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This thesis presents the results of a 3 year field study on
the behavioural ecology of the mara on the Valdés Penincesula in
Argentina. The main goal was to investigate why the mara's socilal
system incorporates both monogamy and 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 pailrs 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
vearly over about 200 ha. Ranges floated around a geographic
centre. One constraint on the animals' movements may be the need
to stay near a den site for pupping. Maras were diurnal, and
spent on average U6% of the day grazing. Ranges may overlap up
to 33%, but range use between neighbouring pairs were negatively
correlated suggesting that animals were avolding 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 (i1i) the brevity of the female's ocestrus (1-2 hrs). A

male attempting to mate polygyhnously 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
thelir 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
ohe 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 pocssible routes are suggested in the evolution of the
mara's social system: (1) from a monogamous starting point it has
become advantageous to créche pups; or (11) ancegtral marasg
were more colonial and probably polygyhnous, but have been forced
to space out because of changes 1in 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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Chapter 1

INTRODUCTION
"The agouti (sIc]....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 si:ze,
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 cee two or
three hopping qQuickly one after the other in a
straight line across these wild plains."--C.
Darwin, 1860.

"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, 1if 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 patagonum, 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 1is a difficult
species to describe: Darwin suggests that it is 1ike a hare,
and Musters describes 1t 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 <cshowing 1in 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 thilis thesis, the mara is a

good example of the convergence with ungulates of other



Argentina

0
p
|
)
)
0
3
p
]

D. patagonum patagonum

- D. patagonum centnicola

America

Figure 1.1.--Digtribution map of the two subspecies of

Also shows my

) in South America.

-~
-

Dolichoti
main study site on the Valdés Peninsula in Chubut

mara (genus:

Adapted from a figure in Yoffe

Argentina.

Province,
(1983).



INTRODUCTION

continents which some neotropilc rodents have made in their
evolution (see Dubost 1968, Simpson 1950, Eisenberg and
McKay, 1974). Despilite 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 speciesg to work on. In particular, it is
an ideal species 1in 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 bioclogy 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 1in
Krebs and Davies, 1981; and Wilson, 1975).

Williams (1966) has shown that natural selection
operates at the level of the 1individual. W.D. Hamilton
(1964) and J. Maynard Smith (1964) developed the ideas of

kin selection and inclusive fitness to explain altruism

towards relatives (but cee 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 explailn why unrelated animals behave

altruistically towards each other; he suggests that they
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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, 19733 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
conflicect has increased our understanding of the relations
between parents and offspring (Trivers, 1972 and 1974).
Hamilton (1971) developed the 'selfish herd' theory which
suggests that the risk of predation sometimes plays an
important role in why animals live 1in 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 1individuals
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 1in 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, 1instigated by Crook's (1964) work on
African weaver birds (Ploceinae) linking social organization
with ecological factors sguch as food and predation. Crook
showed that two types of sociality had developed 1in weaver
birds: savannah dwelling gpecies feed 1in 1large flocks oOn
patchy but rich sources of grain, nest in colonles, and are

polygynous; while forest dwelling species feed on dispersed

insects of low abundance, nest singly on economically
defendable territories, and are monogamous. Jarman (1974)
has shown that body size, feeding strategies, and social

organization are closely correlated in African antelopes.
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Comparisons of primates have shown a 1link between socilal
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 1importance of ©resource
dispersion on group <cize 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 1n zoological thinking are not
listed here merely as a recital of the high points 1in a
modern textbook, rather they provide the theoretical
framework within which behavioural ecologistg 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, 1081). Ecological
factors such as food, predators, and places to live
determine the costs and benefits associated with particular
sStrategiles. Flexibility 1in social organization in response
to environmental conditions depends on the genetice
constraints fashioned by phylogenetic inertia and ecological
pressures on an evolutionary time =scale (Wilson, 1975).
Recent studles (see review by Dunbar, 1982; also Monaghan
and Metcalfe, 1985) have revealed large amounts of
1ntraspecific variation 1in social systems demonstrating the
importance of a flexible strategy for animals faced with a
host of varying situatilons, not only across populations in
different habitats ©but also within the lifetime of
individuals.

One assumptlion behavioural ecologists often make 1is
that animals are well adapted to their environment. For a
species to be adapted to ite environment means that its gene
pool produces phenotypes which enhance the survival of

individuals of that species relative to thelir surwvival 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 Clutton-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 =speciles.
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 Clutton-Brock
et al's work on red deer (1982). It is very much 1in the vein

of these works that this study was inspired.

Maras are light bodied, long 1legged, 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,
whiéh 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 welgh between 7 and 9 kgs, though captive animals have
reached a weight of 16 Kgs, and measure between 50 and 77 c¢m
in length (see Appendix A).

There are two sSubspecies of maras: D. patagonum
patagonum and D. P« centricola., Bazed wupon their

distribution the subspecies 1investigated here was D. p.
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patagonum (zee (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, Dolichoti=z =zalinicola, which is
sometimes placed 1in the separate genus Pediolagus. The
geographical distributions of the various species and

subspecies are 1llustrated 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 1t 1is 1in common usage in
Argentina, 1s shorter than the others, and because it comes
from the language of the Mapuche Indians--the inhabltants of
the mara's range before the arrival of the Europeancs.

Maras are members of the rodent family Caviidae,
which also contains the guinea pigs, and are closely related
to the capybara (Hydrochoerus hyrdrochaeris=, family:
Hydrochoeridae). These species are members of the suborder
Caviomorpha which contains a number of famillies 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
thelr 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 1is
conventionally considered as having arisen because South
America has been an l1socolated island continent for 1long
periods in 1its geological past (Simpson, 1950).

As stated above, no long term field projecf has ever
beén 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,

1974; and Genest and Dubost 1974). They have compiled a
complete ethogram of the Species, suggested its

morphological convergence with ungulates of Africa and Asia,



INTRODUCTION

described the denning system where several pairs créche
theilr 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 (1949) has described the behaviour of
maras 1in 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 1ts 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, 1984). 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 1is
rare in mammals; and, in one recent paper, Kleiman (1977)
reported that only 3% of the mammal specles studied have
this social system (see Chapter U4). 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 1in cooperation
between pairs sharing a den, both topics of considerable

interest in behavioural studies (see above).
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1. Vv t he

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 commuhally®?

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 contlinents, as a means
of furthering our understanding of the evolution of monogamy

and group living in mammals.

o) nts o th A ocach Taken

The material covered 1in 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.

Cha . an Gen FPesultsg

covering the main features of the mara's ecoclogy are
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Presented. In particular, the results of ilntensive
radio-tracking of nine radio-collared maras are used
to provide a plicture 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 U4: The Ecology of the Pair Bond. Results on the
behavicural 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 soclal system.

Chapter 5: Communal Denning, Firstly, data from this study
and the literature are usged to describe the mara's
breeding blology covering such aspects as the lehgth
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

assocliated 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 <thisg 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

commuhally 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
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adaptations of maras are briefly compared with those
of other groups of mammals including other species

of caviomorph rocdents, ruminants, and lagomorphs.

As 1s 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 cspecifically relevant to my
central qQuestions. 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 thilis 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 1investigations.



Chapter 2

STUDY AREA AND METHODS

2.1 Study Area

This study was conducted on the Valdés Penincsula,
in the northeastern part of the Argentine Province of
Chubut. Chubut forms part of Patagonia; the monotonous
scrubby plain which stretches 1in 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
Zreatly 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 boundlese, 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 l1imit to theilr duration
throuzh future time."--From: The Vovage of the
Beagle (1860)

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 sgame as in Darwin's day.

The Valdész Peninsula 12 located between 429 5' and
42° 53' South, and 63° 35' and 65 4' wWw. In total 1t coversg
an area of approximately 4000 Km=., It iz sparcsely
inhabited; has about 50 sheep ranches, or Estancias as they
are called, and one small town with a population of 150
people called Puerto Pirdmides. The economy of the area 1=
based on sheep ranching, and virtually every part of the
Peninsula 1is grazed by sheep.

Besides the mara, the other large terrestrial

mammals of the Peninsula are the guanaco (Lama gquanIicaoe),
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Patagonian gray fox (Dusicyon grizeus ), Geoffroys cat (Felis

geottroyl), and armadillos (Chaetophractus wvilloszus and
Zaedyus pilchiy). Of the mara's caviomorph relativeg the
following are present: Galea mustelordes, MIicrocavia
australls, and Ctenomys mendocinuszs. It a&aleo haz large

populations of Darwin's Rhea (Pterocnemia pennata) and
elegant crested tinamous (Eudromia elegans ). Hisgtorically
there were such large predators as puma (Felis concolor ) and
Patagonian red fox (Duszicyon culpaeus ); but, gince they prey
on sheep, these speciles have been hunted out by the
ranchers.

At a latitude of U429 5, 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 c¢limatic¢ characteristics of the Valdés Peninzula.
Most of this information comes from Rostagno (1981),

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

Geology

The basic landform of the Peninsulas, like much of
Patagonia, is a sligzhtly rolling plain interrupted by
periodic deprescsions. These depressiong c¢an be quite deep:
the Gran Salina, 4O m below sea level, 1s 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's of km=,
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 depoesit. In csome places this sandy deposit
has been swept away by the wind leaving only a c¢cocating of

gravel; 1n other areas there are dunes of substantial si:ze.
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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 1is 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.

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 1s shown in
Figure 2.2. In February, the warmest month, the mean
temperature is 17.4 degrees C®, On an average of 12.4 dayes 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 c¢limate 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 1is there a
water surplus. Only a small amount of rain falls between
October and March. Summer, December to February, ie the
driest season with 34.8 mm of precipitation, which 1s 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 U57 mm of rain, while

in 194% there were only 94 mm. In 1983, the only study year

for which I have data, the total rain fall at Estancia La
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Figure 2.3.--Water balance on the Valdés Peninsula.
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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 pearticularly dry (22 mm 1in these
months compared to the normal 51 mm). Relative humidity
varies only slightly during the year: the mean 1s 67%, with
a minimum of 62% in December, and a maximum of 73% 1in June
and July.

On the coast (my study =ites were 5 to 20 km inland)
the wind comes predominately from the S and SW. Monthly mean
wind speeds vary from 14 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 i1t will blow
past where one is staying. The air 1s almost continually
filled with dust, and the constant winds c¢can make walking
uncomfortable.

On the bacsis of the climate data the seasons are

defined as follows (see Figure 2.3):

Winter June through August--the wettest monthe
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 1s vegetatively classified as
being in the Monte Province. The general vegetation pattern
is one of a scrubby, almost uniform steppe. The scrub 1is
walst 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

- 14 -



Figure 2.4 (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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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

-1t ), on the Peninsula are:

- Steppe dominated by Chuquiraga avellanedae
~ Stepped dominated by Chuguiraga hystrix

- Stepped dominated by Chuguliraga €rinacea

- Steppe dominated by larreca Jdivaricata

- Grase lands dominated by Sporobolus rigens and Stipa

e

tenuls

2.1.1 The Individual Study Areasg

I used three different study areas on the Peninsula:
Estancia Larreburu, Puesto E1 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 ohe place. Table 2.1 summarizes the
length of time each area was used, and Figure 2.5 shows
their geographical locations. Each study area 1s described
below:

Estancia Larreburuy

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 gstudy 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

Estancia Puesto Puesto
Month Larreburu La Blanca El Salitral

August X
September X
October X
November X

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

January X
February C
March C
April C
May C
June

July

August

September

October X
November

X

XX XX
>
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Figure 2.6 (Overleaf).

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

A. Estancia Larreburu
B. Puesto La Blanca

C. Puesto El1 Salitral
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to another site in subsequent years. Estancia Larreburu is

in the Chuguiraga avellanedae dominated habitat type.

Thlis wasg my main study area during the 1983 and 1984
field trips. It is situated around a Puesto whicech forms
part of the Estancia La Adela. This Estancia belongs to Sr.
Ferro (Puerto Pirdmides, Chubut Province) and 1s the
largest on the Valdés Peninsula, measuring over 100,000 ha
and having about 40,000 sheep on it. Like at Estancia
Larreburu, my main study area here wag located on the edge
of a large lagoon (see Figure 2.6 B). The main habitat here

is the Chuguiraga avellanedae dominated tyrpe.

Puest E s tra

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 =zite was not centered on a lagoon, but
instead was located in a =zmall grassy valley surrounded by

Chuquiraga erinacea dominated scrub (cee Figure 2.6 C).

Other Sitesg

Data were collected at several other sites on the
Valdés Peninsula (see Figure 2.5): (i) U4 days were zpent
observing maras at Lote 12, (ii) four maras were captured

and 1 day was spent watching at Puesto Centenario located
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about 4 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.

Dat lect et d

Three separate field <trips were made (see Table
2.1): (1) July 20 through November 19 of 1981, (ii) 11
February 1983 to 19 January 1984, and 24 August 1984 through
23 November 1984. A total of 21 months were spent collecting
data in the fileld. 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 1s from
mid-August to early January, S0 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 asgpects of the mara's behavioural ecology 1t was
necessary to follow 1ndividual 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 ucsed.

nima Captur Technigu

Wire neck snares were used to capture maras. In
1983 heavy gauge wire snares were used, and 1n 1984 bicycle
clip wire snares were used (A.A. Fenn Ltd., Redditch,
Wores.). In both cases, stops were placed on the snares to
prevent them from fully closging and thuse 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 pointe 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 1it, 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
procecs: 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 sgnares were cafer, and that some
injuries could have been avoided 1if they had been used
sooner.

While open, cnares were checked every U4 to 5 hoursg
(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 shnhares. Upon
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capture, animals were held between the Knhees, pushed to the
ground [=¥e) they could not move, and a pilece 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 (cee
Appendix A for summary )., eapr tagged, and either
plastic-collared or radio-collared. Fach 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 unigque pattern could be placed on each 1ndividual.
The expanding plastic-collars were of the same pattern as
designed by Fiona Guilness (Clutton-Brock et al., 1982; see
Figure 2.7). Each collar had a unigue pattern painted on it
with ink (Wiederhold SG Screen 1Ink, RI-INK Supplies Ltd.,
Berkshire). These collars have the advantage that they can
be placed on Juvenile animalg 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 df 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 gme, which had a life of
roughly a year; and 240 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.



Figure 2.7 (Overleaf).

Portraits of marked maras illustrating the wvarious 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 1lnvestigate
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)
instantaneocus scans to look at general patterns of behaviour
such as yearly and diurnal time budgets; and 3) den scans to
record detailled 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 Dbinoculars (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.

Ge Sc¢

This method was used to collect data on general mara
behaviour patterns. It 1s 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 1limiting the inter-scan interval was the
number of animals in view: when more than 20 animals were in
sight it was only poscsible to record data at 30 minute
intervals, while when 20 or fewer animals were in view scans

were made at 15 minute 1ntervals. This is because with 20



‘Figure 2.8 (Overleaf).

Photograph illustrating one of the hides used for
observing maras at a den site.






Table 2.2.--Sample weeKly work plans during and outside
the breeding seasgson.

During OQutside
Day of Week Breeding Season Breeding Season
Monday Den Scans at Radio Track
La Blanca 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
Sunday Type Data into Type Data into

Computer, Rest 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 1in
Table 2.3), distance to nearest neighbour, animal's name and

weather conditionsg (csee Table 2.4 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 1in 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.

4. 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



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 behaviocurs. Many

categories are similar to those given 1in Dubost and
Genest (1974).

Category Description
——————————————————————————— STATES—----- - e
AC Active--animal not in sight, but changes
in radio signal strength show animal is
moving.
IN Inactive-—-Animal not in sight, but steady

sighal strength suggest animal is
inactive.

00 Animal not in view.

LI Lying on ground (sphynx posture).

RN Running.

WK Walking.

TR Trotting.

SD Standing.

ST Sitting.

oT Stotting--stiff legged galt 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--Continued

Category Description
——————————————————————————— EVENTS--=--—-=- - e e e m—— — - — —
G2 Grazing.

BR Browsing--animal feeding on scrub

vegetation.

RT Rooting--pawing at ground while eating.

DR Drinking.

27 Zig Zag Display--male moves body 1in 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 Approcach--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 eniffing adults nose.

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




Table 2.3--Continued

Cavegory Description

CcO Copulate--intromission visible Jjudged 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 Nurce--female nursing one or more pups.

RC Repell Pup--adult noses away pup who 1s
trying to obtaln 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, r»uns in a circle at full speed,
or even somersaults backwards. It 1is
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 2.3--Continued

Category Description

SQ Squabble--pups fighting amongst
themselves.

SS Suckle and Sguabble--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.U4.--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 Start Observation Session

1 Individual Radio Tracking Record--see
below for other protocols

2 General Scan Record--see below

5 Special Observation Record--see below

6 Special Comments--written free-form across
page

7 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...)

Q End of session



Table 2.4--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' gignifies unidentified mara; double letters
(e.g. 'AA', 'BB', '22') signify unmarked animals which
were consecutively followed over several scans. Two
different letters (e.g. 'LR', 'TE', 'SL') signify
individually identifiable animals known from natural or
artificial marks (plastic collars, eartags, and
radio-collars).

3. Sex-Age-Code. Recorded according to the followiling
format:

O0--Adult mara, sex 2 5--Female pup

1--Adult male 7--Juvenile (> 1/2 adult)
2--Adult female 8--Male Jjuvenile

3--Pup (< 1/2 adult) 9--Female Jjuvenile.

i--Male pup

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

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

Q) Touching 5) 20 - 40 m
1) O -2 m 6) 4o - 75 m
2) 2 - 5 m 7) 75 - 100 m
3) 5 - 10 m 8) > 1000 m
4) 10 - 20 m 9) Unknown
6. Location Code. Location relative to a central point

in each study site. The Y (North-South) coordinate 1is
given first, followed by the X (East-West) coordinate.
e.g. NOOSEOOS 1is at a position 50 meters north and 50
meters east of the study area's grid reference point.

7. Habitat Code. A total of 14 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.
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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; £
reprecsents variables which must be filled in.

Begin and End Session--To mark start and finish of an

observation session.

yymmdd DATE First l1line of observation session; yymmdd
= year month day.

loc Den location code.

STR Starting observations now.

END End observation secssion.

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

SCNTELEWLELSLE Start Den Scan, T££ is temperature, WEL£EL 13
wind speed, S££ 1s ¥ cloud cover

ALL Number of adults present

E££ Number of adults feeding

LEL Number of adults resting

NEL Number of adults nursing

CLEL Number of pups present

S£L Number of pups suckling

GELL Number of pups grazing

CVE& Distance of main body of non-suckling pups

from den

ELL End den scan

Pup Scang--Made at 10 min intervals.

SCS Start pup scan

££E For each pup present record: (1) pup size,

(1ii) activity (0O--inactive, 1l--grazing,
2--suckling), (iii) distance to nearest
other pup

ECS End pup scan



Table 2.5--Continued

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

data base.

SGSTLEWELLSEL

LELELLELLELL

££LELELELELELSL

EGS

Start general scan, weather data as in pup
scans

Location to nearest 100 m (ege NO1lEO1l),
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 palr, comment code (all coded as in
behaviour scans).

End general scan.

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

SPC Start special event scan

LLLELLELLELLL Individual mara record as in General scans
above

ESP End special event scan

Mara Pair Arrival and Departure--One record 1is recorded

each time a pair arrives at, or leaves, the den area.

ALEML L

LELMEL

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

Departure record, same coding as above.



Table 2.5--Ceontinued

Continuous Focal Pair Records--Used to maintain
continuous data record on focal pairs. A data record 1is

entered every time the focal pailir changes what they are
doing.

FOCMLL Declare focal pair, ££ 1is focal pair name
FOB Focal animals obscured by brush

FVW Focal animals back 1in view

FQEL Focal pair in queue for den at £ mara

lengths from den

FVg Focal animal £ mara lengths from den

FDE Focal pair £ mara lengths from pups

FWE Focal with £ pups

FNEL Focal nurses £ pups

FC& Focal animal chases pup size £

FLE& Focal female lunges at pup csize £

FSH Focal female stops nursing because of pup
harassment

FSA Female stops nursing because of adult
interruption

FMA Female moves away

FSS Female stops suckling

FS& Female sniffs size £ pup

CTE Size £ pup trying to suckle focal female

CF& Size £ pup following focal female

CHE Focal female chase sgize £ pup

CSS Pup stops suckling focal female

cCsSQ Pups suckling and squabbling

CSR Pup being sniffed raises rump

CSH Pup being sniffed hides/lowers rump
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to be recorded for the focal pailr 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 1in Macdonald and Amlaner (1980), 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 sgeen so that i1ts 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 yvazi aerial and a sighting compass
(Silva). These data were entered onto general scan data
forms (cee 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 waes fairly flat 2o that this problem was minimized. To
avold this problem, ahn 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 scame 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 E1 Salitral) radiocs 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.

2.3 Analysis Methods

2.3.1 Data Preparation

In the field, gcan and radio-tracking data were
tyoed 1nto the HXZ2 computear and 2tored on microcaszette.

