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INTRODUCTION

The Alpine Marmot Project began in 1990 when thadise National Park staff wanted to
learn about the habits of the alpine marmot so twyd resolve conflicts between farmers and
marmots. Farmers believed that marmots were cawsintage to their hayfields. Discussions were
initiated between the marmot research team anai@nization responsible for the management
and protection of wildlife. La Grande Sassiere diai Nature Reserve was chosen as the study site
because it had many accessible marmots, as waltasy chalet for the researchers.

At the time, knowledge about the alpine marmot wablmentary. Therefore, early studies
focused on the behaviors, social structure andiapatructure of the species. Researchers
determined that the alpine marmot is a social ggdoring in extended families on a well-defined
territory. Each family is composed of a pair of mgamous dominant individuals, and a variable
number of subordinate individuals of both sexesesehearly results came from research on the
physiology of hibernation, behavior, life histomaits and population dynamics. Major research
themes include: Evolution of monogamy; Evolutionsotial structure; Senescence (aging); Effect
of climate change on marmot interactions.

We have learned that the alpine marmot is one of yew monogamous mammals.
However, like the monogamy observed in birds, $on@nogamy is rarely associated with genetic
monogamy. In the alpine marmot, the dominant somaiple can maintain that status for many
years. Although genetic monogamy is dominant, mas absolute. In fact, our research indicates
that approximately 20% of litters contain youngttéie not those of the dominant male, and 10% of
young are not genetically related to the dominaatemmWe are therefore looking for reasons that
extra-pair paternity exists.

We know that the alpine marmot experiences an agnogess, or senescence. Although
pervasive, senescence is an incredibly complexvandble process, varying from one species to
another and even from one individual to another. &k exploring the origin of this variation,
including the role of genetic factors, environmérigetors, conditions at birth or social context.
What evolutionary theories could explain these ateons? The first results on this topic have
shown marked differences between the sexes. Beaz#fueeir status and their role within the
family group, males tend to age earlier than fesialor example, dominant males must both
monopolize reproduction and defend their territagainst intruders. As they age, their mass
decreases, which reduces their ability to maintiagr dominant status. Such a phenomenon is not
observed in dominant females. Researchers areradsested in the potential role of sociality i th
process of senescence, especially regarding regtieesuccess. That is, are there social factors
that might affect the reproductive success of iitials, as measured by litter size, weight of each
of the young at birth and total litter weight?

Finally, climate change is currently the greateseat to biodiversity. Evidence for climate
change includes an increase in average temperanes&n increase in extreme climatic events
(floods, storms, drought ...). On a global scale difficult to predict the impact of these chasga
the functioning of ecosystems, partly because tbhaeges are not uniform throughout the world.
However, as with coral reefs and mangroves, monrgadsystems are particularly vulnerable to



climate change, with changes in the Alps being lgasieasured. For example, the average
temperature increase in the Alps is twice as highthat observed in the rest of the northern
hemisphere. An increase in winter precipitation ardkcrease in recent summer precipitation were
also observed. This causes a decrease in the aumtid height of the snowpack throughout the
Alpine Arc, as well as a faster shrinking of molstogers and a decrease of alpine permafrost.

The consequences of climate change affect many atahanimal species. Climate change
causes habitat fragmentation, changes in the hlision of species and the disappearance of the
most sensitive species. Some species are alrdaalyirgy changes in phenotypic traits (for
example, in body weight) and in phenology (tempsegjuence of events in the life cycle), as well
as some downsizing or even local extinctions. Adpspecies are specialists, well suited to their
mountain climate. Therefore, many of them will Ispecially sensitive to climate changes in their
environment, making them good candidates as sé¢speeies.

In such an environment, ecosystems and alpine epesiould benefit from careful
observations made by researchers trying to unchetstad predict the impacts of climate change on
population dynamics. In this context, the Alpinermat Project has a major role to play, from both
a scientific and societal point of view, to ensthie protection of threatened species and habitats.
One of the main objectives of the Alpine MarmotjBcbis to study the ecological consequences of
climate change on alpine populations, using thénalpnarmot as a model. To do this, we will
search for links between climate parameters (teatpes, precipitation, etc.) and population
dynamics among the marmots.



