras and the monogamous ruminants is a 

notable example of the long term effects of natural 

selection. One wonders then, whether some day maras will 

not abandon their communal dens to become even more like an 

antelope, or whether antelopes will take up communal 

denning.
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MARA WEIGHTS AND MEASUREMENTS

When maras were captured for the purposes of 
attaching radio-collars and plastic identification collars 
the following measurements were recorded: (i) hind foot 
length. (ii) total length, (iii) and weight. Measurements 
and weights were obtained on a total of 23 adult maras: 15 
females and 8 males. The results are summarized below:

Mara Weights: The heaviest animal recorded was a pregnant 
female who weighed 9.8 kg. The lightest was a 
female who weighted 6.6 kg. The mean weight of the 
23 animals weighed was 8.12 kg (± 0.75).

Differences in Weight Between Males and Females; The mean 
weight for the 8 males captured was 7-73 kg (±. 
O.62), and for the 15 females it was 8.33 kg (± 
O.74-). No significant differences were found between 
the weights of males and females using the t-test (T 
= 2.O5. P = O.O57). All but four of the females 
weighed were captured during periods when they were 
likely to be pregnant or lactating: 1 was pregnant, 
1 was lactating, and the other 2 may have been 
pregnant. Two near term foetuses taken from a. dead 
female weighed 0.358 kg and 0.3^5 kg, respectively. 
It thus seems likely that the weighed females might 
have been 1 kg or so heavier than their non-pregnant 
weight. Future investigations may show that on 
average males weigh more than non-pregnant females.

Skeletal Size--Hind Foot Length; Hind foot lengths were 
obtained on 25 maras (10 males and 15 females). The 
mean length was 17.2 cm (Q.Ql). No significant 
differences were found between the hind foot lengths 
of males and females using a t-test (T = O.OO, P = 
1. O) .

Skeletal Size—Total length; Total lengths, measured along 
the body, were obtained on 19 maras (7 males and 12 
females). The mean total length was 75-28 cm (±, 
3.56). Males averaged 77-71 cm (±. 3-09)t and female 
averaged 73-87 cm (± 3-11). Males were found to have 
a significantly greater total length than females 
using a t-test (T=2.59, P < O.O2).
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The suggestion from these results is that males may
« slightly larger (greater total length and possibly
eavier weight when weights of non-pregnant females are

used) than females. However, without more data these
results should be taken as strictly preliminary.
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Appendix B 

EVREC: An Event Recorder Program for the EPSON HX2O

In this appendix a program listing and description 
is provided for the EVREC MICROSOFT BASIC Program written 
for the EPSON HX20 portable microcomputer for recording 
behavioural field data on maras. The HX20 proved to be an 
extremely versatile and effective tool for collecting 
behavioural data. It was also remarkably tough--it 
withstood hundreds of hours of use in sometimes freezing 
conditions. It even went through several dust storms with 
out having any serious problems. EVREC was written to 
record behavioural observations on maras using the Event 
Recorder data collection protocol discussed in Chapter 2. 
The EPSON HX2O used had only a 16 kbyte memory, so there was 
a premium on space and the program was written in as concise 
form as possible. Because of the limited memory, few error 
checking routines were included in the program, and it was 
designed to be as simple as possible to minimize problems. 
The machine's real time clock was used for all behaviour 
times. This has the disadvantage that times were only 
accurate to a second.

Program Listing

10 TITLE "EVREC"
20 WIDTH 20,4.1:CLEAR 150.110OO:DEFFIL 13,0:ISP$=""
30 DEF FNTIM=VAL(LEFT$(TIME$,2))+(VAL(MID$(TIME$,a,

2) )/60)-t-(VAL(RIGHT$(TIME$. 2) )/6OOO) 
40 CLS:PRINT" Evrec Program":PRINT" AB Taber":

PRINT" Type Return":INPUT"",DUM$ 
50 CLS:INPUT"Menu: l)Strt 2)Cont3)Evr 4

5)Key 6)Copy 7)End ";FC%:
IF FCX<1 OR FC%>7 GOTO 50

60 ON FCJ6GOSUB 90, 130, 180, 290 , 360. 400 . 5^0 
70 IF FC#=1 OR FC%=2 THEN FC%=3:GOTO 60 
80 GOTO 5O
90 CLS:INPUT"LOCATION ";LOC$ 
100 OBD$=MID$(DATE$,4.2)+LEFT$(DATES.2)+