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



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

Naturally Plastic Radio
Study Area Marked Collared Collared
Estancia Larreburu 2 - -
Puesto La Blanca 3 6 10
Puesto E1 Salitral 2 4 1
"""" rotax 7 10 11

Total Marked Animals = 28




Table 2.7.--Summary of data collected on each of the
individually recognizable maras at Puesto La Blanca and

Puesto El1 Salitral.

first seen or trapped,
and the total
observations were made.

records,

Data given for each animal are: date

total number of observation
number of hours within which

Mara Date Total Number Total Number
Name First Seen of Records of Hours
———————————————————— Puesto La Blanca-———-——-—= -0 e e e e~
ENF™ 5.3.83 652 171
ELF®™ 20.3.83 847 333
SQM™ 24.3.83 1 1
PJF* 24.3.83 53 12
PAMR® 11.4.83 802 288
GCM™ 14.4.83 182 103
CAM™ 22.6.83 20 14
BFF™ 14.9.83 13 4
HLM™ 19.9.83 3 2
LEM® 30.9.83 125 58
SYF®™ 1.10.83 539 225
TIF&® 1.10.33 403 177
TIMR? 1.10.83 32 20
SLF® 1.10.83 114 50
WOF® 1.10.83 137 68
TEF®™ 1.10.83 15 9
PUF™ 2.10.83 55 32
BAF™ 6.10.833 12z u
TUM® 27.9.84 136 63
———————————————————————— El Salitral-------=-------—- - —— -~ —
WAMR 1 31.5.83 174 uu
JAF®™ 20.6.83 139 41
NAF™ 16.6.83 56 18
GIF®© 27.7.83 1 1
SAFC© 29.7.83 140 56
LFFM™ 21.9.83 11 2
NLF®™ 16.9.83 17 5

Notes: ™ Radio-collared.
functioned only briefly.

Rl pPadio-collared, but radio

™ Natural

ly marked. C Animal

originally captured at Puesto Centenario. © Plastic

collared



Table 2.8.--Number of hours spent radio-tracking and
collecting general scans 1n each month of the year.
Data from all study sites are combined. It does not
include time spent collecting spot radio fixes.

-Year-—
Month 1981 1983 1984
1 - - Q0.4
2 - 31.03 12.33
3 - 100.99 5.7
u - 98.25 1.87
5 - 59.25 7.17
6 - 78.17 -
7 13.76 13.0 ~
8 28.65 102.57 14.83
9 134,59 115.9 106.38
10 137.71 347.15 201.42
11 47.45% 198.91 38. 35
12 - 112.74 -
Total 362.16 1257.96 479.08




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 1983 1984 Total

Est. Larreburu 362.16 7.07 1.75 370.98
Puesto La Blanca - 999.37 471.91 1471.28
Puesto El1 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 Fililestore) data base system accessed through
QUERYMASTER. This data base was large, it contained 44140
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 minl computer and ICL 2988 main frame computer to

sort, error check, and analyze thesce data.
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2.3.2 Statistices

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 1list the main

statistical tests used in this thesis:

Non-parametric X< test, Kruskal-Wallis test, Spearman's
correlation of rank cozfficient, and the

Mann-Whitney test.

Parametric Student's t-test, one and two way ahalysis 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
analysese on monogamy (Chapter 4) and communal denning
(Chapter 5) can be viewed. The principel questions to Dbe
tackled are: (1) what is the size of the mara's home range;
(1i1) how frequently do animals cover thelr range; (iii) can
ranging and behaviour patterns be explained in terms of
gspecifilc ¢limactie, z3easonal, and habitat features; and (iv)

what i the nature of the gpatial relationship between pairs

of maras living 1in 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 cselected species of mammals.

2.2 Methodese and Study Site

3.2.1 Study Site

Maras were only radio-tracked extensively at the La
Blanca study site S0, unless stated otherwise, results

prezented here are baced on data collected at this site

only. Puesto La Blanca is an outlying sheep station
normally occupied by one shepherd, with the hearest
neighbour 8 km away. The shepherd's house was located on
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the edge of an ephemeral lagoon measuring about 20 ha.
Observations were made on maras within a U4 km radius of the
house. See Chapter 2 for more details of this and other
study sites, and a summary of climactice 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 maghetic (declination 1in 1963 was 6° 45!
E) rather than north-south axes.

For many analyses the data were grouped in sgeasonal
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 28 February. See
Chapter 2 for details of the climatic data in the study

area, and for the ratioconale for delineating the seasons.

3.2.2 Animal Tracking

The main technigue 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 1984, I left the field from 19 January to 24 August

1984, 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 U409 days for PAM (11 April 1983 to 22
November 1984). Over U400 radio 1locations, 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 onhe animal would be

followed for 6 to 12 hours, with consecutive fixes recorded
at 156 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 onh each mara 3 to U4 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
meﬁber. 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.



Table 3.1.--The date captured and the duration of time

radio-tracked (in Adays)

followed maras.

for each of the nine intensively

Mara Date First Last Duration Total No.
Name Captured Tracked Tracked Tracked Fixes
ENF 5.3.83 9.3.83 24.6.83 108 649
ELF 20.3.83 21.3.83 2.5.84 409 8u1
PAM 11.4.83 13.4.83 22.11.84 560 797
GCM 14.4.83 18.4.83 18.1.84 276 181
LEM 30.9.83 7.10.83 22.2.84 139 122
SYF 1.10.83 5.10.83 23.11.84 416 531
WOF 1.10.83 7.10.83 8.4.84 185 136
TIF 1.10.83 7.10.83 23.11.84 aiu 401
TUM 25.9.84 28.9.84 23.11.84 56 136




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.

-Radio Collared Maras-
Dates ENF ELF PAM GCM LEM SYF WOF TIF TUM

Aug
Sep
Oct
Nov
Dec
-1984 -~ e e -
Jan X X X
Feb X X X X X X
Mar X X
Apr X X X
May X X
Jun
Jul
Aug
Sep
oct
Nov

XK XX
pagl i PN




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 1is 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 onhly recorded a few

behavioural observations.

3.2.4 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 ecite already made 1in
Chapter 2. Two independent methods were used to categorize
the vegetation at the La Blanca study <=ite: (1) visual
acssessment, and (ii) vegetation cover values. These methods

are described below.

Visuas ssessmen
The habitat was divided into 14 habitat types,
lumped into u general categories, according to various

vegetation parameters which could easlily 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).



Table 3.3.--Habitat codes (used in data collection) with
In every habitat
category roughly half of the ground cover was bare

corresponding habitat category.

earth.
Habitat Habitat
Code Category Description
1 Open Grass and herbs
2 Open Grass and herbs, few shrubs
3 Scrub Mixed shrub, grass and herbs
4 Scrub Dense shrub cover
10 Other Bunch grass
11 Other Bunch grass, some shrubs
20 Lagoon Edge of water on lagoon
21 Lagoon Dry lagoon--no vegetation
22 Lagoon Grassy lagoon
23 Lagoon Edge of lagoon and scrub
30 Other Inside den
31 Other In den mouth
40 Other Dirt Road
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Yegetation Cover Valueg

The goal of this analysis 1s 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—-Blangquet 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, Jp <it). 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 campling can lead to bilases
in a patechy environment, but since the habitat of the
La Blanca study sgite was strikingly uniform in
appearance this was not deemed a problem. Plots were
located usging a 100 m 1line following a compassg
bearing. Each plot measured 16 x 16 m (256 m<) and was
subdivided into 4 sub-plotse each measuring 8 x 8 m (16
m=). Thies sgub-plot size falls within the minimum area
zsize for plots in Chaparral shrubland of 10-100 m=
(Goldsmith, Harrison and Morton,dp <I1% ). Thus 0.25% of
the study area was contained within vegetation plots, a
percentage similar to that used in comparable habitats
elsewhere (see Greig-Smith, 1983).

- In each gub-plot the vegetation cover for the 6

vegetation types were estimated visually using the

Braun-Blanquet cover values (see Table 3.U4). Cover is

defined "as the proportion of the ground occupilied by a
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Table 3.4.--The Braun-Blanguet cover value scale as used
in the vegetation analysis. Cover 1is defined as the
proportion of the ground occupied by a perpendicular
projection of the aerial parts of individuals of the
species, or group of specles, under consideration.

Code Percent Cover
0] Absent

1 0O - 1 X%

2 1 - 4 %

3 5 - 24 %

u 25 - 49 %

5 50 - 74 %

6 75 - 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 Woody plants with heights less than 1.5 m

Monte 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 <—i1t.). The vegetation
types were: bare ground, herbs, grass, bunch grass, and
shrubs (see Table 3.5 for a decscription of each type).
A collection was made of the plants in the study site,
and Table 3.6 1lists 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 scsampling at the 0.25% level there is a risk of
incorporating biases in the vegetation description
cince 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. Thecse results were
then compared with the 8 =zample plots (on the 300 x 300
m grid) covering the same area. Results of this

comparison are discus=ed below.

Ve t at Verification and Other Samplin Problems

The aim of comparing the gample 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 1index of vegetation cover (Goldemith, Harrison and
Marton, 1986), thus the important thing is that the cover
values for the scample 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:



Table 3.6.--Plant species encountered at the La Blanca

and E1 Salitral study sites.

Species are divided into

three categories: herbs, grasses, and shrubs.

Family Genus Species
————————————————————————— HERBS--—--—-- -~ e - -~
Equisetaceae ”? 2

Caryophyllaceae Cardionema

Cruciferae

Leguminosae
Geraniaceae
Malvaceae
Scroph.
Umbelliferae
Convolvulaceae
Verbenaceae
Plantaginaceae

Compoegilitae

— e ———— - —— - — — —

Gramineae

Ephedraceae
Rosaceae
Leguminosae

Anacardiaceae
Umbelliferae
Solanaceasae

Compoaitae

Cerastiunm
Z1xymbrium
Cardaria
Hottmanszegqgla
Erodium
Sida
Mecardonia
Torilis
Dichondra
Acantholippia
Plantaga
Plantago
Plantago
Gamaochaeta
Facells
Perezia
Leneclo
Grindella
Baccharis
Baccharis
Baccharis

Bromus
Bromus
Hor deum
Hor deum
Poa
Vulpia
Vulpia
Piptochaetiunm
atipa
stipa
sStipa

Ephedra
Tetraglochin
Prosopidastrum
Prosopls
Prosapls
SZchinus
Maulinum
LycIium
Lyclum
Chuquiraga
Chuquiraga
Gutierrerzia

ramozIiIxsIimum

funcen
altissimum
5D

tritoliata
cIrcutarium
leprosa
montevidensIis
Ep.

repens
seriphioides
Ep.
patagonica
MYOEOFrUs

P

retusa
recurwvata
filaginoides
tehuelches
pIingraea
triangularis
rutrescens

nurinum

p.
ligularis
myaorus

ip.
napostaense
ambigua
specliosa
tenuls

ochreata
alatum
aglaobosum
alpataco
denudans
polygamus
EPINOIUM
chilense
ameghinal
avellanedae
erinacea
solbrigii
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- For each of the sample plots in the verification plot
coverage area, the mean was calculated for the elght
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 thls 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 % 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 thegse months (=see Chapter
2), and the vegetation cover could have varied accordingly.
To test whether there were gcignificant differences 1in
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 SD R sSD ) Significance
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 < 0.01




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.

-Median Cover Values-

Cover Type March December W Significance
Bare Ground 4 U 2188.5 P = 0.4361
Herb 3 2 2961.5 P = 0.0000
Grass 3 3 2359.5 P = 0.6789
Shrub u 3 2440.5 P = 0.3260
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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 bacsed on visual
assessment (Figure 3.2) shows that, with the exception of

the area around the lagoons, the area 1s 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. Thls irregularity will later be shown
to be of gzreat importance in understanding the movement and

ranging patterns of maras.

3.3 Home Range Size

The goal of this =zection is to describe mara ranging
patterns. In following sections, I will expand on these
results to answer cspecific Qquestions about how the mara's
ranging behaviour is affected by habitat features and by the
movements of other maras.

| To dillustrate the nature of a cpecies' 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 Jjoining
cells with the same cover value with some smoothing done by
the contouring routine (CONTRA of the GHOST80 graphics
library). The plots are U4 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
Cc. Grassgs Cover

d. Shrub Cover
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not be defended but are usually used exXxclusively 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 expecteq from a random occupation of
sulitable 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 clze and uscage is
complex, and so far no single method has proved sufficiently
powerful to deal with all questions. A large number of
methods have been devized to 1llustrate the configuration
and intensity of use of home ranges (see reviews in Dunn and
Gipson, 1977; Macdonald, Ball and Hough, 1980; and Don and
Rennolls, 1983). I have chosgen to use 4 methods here, each
of which 1s appropriate to illustrate different aspects of
the way maras use the area 1in which they 1live. These
methods are: grid cells (Voigt and Tinline 1980), convex
polygonse (as 1in 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.

TIThe Grid Cell

This method hae the advantage of being one with

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

Doncaster, 1985; and Hofer, 1986). In addition, a
comprehensive computer program named ICELL has been written

by Malcolm Newdick (Op <It,) to analyze range data using gzrid
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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 gince 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 ocuter edge are
not counted.

-~ The gize of the grid cells is predetermined ac that
which gives the highest boundary resolution while
maintaining continuity between frequented cells
comparable to that suggzested by a simple range-estimate
made from "eye-balling" a plot of radilo locations. 1f

the c¢cell size is too small the range revealed by this

method will appear as a cseries 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 unucsed 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 1in 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 utlilization 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 xXx 50 m cell size plot shows the highest
resolution of relative 1intensity 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 Polveon

The convex polygon method defines the range as the
area delineated by connecting all the ocutlying points with
straight lines such that all internal angles are less than
180 degrees. This is shown for ELF in Figure 3.4.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 1included 1in 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 1s wuseful
graphically, however, for showing the general area which a
mara inhabited. Thus, it c¢can be used to show spacing
between mara's ranges, as well as changes in range location

for an animal in different seasons.



Figure 3.4 (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 50 m cells
c. Plot of locations of fixes only

d. Convex polygon plot
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The Population Utilization Dicgctribution

This method, developed by Ford and Krumme (Jp, <It),
derives a range utilization distribution (UD) without making
any prior assumptions about either 1its shape or the
statistical properties of the data (such assumptions have
limited previous probabllistic 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 csampling of data on
different animals. It is a probabilistic method, and hence

1 more amenable to statistical tezting for variation in
range size than the grid cell, convex polygon, or prevailing
range methods; as such I have treated it asg an index of
range size rather than as an actual measurement. I have
used it here to test whether there were gignificant 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.

PUDNAGZ2 derivesg a UD for each animal by first
establishing the freguency distribution of distances between
all possible pairs of locations. This 1is termed a
Relocation Distance Function, or RDF. Because 1t 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 <cimilar, any palr 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
re{erence 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 bioclogical
meaning it is important that data sets from defined
timescales be compared.

The PUDNAG2 program works ags 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 7 X 7 grid. The grid size is =zet
for all animals gsuch that the individual with the
maximum range in either x or y coordinates will fit on
the grid (a 400 X 400 m grid size was usged here). The
7 X 7 grid dictates (and reduces) the number of
possible distances between pairs of observations, thus
reducling the system of simultaneous eguations that
describe the relationship between the RDF function and
the UD set out on the grid.

- If the cample sgizes are gimilar 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 o that cample gsizes are more balanced, and the
number of successfully fitted UD's making up the PUD
(csee 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 1terates 250
times, continually modifying the 1initial 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 1nitial UD 1is
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 ucsed. For this
reason the mean results of 5 runs of the program, each
ceeded 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 egquiprobability of o©ccurrence (zee

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) glives 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
Zenerated 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.



Table 3.9.--Sample MAP index showing the minimum area
containing increasing proportions of the composite
porulation's utilization distribution: i.e. in this
sample, 95 X of the locations would be found within an
area of 118.88 nha. This index is calculated for maras
ENF, ELF, PAM, and GCM during the fall (March to May) of
1983.

R Range
Probability Size (ha) St. Dev.
0.10 1.28 1.76
0.20 h.6é64 5.28
0.30 9.28 Q.uu
0.40 15.52 14.56
0.50 23.20 20. 64
0.60 32.16 27.68
0.70 46.72 36.96
0.80 64.96 49.92
0.90 95.20 68.64
0.95 118.88 85.60
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 Preva n 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 Rnown to
frequent that day with those c¢ells which were visited
previouély 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 1is 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 stabillity, or may change from day to day 1f the range

is drifting or undergoing a catastrophic change in
location. It 1 an especially useful methocd for exploring a
pattern of shifting range usage. However, this method

requires cubstantial data szetg so I was only able to ucse 1t

on maras ELF and PAM.

3.3.2 Results

Finding answers to qQuections 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 polnts made at the gtart of the gection: (1) the
description of range size and configuration, and (1ii) the
pattern of range usage. Then I will examine seasonal



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 1t 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 prevalling range size is
obtained as the day at which the range size first
ceases to ¢limb 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. Ags 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. Thusg, to determine the cut off
point for the integration period I choose to use the
last day on the plot where the range size ¢limbed 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 gtart and cutoff points.
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patterns of range usage before, finally, presenting an
cstimate of range size which incorporates the main features

of the mara's ranging behaviour.

General Description of PRanges

The clearest way to show the general pattern of size
and configuration of an animal's range 1s through graphical
representation of the data. Figure 3.7 shows grid cell

plots ©of the ranges of the 9 radio-collared maras 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 13 considerable individual variation 1in home range
csize. Ranges varied, as calculated from the grid cells,

from 81.75 ha for ENF to 243.25 ha for TIF (see Table

3.10).
3. In each range there are several areas of intensive ucse.
4. A few =small 1slands of unvisited areas oceur in most
ranges.
5. There are numerous cgatellite areas outside each range.

Satellite areas are small aggregations of a few grid
cells dilisconnected from the main part of an animal's

range.

There 1is considerable variation in the number of
fixes (136 to 841) and the span of days (56 to 590) over
which maras were tracked (cee Table 3.10 (above). To see how
these variables might affect range =zize, the number of fixes
and the span of daysg tracked for each mara were correlated

with range csize. The following results were obtained:



Figure 3.7 (2 pages).

Grid cell plots of the ranges of nine radio c¢ollared 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,
radio-collared maras.

for 9
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.

~-Grid Cell-
Mara Number Span Days Occupiled Total Convex
Name Fixes Tracked Area Range Polygon
ENF 649 108 | 6Uu.75 81.75 102.09
ELF 841 409 158.75 212.25 312.36
PAM 797 590 166.75 227 352.68
GCM 181 276 i104.5 171.25 390.41
LEM 122 139 55.5 38 9uU.%6
SYF 531 416 191 284 515. 44
WOF 136 185 59.25 S0 153. 44
TIF 401 414 151.75 243.74 452.42
TUM 136 56 67.25 0.5 197.23

Statistical findings on above data:

l.

Spearman rank correlation of the number of fixes
with the total range per mara was not significant
= 0.4268, N =

(re

Spearﬁan rank correlation showed a positive

9).

significant correlation between the span of days
over which a maras was tracked and the total range
size (res =

0.85, N

9.

P < 0.01).
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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 (rg = 0.427, 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 cgize (rs = 0.85, N = ¢, P < 0.01).

With these results it is apparent that range data on
different animals are not directly comparable unlesgs 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 filixes 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 viegit
equals the number of cells in the animal's range (see, for
example, data on foxes in Ables, 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--signes 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.



NUMBER CELLS

NUMBER CELLS

NUMBER CELLS

NUMBER CELLS

100

300

200

100

200

100

300

200

100

ENFs CUMULATIVE NUMBER CELLS VISITED

M A M J J A S O NDUJIF M AWM

ELFs CUMULATIVE NUMBER CELLS VISITED

J J A S O ND

M A M J J A S O NUDJ F M A M

PAMs CUMULATIVE NUMBER CELLS VISITED

J J A S 0O NDOO

.

M A M J J A S O NDJ F M A M

GCMy CUMULATIVE NUMBER CELLS VISITED

J J A S 0 N D

MAMJJASONDJFMAMJJASOND

MAR 1883 - OEC 1864



NUMBER CELLS NUMBER CELLS NUMBER CELLS NUMBER CELLS

NUMBER CELLS

LEMs CUMULATIVE NUMBER CELLS VISITED
300

200 L

100 }.

MAMJJASONDJFMAHJJASOND

SYF: CUMULATIVE NUMBER CELLS VISITED
300

SR

oL . 5

M A M I J A S O NDRD J F M AMJI I ASONTD

- WOF: CUMULATIVE NUMBER CELLS VISITED
300

200 L

100 L

]

0 —
M A M J J A SO NDUJFMAMIJIIJIASODOND

TIFe CUMULATIVE NUMBER CELLS VISITED
300

200 |

100 o |

I

a —_ — —
M A M J J A S O NDUJ FMAMJI I A SOND

TUM: CUMULATIVE NUMBER CELLS VISITED

[ |
200 | l
100 | . !

g . ‘:. }

M A M J J A S O NDOJ F M A M I J A SDOND
MAR 1883 - DEC 1864



MARA ECOLOGY AND SPATIAL ORGANIZATION

Seasonal Ranges - Patterns of Usage

As a means of comparing how the pattern of range

usage c¢changes through time, the data sets were divided into

seasonal blocecks. Looking at the data by seasonal blockse is
an artificial division since, as shown in Figure 3.8
(above), maras were continually vigiting 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 1is because maras
could be celected for snalysls within seasons so that: (1)
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 (1ii1) the amount of location data for different
animals are more nearly egual. To eliminate animals on
which I had limited data within seasgsons I usged the following

criteria:

1. Full days of at least 9 hrs of tracking must have been
collected on the animal in at lsast 2 of *the 3 months 1in
each =geason.