PRESENTATION OF THE BIOLOGICAL MODEL - THE ALPINEM  ARMOT

Latin name Marmota marmota

Common .
Marmotte alpine

name

Lenght 45-68 cm

Weight 2.2-6.5 kg

©Marie-Léa Travert
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Distribution The alpine marmot is found throughout the Alpsnfrérance in the west to

Slovenia in the east (Map 1). In France, it is gisesent in the Pyrenees and the
Massif Central where it has been introduced.




Habitat

The alpine marmot inhabits lawns, subalpine andhalpneadows between 800
and 3000 meters in altitude.

Social
organisation

The social structure of the marmot is organizediadathe family. A family group
consists of a pair of dominant adults, a variahlmber of male and female adult
subordinates, juveniles and pups. Only the domipamtreproduces.

A marmot family occupies an average area of 2.5tl&;boundaries vary little
from one year to another. A territory consists ohan burrow, secondary burrows
and latrines.




PRESENTATION OF THE STUDY SITE -
LA GRANDE SASSIERE NATIONAL NATURE RESERVE

Located in the valley of the Haute- Tarentaisehimtown of Tignes, the Grande Sassiere National
Nature Reserve was created August 10, 1973 to amsape for loss of a reserve where a ski lift
would be built as part of the Tignes ski compleixic8 then, the Reserve has been managed by the
National Park of Vanoise. The Grande Sassiére Resevers 2,230 hectares, bounded on the north
by the Aiguille de la Grande Sassiére, on the sbytthe Aiguille du Dome and on the east by the
Glacier of Rhémes-Golette (Map 2).

‘Glacier des
RI o~ .refs_.
Golette

fta-

k .‘(Awﬂ't')glc earntiy

I"” 1 2006 ‘ tellite: 29/8/2010 " 14502¢ 582!m ¥ altitude 9198 km




With an alpine climate and the extremely variedssthiat occur between 1800 and 3750
meters in altitude, the Grande Sassiere Nationalid&Reserve is home to diverse animals (fauna)
and plants (flora). Famous for its large populatbmarmots, it contains substantial populations of
several other species characteristic of the Alpsyws below.

Photo 3 :Ibex Photo 4 :Camois Photo 5 :Golden eagle Photo 6 :Bearded vulture

Plants present on the reserve are not outdoneudedaere are more than twenty rare
species (photos 7, 8, 9 and 10), twelve protediétkanational level and eight at the regional leve

£ ‘*7’\ DY J
Photo 7 :Edelweiss Photo 8 :Alpine columbine  Photalfine Panicaut Photo 10 :Androsace

Despite comprehensive protection of the site, daly-allows grazing to continue in the
lower part of the valley. Therefore, cattle grazougur during the warm season (photo 11).

Photo 11 Cow of the race Abondance in alpine meadows



SCIENTIFIC MONITORING OF THE POPULATION OF ALPINE
MARMOTS

History

Since 1990, researchers have followed 26 marmoiiésneach year, and have identified
more than 1300 individuals. By early 2014, the das® contained information for more than 3,500
captures. In the database, researchers recordédktitéy of the captured marmot, its sex, age, any
outstanding morphological characteristics and argwipus samples taken, such as blood or fur.
This crucial information is still far too rare favildlife, even though it would provide answers to
many questions about how marmots relate to their@mment.

Starting in 2012, Earthwatch volunteers have joine@nd helped to collect and process data.

Study area

The area where we study the marmots is locatedenvestern part of the Grand Sassiére
National Nature Reserve, at an altitude of 2350nu an area of about 40 ha that includes the
Santel chalet. Four streams go through the areafrom east to west and the other from north to
south, partitioning the study zone. Two other stredlowing north to south help determine the
boundaries of the study zone.




Within the study area, the spatial structure ohdamily’s territory is precisely known, and
is updated annually. The population seems to heaehed its saturation space: between 1990 and
2013, only six new territories were created bytspl existing territories
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Map 4: Map of current territories

In each territory, the entrance to a main burrowfisn on a mound of dirt (photo 12). The
burrow consists of a main entrance and periphexrgdary entrances.

i A, ; o el

Photo 12Main entrance to a burroftom the outside

Activity 1. CAPTURE PROTOCOL- Recognizing a familysirrows and territory(map
of marmot territories)



CAPTURE-MARK-RECAPTURE PROTOCOL

Objective

The most important reason for this activity is 0w researchers to track individual
marmots throughout their life. It allows us to @l three important demographic parameters:
survival, reproduction and dispersal of individuals addition, it tracks the dynamics of the
population.