RIGHT$(DATE$.2):STIM=FNTIM 
1-10 PUT%O.STIM.OBD$: PUTX. FNTIM. LOC$, : LIN%=2
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120 RETURN
130 CLS:PRINT"CONTINUE INPUT"
140 GET%841, STIM.DAT*
150 LIN%=VAL(DAT$)
160 RETURN
180 CLS
185 LOCATE 0,0:PRINT"® Menu X Back Line"
190 LOCATE 0,3:PRINTLINE;">";:A$=INKEY$
200 IF A$="@" THEN DAT$="END":GOTO 250
210 IF A$="X" OR A$="x" THEN LIN% = LINX-«-l: GOTO 185
220 IF A$=ISP$ AND FNTIM>OSCN+0.25 THEN LOCATE 1.1:

PRINT"SCAN NOW":GOTO 185 
230 IF A$=ISP$ GOTO 185 
240 PRINT A$;:INPUT"",DT$:DAT$=A$+DT$:

IF LEFT$(DAT$.3)=SCN THE OSCN=FNTIM 
250 GOSUB 560 
260 IF LEFT$(DAT$,3)="END" THEN PUT%84l,STIM.

STR$(LIN%):RETURN 
270 IF LIN*>800 THEN LOCATE 0,1:PRINT"ALERT ";

84l-LIN%;" LINES LEFT" 
280 LIN% = LIN%-»-l:GOTO 185
290 CLS
291 LOCATE 0,0:PRINT"! Move 2 Get 3 Alter 4 Menu

Choice":CHS%=VAL(INKEY$):
IF CHS%<1 OR CHS#>4 GOTO 291 

300 IF CHS%=4 THEN RETURN 
310 IS CHS#=1 THEN LIN#=LIN%+1
320 IF CHS%=2 THEN LOCATE O,3:INPUT"Line Num ";Lin% 
330 GOSUB 580
340 IF CHS#=3 THEN INPUT"New Data";DAT$:GOSUB 570 
350 GOTO 291
360 CLS:PRINT"KEY CODING ROUTINE":KEYLIST 
370 INPUT"KEY NUMBER";FKN%:INPUT"STRING" ; FK$ 
380 KEY FKN%,FK$ 
390 RETURN
400 CLS:PRINT"DATA COPY" 
410 INPUT"COPY DATA TO TAPE(l) OR PRINTER(2)";CHS%:

IF CHS%<1 OR CHS#>2 GOTO 410 
420 INPUT"FILE NAME";FILN$:LIN%=0
430 LPRINT"FILENAME = ";FILN$:IF CHS%=2 GOTO 480 
440 PRINT"TAPE COUNT=";TAPCNT:INPUT"OK Y/N";IAN$ 
450 IF IAN$="N" OR IAN$"n" THEN INPUT"NEW TAPE

COUNT ";TC%:WIND O.-WIND TC% 
460 LPRINT"TAPCNT = ";TAPCNT 
470 OPEN"O",£1,FILN$ 
480 GOSUB 580
490 IF CHS%=1 THEN PRINT£1,TM,DAT$ 
500 IF CHS%=2 THEN LPRINT USING"£££ ££.££££ &";

LIN%.TM.DAT$
510 IF LEFT$(DAT$,3)><"END"THEN LIN% = LIN%-»-l: GOTO 480 
520 IF CHSX=1 THEN CLOSE£1: LPRINT"END TAPCNT = ";TAPCNT 
530 RETURN 
540 CLS 
550 END 
560 TM=FNTIM

- 190 -



570 PUT%LIN%,TM.DAT$
580 GETXLINXTM.DAT*

590 LOCATE 0.2;PRINT USING"£££ ££.££££&"; LINK.TM.DAT$
6OO RETURN

Line by Line Comments on Program

10 ~ 8o Initializing routines. Line 30 turns the
EPSON TIME$ function into a real number. 
Line 5O is the main program menu with the 
options being: (1) start observation session, 
(2) continue old session. (3) change from 
edit mode to data input mode. (4) initiate 
edit mode, (5) code function keys to any 
string, (6) copy data to tape or 
microprinter, (7) end program.

90 - 120 Start observation session: input observation
site, and the program automatically codes the 
date and start time.

130 - 160 Restart an observation session. The last
line number used is retrieved from line 8U.1 
in the RAM file. This could be changed in a 
machine with a larger memory.

180 - 280 Main data input subroutine. Includes code to
continuously check the time using the INKEY$ 
function so as to determine when it was time 
to do a general scan. Flashes "Scan Now" 
every 15 minutes, though this can be adjusted 
(line 220). Originally I had the program beep 
when it was time to do a scan using the SOUND 
command. This sound was occasionally audible 
to the observed maras so I subsequently 
removed the line.