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

sSeason.

Table 3.11 showes the range cizes, and the number of hours in
which fixes were obtained, for each animal in each sSeason
during which I had adequate data.

To test whether the problem of varying sample sizes
had been adequately dealt with; the size of sgeasonal ranges
(obtalined 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 (1) total range size (from grid cells
counts), and (ii) the number of hours during which fixes
were obtained, are given. Seasonal range size R =

97.71 ha, + U2.53.

~-Seasong of the Year-

1983 1984
Mara Mar-~May Jun-Aug Sep-Nov Dec~-Feb Sep-Nov Mean
ENF 75.25
133
ELF 144.25 75.00 101.50 82.25% 100.75
66 63 121 us 74
PAM 85.75 118.00 48.5%0 71.50 80.94
58 98 29 39 56
GCM 120.50 120.50
75 75
SYF 91.25 84.50 175.75 117.17
59 41 97 66
WOF 33.25 33.25
33 33
TIF 68.50 197.50 133.00
35 60 u8
TUM 90.50 90.50
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correlation (rg = 0.3769, N = 17, N.S.) g0 seasonal ranges
of different maras may be seen as roughly comparable.

Two main features of seasonal mara ranges will be

investigated: (1) changes in size (which more accurately
reflects changes 1n rate of visiting new cells), and (i1)
changes in location. Each of these will be dealt with in

turn below.

The Maras' geasonal ranges varied in size from 33.25
ha to 197.5 ha, with a mean range =si1ze of 97.87 ha (+ 13.59,
zee Table 3.11). As a means of accounting for unequal sample
cgizes the Population Utillzation Distributlion (PUD) was used
to compare range sizes between seasons. All available data
for each animal were included to c¢create MAP probability
functions for each season (Table 3.12). The results of these
analyses are summarized in Figure 3.9 where the range cize

at the 95% probability level is plotted wilth the standard

deviation for each month. Using the t-test formula in Ford
and Krumme (op, <1t.), no cignificant differences were found

between the range sizes at the 95% érobability level between

any of the seasong.

Season Change th catio of Range

Because of the complexity of the data, the easiest
way to 1illuesetrate changes in the location of maras' ranges
is through range plots. Figure 3.10 shows convex polygons
of the individual maras' ranges in different seasong of the
year. Only seasons were uszed where I had enough data to

satisfy the requirements as laid out above, s0 1 was only



Table 3.12.--Comparison of MAP function home range si:ze
estimates at the 95% 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).

Mean Range

Seasons Size (ha) St. Dev.
Fall 1983 118.88 85.60
Winter 1983 171.40 95.04
Spring 1983 174.08 38.08
Summer 1984 135.84 39.36
Spring 1984 218.56 91.68
Figure 3.9.-- Plot of mean range size (error bars mark

standard deviations) for maras at the 95% probabilility
level in different seasons of the year.
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Figure 3.10.--Convex polygon plots for the seasonal ranges
of 4 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 1is 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 Sseasons sampled. These 'core' areas
cseemed to provide a geographic center around which the
seasonal ranges revolved.

3. There was no congistent pattern in the inter-szeacsonal
changes 1n direction, orientation, or location of ranges

for any of the maras compared.

Below, these data are examined in more detaill in two
further analyseg investigating (i) the extent inter-sgeasonal
ranges overlapped in space, and (ii) the spatial correlation

of ranges between different seasones.

t -sSeasona Ran Qver

The ICELL program was used to calculate the number
of cells which a mara's range shared in two different

easone. The number of hectaresg shared was then divided by

0]

the number of hectares in each seasohal rangze to obtain an
estimate of the proportion of the ranzes coverlapping. This
proportion has to be calculated for both ranges in a
comparison sgince they may differ 1in <csize between ceasons.
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 0.04 to 0.37. Clearly, 1individuals' ranges are

not stable in space between seasons.



Table 3.13.--Inter-seasonal overlap between ranges.
Numbers given are: (1) number of ha in common between
seasons, the proportion of the earlier (ii) and later
(ii1i) season's range in the overlap zone, and (iv) the
Spearman rank correlation coefficient for the two
ranges.

Mara -Amount of Overlap-
ELF Mar-May Jun—-Aug Sep-Nov
Jun-Aug 23.25 "
(0.16, 0.31)
-0.375
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
PAM Jun~Aug Sep-Nov Dec-Feb
Sep-Nov 30.73
(0.36, 0.26)
-0.370
Dec-Feb 7.25 15.75
(0.08, 0.1%) (0.13, 0.32)
-0.609 -0.361
Sep-Nov 17.00 - 16.25 3.00
1984 (0.20, 0.24) (0.14, 0.23) (0.06, 0.04)
-0.476 -0.55%6 -0.786
SYF Sep-Nov Dec-Feb Sep-Nov 84
Dec-Feb 18.75
(0.21, 0.22)
-0.407
Sep-Nov 33.50 20.50
1984 (0.37, 0.19) (0.24, 0.12)
-0.358 -0.310
TIF Dec-Feb
Sep—-Nov 10.75
1984 (0.16, 0.05)

-0.583

- v - —— . — i W —h - —v - —— T —m m m e = e tm e e R e e dam e . o m - e e = e - e e = —v v v e —
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Inter-seasonal Range Correlation

Correlating two ranges provides one number which
allows the comparison of the relative degree of concordance
between palred ranges. This technigue was developed by C.P.
Doncacter (1985). He has shown that, for camples where two
ranges overlap and have a similar spread of utilization,
range correlation provides a useful ascecgment of the

combination of overlap and concordance 1n the use of common

areas.

To do this analysis the ICELL data output was used
for each mara'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 sceason 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 zame cells with exactly the scame 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 cerrelations show that,
despite the appearance of a high degree of overlap between
maras' 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 zeasons, 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
2.14). An increacsgingly negative correlation would have been
consistent with animals leaving one area and moving on to
another. This 1is clearly not happening as, although there

may be a weakening of the correlation over the following 2



Table 3.1U4.--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.

~-Time Lag in Seasons-

1 2 3 4 5
-0.375 -0.565 -0.658 -0.556 * -0.476
-0.430 -0.696 -0.786 -0.358 *

-0.440 -0.609 -0.310
-0.370 -0.583
-0.361
~-0.407

¥ 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 U seasons later. In
both cases where overlap data covered a 4 season spread, the
ranges being compared were breeding geason ranges when
animals would be drawn into the area around the den (see
Chapter 5). Therefore, any hint of cyeclicity in
inter-seasonal range use must be taken as preliminary.
However, thilis 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, csee Chapter 5) each spring during the

breeding season.

Towa S Mea ful Estimate f Ran Siz

I was able to obtain fixes in approximately equal
numbers for maras ELF (835 fixes) and PAM (714 fixes
spanning a whole year (1 March 1983 to 1 March 1984). The
total areas based on cell counts for these animals' ranges
were, regpectively, 174.75 ha and 210.75 ha (see Table
3.15). The range size based on the convex polygon method for
thie period was 282.71 ha for PAM and 312.01 ha for ELF. On
the basis of these two animals one can tentativelyb conclude
thét annual home ranges are on the order of 200 ha.
However, as we have zhown that ranges are in a continual
state of flux 1t is doubtful that an annual range size has
much bilological meaning.

Another way of estimating range cgize is through the
use of the Prevailingz Range. This method has been tested and

reviewed in Doncaster (1985) and its implementation is shown



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 1984.

Estimates made based on grid cell and convex polygon
methods.

Mara Number Total Convex Polygon
Name of Fixes Area (ha) Area (ha)
ELF 835 210.75 312.01

PAM 714 174.75 282.71
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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 cshowed 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 prevailling range size is backed up by the
lack of any csignificant differences 1in range size between
seasons as compared using a t-test of MAP functions (see

above).

3.4 Behaviour and Range Use Patternsc

Results covering the following topics will be
presented to examine daily and seasonal mara activity
patterngs: (i) behavioural time budgets, (11) diurnal
activity patterns and their 1ink 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 thé Zeneral 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 cspecies must regpond to a variety of
requirements on it each day: they need to find and eat food,
to rest, and to asgsociate 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 Dbehavioural ccan data (see Chapter 2).

Although 60 different behaviour categories were used in

collecting the data, I have chosen to lump behaviours into 6

- 48 -
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zeneral categorie=z to simplify analysis (see Table 3.16).

These general behaviour categories are as follows:

Sitting Sitting and alert behaviours.

Feeding Grazing, browsing, and rooting.

Resting Lying down, &leeping, coprophogy. and
grooming.

Moving Running, trotting, =stotting, and standing.

Standing is included because 1t usually
precedes movement.

With Pups 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 behaviocur category.

Miscellaneous 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 suncset times, during the year (cee Chaptér 2).
Only months were used in which at least 400 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 (=zee 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 monthse into morning
(7:00-10:59), midday (11:00-15:59), and evening

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

- 49 -



Table 3.16.--Division of scan behaviour categories into
general behaviour categories. See Chapter 2 for a
description of each behaviour category.

-General Behaviour Categories-

Sit Feed Rest Move Pup Miscellaneous
ST GZ LI TR NS ND AA
AL BR GM WK WC SG MS

RT CP SD SC SN CF
SL RN TC AD CL

SR RC BE OT

CC RL FH

WH DG 2z

CH EB

LS




Figure 3.12 (4 pages).

Histograms of diurnal time budgets, lumped by hours, for
each month 1n which more than 400 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. Histogrames for the following behaviour categories
are shown:

a. Feeding
b. Resting
C. Moving

d. with Pups
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these data to test if there were significant differences 1in
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 obeservations 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 1is 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
pronocounced peak 1in regsting around midday during the monthe
with the longest and hottest days (zee Chapter 2), December
and February.

Moving. Only during the late gpring and summer
months are there sgignificant differences 1in the amount of
time the animals spent moving in the different parts of the
day. In December, November, and February the data zhows 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 monthe (September, October, and November),
the only times of year when pups are present in any
numbers. There were no gignificant differences 1in the
proportion of observations of mara adults interacting with
pupse in the different hours of the day in any of the three
months.

In general then, maracs are actilive throughout the day
with a tendency to bes more active in the twilizht. This 1is

best shown by the significantly larger proportions of



Table 3.17.--The proportion of observations, by month,
of maras engaging in different activities in different
parts of the day. X% test resgulte aleo given, which
show whether the proportions were significantly
different. The X< teste 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 X= Significance
——————————————————————— FEEDING--~-- -~ e e e -
Feb 0.53 0.44 0.63 4U3.79 P < 0.005

March 0.59 0.52 0.66 24.33 P < 0.005
June 0.27 0.49 0.66 27.18 P < 0.005
August 0.39 0.33 0.55 22.21 P < 0.005
September 0.28 0.26 0.45 40.04 P < 0.005
October 0.05 0.14 0.18 15.11 P <€ 0.008%
November 0.36 0.26 0.46 18.33 P < 0.005%
December 0.53 0.29 0.69 73.16 P < 0.0058
——————————————————————— RESTING--=----- - e e e - -
Feb 0.20 0.48 0.24 93.12 P € 0.005%
March .22 0.32 0.18 20.42 P < 0.005
June 0.35 0.28 0.02 23.85 P < 0.005
August 0.26 0.29 0.08 27 .99 P € 0.005
September 0.16 0.33 0.14 63.38 P < 0.005
October 0.06 0.22 0.14 24.37 P <€ 0.005
November 0.18 0.28 0.17 7.52 P < 0.025
December 0.21 0.57 0.13 107.80 P < 0.005
——————————————————————— MOVING-- - - - e e ——
Feb 0.08 0.03 0.03 13.34 P < 0.005
March 0.06 0.07 0.07 0.34 N.S.
June 0.06 0.06 0.10 1.59 N.S.
August 0.06 0.13 0.14 4.37 N.S.
September 0.08 0.08 0.07 0.17 N.S.
October 0.10 0.10 0.13 1.98 N.S.
November 0.13 0.04 0.11 9.16 P < 0.025
December 0.04 0.02 0.09 13.11 P < 0.005%

September 0.09 0.06 0.07 1.63 N.S.
October .21 0.17 .~  0.14 3.43 N.S.
November 0.06 0.08 0.05 1.05 N.S.
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observations of maras resting at midday in almost every

month.

Seagonal 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-zeasonal
variation.

To determine the proportion of obgservations o©of maras
engaging in different behaviours in each season the unegual
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 doling
each of the behaviour categories for eaéh season. The
resulting seasonal time budgets are shown 1in Figure 3.13.

In all ceasons feeding ccupilies the hizhest
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 (4.0 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
thece proportions using Equation 3.1 to calculate the
standard error, and Equation 3.2 to calculate the T

statistic (equations--Pers. comm. F.H.C. Marriot).
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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 ohe 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 (no (nh - nol)))

%4 nh=

Equation 3.2

nl = Proportion observations for season 1
31 = Standard error for =season 1

n2. = Proportion observations for season 2
s2 = Standard error for season 2

T = hl — n2

sl + 2=

The results of these tesgts are summarized in Tables 3.18 to
3.21 and Figures 3.14 to 3.17.

As a meang of investigating the relationzhip between
mara behaviour, climactic variables and yearly
cycleg, the proportion of scans in which maras engaged 1in
different behaviours was correlated with the amount of
rainfall and the mean daylength in each month. For these
analyses, data 1in 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 ccrrelations 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 3.18) which show a
gignificant 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 cignificant positive correlation was found between
the proportion of =cans 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

— 52 —



Table 3.18.--Mean and standard error of the proportion
of scans in which maras were feeding in different

seasons. Also shows the resgults of T tests comparing
these proportions between seasons. ¥ P < 0.05

Season Mean St. Error Winter Spring Summer
Fall 0.55 0.02 4.85 * 9.23 * 1.67
Winter 0.42 0.01 5.27 * u,73 *
Spring 0.33 0.01 11.96%
Summer 0.51 0.01

Figure 3.14.--Histogram of the percent of behavioural
observations of maras feeding in the U4 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 0.03 2.69 5.144 * 0.733
Winter 0.22 0.01 4.93 * 7.92 *
Spring 0.29 0.01 17.10%
Summer 0.10 0.01

Figure 3.15.--Histogram of the percent of behavioural
observations of maras sitting in the U4 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 0.23 0.03 0.16 1.68 3.26 %
Winter 0.23 0.01 3.96 * 5.90 *
Spring 0.17 0.01 11.58 %
Summer 0.33 0.01

Figure 3.16.--Histogram of the percent of behavioural
observations of maras resting in the U 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 gshows the results of T tests comparing
these proportions between seasons.

Seasgon Mean St. Error Winter Spring Summer

Fall 0.08 0.02 0.60 1.68 2.12

Winter 0.09 0.01 1.74 5.18 *

Spring 0.11 0.01 8.05 *
0.04 0.004

Summer

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

Sitting., Figure 3.15 showes a yearly c¢ycle 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
cscanning 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 ho change in the proportion of =scans of maras
resting between fall and winter (zee Table 3.20). The
. proportion drops from winter to =pring, perhaps reflecting
the increased activity around the breeding =season. There 1is

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 = 0.1447, N =
9, N.S.) or daylength (rs = 0.4134, N = 9, N.S.).

Moving. The t-tests results show (see Table 3.21 and
Fizure 3.17) that the low proportion of moving behaviour
during the summer is significantly different from the amount
of moving 1in the other =zeasons. No gignificant differences
were found between the amount of time maras spent moving in

the other three =zeasons.

53 -



MARA ECOLOGY AND SPATIAL OQORGANIZATION

Overall Time Budgets

To obtain an overall mara time budget the ceasonal
time budgets, as shown 1in Figure 3.13 (above), were averaged
to give a composite time budget as cshown in Figure 3.18. In
this ple c¢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 ¢emall amount of time moving and

engaging in miscellaneous behaviocurs.

3.4.2 Daily Movement Patterns

In this subsection results covering the following
features of mara daily movement patterns will be presented:
(1) the size of the daily range, (ii) how far animals travel
during the day, and (14i4) how 1long animals stay 1n one
place.

To examine the daily range gize, the range an animal
covers during one day, only those days were used where data
had been collected on a radio-collared mara between 8:45 and
19:30. At least 12 fixes must have been recorded, and there
must have been no more than a gingle hour long gzap in the
data zequence during this time period. This time interval
was chosen to maximize the number of days of acceptable,
ccmparable data for different animals. Since these ranges
were not calculated from all daylight hours they cshould be
viewed as minimum range sizes. Table 3.22 summarizes
results showing that the dailly 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 gize 1= 10.25 ha (+
5.64).,

I further examined range gcizes for individual maras

over 24U hr periods. The start times and stop times were
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Figure 3.18. --Composite behavioural time budget showing
percent of scans in which maras were
different behaviours.
budgets.
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Table 3.22.--The number of hectares visited and distance
travelled by radio-collared maras in a day between 8:45
and 19:30. Only days were used where there was no more
than a single one hour gap 1n 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 841031.

Number Range Distance
Mara Date Fixes Size (Ha) Travelled (m)
SYF 840106 28 8.50 770
ENF 830321 qy 8.00 -
ENF 830323 39 5.50 -
ELF 830413 37 13.50 2573
PAM 830417 38 3.25 65U
GCM 830421 33 9.50 1532
PAM 830517 38 12.00 1276
ENF 830519 37 2.25 -
ELF 830803 36 7.75 1080
ELF 830827 37 10.00 5873
PAM 830922 26 4.50 711
ELF 830922 25 9.50 1767
GCM 830922 22 19.75 1984
SYF 831016 a4 6.50 957
SYF 841031 27 20.25 6326 *
ELF 831105 qu 9.75 1397
PAM 831115 73 10.00 1266
SYF 831117 49 11.00 1822
PAM 831216 81 23.25 1263
Mean 10.25%5 ha 1953 m
St. Dev. 5.6U 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
(ré = -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 maximi:ze
the number of fixes obtained within the sample period (see
Table 3.23). These 24 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 (R 0.22).

To discover how far animals travelled in a day I
plotted the movements, using program LENGTH (Doncaster,
1985), for those days for which I had previously calculated
daily range sizes. These dailly movement patterns are mapped
in Figure 3.19. To determine the distance travelled each day
I used a digitizing pad, with appropriate csoftware, on an
Apple Ile computer (courtesy of F. Vollrath, Dept. Zool.,
Oxford). The mean distance travelled in a 10 hr and 4% 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 thege daily wanderings:
there 1is no tendency for animals to come Dback 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, 1974).

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 i1intervals 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 recsults are accurate only to 15 minute
intervals and so might underestimate a given dufation of
visit by up to 30 minutes. However it 1s ¢lear that in the
bulk of observations (81%) animals stayed in one 50 X 50 m
Zrid cell for less than 50 minutes.

The pattern of daily movement which emerges from the
results presented above is one of an animal conhstantly on

the move: maras may cover up to a half or more of their



Table - 3.23.--Dally 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.

Daily Proportion of
Mara Name Date Range (ha) Seasonal Range

GCM 831019 13.75 0.11
TIF 831019 32.25 *
WOF 831026 10.25 *

ENF 830321 8.00 0.11

830514 4.50 0.06

830519 2.25 0.03

SYF 831016 8.00 0.09

831117 50.25 0.55

831214 4.50 0.05

840106 24.50 0.29

841031 36.00 0.20

ELF 831019 12.00 0.12

831104 13.75 0.14

831130 10.25 0.10

831219 60.25 0.73
PAM 830416 12.25 *

831114 20.50 0.17

831129 33.00 0.28

831216 23.25 0.48

Mean 19.97 0.22

St. Dev. 16.02 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 gap in the tracking record for an individual
mara during the above time period. The path shown for SYF
on 831117 18 based on data collected over 24 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
(1ii1i) 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 gstayed in that cell a further 14.99 minutes
before being recorded elsewhere. All times are in
minutes.

-Stay Time-

(Minutes) Maximum Number Proportion

Minimum Maximum Possible Observations Observations
0 10 40 396 0.67
10 20 50 81 0.14
20 40 70 35 0.06
40 60 90 22 0.04
60 90 120 29 0.05
90 120 150 11 0.02
120 180 210 12 0.02
180 240 270 u 0.01

> 240 - - 3 0.01
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seasonal ranges in one day, they rarely stay 1in one 50 x 50
m grid cell for more than 50 minutes, and their movement
patterns suggest no regular daily routine. The recults
covering the mara's behavioural time budgets show that the
animals spent cloce to half their time feeding every day.
This result must be an underestimate of foraging time since
it does not include time spent cearching 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 recources.

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 speciflic habitat features.