A second benefit of capturing individuals is thegearchers can make various measurements
on them and take biological samples, which arergisddor obtaining information about the growth
rates of individuals, their health status, phygatal condition, genetic characteristics and kipshi
relationships.

Marmots are captured each year using the samecptataring the breeding season, that is
to say mid-April (when marmots begin to emerge frollmernation) until mid -July (when all the
pups have emerged). This is the only period whemmoi can be captured. Beyond that time,
marmots have no interest in the dandelion baitcamihot be captured.

Step 1 — Capture

Capturing marmots with traps
Marmots are captured using traps with two entraféggires 1 and 2). The traps are placed
near the main burrow in each territory.
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Figure 1 : Open trap
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Figure 2 : Closed trap



Every morning the traps are opened and baited aatidelions placed on a platform in the
middle of the cage. Upon entering the cage toleatlandelions, marmots walk on the platform and
trigger the closing of the entrance doors.

Activity 2 — CAPTURE PROTOCOL - Collect dandelions
Activity 3 — CAPTURE PROTOCOL - Bait traps with ddalions

Once set, the traps are checked every half houerumormal conditions (mild weather). If
weather conditions deteriorate (rain, snow), ttapdrare visited immediately, and any captured
marmots are returned to their burrow. Marmots arte@sleep as soon as they are captured.

Activity 4 - CAPTURE PROTOCOL - Monitoring traps

Capturing marmots by hand

This method is used f marmot pups leaving their burrow the first few t8rA researcher
keeps watch on a primary burrow to see when the puperge, and then captures them by hand
(photo 13 and 14). This technique is extremelyatiffe (up to ten pups caught per day) and usually
the entire litter can be caught in a short timereéby maximizing data quality and minimizing stress
on the pups. However, it is only effective on ptipst are still "naive”, that is to say, within avfe
days of their first outing into the open ebut while still staying close to the burrow whehey
were bori

Ar., e KBy

Photo 13 et 14
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Step 2 — Mark

Identification

When a new marmot is captured, it is given a unigeetification that it keeps throughout
its life. To accomplish this, researchers use thvags of tagging each marmot. The first method
involves injecting a transponder (photo 15 and urijer the skin of the animal. No bigger than a
grain of rice, each transponder has a unique aipharic code up to 16 characters long. It is placed
under the marmot’s skin between the shoulder blatlesse are passive chips whose reading is
done by reflection usinc receive placed within 30 cm of the individual. To obtaih thile recorded
data, the individual must be re-captured.

Numbered metal ear rings(photo 17 and 18) are placed on the right eaewfales and the
left ear of males. The number can be read usirgjesdope if the marmot is less than 20 meters
away. In most cases, the marmot must be recapfareithe researchers to read the number. The
average lifespan of these rings is more than tvaeosye
Finally, colored ear rings are also used (photad® 20). The first is an ear ring, placed on tlie le
ear of dominant females and the right ear of dontinaales. These colored rings allow researchers
easily to distinguish dominant marmots from subwaitks.

Spray paint (safe for pets) provides a second ndetbousing color in studying marmots (photo
21). The paint covers a portion of the marmot’s yhoand is extremely effective for visual
recognition at a distance. On the other hand, #iat gtays on the marmot for less than two months.

Besides the ear rings and paint used for identiinaeach new marmot is given a name.

4

Photo 15: Photo 17 Attaching a Photo 21 Individual
Transponder metal ear ring marked with colored

spray paint

Photo16 : Photo 18individual with  Photo 20 Individual with

Activity 5 - CAPTURE PROTOCOL - Report all individids carrying a colored mark
(Data sheet 1)

11



Characterization

Sex
The sex of each captured marmot is determined. Wighanimal in hand, it is easy to
distinguish the male from the female. Just loothatdistance between the anus and the urethra. In

males the distance is large (photo 22), while i fdmale the urethra seems "stuck” to the anus
(photo 23).

urétre

|

anus

-

Photo 22 Anogenital distance in males Photo 23 Anogenital distance in females

12



Age

Marmots are divided into four age categories ferhoject:

ears

Marmot pup Yearling Sub-adult Adult
Age From birthto 6 | 6 to 12 months 12 to 24 months More than 2 ye
months
Mean height (cm) 24 38 46 48
Average weight 524 1860 3100 3719

(9)

Photo 24 : Marmot
pup

Photo 25 : Yearling

Photo 26 : Adult

Social status

When individuals are caught, their social statusletermined. It is easy to distinguish
between the dominant and subordinate individualglofinant male has a prominent scrotum
(photo 27) and a dominant female has visible anlll d#eveloped teats (photo 28). In addition to
these features, the dominant individuals developdsa scent glands in their cheeks.