290 - 350 Subroutine to edit existing data in the RAM
file. Functions are (1) move (display) the 
next line, (2) get a data record specified by 
line number, (3) alter the current data 
record, (4) return to main program menu.

360 - 39O Subroutine to code function keys.

400 - 530 Subroutine to transfer data to microcassette
or to print data on the built in printer.
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- 550 Ending Subroutine.

560 - 600 Subroutine to store and retrieve data from
RAM file: called by several of the above 
subroutines.
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Appendix C 

Birth Protocols

Birth protocols for the three mara females observed 
giving birth during the 1983 and 1984 breeding seasons at 
the El Salitral and La Blanca study areas.

14 August

An unknown pair was observed giving birth at Chicken 
den at Puesto El Salitral. This was the first time I saw 
pups this year, and perhaps one of the first births of the 
1983 breeding season.

1O:58 Pair arrives and female immediately goes to 
mouth of den while male sits 1 m away. Female difficult to 
see as only head and back visible above den's mouth. -- 
11:2O Pair moves 30 m away to another den site used by 
burrowing owls. — 11:25 Pair back at main den and female 
grazes while male sits nearbye. -- 11:28 Another pair 
approaches den but are chased off by male. After chase male 
returns to female, zig-zag displays and anal drags. The new 
pair sits 5O m away from den. Male sits alertly. -- 11:32 
Pair goes back to owl's den and the female stands in the 
den's mouth. -- 11:45 Pair trotts a few meters from the 
owl's den. -- 11:46 The female approaches the new pair. 
Then the male heads her off back towards the owl den. away 
from the other pair. Both males zig-zag display towards 
their respective mates.— 11:5O The pair trotts back to the 
owl's den and the female disappears inside. — 12:OO The 
female walks towards the original den and then back to the 
owl den. — 12.-O6 Both animals are at main den. — 12:1O 
Female stands in the den mouth and the male sniffs her 
genitals. — 12:15 The female disappears into the den 
mouth. The male waits outside. — 12:20 Female sits with 
her nose down in den and then stands and digs at the mouth 
of the den. — 12:20-12:50 Female alternates sitting in the 
den mouth with digging. — 12:55-13:35 Female is mostly out 
of site in the den mouth. She alternates sitting and 
standing. During this time she gives birth to two pups.
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13:36 A quivery little pup appears by the side of the 
female. The pups ears are erect but it can barely walk. 
The male approaches den and sniffs pup. -- 13:39 Pup goes 
towards male 1 m from den. Male sniffs pup and then it goes 
back into den. -- 13:^0 Female nurses the pup in den 
mouth. male sits nearbye. -- 13:45 Female nursing two tiny 
pups. — 13:54 One pup totters over to male 1 m away. He 
sniffs the pup and then derks away. Pup resumes suckling 
with other one. -- 14: 00-1/1:15 Female mostly out of sight 
in the den mouth with the pups. -- 14:15 Female grooms 
pups. -- 14:20 Female nursing both pups. male grazes 5 m 
away. -- 14:28 Pup goes towards male. Male derks away and 
then pups go back into den. -- 1^:35 Female leaves den and 
grazes 1 m away. Pups grazing inside den mouth. — 14:36 
Male zig zag displays towards the female and then briefly 
half mounts her. The pups are out of view in den. -- 14: 4O 
Female presents her genitals to the male and the male zig 
zag displays. -- 14:45 pair moves off chin-rump-following.
-- 14:46 Male urinates on the female who presents genitals.
— 14:5O Male and female graze about 100 m from den. 
14:55 Male anal drags. -- 14:59 male mince steps towards 
the female and half mounts her. The female walks away and 
then pair disappears into the scrub.

September 1Q83

The radio collared female ELF was seen to give birth
to one pup in the mouth of Ash Den. The den was already
active with at least 8 pups already in it.