1. The general pattern of habitat usage.
2. Seasohnal 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 gee 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 3.2.4, 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, 831%
scrub, and 2% other. To determine 1f maras were exercising

any habitat preference the number of scans of animals 1in

each habitat was compared with the distribution of habitats

in the study area usging the X2 tezst (zee Table 3.25). To

insure independence between scans, and to limit the bias of
1

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

collecting radio fixes, data were cselected at hour
intervals. Of the 901 data points used from all 9
radio-collared animals, 6% (51) were in the unknown habitat
category. The X= test resgults zhow that the maras' 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) 1in =zcrub habitat (0.81 of
the area), but they sgspent sgcignificantly more time in the
open than expected. In fact, this underestimates this
effect since the =study area's habitat distribution was based
bnly 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.



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 1f maras had been using the study
area's habitat uniformly. The results of X2 tegts of
the significance of these differences are shown below
each table.

Habitat Proportion Obsgserved Expected X=

Lagoon 0.11 91 104.15 1.66
Open 0.10 88 40.32 56.40
Serub 0.76 647 692.09 2.94
Other 0.03 24 13.44 8.30

Total X= = 69.3, P € 0.005

Lagoon 0 o} 16.66 16.66
Open 0.09 12 6.45 4.77
Serub 0.90 123 110.74 1.36
Other 0.01 1 2.15 0.62

Total X= = 23.41, P € 0.0058

———————————————— 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 h,62

Total X< = 99. 40, P € 0.005

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 2.0U4 31.07
Total X= = 46.16, P € 0.005
———————————————— Fall Habitat Data-----—-----—-=-=-=--—-—-—=c-—————-
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

e i i En A . - D w— . e — e - . —— o — - ——— ——— —— — - e e T mm e e e e emm T s e L S SR e e s e e e s e
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Cover 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 vegetétion cover in the study area.
The vegetation cover range for a mara 1is defined as the
subset of vegetation (300 x 300 m) cells which a mara had
visited. The vegetation cover range usage 1incorporates 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-Blangquet cover values for each of the
vegetation categories 1in the sampled area. Since these
' cover values are not normally distributed, the Mann-Whitney
test was used to distinguish differences 1in 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, gracs, 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 1f maras were
making any choices about which vegetation cover they
preferred overall since 1t reflects how 1long they
actually spent in cells with different cover values.

3. Between the maras' range vegetation cover and usage
vegetation cover, Thise compariszon 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
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within the area available to them as defined by the

range coveyr values.

Results of these tests are shown in Table 3.26. The
only significént differences found were that maras used
vegetation cells with a higher percent bare ground cover and
herb cover than expected 1f 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 1in the
maras diet than herbs (on the Peninsula Valdés) 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 = 80.60,
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% 1in 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 lagoone could have a higher concentration



Table 3.26.--Mann-Whitney tests comparing the

distributions of Braun-Blanquet cover values for the

study site,

range 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 4 Usage 4 142749.5 0.0897
Range 4 Site 4 30798.5 0.2567
Usage [} Site 4 954297.0 0.0095 **
Herb Covepry
Range 3 Usage 3 142468.5 0.0810
Range 3 Site 3 31104.0 0.1168
Usage 3 Site 3 956417.5 0.0017 **
Gragsg cover
Range 3 Usage 3 148480.5 0.4780
Range 3 Site 3 29537.0 0.5109
Usage 3 Site 3 943037.0 0.7951
. Shrub Cover
Range 4 Usage 3 159641.0 0.2252
Range 4 Site 4 29668.0 0.6375
Usage 3 Site 4 938134.0 0.1331
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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 1is
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
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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. X* tests show a significant difference in the
number of s8cans of maras 1in different habitats (X= =
80.60, df = 9, P < 0.001).

-Winter- -Spring- -Summer- ~-Fall-
Habitat Obs Exp Obs Exp Obs Exp Obs Exp
Lagoon 0] 15 58 39 20 14 13 23
Open 12 14 55 38 14 13 7 22
Serub 123 104 244 280 85 98 195 165
Other 1 u 11 10 10 4 2 6
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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: (1)
maras are primarily grazers and not browsers--in 8463 scans
of adult maras they were only observed browsing on 8
occasions compared to 4702 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 1in the presence of plant cuticles 1in faeces.
Cuticle 1s the thin waxy, protective layer covering the
"surface of the leaves and steme of plants. The cuticle of
each plant species has a characteristic pattern which can be
used to identify 4it. Through inspecting (using a
microscope) the cuticles in an herbivorous mammals' faeces,
and comparing them with a reference collection of cuticles
of known plants 1in the study ares, the plant species
consumed by the animal c¢an be identified. By wusing 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
(1ii) differential digestion of the specles 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).

Photograprh illustrating mara grazing behaviour. Note the

small size of the mara's mouth, and the vegetation being fed
on.
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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 1is
an easy task to identify these two groups of plants by the
different patterns of the celle outlined in the cuticles:
monocotyledenous plant c¢ells 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 gehtly crumbled together into a
petri dish and mixed thoroughly. Domestic bleach (8%

available chlorine content) was diluted in the proportion of
1: 5, and this solution was poured onto the faeces. The
solution was left to socoak 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 1intervals
counting the number of cuticle fragments which were
identifiable as either dicot or monocot. A total of U476

cuticle fragments were 1l1dentified as coming from grass
plants, and only 36 as coming from herbs. Thie 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 1s that grass plants play a more
important role 1in 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 i1identified, compared to
14 herb cuticle fragments, giving a ratio of grass to herbs
of 51:1. A X# test found this grass to herb ratio to be
significantly different from that of the adults (X2 = 20.03,
af = 1, P < 0.005). Thus it appears that grasses may
constitute a larger proportion of the pups' diet than the
adult diet. It seems 1likely 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).

6 a n tween Pai

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 bverlap and correlation
between maras' ranges throughout the period during which
pairs were tracked together, and within seasons.

Before going on to present the resgults 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 U4). Figure 3.24 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



Figure 3.24.--ICELL plot of all the locations recorded for
unmarked maras at the La Blanca study area during the entire
pericd 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 béing 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 1illustrates 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 U4 maras who were tracked
for longer than one ceason. 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 overlappling varied from 0.0 to 0.29. The correlation
of ranges using the Spearman rank correlation for animals
whose rangeg 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 0

maras, Table 3.29 summarizes the number of hectares, and
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Figure 3.25.--Spatial overlap of maras' ranges. The symbol
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Table 3.28.--Overlap of ranges between animals
throughout the period in which both maras (pairs)

compared were followed.
ranges shared,
range overlapping with the other,

animals'

The number of hectares both
the proportion of each mara's
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 re
ELF PAM 830413 - 840222 u8.00 0.29 0.27 -0.U46

ELF SYF' 831005 - 840222 0 o o -

ELF TIF 831005 - 840222 1.25 0.01 0.01 -0.84
PAM SYF 831005 - 841122 26.25 0.13 0.09 ~0.68
PAM TIF 831007 - 841122 5.50 0.03 0.02 -0.82
SYF TIF 831007 - 841122 5.75 0.02 0.02 -0.83




Table 3.29.--Overlap of home ranges of individual maras

in different seasons of the year.
each comparison are:

ranges shared,

the row (iii) animals'

Numbers given for

(i) number of ha both animals'

and the proportion of the column (ii) and
ranges in the overlap 2zone.

Meagsurements of overlap were obtained using ICELL.

Season Comparisons Made
Mar-May ENF
1983 ELF 21.75
(0.29,0.15)
June-Aug ELF
1983 PAM 15.00
(0.20,0.17)
Sep-Nov ELF PAM GCM
1983 PAM 17.25
(0.17,0.15)
GCM 29.50 34.00
(0.29,0.24) (0.29,0.28)
SYF 0 8.00 2.0
- (0.07,0.07) (0.02,0.02)
Dec-Feb ELF PAM SYF
1983-1984 PAM o}
SYF o} 0
WOF 3.50 2.00 0
(0.04,0.11) (0.04,0.06) -
TIF o} 1.50 0.50
- (0.03,0.02) (0.01,0.01)
Sep-Nov SYF TIF TUM
1984 TIF 1.75
(0.01,0.01)
TUM o} 33.00
: - (0.17,0.36)
PAM 0.25 1.50 0.50

(0.0,0.0)

(0.01,0.02)

(0.01,0.01)
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proportions of ranges, overlapping for five seasons from
Fall 1983 to Spring 1984. 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 2zone 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
rangee than the minimum degree of c¢oncordance (-0.44) 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 =1405 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 1illustrated 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.



Table 3.30.--Spearman rank correlations between

different maras'
both animals were tracked,

Correlations given only where ranges overlapped by at
least one 50 x 50 m cell.
both animals compared were tracked,

ranges did not overlap.

Maras

ranges during entire period in which

and within seasons.

Stars mark seasons in which

but where their

Mar-May Jun-Aug Sep-Nov Dec-Feb Sep-~-Nov All
Compared 1983 1983 1983 83-84 1984 Data
ELF-ENF -0.589 - - - - -
ELF-PAM - -0.556 -0.640 * - -0.462
ELF-~-GCM - - -0.U406 - - -
ELF-WOF - - - -0.638 - -
ELF-TIF - - - * - -0.843
PAM-GCM - - -0.274 - - -
PAM-SYF - - -0.758 * -0.761 -0.679
PAM-WOF - - - -0.779 - -
PAM-TIF - - - -0.832 -0.781 -0.817
PAM-TUM - - - - -0.830 -
SYF-GCM - - -0.833 - - -
SYF-TIF - - - -0.844 -0.852 -0.834
TIF-TUM - - - - -0.179 -




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-

ELF ELF ELF PAM _ PAM TIF
Month PAM SYF TIF SYF TIF SYF Mean
Aug 7.67 - - 11.20 18.28 14.92 13.02
Sept 5.34 - - 11.17 18.26 16.22 12.75

Oct 7.45 13.02 11.34 12.56 13.32 16.24 12.32

Nov 11l.11 18.94 12.01 11.50 13.83 18.19 14.26




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 Jjoining 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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3.6.3 Mara Spatial Organization

Above, I have shown that mara home ranges are not
statiec 1in 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 palrs 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 palrs are avoiding each other. Overlapping
ranges are tessalated, rather than overlayed, on top of each
other.

Mara ranges are not uced exclusively by one animal
or a group of animals, thus their spacing patterns clearly
do not fulfill the regquirements 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 exXpected from a
random occupation of suitable habitat. Decspite 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 c¢considered
suitable habitat then different conclusions could be drawn.
The tessalated nature of mara cspacing patterns, the

infrequency with which pairs are seen together, and the fact

- 6% -



MARA ECOLOGY AND SPATIAL ORGANIZATION

that males may engage in fighté when pairs meet, clearly
suggest that maras are avoiding each other (see Chapter 4).
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 c¢heetah females:
thelr ranges may overlap completely, but they are never in
the same place at the same time (as previously suggested by
Eaton, 1974). 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 1is purely speculation.

- 3.7 Summary

The gocal of this <¢hapter 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 1little data. This was necesgsary so that the
results in the following chapters could be seen within as
thorough an ecological framework as posgsible. With results
on so many toplies 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' home ranges were
not stable in size or location. The animals were
continually moving into new areas. Mara movements were

- 66 -
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constrained by the need to return to breeding den sites
each year (see Chapter 5), so all the ranges mapped were
located within 2 Kkm 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.

When looking at the configuration of ranges over periods
of several months, the boundaries of the area covered
are highly convoluted with 1lots 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 1look at the
movement of maras over time, ranges were analyzed 1in
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 1s considerable cspatial
overlap - between maras' seasonal ranges, all of which
seemed to maintain a c¢central core area used throughout
the period the animals were tracked. There was no
consistent pattern 1in the changes in direction,
orientation or location of ranges.

Daily range size, the number of hectares visited during
daylight hours, varied from 2.25 to 23.25 ha with a mean
of 10.2%5 ha (+ 5.64). 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 50 minutes within 80% of the cells visited. I was
unable to discern a pattern in thelr daily movements.
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 1in 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.

Animals were feeding 1in 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 1in +the other cseasons.
Maras moved proportionally less 1in the summer. Overall
they spent U46% of thelr time feeding, 18% sitting, 24%
resting, 8% moving, and u% engaging in other
behaviours.

In roughly 76% of the fixes, the radio-collared maras
were 1in scrub habitat. However, the animals spent
significantly more time in the open than expected 1f
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 no? 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 Valdés, 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
hever drink.

On the Peninsula Valdés maras are primarily grazing
animals; They were only recorded browsing on shrubs in
8 s=cans compared to 4702 scans of maras grazing. They
are probably selective feeders since they have tiny
mouthe 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, suggzesting that grasses play a more important role
in their diet than herbs.

The amount of overlap bstween the seasonal ranges of the



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.

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 sgpatial 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 1living 1in the same
area actively avoid each other. Too little evidence 1is
available; but it may be that maras are territorial in
the same gense that Doncaster (1985) has shown in red
foxes: ranges overlap considerably when looked at over
long periods of time, but the area 1in use at any moment
by a given animal (or family) is an exclusive use zone

into which other foxes =seldom venture.



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 1is rare 1in
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 c¢hapter are to describe how the pair-bond
functions in maras, and to anaswer the guestion of why this
speclies has adopted this =szocial system.

The chapter will be divided into the following seven
sections: (U.2) a review of the ecology of monogamy with
reference to mammals, (4.3) a survey of the literature on
maras, (U4.4) 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
peﬁspective. (4.7) tests of the various hypotheses as to why
maras have adopted this social system, and (4.8) a summary

of the most important findings in this chapter.
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4.2 Monogamy in Mammalg

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. OCeccasional covert matings outside the pair do
not negate the existénce of nonoZamy. Monogamy does not
necessarily imply a life-time relationship since, if ocne

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

‘Clutton-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 ag having arisen for a variety of reasons 1in
ifferent taxa (Kleiman, Jp. cit. and 1381, Dunbar, 1984;
Wittenberger and Tilson, 9p <i1t.).
Monogamy has been described as a rare mating system
in mammals: Kleiman (0p, <it,) reporte 3X%, and Crock (1977)
reports that 12.5% of the mammal specles studied have this
breeding system. However, Zeveloff and Boyce (19380) report
that 52% of the mammal species in their sample (N=155),

which they admitted to be biased, were monhogamous. 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, raiced +the point that the KkKind and
quantity of 'parental investment' in offspring by males
versus femalesgs are very different in mammals. Parental
1nvestment‘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 <it.). Thig point ig pivotal
in understanding why there appears to be a bilas towards
polyzyny in mammals. The ways thiz 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 canhot be produced ad
libitum, and gestation periods are long (up to 12

months or more); so, compared to males, females of many
speciesg 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 g0 to waste through offespring
mortality. Further, with their mammary g£lands (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. Thisg males c¢cannot

do.

- The initial investment by males in their offspring
conslists of a small guantity of easily produced sperm.
This, and the 1low 1likelihood 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, «it,) degcribes the simplest mammalianh social

system as one of short stages of adult male and female

- 7‘2_
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interactions that result in conception, short periods of
maternal care of the young, probably exclusive Dbut
overlapping home-ranges, and polygyny. This system may have
been the primal mammalian social system (Wilson, 1975), and
it probably aricses in mammals because of this differential
parental investment 1in offépring 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 similér level of investment, females are almost as .likely
as males to abandon the yocung to their mates' care. The
incentive for males to attempt to mate promiscuously may Dbe
small since they stand a high probability of 1losging their
entire investment through offspring mortality if they desert
the young. Malesg, thus, may best enhanée their inclusive
fitness (Hamilton, 196%) by staying with the female to help
rear the young. The result is=s that roughly 90% of bird
species are monogamous (Lack, 1968)7

Why then does monogamy ever occur in mammals?
Several hypotheses have been proposed--and most authors

agree that no gingle 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

develcped in different situations.

4.2.1 Preconditions for and Nature of Monogamy

These conditions do not necessgarily always result in
monogamy but they may be necessary for other factors to take
effect.

Kleiman (Op, «it,) has sguzgested that monogamy may
evolve when group living' iz favoured {(see Chapter 5 for a
detailed discussion of group 1living). Group living may be

favoured  for the following reasons: (1) a lower
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susceptibility to predation through either group defense
(see Kruuk, 1964 ) or cooperative vigilance (see Kenward,
1978)., (ii) 4improved acqguisition of food (see Kruuk, Jg
cIit)), and (1iii) localization and limitation of =zome resource
(see Cowan and Garson, 1985). However, the advantages to
1iving 1in groups on their own would not necessarily lead to
mohogamy since groups could just as easily consist of, for
example, two females as one male and one female.

Females must obtain benefits from monogamous
palr-bonding that are not otherwise obtainable (Wittenberger
and Tilson, 9p, <i1t.). Theze 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 “he true mated status of potential mates, and

mates must not desert.

Kleiman (1977, 1981) 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

monhogamy are characterized as follows:

ativ on = s which is typified by the follo&ing: a
weak pair bond, polygyny occagionally 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.

obl te Moho , which 1s typified by the following: sex
role differenceg are slight and 1in =zome cases
reversed (females may be more aggressive than males

and more territorial), males exhibit paternal care
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as do Jjuveniles and siblings, young are dependent on
thelir parents longer (sometimes even while sexually
mature). the pair bond is strong, animals
synchronize activities, allogrooming often occurs,
sexual infidelity 1is prevented by intrasexual
aggression and by the reproductive inhibition of
siblings and offspring by the breeding pair, and the
dispersal of young 1s forced by intrasexual

azzression.

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 1981l; Dunbar, 19814; Zeveloff and

Boyce, 1980; and Wittenberger and Tilson, 1980):

1.

The young need direct or indirect, nonshareable and
indispensable, paternal care to szurvive (from Kleiman,
1977, and Trivers, 1972). Paternal care can take two
forms: (1) direct care where males either carry the

young (e.g. in Callicebus molach a mono

*

amou crimate,

tn

o )

Mendozg and Mason, 1986), bring food to the young (e.z.
wolvesg, Mech, 1970), or both; and indirect care, either
by males defending a territory guaranteeing the female

and young access to the rezources they hnheed (e.g.

'elephant shrews, Rathbun, 1979), or guarding the young

and females from predators (e.g. kKlipsgpringer, Dunbar,
1984). This is supported by Zeveloff and DBoyce's
findings (1980) that there is a sgtrong 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 pericds typical of

species producing altricial young.
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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). (i1i) 1In conditions of 1low population
density, usually as a function of food resources being
in rieh but widely dispersed patches, where only a
single female may be available to a male i1t may be
uneccnomic for the male to try to defend a territory
large enough to encompass the ranges of several females
(fFrom Kleiman, 1977 e.g. dikdiks, Hendrichs and
Hendriches, 1971).

Mohogamy cshould evolve in territorial sp ; 1if pairing

with an available unmated male is alwa, < vetter than

palring 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, <Id,). Parental acssistance by males may be
important but not indispensable to females (e.g.

reedbuck; Jungius, 1971).

Monogamy should evolQe 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, Jp. <it.). Thisg fypicaily occcurs
where sex-ratios are  male biased. Under these
conditions femaleg may or may not benefit, but the cost

of preventing sequestering is too high to resist

Monogamy should evolve aven though the polygyny
threshold is exceeded if aggression by females prevents

males from acquiring additional mates (Wittenberger and
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Tilson, Op, <1t,). 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).

4.2.3 Consequences of Monogamy

Once monogamy had formed various energy saving
cooperatiye 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 size and behaviour occurs in some mammals.
However, in monogamous mammal s=pecilies there 1is usually a
minimum of sexual selection, and sexual dimorphism 1is
typically reduced (Kleiman, 1977; Ralls, 1977). Kleiman (0
cIty) described how nohe of the monogamoug forms copulates
outside the physioclogical ocestrous period (in contrast with
polygynoug cgpecies) except the primates. The time sgpent in

sexual and courtship behaviour could be reduced once a bond

has been established. Thig would save énergy for such
behaviocurs 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
bresent 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 malesyfrom

approaching and mating with 'their' 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 1inter- and intra-sexual
aggression énd 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 1importance 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, avallability or selectivity of
mates, predator pressures, and energy budgzets 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 physioclogical or morphologzical adaptations.
For these reasons the mating system of a zpecies might be
expected to stray from what 1s considered 1its norm in
"different habitat types. Thus, zome species consldered to
be basically monogamous might under some circumstances
exhibit polygyny or vice versa (Kleiman, 1977 Emlen and
Oring, 1977; Zeveloff and Boyce, 1980). But, Clutton-Brock
and Harvey (1977) report that in primates monogamous
breeding seems to be an extremely stable characteristic, and

that the gswitch from monogamy to polygyny is not easily

achieved.
4 v ieg r

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, 1974). Genest and Dubost (0p, <it,) further described

the following characteristics of the mara's pair-bond:

1. The bond between mates 1s 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

ava;lable.