Photo 27 Scrotum well developed in the
dominant male

Photo 28 Teats well developed in dominant female

13



Biometric Measures

First, each individual marmot iseighed with the kind of spring scale used for weighing
fish (photo 29). Then, severdliometric variables are determined, including: total length,
measured using a tape measure (photo 30); lendtmedront legs (photo 31); length of rear legs
(photo 32); length of the mandible (photo 33); Wwidf the head at the cheekbones (photo 34); and
width of the pelvis (photo 35). These measuremargsnade with a vernier caliper.

Photo 29 : Weighing ~ Photo 30 : Total  Photo 31 : Front leg Photo 33 : Mandi
lenght length lenght

-

ble

Photo 32 : Rear leg Photo 35 :Cheekbone
length width

Biological samples

Four biological samples are taken: blood (photg 8&)(photo 37); skin tissue (photo 38)
and odorous secretions (photo 39).

The drawn blood sample is used for measuring lestlsormones, isotopes and various
molecules and metabolites, as well as for chenaicatacterization of the immunological profile of
the individuals.

Samples of fur and skin are used in genetic anslgse in hormonal anisotopic asays.
Genetic analyses are crucial for establishing #meeglogy of individuals and the genetic structure
of the population.

Three types of odorous secretions are collecteal, amouth and cheek. These samples will
allow us to characterize the different odorant rogles that marmots secrete to communicate with
each other or to recognize individuals.

14
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Photo 36 : Blood collection Photo 37 : Sampling fur  Photo 38 : Sampling skin Photo 39 : Sampling
©C et D Favre-Bonvin ©C et D Favre-Bonvin ©C et D Favre-Bonvin odorous secretions
©C et D Favre-Bonvin

Step 3 — Release

Once all measurements and sampling are compldtedgrtimal is placed in a quiet area in
the capture bag until it wakes up. Then it is earin the bag to the area where it was capturetl, an
released at the entrance to the main burrow.

y

Photo 40 Marmot released into its burrow after measuremeste made and samples taken

Activity 6 — CAPTURE PROTOCOL Release

15



PROTOCOL FOR OBSERVING MARMOT BEHAVIOR

Objective

The social structure of the alpine marmot revolyesind the family group. A family group
consists of the following categories of individuala dominant couple that monopolizes
reproduction (or tries to); subordinate individualeo are sexually mature but don’t reproduce;
immature marmots one year old; and pups of the. yBEae alpine marmot is highly social. In
particular, marmots of the same family group coafeewith each other to defend their territory and
to rear the young.

Knowledge of the size and composition (age, sexkamghip) of family groups is necessary
for assessing the benefits and costs associatdd cdracteristics of family groups, including
survival and reproduction of individuals. For exdepphese observations allow us to quantify the
costs of reproductive competition between domirsartt subordinate individuals, but we can also
evaluate how the presence of subordinates affeetsdproductive success of various dominant
couples.

Monitoring the size and composition of family grous

The first set of observations is intended to eshlihe number, social status, age and sex of the
individuals constituting a family group, namely:

* The identity of the two dominant individuals;

* The number of subordinate males two years or older
* The number of subordinate females two years orrplde
* The number of subordinate males one year old;

* The number of subordinate females one year old.

For this morning, in pairs, using binoculars anélascope, you will observe a marmot family and
identify the individuals who leave the main burrdsach individual is identified by his or her ear

tags or color of dye on its back. The sex of indlisls is determined by metal rings on their ears.
Males have metal rings on théaft ear, and females on theight ear.

Dominant individuals are identified using coloreat @ngs. Dominant males wear this colored ring
on theirright ear, dominant females on thé&ft ear. The dominant couple may also be identified
by their particular territorial behavior: markinbeir territory. They tend to regularly mark their
territory by rubbing their cheeks against "objéctsuch as stones or earth mounds. These
observations also help us determine the physicaind@ries of each territory. The age of
subordinate individuals is determined by their size

Activity 7- COUNTING PROTOCOL (Data sheet 2)

16



Recording reproduction milestones

This second type of observation aims to determiree timeline of activities related to
reproduction. It is especially important to estsiblthe exact date when the pups leave their main
burrow for the first time, usually between mid-Juamel mid-July. These data allow us to obtain the
date of emergence of marmots for each family grang, the number of marmots produced by each
family.