09:55 ELF and male (ELI) walk to den with the female 
leading. -- 09:59 Male goes into den mouth and 8 pups 
emerge. -- 10:00 ELF and ELI stand and sniff pups in the 
den's mouth. -- 10:10 Both move away from den and ELF 
sniffs pups while her mate sits nearbye. -- 10:15 ELF lies 
down and her mate sits. -- 10:20 ELF sits and sniffs pups 
which are trying to suckle. -- 10:30 ELF goes into den 
mouth and begins to dig. -- 10:32 ELF leaps out of den and 
walks over to hide and examines it from about 10 m away. I 
stop breathing. -- 10:35 ELF goes back to den and sits near 
mate. -- 1O:38 ELI goes towards a new pair. The males face 
off and then ELI chases the new pair's male away. The new 
pair sits 30 m from den. ELF and ELI sit by den. 
10:41-10:45 ELI runs towards the new pair and chases the 
male 3 times. -- 10:46 Another pair arrives and the new 
female whistles. ELI chases them away. -- 10:50 ELF lies 
in den mouth, ELI sits alert next to her. The other two 
pairs sit 30 m from den. -- 10:51 ELI again chases one of
the new males who has attempted to approach the den. ELI
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bites at and rips some hunks of fur out of the other male's 
coat. — 10:55 ELF and ELI sit at den. ELF is in den 
mouth. -- ii:03 ELI chases an approaching male away. 
11:07 ELF walks away from den and ELI follows. Both other 
pairs immediately go to den and are surrounded by pups. 
11:10 ELF and ELI graze 20 m from den. — 11:18 ELI chases 
both new pairs away from den. ELF goes back into den 
mouth. - - 11:20 ELF digs at den mouth and ELI sits alert 
about 10 m away. -- 11:25 Four adults and two pups all are 
around the den mouth. ELF lies in den mouth and some of the 
other females nurse their offspring. -- 11:40 ELF stands 
and digs in den mouth. Other animals have moved 1O-30 m 
away. — 11:45-11:50 ELF stands in den mouth. — 11:51 ELF 
chases one pair away from den a few meters. -- 11:55 ELF 
gives birth to one pup. First I see two contractions and 
then pup comes out in bag. The female licks the bag off the 
pup and then pup wriggles a bit. Then the pup crawled down 
into the den mouth. From birth to when pup disappeared in 
den took about 20 seconds. All the other pairs have 
disappeared, probably as a result of the peon's yelling. 
12: OO ELF stands in den mouth with her nose down with pup 
out of site inside. ELI lies 1 m away from den. 
12:05-13:04 ELF sits mostly out of site with pups in den 
mouth. ELI spends most of time lying nearbye. -- 12: 5O ELI 
chases one pair away 5 m then returns to lie by den. 
13:04 ELF chases one pair and then another away from den.
--13O8 ELF is nursing one tiny pup but having difficulties 
with another larger pup which continually tries to suckle.

13:10-13:25 ELF sits in den mouth and nurses pup. 
13:25 ELF chases a size 2 pup away. ELI chases another pair 
away from den and then trotts back to den and lies down. -- 
13:30 ELF lies out of site in den mouth with her own tiny 
pups and three other medium size pups. -- 13:35 ELI chases 
a pair away 4O m. He sniffs the other female's rump as she 
presents genitals. -- 13:36 ELI chases the pair two times.
— 13:40 ELF sits outside den mouth 1 m. -- 13:41 ELI again 
chases a pair. -- 13:43 ELF lets the new born pup and a 
size 3 pup suckle. She then sniffs size 3 and chases it 
away. -- 13:43 ELF nurses size 1 and two size 3 pups. ELI 
off chasing other pairs again. -- 13:51 ELI chasing again. 
There are only two other females near the den now and no 
other males because of ELI's chasing. -- 13:52 A size 3 pup 
suckles ELF although she has repeatedly chased it off. 
13:53 ELI off into the bushes chasing another male. 
13:55 ELF is nursing a size one and size 3 pups. ELI sits 
by den. — 13:57 ELI chases a single male in a great 100 m 
sweep through the scrub, then he runs back to the den. 
14:04 ELF again permits size 3 pups to suckle although she 
has moved away from it and bitten the pup once. ELI off 
chasing solitary male again. — 14:05 ELF nursing size 1 
and size 3 pups by den. -- 1410 ELI chases single male 100 
m from den and then returns to ELF. -- 14:15 ELF lies by 
den, her pup is out of site in den. ELI again chasing 
solitary male. -- 14:2O ELI twice chases an unmarked pair 
30 m from den. the male zig-zags towards mate.
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14:25-14:45 ELF and ELI lie and sit by den. -- 14:45-15:18 
ELI chases animals away from den 10 times. ELF sits and 
stands by den and sniffs a size three pup once. Her pup is 
out of view in den. -- 15:18 ELF walks away from the den 
with ELI following. ELI zig-zag displays at ELF as she 
presents genitals and enurinates back at him. Then both 
disappeared into the scrub with ELI chin-rump-following.