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' (5Is) leaders zince 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, 1f 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)

0

The mara's highly visgible white rump patch may serve as
a flag to show that the female is active since 1t is
only viesible when a mara is standing or moving about,
and is hidden when the mara 1is =sitting (they uUsually
Zracze in a sgitting posgition) or lying. The other
possible aid 1s (ii) a low 'zrumble' 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 zround 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 ocestrus may be pursued aggrescsively by other
males, and intense fights can develop between the
oestrous female's maie and other males. But, these
fights usually occur after the female has already mated
with her partner (presumably because he ig aware of her
reproductive state soonest), and males usually return to

their own partners within an hour.

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 nate. Lene female in the captive

(]

population, however, reproduced at the same rate as

pair-bonded females.

The male does not take part 1in the rearing of the
young. However, since he 1is 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 assgist a female in
difficulty. In one case a female with partially
paralyzed hindqQuarters was able to support hercself

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. <it,) 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
iz a response to specific ecological conditions.'" In the
results presented below I will try to place the mara's

gsocial system in perspective with its ecology 1in the wild.

4,4 Methods

The data sets used in this c¢hapter 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 scansgs on the same animals may not be
statiztically independent. Thiz problem was minimized by

sampling, where necessary, from the =can data at a 1 hr
interval to limit the effect of behavioural

auto-correlation.
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4.5 Are Wild Maras Monogamous?

The data on captive animals (see Section 4.3 above)
shows c¢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 1s of two types: (1) the
distribution of observations of different group sizes which
I observed in the wild, and (il) case studies of intencsively
observed identifiable individuals. Each of these will be

addregsed in turn.

4.5.1 The Distribution of Group Sizes

Whenever maras were observed in the field I
attempted to determine how many 1individuals there were in
each group, and how many of these individuals were of each
sex. A zroup 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 obsgservation of a zroup could vary from a
brief gsighting, 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 dJdata cet for this analysis all
observations of unique groups (not countingz the same group
more than once for a given aay) were exXxtracted 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
obzerved. In total I was able to obtain estimates of the
number of animals in §07 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 ohe observation scan, the
distribution of membership sizes was compared betweeh groups
recorded in one, and more than one scan. The median number
of adults 1in the U39 groups which were recorded in single
scans was 1 adult (54% of the total). For groups recorded
;n 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 Manh-Whitney test (W = 165668, P <
0.000), with groups seen only once being significantly
smaller than groups seen several times. As a presult, only

groups recorded in 2 or more observations scans during one
observation session were used for the analyses done below.
Examining the group compogition 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 1lone females, 8%
congisted of lone males, 6% consisted of 1 male with 2
females, and 6% consisted of groups with other
compositions. A X test on the number of groups containing
1, 2, and more than 2 adults 1n different bi-monthly blocks
was made to investigate whether group composition changes
during the year (see Table 4.3). The overall X% zhowed that
there were no significant differences (X% = 17.59, df= 10,

NS) in group size between bi-monthly blocks.

With these resultsg it iz clear that the majority of

groups consist of one male and one female, and that this is



Table 4.1.--The distribution of numbers of maras counted
when groups 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 Observed Once Obgerved >= 2

"Adults

in Group Count Prop Count Prop
0] 4 0.01 5 0.01
1 240 0.54 105 0.23
2 166 0.38 266 0.57
3 22 0.05 70 0.15
4 7 0.02 16 0.03
5 0] o) 3 0.01
6 2 0.00 1 0.00




Table 4.2.~--The distribution of the number of adults of
each sex in observed groups. Only groups used where the
gexes of all adult members were know. A total of 288
males and 337 females were geen in groups where the
gsexegs of all members were known.

Group Total Prop
Composition Count Total
1 Male Only 27 0.08
1 Female Only 62 0.17
1 Male & 1 Female 223 0.63
1 Male & 2 Females 22 0.06
1 Female & 2 Males 8 0.02

Other 14 0.04




Table 4.3.--The distribution of group sizes in different
months of the year. Oonly groups used where the sexes of
all adult members were known. Also, shows results of a
X2 test of whether there were significant differences in

group size in different bi-monthly periods during the
year. : '

Number of Adults

1 2 >2
Months Obs Exp Obs Exp Obs Exp
Jan-Feb 1 1.50 5 3.83 (o] 0.67
Mar-Apr 9 8.00 20 20.40 3 3.60
May-June 7 6.75 15 17.22 5 3.03
Jul-Aug 5 14.75 us8 37.62 6 6.63
Sep-0Oct 4s 43.2%5 109 110. 31 19 19.44
Nov-Dec 22 14.75 . 30 37.62 7 6.63
Total 89 89.00 227 227 .00 40 40.00

— e D EE IR e G D D G N GED G W W e e W SR G G T T GEP E S e Gt G G MM G LR S S S G SND eEe D G S S R G G S S S TS G M LD SmR G e s

0.17 0.36 0.67
0.13 0.01 0.10
0.01 0.29 1.27
6.44 2.86 0.06
0.07 0.02 0.01
3.56 1.54 0.02

- - = M — . D m - G R WU WS G Ama W A G Ama e GED WA VM MR SN GE M MER SIS G MU D W WP W G e e S T G TUR GUR S M G S G e S e et oS e S e

Total X= = 17.59, A4f = 10, 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, (11) pair-bonded maras

might not spend all daylight hours together, or (1iii)
because of the short span of time most groups were watched
there may be weaknesses in the data. How long the bonds
between Khnown 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 thesge three pairs are

summarized below:

1. LRF and LR}H were ceen together at Estancia Larreburu
from 17.9.81 to 12.11.81. Both ahimals were present

every time this pair was observed.

2. GIF and TDM were captured at Puegsto Centenario and
were only s=een on two occasions. They were first ceen
on 27.7.83 and last seen on 5.9.384, a span of 406

days.

3. TIF and LEM were obsgerved together from 17.10.83 to
15.12.83. Both animals were radio-collared and I was
able to follow them extensively. After 15.12.83 they
were not found together again. LEM died shortly after
being last tracked on 22 February 19384. TIF was

tracked until 23.11.84, and was with a new mate 1in



Table 4.4.--The period over which individually

jdentifiable maras were sighted, and the identity of
accompanying animalg. M = Male, F = Female, J =
Juvenile, AA = Adult of unknown sex.
Mara First Animals Last Animals Span of
Name Sighted With Sighted With Days
CAM 31.8.83 22.9.84 PJF 388
ELF 21.3.83 Alone 2.5.84 ? 408
ENF 5.3.83 2 J,1 24.6.83 i1 M 111
GCM 18.4.83 , 18.1.84 4 Ad 306
GIF 27.7.83 TDM 5.9.84 TDM 4obé
JAF 15.6.83 3.9.84 i1 M 446
LEM 7.10.83 TIF 22.2.84 ? 138
NAF 12.6.83 2 Ad 16.11.83 ? 157
PAM 13.4.83 22.11.84 Alone 589
PJF 2.10.83 2P, 1Ad 22.9.84 CAM 356
PUF 15.10.83 iM, 1F 20.12.83 TIM, 3 3J 66
SLF 7.10.83 2 Ad 21.11.84 i1 M 411
SYF 5.10.83 Alone 23.11.84 2 41s
TEF 17.10.83 1.12.84 1 M, 1 J us
TIF 7.10.83 LEM 23.11.84 ? 413
TIM 15.11.83 12.9.84 Alone 302
TUM 28.9.84 23.11.84 ? 56
WAM 2.8.83 16.11.84 ? 106
WOF 7.10.83 8.4.84 ? 184
LRF 17.9.81 LRM 11.11.81 LRM 55
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September 1984. It is probable that they s=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 1n which I was able to estimate zroup size. From this
;able 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 thelir 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 U4 out of the
7 two week periods during which I was able to obtain a group
size estimate for her.

Can we then clearly =zay that maras are monogamous?
The data on captive animals seem conclusive, but those
gathered in the wild are not =0 clear. Thie is a common
problem 1in field studies; because of the difficulty of
obtaining lifetime data on animals in the wild, the evidence
that a species has a monogamous soclal éystem is often
incomplete. Given this problem, Kleiman (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 pailrs 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



Table 4.5.--Changes in sizes of groups for Known maras.
Monthg are divided into bi-monthly periods. The best
estimate of group size for each of the identified maras
were used for each bi-monthly block. * mark entries
were the estimates of group size were made based on only
one or two sightings of the animal. In 63X (59:93) of
the periods animals were sighted in pairs (82%, 59:72,
if only the best data are used).

-MARA NAMES-
Months CAM ELF GCM JAF PAM PJF SLF SYF TIF

_1983_
Mar 2 2 2
Apr 1 2 2
2 1 ¥
May 1
2 1 2
Jun 1 :
2 2
Jul 1
2
Aug 1
2 3

-
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* %
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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 parturiticns must occur (see Chapter
5) in June and July, a time when maras are spatially
dispersed (see Chapter 3). This would, thus, 1limit a male's
opportunities to encounter and mate with other females (thils
point is discussed in detail in Section 4.7). with regards
to Point 3 above, although mara's home-ranges overlap
considerably there 1is evidence that the radio-collared
animals were avoiding each other in time and space (see
Chapter 3). Kleiman's last point is not relevant szince maras
do not live in family groups. The overriding evidence that
this species has a monogamous social system 1s the group
size data--maras are seeh 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 occur in other bacically
monogamous specles (for example klipspringer, see Dunbar and

Dunbar, 1974).

L.5 The Nature of the Pair Bond

laticocnship between

]

In this =zection the behaviocural v
paired maleg and females will be investigzated. 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 beeh presented before. The topics which will
be covered are: (i) spatial maintenance of the pair bondg,

(ii) behavioural coordination between mates, (iii)

behavioural differences between the sexes, and (iv)
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interactions between pairs. A nhumber of other aspects of

the pailr bond will be discussed in detail at the end of the

gsection.

4.6.1 Spatial Maintenance of the Pair Bond

I have already shown that the male-female pair 1is
the commonest group scsize seen throughout the year (cee
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 obszserved was U06 days, see Subsection 4.5.2).
Here, data on the sgpatial 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 U4.6. 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
85% of the observations maras were within 10 mara 1lengths
(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 tect. But, no significant differences were found (¥= =
11.89, 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 gceems to maintain the =zame intensgity thoughout the

year.

L.6.2 Behavioural Coordination Between Mates

Two topics relating to the maintenance of contact

between paired animals are discussed below: (i) how the



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 4 0.008
o - 2 70 0.15
2 - 5 184 0.38
5 - 10 ‘ 147 0.31
10 - 20 4s 0.09
20 - Lo 12 0.02
4o - 100 3 0.006
> 100 14 0.03
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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 (1ii) 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) 1is 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
dlready 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 (1974) have shown that travelling pairs walk or trott

in single file with the female usually leading the

procesgsion. They further suzgest that females initiate most
activities. Here two topics will be examined in turn below:

(i) initiation of movement (reiterating maﬁerial covered by
Genest and Dubost, Op <id,), but redone on my data to check
behaviour of wild maras), and (ii) hcw each sex monitors
their mates' movements.

while ccllecting 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 XZ test was uszed to compare the number of times malesg and
females moved away and towards their mates between =scans.
The expected values were derived oh the basgise that both
sexes move towards and away at the sSame freguency. Males
were found to have moved towards theilr matesgs significantly
more often than females, and females were found to have
moved away from their mates significantly more often than
males (X = 79.53, df = 4, P < 0.005). Thesze results clearly
support Genest and Dubost's (9p <it.) findings that females
initiate most movements and that males follow the female.

To investizate the second topic: during the 1983 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

follewing results were obtained (summarized in Table 4.7):

- X= teztsz were usad to examine whether both sexwes
oriented independently of their mate's position. The

expectéd valueg for this test were made on the basis
that 1f the csexes were-orienting independently of their
mates position they should have their heads oriented
towards their mates 1n 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 X=2
test gave significant raesults showing that head

crientation wag rnot independent of the mates rosition

(males: X= = 14.96, df 2, P < 0.005; females: XZ =

I}



Table 8.7.--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= tegsts further reveal that the
only significant difference is in the orientation
towards mate category with males oriented towards their

mate significantly more than females (X=® = 6.05, 4af = 1,
P < 0.025).

Male Orientation with Female Orientation

Orient- Males Females
tation Observed Expected Observed Expected Total

Towards 29 21.99 14 21.01 43
Side 27 28. 64 29 27 .36 56
Away 34 39.38 43 37.63 77

Total 90 90.00 86 86.00 176

2, P < 0.05

.

Orient- Males Females
tation Observed Expected Observed Expected Total

Towards 29 22.50 4 21.50 43
Side 27 45.00 29 43.00 56
Away 34 22.50 43 21.50 77

Total 90 90.00 86 86.00 176
Total X= 14.96 28.67

(2 arf) P < 0.005 P < 0.005
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28.67, de = 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 thelr mates less than expected.

- To 1look at the differences between male and female
orientation a X< tezt was made comparing the head
orientation of the sexes. The results showed a
significant difference between males and females (XZ =
6.27, df = 2, P < 0.05). However, looking at each
orientation category singly the only gignificant
difference found was that males had their heads pointed
towards theilr partner more than females (X® = 6.05, arf

= 1, P < 0.025).

For the females +these results are similar to those
on movement patterns, suggesting either that: (1) 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 posgsibilities make
little difference since they both suggest a pattern of
females' controlling the movementes of the pair.
Interpreting orientation results for the male 1s more
complicated, partly because I have no data on the mara's
field of view. Small antelopes have a 270° field f view
(Dunbar and Dunbar, 1980) and maras having a generally
gimilar morphology., might be much the same. Thus, marasg
would not nheed to face their mate to Keep them in =ight. In
fact, when maras are obgerving 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 thelr partner they would have their head oriented
Parallel to their mates most of the time. This, as the

results above show, 1s not the case =ince 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
gcanning which, as will be discussed in Section u.7, has

relevance for understanding why maras are monogamous.

ehavi a oordinati

While watching maras I was impressed by the degree
of behavioural synchrony between partners: males and females
usually seemed to be doing the s=same thing at the =same time.
This kind of behavioural synchrony, if 1t 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 (9p, <ii,), and
Leuthold (1977).

To test. for behavioural synchrony, gcan data were
extracted wusing a 1 hr independence interval from the
QUERYMASTER data base. The behaviour codes were sorted into
6 Zeneral 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 sgummarizes
these observations, and also shows time Dbudgets for the
sexesg (also see Figure L.2). Looking at this table it is
clear that the bulk (57%) of the observations fall along the
middle line where both sexes were cimultaneousgly engaging in
the same gzeneral behaviour.

A X2 tezt was used to check whether members of pairs
were behaving independently of each other (see Table 4.9).
For this purpose the males 'Other' behaviocur category and
'Interacting with Pup' behaviour category had to be combined
to ensure obtaining high enough expected values for the

test. The X2 test showed that the cheserved values weres



Table 3.8.--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. 57% of the observations occur on
the centre line where both sexes were engaging in the
same behaviours at the scame time.

Male's Behaviour

Female's
Behaviour Feed Sit Lie Move Int W/P Other Total
Feed 118 38 12 14 o 6 188
0.392
Sit 13 56 a 8 (o] 3 aa
0.175
Lie 8 7 38 1 o] 2 56
0.117
Move 6 12 1 50 0 7 76
0.159
Inter w/P u 41 7 2 i 2 60
0.125
Other b § 5 1 2 (o] 6 i5
0.031
Total 150 159 63 77 4 26 479

0.313 0.332 0.132 0.161 0.008 0.054 1.000




Figure A4.2.--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).
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Table 4.9.--X2 tegt 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 Sit Lie Move Mscl

Behav Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp Total

Feed 118 58.9 38 62.4 12 24.7 14 30.2 6 11.8 188
sit 13 26.3 56 27 .9 a 11.0 8 13.5 3 5.3 8a
Lie 8 17.5 7 18.6 38 7.4 1 9.0 2 3.5 56
Move 6 23.8 12 25.2 b 10.0 50 12.2 7 4.8 76
IntW/P 4 18.8 41 19.9 7 7.9 2 9.6 6 3.8 60
Other 1 4.7 5 5.0 i 2.0 2 2.4 6 0.9 15
Total 150 159 63 77 30 479
X® Test Results
59.04 9.5 6.6 8.7 2.8
6.7 28. 4 4.5 2.2 1.0
5.2 7.2 127.4 7.1 0.6
13.3 6.9 8.1 116.8 1.1
11.6 22.3 0.1 6.1 1.3
2.9 0.0 0.5 0.1 27 .3
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significantly different from those expected (¥2 = 173.5, df
= 20, P < 0.005) if animals had been engaginz in different
behaviours independently of their mate's behaviour.

To further test the =sigznificance of this result, 2
by 2 X* 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 4.10). Only those cells where expected values
were 5 oOr greater were ucsed. The observed number of
observations of behaviour combinations are only
significantly greater than the expected values in five
cases: 1n the four cases where both sexes were engagingrin
the same behaviour (both feeding, both sitting, both lying,
and both moving); and when the female was caring for the
pups and the nale sitting.

Thus, the data =show that there 1s a hizh degree of
behavioural synchrony between mates. If the behaviour
combination where the female was caring for the pups and the
male sitting (=z2ince males do not otherwise c¢care for the
young) is included, 65% of the time both members of the pair

were enzaging in eguiwvalent behaviours.

4.6.3 Behavioural Differences Between the Sexes

In thi=s subsection the differences between male and
female behavicural time budgets will be examined (summarized
in Table 4.11 and Figure 4.3; also see Chapter 5). As above,
tehavioural zcan data were gelected for each sex at 1 hr
intervals. The number of times each sex was oObserved
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 scshow results of X= tezts
comparing the time budgets). Overall the time budgets of
males and females were found to be significantly different
(X2 = 119.05, 4f = 7, ©P < 0.005). The main differences were

that: males sit and interact with other adults more than

_92_



Table 4.10.--The results of 2 by 2 X® tests of the
likelihood of the co-occurrence of behaviours for mara
pairs. '+' and '-' in the 4 th column refer to whether

the observed value was greater or less than the derived
expected value.

-Behaviour- Number Number X=

Male Female Observed Expected Value P <
Feed Feed 118 + 58.9 142.3 0.005
Sit 13 - 26.3 11.9 0.005

Lie 8 - 17.5 8.6 0.005

Move 6 - 23.8 23.0 0.005

Int W/Pup i - 18.8 19. 4 0.005

Sit Feed 38 - 62.14 23.5 0.005
Sit 56 + 27.9 51.5 0.005

Lie 7 - 18.6 12.3 0.005

Move 12 - 25.2 12. 3 0.005

Int W/pup 41 + 19.9 38.2 0.005

Lie Feed 12 - 24.7 12.4 0.005
Sit u - 11.0 6.3 0.025

Lie 38 + 7.4 166.1 0.005%

Move 1 - 10.0 11.1 0.005

Int W/Pup 7 7.9 0.1 N.S.

Move Feed i4 - 30.2 17.1 0.005
Sit 8 13.5 3.2 N.S.

Lie 1 - 9.0 9.6 0.005

Move 50 + 12.2 165.5 0.005

Int W/Pup 2 - 9.6 8.3 0.005




Table 4.11.--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 X= gtatisticecs for each
comparisons made are shown in Tables 4.12 to 4.20.

Comparison Made Result

Male vs Females Significantly different. Males (1)
gsit more, (ii) interact with other
adults more, and (iii) interact with

pups less than females.

---------------- IN VS OUT OF BREEDING SEASON---~—cecemcmee—e——-

Females Significantly AdAifferent. During
breeding season females (i) feed less,
(11) sit more, (1iii) lie less, and (1iv)
engage in miscellaneous behaviours
more (ineludes parenting) than ocutside
breeding season.

Males Significantly different. During the

breeding season males (i) feed less,
(1i1) sit more, and (iii) engage in
miscellaneous behaviours (primarily
interact with other adults) more.

Significantly different. Maleg sit
more than females.
Male ve Female Significantly different. Females
at dens (1) it less and (ii) interact
with pups more than males.
Females, at vs Significantly different. At den
away from dens females (1) feed less and (ii1) engage
in miscellaneous behaviour (mostly
parenting) more than away from the den.
Males, at vs Significantly different. Males at
away from dens den (1) feed less and (il1) sit more
than away from den.

D A G e G G AL VMY GMD G SR S G A S e M E W G S AN SR MR WS R e AR G SN AN N SHS WP Sen S G S Gem mm D S S MR SR SRS S S Gk e S e e S S — a—

Male vs Female,
away from dens

Significantly different. Males (1)

feed less and (ii) sit more than
females while away from the den.




Figure 4.3 (2 Pages).

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
bpehaviour categories. Data taken from all observations
of adult maras selected at 1 hr intervals.

-Male Totals- -Female Totals-

Behaviour Observed Expected Observed Expected
Graze 166 ;82.80 225 208.20
Sit 157 118.28 96 134.72
Resgst 85 81.82 90 93.18
Move 54 54.23 62 61.77
Interact W/Adults 31 16. 36 L 18.64
Interact W/Pups 5 45.35 92 51.65
Other- 13 12.16 13 13.84
Total 511 511.00 582 582.00
X# Test Results 1.54 1.36
12.67 11.13
0.12 0.11
0.00 0.00
13.09 11.50
35.90 31.52
0.06 0.05
Total X* = 119.05, df =-7, P < 0.005

Table 4.13.~--Comparison of male and female behaviour
outside the breeding season.