To obtain this information, you will work in paitsing binoculars (10x50) and a telescope (20x60).
From mid-June to mid-July, all burrows in eachitery are observed every morning and every
afternoon.

Activity 8 — PROTOCOL FOR STUDYING REPRODUCTION Bate of emergencéData
sheet 3)

Activity 9— PROTOCOL FOR STUDYING REPRODUCTION — Goting pups (Data
sheet 4)

Activity 10 — PROTOCOL FOR STUDYING REPRODUCTIONRups videos

17



Behavioral experiments - Testing the phenomenon 6Dear Enemy"

In addition, behavioral experiments are conducted better understand the social
organization of the family and the interactionsamsn individuals and family groups.

The alpine marmot is a so-called territorial spgcteat is, the members of a family group
live within and defend a defined space, chasingyatweeigners who enter the family’s territory.
The dominant male and female use scented secrgirodsiced by their cheek glands to mark the
boundaries of their territory, as well as their mbaurrows. These secretions signal to intruders tha
the space is already occupied.

However, defending a territory is costly in timedagnergy. It is therefore expected that an
individual reacts less strongly to the intrusioraadominant neighbor who has its own territory and
thus represents only a limited threat. By contridm,intrusion of an unknown dominant individual,
who may or may not have its own territory, représensignificant threat. This adjustment of an
animal’s reaction, depending on the level of thrisaknown as the phenomenon of "Dear Enemy".

Emplacement de la
glande jugal

Photo 41 : Jugular gland

Behavioral experiments are being conducted to wémther, in fact, the reactions of the
dominant male and female differ when they deteetdtent of a dominant neighbor, as compared
with the scent of an unknown dominant individuab. 8xplore this question, two glass tubes are
impregnated with the smell of a dominant neighboth@ smell of an unknown individual. The
scented tubes are presented to the dominant indildof each nearby family. During each
experiment, the reaction of the dominant individual each tube is filmed for later analysis.

Photo 42 Placing the scent of aPhoto 43Placement of olfactory ~ Photo 44 Observation of
individuals being studied

18



foreign individual in a test tube tubes on a starba

Activity 11 — DEAR ENEMY PROTOCOL — Behavior experents
Une fois les comportements enregistrés sur vidémx-ci sont analyseés.

Activity 12 — DEAR ENEMY PROTOCOL- Video Analysisep 1
Activity 12— DEAR ENEMY PROTOCOL- Video Analysisept?2
Activity 12 — DEAR ENEMY PROTOCOL- Video Analysisep 3

Activity 13 — DEAR ENEMY PROTOCOL- Backup videos
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WEATHER MONITORING

Objective

Twenty years after the first Earth Summit in 198%2 Rio+20 Conference reaffirmed that
climate change is the greatest threat of th& @intury. The alpine environment is among the most
threatened ecosystems (IPCC 2007; European Envaonmgency, 2009), and the changes in
climate observed in the Alps are unprecedentedidfnie of major climate change includes:
(1) Recent temperature increases more than twecavbrage observed in the northern hemisphere.
Average temperatures in the Alps could rise by 8°6°C by the year 2100
(2) A decrease in the duration and thickness osttmevpack across the Alpine arc,
(3) An increase in the frequency and intensityxifeane weather events (rainstorms, droughts).

In addition, mountain species are specialized fang in their alpine environment. A
consequence of this specialization is their lowac#y to adapt to changes in their environment. In
agreement with theoretical predictions, the popaabf alpine marmots in the Grande Sassiére
Nature Reserve has shown a decline in the numbgowig produced during the last 20 years, a
result that is consistent with smaller winter snaeks linked to climate change.