15 September* 1Q84

SYF gives birth at the main Ash den. There were 
already several pairs in residence.

10:25 SYF shows up at the den and is declared a 
focal pair for event recorder scans. -- 10:38 SYF is in the 
mouth of the den. SY1 (SYF's mate) chases mara CAM away 
from den. -- 10:42 SYF in the den mouth chases some pups.
- 10:45 SYF sits about 5 m from the den and SY1 grazes. 
Four tiny pups sit outside den mouth. -- 10:50 SY1 chases 
CA2 and then turns and runs back to SYF. CA2 pair queues.
-- 10:51 CAM runs towards the den. SY1 runs towards CAM and 
turns him away. -- 10:53 SY1 chases CA2 away from the den 
and from SYF. -- 10:54 SYF sits and SY1 sits alert near den 
as CAM pair approaches. -- 10:55 SY1 again chases CA2 away 
from the den. CAM runs towards CA2 after chase. SY1 is 
keeping the other pairs away from his female at the den 
giving her peace in which to give birth. -- 10:57 CAM pair 
leaves with one tiny pup, taking it away to nurse it in 
peace from SY1*s chases. -- 10:58 A new pair arrives and 
SYF chases them away. -- 11:00 SYF grazes about 30 m from 
the den while her mate sits nearbye. - - 11:02 The new male 
runs towards SYF and SY1 and then SY1 chases them off. SYF 
and mate now about 20 m from den. -- 11:03 SYF now 
grazing. -- 11:06 SYF and mate now at the old Ash den 
entrance. SYF goes into den's mouth. -- 11:09 SYF and SY1 
go towards the main den. SYF trotts and SY1 stotts towards 
the den. The pair at the den chases SY1 away. — 11:15 SYF 
grazes about 10 m from den and SY1 sits alert. Then SY1 
runs towards the den but is chased away by the male of the 
pair which is in possession of the den. The two males face 
off and chase. SYF lost control when she wandered off to 
look at the old den. -- 11:17 SYF gives birth to one pup 
about 10 m from the den's mouth in the open air. SY1 sniffs 
his "own" pup after first facing off briefly with SYF. Then 
both the male and female lick the pup. -- 11:19 SYF sniffs 
the pup twice. She is about 5 m from the den with her pup.
-- 11:21 SYF leads the pup towards the den. The pup can 
barely walk and staggers to the den which is about 10 m 
away. It looks incredibly fragile and tiny out in the
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open. -_ ii:2/l CAM pair reappears and so towards the den.
SY1 chases them off and this time remains in control of the
den. SYF moves to the den mouth with the tiny pup. CA2
stays near den while CAM wanders off grazing. -- 11:33 CAM
stotts towards the den. SY1 chases CAM and CA2 away from
the den. He first chases CA2 off and then CAM runs to Join
her. — 11:34 SYF. who is now in the den mouth, gives birth
to another pup. -- 11:36 SYF digs deep in the mouth of the
den and then lies down in den mouth -- 11:41 SYF twice
chases a pup. -- ll:Ul-l2:O9 SYF mostly out of site in den
mouth with pups. — 12:1O SYF nurses two tiny pups. Then
briefly breaks off nursing to chase a pup away. -- 12:11
SYF digs in den mouth then she sniffs a pup and moves 5 m
from the den with a tiny pup tottering after her. Then SYF
goes back to the den entrance and chases pups, digs and
sits, all partly obscured from view. -- 11:36 Another male
stotts towards the den leading his female. SY1 runs towards
the interlopers. The male zig-zag displays towards the
female, the two males face off, and then SYF chases them
off. The new female looks pregnant. -- 12:46-13:09 SY1
chases the new pair three times as the female repeatedly
tries to approach the den. — 12:48 SYF eats the
afterbirth. -- 13:12-13:30 SYF combines nursing with
chasing off pups. She chases pups 5 times and although
nurses principally her new-born pups some other small pups
occasionally steal suckles. — 13:30 SYF moves away from
den and grazes while her mate sits nearbye. -- 13:37 SYF
and mate move away from area into scrub.
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Appendix D 

Paper in Notes from the Mammal Society No. 48

Taber, A.B. and Macdonald D.W. 1984. Scent 
dispensing papillae and associated behaviour of the 
Mara, Dolichotis patagonum , (Rodentia. Caviomorpha). 
Notes from the Mammal Society No. 48. J. Zool., Lond. 
203, 298-301.
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