-Malesg- ~-Females-

Behaviour Observed Expected Observed Expected Total
Graze 82 77.45% 104 108.55% 186
Sit 15 13.33 17 18.67 32
Rest 31 30.82 43 43.18 74
Other i4 20.040 35 28.60 49
Total 142 142.00 199 199.00 341

X* Teet Results 0.27 0.19

0.21 0.15

0.00 0.00

2.01 1.43

= 4.26, A4age Not significant




Table 8.1U.--Comparison of female mara behaviour during
and outside the breeding season.

-Non—-Breeding- -Breeding-
Behaviour Observed Expected Observed Expected Total

Graze 104 78.42 121 1346.58 225
sit 17 33.46 79 62.54 96
Rest 43 31.37 47 58.63 90
Other 35 55.76 125 i104.24 160
Total 199 199.00 372 372.00 571
X2 Test Results 8.35 4.u7
8.10 4.33
4.32 2.31
7.-73 4.14

Table 4.1%5.--Comparison of male behaviour during and
outside the breeding season.

~-Non-Breeding- -Breeding-

Behaviour Observed Expected Observed Expected Total
Graze 82 hé6. 32 85 120.68 167
Sit i5 43.54 142 113.46 157
Rest 31 23.57 54 61.43 8%
Other 14 28.57 89 74.43 103
Total 142 142.00 370 370.00 512

X*® Test Results 27.49 10.55

18.71 7.18

2.34 0.90

7.43 2.85

- m - - - - e P e . SRR S G R A IE G G S G A G A — W —————— —_—— —_———— W " ———— e — ——— —

3, P < 0.005

<
o
ct
W
i
»
N
i
~
~
&
wn
o
Ly
il




Table 4.16.--Comparison between male and female
behaviour during the breeding season.

-Males- ~Femaleg-
Behaviour Observed Expected Observed Expected Total

Graze 85 102.72 121 103.28 206
sit 142 110.20 79 110. 80 221
Rest 54 50. 36 7 50.64 101
Other 89 106.71 125 107.29 214
Total 370 370.00 372 372.00 742
X* Tegt Resgults 3.06 3.04
9.17 9.13
0.26 0.26
2.94 2.92

Total X2 = 30.79, df = 3, P < 0.005




Table 4.17.--Comparison between male and female
behaviour at breeding den sites.

-Male Totals- -Female Totals-
Behaviour Observed Expected Observed Expected Total
Graze 15 20.14 32 26.86 a7
Sit 63 u2.86 37 57.14 100
Rest 18 12.86 12 17.14 30
Move 12 12.86 18 17.14 30
Inter W/Pups 4 22.29 48 29.71 52
Other 2 3.00 5 4.00 7
Total 114 114.00 152 152.00 266
X® Test Results 1.31 0.98
9.47 7.10
2.06 1.514
0.06 0.o04
15.00 11.25
0.33 0.25

Total X= = 49.39, 4f = 6, P < 0.005

Table 4.18.--Comparison of male and female behaviour
away from den sites during the breeding season.

-Malesg- ~-Females-
Behaviour Observed Expected Observed Expected Total

Graze 70 85.51 89 73.49 159
Sit 79 65.08 42 55.92 121
Rest 36 38.18 35 32.82 71
Other 7y 67.23 s4 57.77 125
Total 256 256.00 220 220.00 476
X2 Teet Resgults 2.81 3.27
2.98 3.47
0.13 0.15
0.21 0.25
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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 32 49.44 89 71.56 121
Sit 37 32.28 42 h6.72 79
Rest 12 19.20 35 27.80 a7
Other 71 51.08 54 73.92 125
Total 152 152.00 220 220.00 372
X® Test Results 6.15 4.25
0.69 o.48
2.70 1.87
7.77 5.37

Total X* = 29.28, 4f = 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 15 26.19 70 58.81 8s
Sit 63 43.75 79 98.25 142
Rest 18 16.64 36 37.36 54
Other 18 27.42 71 61.58 89
Total 114 114.00 256 256.00 370

X2 Tegt Results 4.78 2.13

8.47 3.77

0.11 0.05

3.24 1.44
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THE ECOLOGY OF THE PAIR BOND

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 budgetse 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 (4.7).

4L,6.4 Relationes Between Pairs

Here I will be examining both the nature of the
behaviocural interactions and the =zspatial relatlionships
between pairs (covered in detail in Chapter 3).

Genest and Dubost (0p, <it,; and Dubost and Genest, Op,
-it,) have already described (also see Section 4.3) 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 eilther 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 resuit that losing
pairs were always quickly reunited. My observations support
these findings. The frequency of aggressive behavioural
interactions during the year are discussed 1in 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 94% 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. Agzgregsion at the den 1is probably

associated with the presence (or potential presence) of

females in ocegtrus. 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 pailrs so that maras can
minimize competition for food 1in any given patch (see
Chapter 3 and below).

In Chapter 3 I describe the maras 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 areag--within a year the
animals cover an area of about 200 ha, while at any
given moment the prevailing irange measures about 35
ha. On a given day animals covered a mean of 10.25 ha,

but may covey as much as 60.25 ha within a 24 hr
a

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

cgince they have tiny mouths apparently adapted for
choosing only the most nutritious food items. They

spend on average U46% 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 cshort time in any
given cell, szuggests 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 pailrs' utilization digtributions were very
different. Pairs 1living adjacently were not using the
same cells with the same intensgity, and may have been

actively avoiding each other.

othe

With the fundamentals of the mara's palr bond and
spatial organization (see above and Chapter 3) described, I
will now tackle the duestion of why mara's have adopted a
monogamous soclal system. In the 1light of the hypotheses
reported in the literature (gsee Section 4.2) as to why
mammals are monogamous, and the above results, I propose the
following not necescgarily exclusive hypotheses (szee Dunbar,
384, Kleiman, 1977; Kleiman, 1981; and Wittenberger and

9
Tilson, 1980):

1. Maras are monogamous becausgse 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 ig normally only adeqQuate 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.

Maras are monogamous becaucse males reproduce most

successfully by staying with a single female either

because:

2.1. There ics 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.

Maras are monogamous because female aggression KkKeeps
males from acquiring additional females.

Maras are monhogamous because of the need for direct
paternal care of the young.

Maras are monogamoug becauce females sgpend most of the
time feeding to meet their higzh enerzetic needs due to
the demands of lactation and gestation, and spend little
time predator scanning, and hence need a male to zuard

them from predators.

Each of these pogsibilities will Dbe addressed in turn

below.

Effects of Regource Disgtribution

Since detailed data were not collected on mara food

habits or food availability it is difficult to test this
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hypothesis directly. Instead 1 have had to rely on
inference from the maras' ranging patterns and spatial
organization.

It 4is straightforward to assess the first
sub-hypotheses: that the animals are spatially dispersed in

such a way that a viable home range ig normally only

adequate to maintain two individuals. This would reguire
different pairs to be occupying non-overlapping
home-ranges. Clearly this is neot 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) 1in 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 =zecond sub-hypothesis that: due to the pattern of
resource dispersion a maximum of 2 (or occasionally 3)
individuals <c¢an graze 1in a given patch simultaneously.

Below I present a list of relevant factors:

1. The general pattern of mara spatial organization is of
pairs inhabiting 1largely overlapping territories; but
with the wutilization distribution (zee Chapter 3,
Section 3.6) of maras using overlapping ranges being
negatively <c¢orrelated, 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 open
lagoon measuring about 8 ha. These large grazing groups
were only sighted in January and February. This 18 the
driest time of year, and it seems 1likely that the
vegetation on the lagoons at this time of year 1s 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 pateches (50 X 50 m cells) and staying 1n each patch

for less than an hour suggests that (i) the food
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resources in any given patch are gquickly 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 suggzests 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 1less 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 c¢onditions 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, 1t seems likely that they could
be more vigilant, and hence safer, foraging 1in groups. A
group of 2 or 3 maras might be the optimal compromise.
Thus, this argument may explain why maras live 1in groups of
2 or 3 animals, but it does not explain why mara groups

usually congist of one male and one female.

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 cex fatios 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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by taking their chances 1in a promiscuous 1lottery

system. Females may or may not benefit from beilng

sequestered, but the costs of resisting the male's continual

presence must exceed the costzs of accepting his presence.

The following factors =s=uggest that this hypothesis does not

apply to maras:

Males gtay 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 4.2 (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=1.93, NS), The presence of at least one trio

consisting of one male and two females (see Subsgection

4.5.2) also supports this. It seeme highly unlikely
that there were more males than femalesz in the
population.

The following factors are relevant to assessing the

second sub-hypothesis: that males do better by ztaying with

a zingle female.

The ranging ©behaviour of marasg 2suggest that their
movements in pursuit of food are relatively
unpredictable: the radio-collared animals were
constantly meving into new areas throughout the period
they were tracked, and their ranging patterns seemed
adapted to using unpredictable and irregularly
disetributed patches which were guickly exhausted (see
above and Chapter 3). Thus female maras must be,

likewice, 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 1lasts

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 f£ind.

Finding a female in ocestrus would be doubly difficult. The
energetic costs for males would be very high; and, in
addition, males would be forced into time conhsuming and

energet;cally costly fizhts with other males over oestrous
females. Under these circumstances the risk for a méle of
being at the wrong place at the right time would be high.
Female cspacing patterns would make it economically difficult
for a male, no matter how powerful, to monopolize several
females: the would be polygamist would =imply exhaust
himself searching for females 1in ocestrus, and fighting over
the few he found. Hence it seemg likely that males might
best ensure that they have an opportunity to .reproduce by
staying with a single female throughout the period in which
che 1s ©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
mizht either, prevent other females from entering the
territory, or Keep other females in the territory from
breeding through aggression. Becaucse female maras were
never observed acting aggressively towards each other there

is no evidence that the monogamous bond is maintained by

females.

- 100 -



THE ECOLOGY OF THE PAIR BOND

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 ig 1little direct evidence of
paternal care by male maracs. They neither carry nor bring
food back to the young. Hcecwever, males spend over half

their time (57% =ee 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 3itting for
several hours by breeding dens in the absence of females.
Sitting is the behaviocour category associated with highest
vigilance; and, as I will show 1in 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 youﬁg they do appear to 1invest 1in a
subgtantial amount of indirect paternal care: i.e. pup
Zuarding. However, it sSeems 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 Rezpons £ nexr tic Constraints

Throughout this chapter I have presented
congiderable evidence that maras pairs coordinate their

activities closzely:

- Males maintain contact with their mates, while females

move independently.

- 101 -



THE ECOLOGY OF THE PAIR BOND

- Males spend more time sitting (the behaviour associated
with highest vigilance) than females during the
breeding season.

- Females =pend 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 seeme unlikely,

however, that the advantages of this coordination are the

reason monogany has arisen in maras since a male could
£411 these roles for several famales, as the presernice of a
few trios ©of cone male and twe females suggests. Alzo,

Zroups of females moving together without males might be
able to benefit from most of the advantages of predator
defensze available to the monocgamous pair.

The answer to why maras are mcnogamous 1= complex,
as the evaluations of the hypcthesesz precsented above show.
Looking at these varioug hypothezes 1n 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

A3 o

trying to mate with several widely dizpersed 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 cestrus 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 1lesser
extent thelr 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 1t 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 gtriking aspect of the pair-bond 1s the high
dezree of coordination which has developed between mated
males and females. Also, it is interesting that Dubosgt and
Genest's (1974) study reports that an egually 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 sysztem 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 1s surprising that the
monogamous bond in the captive maras had not broken down
despite the apparent opportunities for males to increase
thelr reproductive success by monopolizing several females.
It would appear that maras are like the monogamous primates
for which monogamy has been reported to be an extremely

stable characteristic (Clutton-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 441 groups ceen, 63% consisted of 1 adult male
and 1 adult female. This pattern was maintained
throughout the year. In 62% (82% when only the Dbest
data are used) of the bi-monthly periods in which 22
individually identifiable maras were seeh, they were in
Zroups consisting of two ahimals--one male and one
female. Some animals, however, were =zsigzhted on their
own (25% of groups seen). In addition a few trios were
seen: 73% (22:320) consisted of one male and two females,
with the other 26% consizting 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. Thug, the available evidence clearly shows
that, as in captivity, maras in the wild form monogamous

pair-bonds which last throughout the year.

2. In 85% of the observations paired maras, identified
within ocbservation periods by their behavioural
synchrony and proximity to each cther, were within 10
mara lengths (77 c¢m) of their mates (N = 479). The
mailintenance of contact between paired maras may be
difficult, both because the zcrub vegetation 1s higher
than a mara, and becaucse animals move far during é day
(up to 6 km cor 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 =zerve as the
‘pPassive' leader of the pair (Dubost and Genest, 1974).
The same_seems to be true in the wild: females move away
from thelr mates more than malesg, 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 geared towards efficient predator scanning.

The degree of behavioural synchrony between paired males
and females is striKing: 57% of the time both animals in
a palr were observed they were doing the same thing.
There were, however, behavioural differences between the
time budgets of the sexes, summarized as follows: (i)
ocoutside the breeding season there were no significant
differences; while (ii) during the breeding season both
sexes feed lessg, sit, engage in interactions with other
adults, and interact with pups more. Further, females
interact more with pups (malesg 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 =itting 68% of the time.

Fightsz between males were observed almost axclusively
during the pupping season. This 1is the only time of
year in which males have ready contact with several

females which may be zexually receaptive.

The sugzgestion from the behavioural and orientational

differences between the zexes 1is that females are gesared

- towards finding food to fulfill the high energetic

requirements of lactation and gestation, and towards
directly caring for the pups. Malesg, on the other hand,
are geared more towards maintaining contact with their

mate, defending her from the approaches of other males,

0]

and scanning for predators which could zerve to protect
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both their mates and offspring.

Several hypotheses were evaluated to explain why maras

are monogamous. Three hypothezes, cach building on the
other, are suggested to trace the evolutionary pathway
leading to monogamy in maracs: (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 ocoestrous period, it is
energetically costly for males to find sexually
receptive females. Thus, the opportunities for méles to
mate with several females are low, £0 males may |Dbest
maximize their i1ncluszive fitness by staying with ohne
female rather than by trying to mate polygynously.
(1ii) Once monogamy has Dbeen 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 zocial zystem 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.
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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 4, maras
are monogamous with mated males and females remalning
together throughout the year. Despite their monocgamous
breeding system maras give birth to, and rear their pups at
communal dens; where up to 20 or more pairs créche.their
young tecgether 1in one burrow. This system 1is partly

anhalogous to thoszse found amecng certain birds (see for

example Vehrencamp, 1978, and Crook, 1964), but appears to
be unigque amongst mammals. The aime of this chapter are to
describe the mara's communal denning system, and then to

examine this system from an evoluticnary perspective to
determine what advantages it confers on individual maras.

In Section 5.2 the literature on why animals live in
Zroups will be reviewed to provide a theoretical background
to the <c¢hapter. Section 5.3 will be devoted to a
description of the breeding biologzy 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 c¢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 5.38. Finally, in

Section 5.9 the main findings presented will be summarized.
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e B c: Wh Animales ILive i Gro

Alexander (1974), amongst others, has argued that
there are no automatic or universal benefits from group
living. There are, however, a number of automatic and
universal disadvantages such as 1increased 1likelihood of

disease and parasite transmicsion, and increased intensity

‘of competition for resources, ineluding mates. Other
potential coste of group living include Zreater
conspicuousness, which may render an animal less effective
ag a predator or more vulnerable as prey; Iincreased

probability of misdirected parental care, and a heightened
risk of incest (Hoogland and Sherman, 1976; and Hoogland,
1979). Groups, then, must form and persis only 1f 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 adulfs within 30 m of
each other. Maras are herbivores, so I will be discussing
mainly those aspects of 'sroup-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
praedato

vigilant and hance safer from dators, than they
would be if alone (see for example Kenward, 1978).

Further, as zZroup silze increases the benefits of
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more animals watching may level off so that

individuals could spend more time doing other

things, gsuch ag 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 (=ee 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, 19745
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, 19768).

1.5. Although Zroups may be nmore conspicuous than
single animals, "it is unlikely that the number of
attacks on a group 1= proportional to its size; a
herd of =z=ay a hundred animals does not have to
withstand one hundred times as many attacks as a
lone animal' (Bertram, 1974).

1.6. Groupse could form for the simple reason that
scarce, albeit large, aggregations of animals
might te difficult for a predator to encounter

(Vine, 1973; and Treisman, -1975).

The nature of fcod resources may hecessitate animals
banding together to find, catech and/or retain prey which
individual animals would be unable to take (see Kruuk,
Op, «it; and Schaller, 1972). Theze reasong are typlcally

Epre

given to explain why zome predatory =specles 1live in

‘groups; but they may also apply to herbivorous

animals--e.g. Qquelea's (a specles of weaver birds)
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follow each other to food (de Groot, 1980).

3. The quality and distribution of some critical resource
such as food or a breeding zite may force the formation
of groups (see Alexander, 1974; and especially Cowan and
Garson, 1985). Jarman (Cp, <it,) for antelopes=, and Crook
and Gartlan (1966) for pﬁimates have found the following
general effects: (i) when resocurces are of low guality
and highly patchy in distribution they favour the
formation of small groups; (1i1) when resources are of
low guality and homogeneously diztributed they favour
the formation of large groups; (iii) when resources are
of high quality and patchy they favour the formation of
large groups; and (1v) when of high quality and
homogeneously distributed they favour the formation of
small groups which often are territorial.

4. Finally, certain patterns of "resource dispersion" may
create conditions where the smallest maintainable
territory can =zupport a group larger than the minimum
breeding unit. In this case, irrespective of advantages
to sociality, the c¢cost to a dominant of evicting
individuals may be greater than the cost of allowing
them to remain (Macdonald, 1983; Kruuk and Macdonald,

1985; and Carr and Macdonald, 1986).

4

According to Alexander {1974) zroups form as a

result of combinationz of the above gelective preszszures and,

thereafter soclal behavicur may evolve. Alexander gives
three reasons why social behaviour could arise in
Zroup-living animals: (i) it c¢could enhance the original
advantage of group 1living, (ii) it ¢could reduce the

likelihood of dizease and rparasite 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 speciles 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 maxIimus),
and the cavies (such as Cavia aperea, Galea musteloides, and
Microcavia australis) all 1live 1in sgzroups 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 bilrd species nest in colonies with
each pailr using its own nest (e.g. herring gulls; Tinbergen,
1953). However, few birds =szeem to have adopted a system
eimilar to the mara. In some species several females lay
their egges in one nest to be incubated by a zingle male:

e.z. rheas and tinainous (Bruning, 1974 and Lancaszter,

b}

ach gpair

i

1964). A few zpecies build communal nestsg in which

(

occupies a private chamber and rears it own brood: e.g. the
African weaverlike bird, Bubalorniz albirostriz; and the
wattled starling, Creatophora cinerca {(Crocok, 1964, and
Lack, 1968). In these 1last species, the advantage of

collaborating to this extent appears to be the improvement
in defense against predators (Lack, Op <it.).

One avian speciez which both malintains monogamous
pairs and nests commurially is the groove-billed ani
(Crotophaga sulciraziriz). In grocove-bllled anils, gZroups

are composed of monogamously mated palirs 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 sclitary 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 Blology

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
3.65 months (91 to 111 days, N = 58). They further suggest
that this variation could be due to (i) seasonal variation,
(ii) missed observations of 1later copulations, or (1iii)
delayed implantation of the foetus. Litter sizes vary from

1 to 3; and Dubost and Genest (Op <it) reported that of 63

pregnancies recorded to term 70% produced twins, 25%
produced single pups, and 5% produced triplets. DBecause of

difficulties in marking pups I was unable O accurately
determine 1litter sizes 1in 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
3ingle pup each. These results suggest a similar pattern in

wild mara litter gizes to those reported by Dubost and

Genest (Op, cit.,).

5.3.2 Parturition

Maras were obeserved 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, Fuesto El1 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 intenselyvinvestigating the area around the dens at
egach study =site. An example of this is that on 3 October
1981, at Estancia Larreburu, I saw a heavily preghnant 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 obgerved 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 femaleg 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 gLave 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 1led the
tottering and extremely vulnerable pup to the den. Since I
saw Sso few births, despite the numerous hours spent
observing at densg during periods when births must have bLeen
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 nizht 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. Twe to three hours after birth the females left
the den area.

The role of the male during these three births
appeared to be important. EL1 and SY1, in pa
repeatedly chased other pairs away from the den. EL1 c¢has
other maras 27 times 1in 5.5 hrs, SY1l c¢hased 16 times in 3
hrs, and the unmarked male chased twice in i} hrs at the
den. Both the unmarked male and SY1 showed great interest
in the newborn pups--sniffing them carefully. EL1 zhowed 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 oesgtrus. The <closeness of the
post-partum ocestrus 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 Fhose reported by
Dubost and Genest (Jp «it,). In addition, A Kacelnik (Fers,
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 i1dentifiable
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 ccordinated, and hence were probably at
.least a week cld. Thiz =suggests that pups are nursed for at
- least 75 to 78 days. Dubost and Genest (dp, <«it.) report a
lactation period of 77 dayse (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
distinguizhable as juveniles until well into the Austral
autumn {April-May). In March 1984 three juvenile males were

caught. They weighed rezpectively 6.3 kz, 5.3 kg, and 2.3
kg; or 33, 71, and 28% of the mean adult waight of 8.12 kg
(gsee Appendix A). The smaller of thece 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.

taken from all yearg and all dens.
€ Chicken,

Bones,

Molino.

S owl,

€ Estancia,

Dens:

A Ash,
* Airport,

Data
Y Horse
ana "

Pups are size/age categorized into 4 groups (see

detalls in Table 5.2) with size 1 being the smallest and
size 4 pups the largest.

~-First Sighting- -Last Sighting- Span Days
Mara Pup Number Pup Number Observed
Name Date Size Pups Date Size Pups Nursing
ELF® 15.9.83 Born 1 8.10.83 3 i 24
GCc2~ 19.9.83 2 1 28.11.83 Juv 2 71 %
NL2" 16.9.83 2 2 3.10.83 3 1 18
oca*= 14.8.83 Born 2 28.8.83 2 2 1%
PA2® 7.9.83 ? 2 29.9.83 ? 1 23
PJF® 28.9.83 2 2 10.11.83 4 1 ay
PUF@ 3.10.83 2 2 9.12.83 Juv 2 68 *
SLF@ 15.10.83 [/l 1 9.12.83 Juv 1 56
SYF® 15.9.84 Born 2 17.9.84 1 2 3
TEF® 4.10.84 2 - 17.10.84 2 - 18
WB2= 1.10.81 - - 26.10.81 - - 26
TE2%= 6.10.81 - - 2.11.81 - - 28
sca2*« 14.10.81 _ - 30.10.81 - - 17
NE2" 4.10.81 - - 2.11.81 - - 30
LRF*™ 21.9.81 - - 2.11.81 - - 43
DN2™ 8.9.81 - - 20.9.81 - - 13

* Longest lactation periods observed.
must have been at least a week o0ld when firat seen being
nursed since they were already well coordinated and partly

grown.

In both casesg pups
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5.3.4 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 1in the Southern
Hemisphere). However, at my Patagonian study site the
occurrence of births was hizhly sgeasonal. During three
years of fileld 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. Laguirigue, Pto Madryn, Argentina) reported seeing new

born pups on one occasion at the bteginning of February at
the El1 Salitral study area, and I have zeen some pups which
were probably less than & month o©ld at the end of January.
Thus, the pupping season on the Valdés Peninsula c<¢an be
considered to run from mid-August to mid-January.

Figure 5.2 shcocws higtograms of the total number of
unigue size 1 pups seen at the intensively observed den
sites per 15 day period during the 19833 and 1984 breeding
'seasons. This figure also shows the proportion of the total
maximum number of pupsg which were gize 1 per 15 day period.
In 19833 there appeared to be a peak of births between the
lst and 15th of October as shewn by the large number of zize
1l 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 pupse which have already matured beyond size
(category) 1. By the middle of Novembeéer no new size 1 pups
were geen at any of the intensively studied dens.

The mohomodal nature of the histograms in Figure

5.3, showing the maximum number of pups of all sizes seen on
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Figure 5.1.--Higtogram of the maximum number of pups sighted
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 si:ze. Some
pups still have a visible umbillicus.

Size 2 Larger than size 1, but still small; while
being suckled their heads are raisea 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 U pups. While being suckled their heads
go down to the teat, and their back 1is at
least at the level of the upper teat on a
sitting female.

Size 4 Large (+ 3/4 adult size) and well
coordinated, run easily. They look like
small adults.




Figure 5.2 (2 Pages).

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.



3 €

w v £

c

W v ¢ wm

25

20

15

10

25

20

15

10

_1983_

l —
Aug Sep Oct Nov
Months
-1984-
1
Aug Sep Qect Nov

Months




¥ O B YW

W 8 c Y

T O KB W

W v c

-1983-

100 L

80 F

60

Aug

Sep

Oct

Months

-1984-

Nov

100 L

60 }

20 r

Aug

Sep

Oct

Months

Nov




1983 and 1984

30 ™~ -
N
m
20 L -
P p—
15 -
u
] 10 B -
s
5 I 4
] — ;
Aug Sept Oct Nov
Months

Figure 5.3.--H13tozram of the maximum number of pups of all
sizee seen on a given day within two week periods during the
combined 1983 and 1984 pupping seasons.
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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 18 no evidence that wild females have the three to
four pregnancies a year Dubost and  Genest (0p., c1it,) have
described as the norm in captive animals. 1t seems likely
that environmental conditions in the wild, at least on the
Valdés Feriinsula, do not allew reproduction at sguch 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 pupe in late August to
give birth to another litter at the end of November or early
December, a time when new Lorn pups were never seen.
Nevertheless, one female which was killed by a shepherd on

286 October 1981 was both lactating and carrying 2 tiny

foetuses. Also, the few births reported 1in late January
suggest a late October mating, which c¢could have resulted
from a post-partum oestrus. Thus, at least some females
must become regnant goon after giving birth. One possible

explanation is that females mate post-partum, but reabsorb
the foetuces 1f their offegpring survive. I will be sghowing
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,

Wyocastor coypus, where females reabsorb litters depending
oh the male to female ratio of the foetuses and
environmental conditions (Gosling and Petrie, 1981; see also

data on wallables in Kaufmann, 1974).
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5.4 The Ecolozy 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 E1l
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
Valdés FPeninsula. In total 710.42 hrs were sgpent
intensively observing den sites, and numerous hours were
spent wandering over the countrysilde 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
patterng, (iii) the disgtribution of den membership szizes,
(iv) breeding success and mortality, and (v) the degree of

acsociation between maras using different dens.

5.4.1 Methods

Three main methodologies, apart from those already
mentioned in Chapter 2, were used to collect and analyze
data. These were: (i) finding and assesgsing the gtatus of
dens, (1ii) ezstimating den membership size, and (1ii)

estimating pup mortality.
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Finding and Assessing Den Status

Data on dens other than those 1in my three study
sites were collected o¢opportunistically. Once every two
weeks during the breeding season I drove or walked around
the Peningula loocking for maras and signs of dens. When
dens were found thelr locations were mapped and they were
judged to be active or inactive. Dens were judged to be
active, that 1s used by adults for the purpose of rearing
pups, if I =saw mara adults or pups at them, or earth had
been moved in theilr 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

gite' is used to refer to denz where more than one burrow

was used; while 'den' was used to refer to breeding sites
where only one burrcw, perhaps with various entrances, was
used.

Egstimating Daily Den Membercship

Egstimating the number of mara adults and pups sing
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 emall variation in 1litter sizes 1in maras (see
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Section 5.3) pup counts could be used to obtain a daily
estimate of édult membership size for a den. Based on the
findings of Dubost and Genest (Op «it) that 70 % of litters
were twins, 25 % were singletons, and 5 ¥ were triplets, the
following formula was ucsed to estimate the number of females

using a den on a given day.

Formula 5.1
NF = Number of Females at Den

NP = Number of Pups at Den

NF = (NP * 0.7) + (NP % 0.25) + (NP * 0.05)
2 3
For all practical purposes (but see Chapter U), the number

of femaleg with pups at a den 1s synonymous with the number
of monogamocus pairs using a den.

Although more practical than counting adultes,
obtaining a dailly estimate of den wmembership silze through
direct pup counts was not always straightforward. While
recording den scans, made every 10 to 15 minutes, all
visible pups were counted (gee Chapter 2 for methods of data
collection). The maximum number of pups counted in a =zingle
scan during the day was used to estimate the minimum daily
den membership size using Formula 5.1. However, using the
maximum pup c¢ounht <c¢could lead to underestimating den
membershilp because pups in different zsize categories were
not visible to the =zame extent--older (sgize 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
ohly when their own parents were at the den. Thus, the
maximum number of pups recorded during scang would not
account for those which had left the area for the day before
observationg 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
zcan (made every 10 mins) the numbear 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 U2 days where
both den scan and pup scan data were collected, den scans
averaged 0.84 (+ 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 sgince accurate-counts could not be obtained

without more identifiable pups and adults.

Estimating Seaschal 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 cone gide and with a c¢olumn for
each pup which uzed the den across  the top (see for example
Table 5.3). Then, for each day the den was watched the age
category (1 to U4) 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 ceen was again marked on the chart; but
this time matching them with pups from the previous session,
s0O that the presence of a given pup through the breeding
3eason can be followed down a column. The following rules
were used to match pups in successive observation days: (i)
pupe can hot go down in age as the season progresses; and
(i1) if for a given pup, more than 3 weeks have passed since
an unmatched pup of the scame age Wwas 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 zince 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 10 11 12 13 14 15

26.8.83 * %
8.9.83
14.9.83
20.9.83
30.9.83 4 4
3.10.83 u
7.10.83
15.10.83 L
24.10.83
1.11.83

EE RN

&
FOWN
FOQWN
XINNN

9.10.84 2
14.10.84 3
15.10. 84 M
16.10.84

2R
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estimate how many adulte and pups used a gziven den during a
breeding season and to i1llustrate how the number of pups
usgsing a den changes as the season progressges. There are two
problems with this technigue: (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 hnew pup might be confused with an animal which

had died.

Rough ectimates 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 cure 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 gee Chapter 2). Data on the respective membership
sizes, numbers, and locations of dens at each of the three
study areas, as well asg those dens which were oObserved

opportunistically elsewhere, are zummarized 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 84
at each of the intensively studied den sites.

Obs Days Number Number Pup
Den Site Year Hours Watched Pairs Pups Mortality
--------------------- Estancia Larreburuy----—-——-ccececcmmcec—-----
Molino 1981 36.9 6 9 14 ?

" 1983 - - 2 ? ?
Airport 1981 150.76 23 9 1b ?

" 1983 - - 3 6 ?

" 1984 - - 3 6 ?
Estancia 1981 95.25 20 5 8 ?

" 1983 - - ? ? ?

" 1984 - - 4 ? ?
Corral 1981 - - 1 2 2
Fence 1981 - - 1 2 ?

La Anita 1981 - - 2 [/} ?

---------------------- Puesto La Blanca------—--—=——=-—=—=—c—-—---

Ash 1983 109.00 13 22 33 14
" 1984 38.79 6 9 14 12

owl 1983 59.39 7 9 15 3

f 1984 26.43 3 3 5 5
Goose 1 1983 - - 1 1 1
Goose 11 1983 - - 2 u 4
High Lag. 1984 - - 1 1 1
-------------------- Puesto El1 Salitral-~--——-ro——cerernneee——
Chicken 1983 32.24 5 5 8 ?

" 1984 98.68 15 19 31 7
Corral 1983 27.27 u 7 12 o

b 1984 5.0 1 1 2 2
Horse Bone 1983 32.41 5 8 14 ?
———————————————————— Grassy Valley----——-——=—=~~=——-—-—-———c—-——~—-
Boliche 1984 - - 2 3 ?
Valley 1983 - - 1 2 ?

" 1984 - - 2 3 2
--------------------- Puesto Centenario-—-—==—--=---c-cccocceuvc=-
Main 1983 - - 1 1 °

" 1983 - - 1 1 ?
Valley 1983 - - ? A ?
v 1983 - - 2 3 ?

Martillo 1983 - - 1 2
Clire 1984 - - 1 2




Table 5.5.--Descri
the 1981, 1983, an

~Number-
Den Site Dens Hole

ptionsg of the main dens observed during
d 1984 breeding seasons.

Closest Closest
Human Active
Site Den Habitat

Y i S GER G W D S GEO CuS A S WS R s

Molino 2 2
Airport 2 6
Estancia 1 3
Corral 1 1
Fence S 1
La Anita 1 1

2 3
1 u
Goose 1 1 1
Goose 11X 1 1
High Lag. 1 1

Chicken 1 1
Corral 2 3
Horse Bone 2 u

-y G S . G G e D e G S GE MRS . =

Boliche 1 i
Valley 1 1
Main i b
Valley 1 1

Martillo 1 1
Clifee 1 1

2000 m 2000 m Open, near corral

250 m 250 m Airstrip on scrub edge
60 m 70 m On scrub edge

60 m 70 m In sheep corral

300 m 150 m In scrub near house

100 m 500 m In scrub,edge of lagoon

60 m 200 m Open ground near house
100 m 200 m Scrudb, near house
4hoOm 50 m Lagoon edge in open
450 m 50 m On lagoon

2000 m 1800 m Small lagoon in scrub

Puesto El1 Salitral----—--——--=—-=—-=-———=—-=-—--—-

60 m 180 m Open ground near house
150 m 180 m Scrub edge in open
150 m 180 m Scrub edge in open

2000 m 500 m Open Valley, scrub edge
2000 m 500 m Open Valley,scrub edge
Puesto Centenario----—-—-—--—-—----coeme—m—e=-—-=
4000 m 400 m Open valley,corral 300m
4000 m 400 m Open valley,corral 500m
Other Areag-—-——-———————=~——- -~ - oo —o——So=—=—=—-

8000 m 4000 m Open patch in scrub
2000 m ? Scrub, edge 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
Alrport Den Site. An additional three dens, Corral Den,
Fence Den and La Anita Den, were ocbserved

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 1981: 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 (zee
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.

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 1inactive or
abandoned dens, filled stars mark active dens, and circles

with x's mark windmills.



Table 5.6.--Sightings of mara pups at Molino Den Site,

Eetancia Larreburu, during the 1981, 1983, and 1984 breeding
seasons.

Date Number Pups Comments
------------------------- 1981~ —
12.8.81 - Active?
23.8.81 - Active?
5.9.81 10
8.9.81 9
11.9.81 2
14.9.81 12 2 in Corral Den
16.9.81 8
20.9.81 12 2 tiny new born
15.10.81 o Pups Predated
————————————————————————— 1983~ m e e - = -
14.210.83 ? Corral Den Only Active
————————————————————————— 198~ =~

25.10.84 - Inactive




Table 5.7.--Sightings of mara pups at Estancia Den, Estancia

Larreburu,

Date

during the

Number

1981, 1983 and 1984 breeding seasons.

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
1.10.81
2.10.81
5.10.81
6.10. 81
9.10.81
12.10.81
13.10.81
27.10.81
30.10.81
2.11.81
4.11.81
6.11.81

14.10.83
23.10.83

13.10. 84
2.10.84

Active
Active
Active
Active

1 new born pup
Active

1 new born pup

Active?




Table 5.8.--Sightings of mara pups at Airport Den, Estancia
Larreburu, during the 1981, 1983 and 1984 breeding seasons.

Date Number Pups Comments

6.9.81 - Active
12.9.81 Active
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

10.10.81
11.10.81
14.10.81
15.10.81
17.10.81
19.10.81
20.10. 81
21.10.81
26.10.81
28.10.81
30.10.81
31.10.81
1.11.81
2.11.81 1
6.11.81

Active
1 new born pup

2 new born pups

o

[
NOFUONVMFOORONNOOOENWENW I I

14.10.83 - Active
18.10.83 - Active
23.10.83 6 4 size 3, 2 Si;e 4 Pups

13.10.84 6
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dens (see above). In 1983, using the pup scan data to make
the calculations, at least 48 pups used these two dens (33
at Ash and 15 at O0Owl, see Table 5.9 and 5.10). In 1984,
although at least 19 pups were born here (14 at Ash and 5 at
Oowl), 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 1984; but in 1983 one pup was seeh 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 cufa) might have killed the young sgince 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 maln 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 (cee 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.--Sightings of each size category of mara pup at
Ash Den Site dAuring the 1983 and 1984 breeding seasons.

Date

Total

Size 1

Size 2

Size 3 Size 4 Comments

31.8.83
3.9.83
7.9.83
15.9.83
19.9.83
28.9.83
2.10.83
4.10.83
5.10.83
8.10.83
13.10.83
17.10.83
27.10.83
28.10.83
5.11.83
9.11.83
10.11.83
11.11.83
28.11.83

8.12.83

6.10.84
27.10.84
1.11.84
11.11.84
21.11.84

[
Il Pl RPRWORBVE I WWRL I W

I FO0O&EENI

PP ENWD I

L WWEHELNN LT 9

No maras

Active

All pupsgs dead
Pair at den
Pair at den




Table 5.10.--Sightings 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
---------------------------- 1983---———— e
26.8.83 4 - - - -
8.9.83 2 2 - - -
14.9.83 3 2 1 - -
20.9.93 3 - - - -
30.9.83 5 - - - 3
3.10.83 11 1 5 3 2
7.10.83 8 3 3 2 -
15.10.83 i4 i 3 i 3
24.10.83 8 - u 2 2
1.11.83 6 - - 4 2
———————————————————————————— 1984~ e e = -
9.10.84 1 - 1 - -
14.10.84 4 - 3 1 -
15.10.84 1 1 - - -
16.10.84 2 - - - - - Pups Dead
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Figure &5.6.--Map of the Puesto El1 Salitral study area
showing the location of all active and inactive dens found
in 1981, 1983, and 1984. The open stars mark 1inactive 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 larzer 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
vear, 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.

Qthexr Denning Areasg

A further 20 mara dens were found on the Valdés
"Peninsula away from my mailn study areas (gsee Figure 5.7).
Four dens were located in two grassy valleys 2 Km and 5 Km,
respectively, west of E1 Salitral (Fuesto Centenario and
Gragsy Valley Dens in Tables 5.4 and 5.5). Between these
dens at least three pups were produced 1in 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 1local shepherds, were
used by zeveral pairs of maras. The four remaining dens,
which I knhew to be active, were all at least 1 km from a
human inhabited s=ite. Two were located 5 Km north of Puesto
El 'Salitral( see Figure 5.7) about 500 m apart in openings
in the scrub. One of thesgse 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 c¢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
---------------------------- 1983--—--mmmm e —
2.8.83 - - - - - Den Jjust dug
14.8.83 2 2 - - -
16.8.83 2 2 - - -
26.8.83 5 - - - -
28.8.83 3 - - - -
21.9.83 7 2 2 1 2
27.9.83 8 - 2 3 3
———————————————————————————— 1988~ e e
26.8.84 - - - - - Active?
3.9.84 1 - - - i
22.9. 84 i3 11 2 - -
28.9.84 11 - 2 .6 -
7.10.84 19 2 7 10 -
10.10.84 15 - 2 13 -
16.10.84 15 - 3 12 -
19.10.84 19 3 4 12 -
20.10. 84 i9 1 6 12 -
22.10.84 16 - 7 9 -
24.10.84 16 - 6 10 -
26.10.84 16 .- 4 9 3
27.10.84 15 - 4 7 u
28.10.84 15 -~ u 6 5
29.10. 84 16 2 5 6 3
2.11.84 15 2 5 3 5
11.11.84 15 - 6 8 1
23.11.84 i1 - 2 5 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
———————————————————————————— 1983 - - mm e e
u09083 2 - — - -
16-9-83 10 - 7 3 -
18-9.83 11 - - - -
20.10.83 10 - 1 6 3
———————————————————————————— 1988 ~--c e -
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 8Size 3 Size U4 Comments
———————————————————————————— 1983--—- -~ -
2.8.83 - - - - - Just Dug

130 90 83 5 - - - -
18.9.83 Q9 1 3 1 2
3010.83 9 - - - -
4.10.83 12 - 6 4 2
16.11.83 3 - - 1 2
———————————————————————————— 198l ———- -

3.9.84 4 - - - - Den flooded
: on 6.9.84




Table 5.14.--Sightings of mara pups at variousg dens during
the 1981, 1983 and 1984 breeding seasons.

Den Site Date Number Pups Comments
---------------- Estancia Larreburu-————cccom e
Fence ?.10.81 -
Fence 13.10.84 3
Fence 22.10.84 4
Corral 1.10.81 1
La Anita .10.81 -
T e e, ———— Puesto La Blanca-—-~~——cccmmm e —-——
Goose 1 6.9.83 1
Goose 1 8.9.83 1
Goose 1 25.9.84 - Active?
Goosgse 1 28.9.84 - Active?
Goose 2 6.9.83 1
Googe 2 8.9.83 3
Googe 2 20.9.83 3
Goose 2 24.9.83 3 Birth seen
Goose 2 25.10.83 2 Size 2 Pups
Goose 2 .11.83 0 Predated by weasel
High Lagoon .10.84 ? Active
High Lagoon 11.10.84 0 Predated
--------------------- Puesto Centenario------cmmm e
Main 23.9.83 - Active?
Main 27.9.83 1
Main 14.10.83 1 Size 2/3
Main 18.10.84 1
Valley 23.9.83 - Active?
Valley 14.10.84 3
Valley 18.10.84 - Active?
————————————————————— Puesto El Salitral----~ceremc e e
Grags Valley 20.9.83 2
Grass Valley 18.10.84 3
Boliche 18.10. 84 3
Road 3.10.83 2
------------------------- Whale Camp-——-—--—-—-~——=—- e
Clire 11.10.84 1
clire 12.10.84 - Den flooded
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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 1is biased sgsince it was
easiest to find dens near houses, however these results do
suggest that there is szomething 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 ¢f 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 pocint 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 deng it would be fruitless to gpeculate 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 deng will be discussed. Figure 5.8 shows plots of
the number of pups per day seen at each of the intensively
studied dens during the breeding season. The timing of

bpupping, as reflected in the number of pups sighted at each

den per day. appears to be superficially the same Dbetween
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Figure 5.8 (2 Pages).

Plots of the maximum number of pups seen on different days
at 9 intensively studied dens during the 1983 and 1984
pupping season. Plots are only shown for the El1 Salitral
and Puesto La Blanca dens.
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dens. However, the plots suggest that the day with the peak
number of pups varied between dens (e.g. see Figure 5.8: 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 uced 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 o©f pupping was significantly
different in 14 of the 21 comparisons made. Particularly
noteworthy is that when deng were compared from the same
study area within the sane breeding sSeason there were no
significant differences: the timing of pupping at Ash Den
Site in 1933 was nof significantly different from Owl Den in

1983; and Corral Den Site was not sgignificantly different

from Horse Bonezs Den Site in 1983 (Ash vs Owl, t = ~-1.47,
NS; Corral ve Horcse, t = 0.30 , Ns).
On the bésis 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 puprping, and,/or (14i)
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Table 5.15.--Means and standard deviations of pup sightings
at the most intensively studied dens in 1981, 1983, and 1984
and results of t-tests comparing the timing of puppings at
the different dens. Study areas: “ Estancia Larreburu, ®
Puesto La Blanca, ® Puesto E1 Salitral. Year: * 1981, =
1983, “® 1984. cCritical valueg adjusted for multiple t-tests
using alpha/C (C = number of comparisons made).

* P < 0.05.

Mean
S.D. Estancia Ash Owl Corral Horse Chicken

Airportt-? 67.7 2.6 3.25 3.84 .56 7.7 3.94
(12.3) NS * * * * *
Estancia-* 62.5 0.09 1.42 2.88 4.%59 5.42
(13.9) NS NS NS * *
Ash®> 62.3 1.47 2.96 4.98 6.73
(19.1) NS NS * *
owl = 58.6 1.77 2.82 6.23
(17.2) NS NS *
Corral®== 51.4 0.30 6.13
(18.4) NS *
Horse®™ 50.3 10.27
(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 tezs2t the firzst hypothesle the data frem all the dens
in each year were combined: Airport Den Site and
Estancia Den in 1981; Ash Den Site, Owl Den, Horse Bones
Den Site, and Corral Den Site in 1983; and Chicken Den
in 1684. These distributions were then compared using a
Kruskal-Wallis analysis of variance which showed that
the peak period of den usage by pups was gignificantly
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 (R = 61.7); and Horse
Becnes Den Site, Corral Den Site, and Chicken Den at E1
Salitral (R = 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 = 0.000CQ).

From theze recgults it appears that the timing of

pupping varies significantly between years. It zeems likely
that climactic conditions in different years may be
reasponzible for this wvariation. The finding that pairs in

t

orie area tend to pup together, irreszgec ve of the pupeping

eason, =uggests that there must

0]

at other areas in the zame
be advantages to individual pairs in synchronizing the birth

cf pups at the same ztudy area (discussed in Section 5.8).

5.4.5 Distribution of Den Membership Sizes

At . the 17 intensively observed dens lcounting dens

watched in several years separately) the eztimated 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 cettlements (zee
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), o resgults presented here ghould be viewed with
circumspection. Table 5.16 summarizes the number o©f pups
born at each of the densg obsgerved and shows estimates of the
percentage of pups which died prior to reaching the age of
independence (size category U4) from the den. Evidence of
predation at the various dens are summarized in Table 5.17.
Other potential causez 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 Dbefore
reaching size category U4.

Every den studied uzed by less than 10 pups had 100%
mortality according to my estimates, suggesting that
mortality may be closely tied to den membership size. To

tezt 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,
estimated percent of pups which died prior to reaching the
age of independence from the den at each of the intensively

studied den sgites.

and the

Number Number Percent Pup
Den Site Year Adult Pairs Pups Mortality
--------------------- Estancia Larreburu--—--——-——ccecmcamcm—ne---
Molino 1981 9 il 4
Airport 1981 9 14 ?
Estancia 1981 5 8 ?
Corral 1981 1 2 100
Fence 1981 1 2 ?
La Anita 1981 2 4 ?
—————————————————————— Puesto La Blanca-—-——-—~———==—cmc~e————-—--
Ash 1983 22 33 42
1984 9 14 86
Oowl 1983 9 15 21
1984 3 5 100
Goose 1 1983 1 1 100
Goose 11 1983 2 u 100
-------------------- Puesto El1 Salitral----—---—-—-cocemee——e--
Chicken 1983 5 8 2
1984 19 31 23
Corral 1983 7 12 ?
1984 1 2 100
Horse Bones 1983 8 14 ”




Table 5.17.--Observations and other evidence of predation on
mara pupe at breeding den sites.

. Number

Predator Events Evidence of Predation

Patagonian Weasel 1 Two seen in vicinity of den
Galictus cuja immediately prior to the

disappearance of pups there.

Hairy Armadillo 2 Fresh armadillo tracks and faeces
Chaetophractus sp. at time when pupe disappeared at
two dens. Scrap of fur and bones

found near faeces.
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Red Backed Hawk 1 Stooped unsuccessfully on pups
Buteo polysoma by den.
Pataéonian Gray Fox 1 Foxes seen in the vicinity of a
Dusicyon griseus den at the same time that pups
disappeared.
Domestic Dogs 2 Seen chasing maras at dens.
Canis fTamiliaris Found cne 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 unsguccessfully.
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 sgignificant 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 gize, perhaps arocund 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 minimum 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
deneg located close tougether. Ag described above, at each of
my study areas maras used a number of dens, often only 100 m

or =0 apart. Below I summarize a range of points:

1. The data on the timing of breeding shows that pupping at
the dens at =sach of my ztudy areas was synchronized
within years.

2. Pairs sometimes move thelr pups from one occupied den to
another: in 1981 pups were moved from Estancia Den to
Alrport Den after the latter den waz digturbed. Several
times in subsegquent years I suspected that pups were

movéd between dens, but without marked animals I could

hever be sure.
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3. At the El Salitral study area all the maras used one den
site in 1984, 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 1984).

4. There 1is 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 thelr
ranges overlapped 48 ha (approximately 28% of each
animal's range, see Chapter 3). On the other hand, PAM
and S?F 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 areasg 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 inveztigating the
various dens. One of the best examples of thiz I have

seen 1is summarized in Section 5.3 (above).

From the above it is <c¢lear that pairs using one
study area are not subdivided into spatially =zegregated
groﬁps with come animals using one den site and others
ahother 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
Zroup or communhity (possibly with many o©of the individuals
clocely related). Table 5.18 summarizes the number of pups
at each of three study sites over three Jears of field

wWork. 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 El1 Salital data, nor the Far Lagoon den with the La
Blanca date, for the same reasons.

Estimated Minimum

Number of Number of Pup
Study Site Year Dens Used Pupsg Born Mortality
Estancia Larreburu 1981 5 30 ?
Puesto La Blanca 1983 4 53 23
Puesto La Blanca 1984 2 19 17
Puesto El1 Salitral 1983 3 37 ”?
Puesto El1l Salitral 1984 2 33 9
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19 to 53 with a mean of 34.4 pups (x 12.36, median = 36).
The estimates of pups born per year per study site are
gimilar suggesting that these could represent a general herd
size for maras breeding around small human settlements. The
scattering of dens elszewhere in the scrub, probably used by
fewer palrs, suggest that another denning strategy may exist
adapted to areas without the benefite (as yet undetermined)
of breeding near a human occupied house. Without more data

though, further speculation would be unproductive.

Mara females nurse their offespring for about 11

weeks (see Section 5.3). This 1is one of the longest

lactation periods in rodentes with only two speclies, both
caviomorphs, known to have longzer lactation periods:
Hydrochoeerus  hydrochaeris has a lactation periocd of

16
actation cperioad of 20

b

weeks, and Daszyprocta aguti has a

i
(]

weeks (Weir, g74; and Eisenberg, 1981). 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, 2p <it.). 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 té nursing, may be important for pup survival. In
thie section the nature of mara parental investment in
offspring will be described.

I have little data on nureing 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 adulte
and pups at the 1ntensively observed den =3ites. The
following aspects of how naras care for their young will be

dizscussed: (1) how often parents visit the den and how long
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they stay when visiting; (ii) how much do females nurse
thelr young, how this changes as pups grow, and how often do
females suckle pups which are are not their own; and (1iii),
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 baszed on
data collected using the den scan data collection protocol
(see Chapter 2). To extract and reformat data several BASIC
and FCRTRAN programs were written. Three main data subsets
were used: (1) arrival and departure of focal pairs at the
den, (411) continuous focal pair =zampling, and (iii)
instantaneous scans of all adults and pups at the den made

at 15 min intervals.

5.5.2 Visite 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
vizit the den, the frequency of visits, and how long females
stay at the den when visiting will be preszented. In
gZeneral, for these analyses, results for the females and for
the pair are =imilar 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 visgiting dens at night. No significant
differences were fouhd in the number of adults (as recorded
in den scang) at the dens in the different hours of the day
between 8:00 and 20:00 using the Kruskal-Wallils analysis of
variance (H = 14.66, 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 1981), 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 1in size category 2, and hence must have been
at least a week old. Dubost and Genest (Op. -ii,), 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 1life, which correzsponds 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 (Duboszst and Genest, Op <i1i,). My observations suggest

cr
{

that the =ame pattern occurs in the wild: at nightfall it
was common to szee large (category L) pupe running up to and
entering a den. Pups of this size were seldom observed at
dens with adults. In the morning, parents of size U4 pups
would call their presumed young (only 1 or 2 pups would
respond) out of the den with a whistle while still out of
zizht in the zcrub (this type bf interaction was observed on
4 occasions). During the day, zgroups of two adults and one
to three large pups were often found scattered throughout
the s=crub within 200 m of a den =ite.

Breeding female maras appeared to visit the den at
least once every day. Table 5.19 zummarizes the results on
7 recognizable nursing females. Of the 6 females on whom
detailed data were available, all but cone 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 Jdays) for which I



Table 5.19.--Frequency of visits and the span of days over
which mara females nursed their pups at the den.
Number of Number of
Den Mara First Last Days Den Days Den Span of
Used Name Seen Seen Watched visited Days
Air LRF 29.9.81 11.11.81 ? ? 43
Ash ELF 15.9.83 8.10.83 7 7 24
Ash GCM 15.9.83 28.9.83 2 3 14
Ash PJF 28.9.83 10.11.83 10 8 uy
Ash TEP 4.10.83 17.10.83 5 5 i4
Oowl PUF 3.10.83 15.10.83 3 3 i3
Owl SLF 15.10.83 24.10.83 2 2 10
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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 (6:28) female maras visited the den more than
once. On eveby 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 1long 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 ho 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

C

Normally females nursze cnly cnc or two pups at a
time, though occasionally as many as 4 pups may suckle
simultaneocusly. Within a given nurcsing session &a female
may, for short times, nurse pups which are not her own.
Femalesz have asg manhy as 38 teatzs (Weir, 1974), although I

raptured arimal and never saw

)

never found more than 5 on a
more than U being used by pups. When several pups are
suckling gimultaneously they may fizht over access to a
particular teat (usually the upper pair), suggesting that
some teats produce more milk than others. here is no teat
order, as has been described in o&ther caviomorphs such as
Myoprocta pratti {(Kleiman, 1974): and a pup will move from
teat to teat: seldom =taylng at one for more than a minute.
Data were collected on 106 viegits to dens by nursing
females (using the EVR data protocols and an Epson HX20
rortable computer, zee Chapter 2 and Appendix B). Estimates
of nursing times were obtained for 71 of these visits.

Females were Jjudged to be nursing when one Or more pups were
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Figure 5.10.--Histogram of the length of time females stayed
at den sites when visiting to nurse their pups. Results
compiled from 71 den visits at the La Blanca and El1 Salitral
den sites during the 1983 and 1984 pupping seasons.
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sucking on a teat. Az 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 0.349 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 Dboth 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 gession was 34. Using analysis
of variance, no =significant differences could be found
between the time females =pent nursing different size//age
pups (Source df = 3, Error df = 67, F = 0.25, NS). However,
though pups seemed to be gucking 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 i1is limited to brief

intermittent milk ejections (Croszs, 1977).

Females, however, often nursed more than one pup at
a time. For the 71 nursing zesszions monitored, the mean
total time individual pupe were suckliced in one session was

e
0.513 hours (+ 0.456, median = 0.332

Y. The maximum length of
time pups were suckled was 2.6 hrs and the minimum was .C26
hours. These results come from the total time individual

pups were nursed by a female during a sesszlion: e.g. if two
pups were nurcsed for 0.25 hours. simultaneously the total
sSuckling time would be 0.5 hrs. These are over-egtimations
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 zize categories at the dens. Thus, I c¢ould
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 (R 0.480, median = 0.384) againgt the amount
of time pups of other =lzes were suckled (X 0.0324, median
= 0.0). The test showed that these distributions were
significantly different (N = 71, W = 7381.0, 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 c¢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 5.5.5, 1 will discuss the
mechanisesm by which females probably identify their

offspring. and also present results showing the considerable
cffort that females make to prevent some pups, presumably
not their own, from galining access to their teats.

To reduce the over-estimation of & ckling time due

(3]

u
to the inclusion of time when pups not of the me size as a

(

a

female's own were nurced, data on the size category of pup
which a female nursed most during a glven sesszion were used
to obtain the following results. Females zuckled pups that
were the size of their own presumptive pups for a mean of
.48 hrs (i 0.437 hre, 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

ectimate 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, pupg 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 1984 pupping seasons.

A. Total time females spent nursing pups.
B. Total time pups were suckled.
cC. 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 ; TIO0TS) + (0.25 * TOTS) + (0.05 *¥ TOTS)
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 hnot the same size as
their putative pups. The mean length of time which non-main
size pups were suckled was 0.0324 hrs (# 0.0828) 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 0.94 (+ 0.11), a substantial proportion
of the total (see Figure 5.12). Howéver. this is probably an
cverestimate since suckling time of main size pups which
were hot the females' own are included in this estimate.

A zignificant positive correlation was found between
the amount of suckling of ndn—main gsize pups and the number
of pups at the den on a ziven day (rs = 0.458, P < 0.01). It
is clear from these results that females nurse principally
one size of pupse on a den visgit (presumably thelir own pups)
but that, at least occasionally., they allow pups other than
their own to suck substantially.

Maras differ in this from some of theilr close

relatives, many of which practice communal suckling: e.g.
Microcavia australis, Galea mustelolides, Hydrochoerus

hydrachaerisz (Rood, 1972; Macdonald, 1981). In these three
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proportion of the total suckling time these pups were

nursed.
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specles suckling does not appear to be particularly
prolonged. However, in Cavea aperea, where the nursing
period i1s prolongzed 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 i1in 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 tryiling
to £ain access to a teat (zee 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 prezence.
Female responses to these pups could be quite viclent and
included moving away from, chasing, and eéven biting and
shakinz a pup (see Figure 5.13, and Table 5.20)., Females may
zometimes seriousgly injurc pups: on one occagion 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.
:iohse recorded, females were

n

Of the 106 nursing ces
harassed by pups to the point of acting aggressively towards
them a total of 796 times--a mean of 7.51 times per den
vizit (see Table 5.20). Nursing bouts were interrupted a
mean of #4.11 times, (+ 6.12) with one female teing
interrupted 34 times. with an average of §6.21 bouts (+

12.2) per nursing session (see Subsection 5.5.3) U45% of the
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Figure 5.13 (Overlearf).

Photographs illustrating typical interactions between
nursing females and pups while at the den.

A Pups mobbing a newly arrived female.

B Female chasing a pup which had been trying to
gailn access to a teat.






Table 5.20.--Summary of the responses of adult females
the harassing behaviour of mara pups while at the den.

Number
of Oc¢ccurrences

Reaction of Females

to

u25
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 gain 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 (rg = 0.571, N = 70, P < 0.01).

5.5.5 Pup Identification by Females

Females sgeem to use both gmell and sound to identify
thelir 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 pupé usually run up to the
newly arrived female. This is one way adults may separate
their pups from the herd éince only 1 to 3 pups, presgumably
the whistler's own offspring, normally respond to the
whistle (data were not collected on this). For another pup
to zo 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 theilr heads and flanks. Table 5.21 summarizes
observationg of females sniffing pups, and the pups' and
adults' reactions immediately afterwards. In U48% of the

cases (210:U440) females allowed the sniffed pup to suckle.
In 15% (66:4U40) 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 beilng 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 X* test of the amount pups
of the different size categories were sniffed. The expected
values for the X2 test were calculated on the bagis of the
number of times pups of each size category were recorded in

pup ecans on the days in which sniffing behaviour was
recorded.

Female Pup ~Pup Size Category-
Reaction Regsponse 1 2 3 4 Total

- - 59 29 23 1 113
Nurse - 34 13 14 3 64
Nurse Raise Rump 64 46 30 6 146

- Raize Rump 6 9 11 1 27

Move Away Raise Rump - 5 1 - - 6

- Hide Rump 12 2 3 - 27

Stop Nursing - 1 - - - 1

- Stop Suckling '] - 1 - 5

Chase - 26 7 11 i 45
Bite Pup - L L 1 - 9
Move Away - 1 3 1 - 5
Scent Mark - - 1 1 - 2
Total 211 119 Q97 12
XZ_Test Resultas

Pup Size Observed Expected X2 Statistics
Size 1 211 83 14.05.
Size 2 119 133 1.21
Size 3 97 175 5.90
Size &4 12 48 5.20

—— - O, Ak WS Gm n G W G AR et eEn mn S G SN IR SR M) WA M TR YRR G SN WO CED GEE R YED WA Gme amm eme e e
- —— o ——— S e — T SRS R D G D S Sy

Total X2 = 26.36, df = 3, P < 0.001
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Keep the pup from zucking.

Pups commonly reacted to being sniffed by a female
by raising their rump (see Figure 5.14), proffering L1t to
the female's nose. Of the 179 observations of this
behaviour, 82% 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 zeen 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 (csee Figure
5.14). On 8 occasions I saw females turning theilr 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 pupse 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 zmall 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 =mall pups crowding around her
all perhaps rather difficult to tell apart (see Figure

5.14).

5.5.6 Non-Nursing Parental Care

In this =zubsection 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 Jdata come from
instantaneous general scans (see data collection protocols

in the Methods Chapter) taken at 15 min intervals. Table
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Figure 5.14 (Overleaf).

Photographe i1illustrating the role of smell in female
identification of their own offspring.

A Female sniffing a mara pup which is raising
itse rump to the female's nose. This pup was
subsequently nursed.

B Female sniffing a pup which is pressing 1its
rump to the ground. This pup was
subsequently chased away.
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5.22 summarizes the proportion of scan observations of adult
maras behaving 1in 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 U40% 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 U46% when away
from thé den. Females followed a similar pattern spending
ohly 16% of the time feeding at the den against 44% when
away from the den. S0, in both sexes, the breeding pairs
feed less (Malesgs: X = 75.49, df = 5, P < 0.001; Females: X=
= 91.35, df = 5, P < 0.001), sit more (Males: X< = 81.49, daf
= 5, P € 0.001; Females: X® = 17.21, df = 5, P € 0.001) and,
not surprisingly, interact with pups more at the den than
away (Malesg: X2 = 19.85, df = 5, P < 0.001; Females: X= =
115.99, d4f = 5, P < 0.001). The large proportion of time
that maleg spend gsitting when at the den is noteworthy as
this behaviour category is characteristic of greatest
vigilance.

There is 1ittle evidence, aside from nursing, of
direct parental care (see Table 5.23). There 1is 1little

parental care reported in other caviomorph rodents--aside

from some allogrooming, it consists primarily of guarding
the pupe (see for example Rood, 0Ip, oI tes and Smythe, OJp.
-Iit.). As Dubost and Genest (Jp., «it) have reported, mara
adults are almost never seen touching thelr offspring. I

have seen females grooming small pups, and Dubost and Genest
(9p. =it.) report that Ffemales clean the anal reglons of the
gupse when they are small. Males in particular seldom touch
pups. It does seems likely, though, that males can
recognize thelr cown offspring--in two of the three births

observed males made a concerted effort to =niff their own

new btorn pups.

- 142 -



Table 5.22.--Proportion of observation scans of males and
females behaving in each of 10 behaviour categories.

Proportion of Proportion of
Behaviour Obs at den Obs not at den Significant
Category Male Female Male Female Differences
Feed 0.13 0.16 0.41 0.44 1,2,3
Sit 0.57 0.27 0.27 0.18 1.2.3
Miscellaneous 0.03 0.04 0.04 0.04
Lie 0.16 0.12 0.19 0.17 1
Move 0.09 0.10 0.08 0.08
Interact w/pups 0.02 0.31 0.002 0.10 1,2,3
All differences with probabi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>