In this context, researchers need to understandintipact of climate change, a major
challenge from both a scientific and societal pahtview, to ensure protection of threatened
species and habitats. The "Alpine Marmot Projestthe only long-term program for monitoring a
mammal on the metropolitan french territory, led thg National Center of Scientific Research
(CNRS) and a university, and provides a unique dppady to provide answers to current climate
questions. To obtain these answers, it is essamdtabnly to continue to obtain data characterizing
the population of alpine marmots, but also to obtalimate data that characterizes the
environmental conditions experienced by alpine noasm

The weather station

To monitor the weather, a weather station is bé&istalled close to the Santel chalet (photo

45). A device approved by the French weather ageMégéo France, will record the following
parameters:

* Speed and wind direction,

« Solar radiation,

» Air and soil temperature

* Relative humidity,

* Amount of precipitation,

» Duration of precipitation,

*  Amount of snowfall.

20



The energy required to run the station will be jted by a solar panel. Information will be
recorded as recommended by Météo France, withateeidtegrated over an appropriate duration of
time to each individual parameter. Data will bets#aily to the laboratory computer servers in the
Department of Biometrics and Evolutionary Biology.

Temperature and brightness recorders

Since 2011, temperature and luminosity at entranfaesain burrows have been recorded
hourly using the device, “HOBO Temperature/ Lighit® Logger 64K - UA- 002-64" (photo 46).
These are placed in a hole at the entrance of #ie burrow (photo 47) of each family group, and
they record temperature and brightness hourly fombnths. These data provide information on
local climatic conditions experienced by marmotsd andirectly on the dates each family group
begins and ends hibernation.

Photo 45 Model weather station planned for the  Photo 46 Device for recording temperature and
study site brightness hourly

Enregistreur de
température
« HOBO »

Photo 47 Placing the device in hole
Activity 14 — RECORDING DEVICE PROTOCOL- step 1:mmving (Data sheet 5)

Activity 14 — RECORDING DEVICE PROTOCOL- step 2:t8ag up (Data sheet 5)

21



MONITORING THE ALPINE ECOSYSTEM

Objective

Monitoring the alpine ecosystem is a way to leasaud phenology, which is the timing of
periodic events that are determined by season#tiars in climate. Indeed, the life cycles of
plants and animals are not only directly relateddasonal changes in temperature and daylight, but
also are highly dependent on weather conditions.Wéather data will help us measure the impact
of climate change on different stages of the Iliele, such as flowering or fruiting in plants or
reproductive stages in animals.

In the context of climate change, extreme enviramsiesuch as alpine ecosystems, will be
especially sensitive to these changes. It is tbezeimportant to monitor the changes in the life
cycles of alpine species in response to these wirohanges. In this context, several plant and
animal species are being monitored weekly to measesponses within a species, but also to
compare the variations in these responses amowgspe

Activity 15 -PFENOCLIM PROTOCOL (Data sheets 6 et 7)
Activity 16 -PHENOPIAF PROTOCOL (Data sheet 8)
Activity 17- PFENOZOO PROTOCOL Monitoring the grass froi (Data sheet 9)

Activity 18- PHENOZOO PROTOCOL- Monitoring the bdet(Data sheet 9)
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PRECAUTIONS TO TAKE WHEN IN THE FIELD

Stay on the path and away from marmot territories

Although familiar, marmots are still wild animalB minimize interference with their daily

activities, please stay on the paths. Do not pag the territories.
To avoid disturbing the marmots, use binoculars ardlescope when you want a closer

view.

Follow these recommendations even when doing #esvihat are not directly related to
marmots (Phenoclim, installing a monitoring device, For each activity, try to minimize the
amount of time you spend in the territories.

Look carefully at the names of territories and thef locations to make sure you are
following the right family group.

Be very vigilant when making your observations, andaccurately record the name and
location of the territory where you are working. Whether you are catching marmots, making
observations, performing experiments or recording kmate parameters, it is crucial to record

where you carried out these activities.
To achieve this goal will require rigorous concentation and accurate note-taking.

How to Relate to Tourists

Many tourists frequent the reserve. Some may ask afmout your presence and your
activities in the reserve. Feel free to explain iwa are doing and why.

PRECAUTIONS REGARDING SNAKES, INSECTS AND STINGING
PLANTS

To minimize snake and insect bites, it is advisablevear high shoes and be vigilant in
looking where you are planning to put your handd teet. For example, do not put your hands
anyplace where you have poor or no visibility (Isplstones ...). These precautions will help you
avoid any possibility of bites or stings. Do noirtd on boulders, where many venomous snakes
may live (photo 48). Be careful when you walk aruhe cabin, where many stinging plants are
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present (photo 49).
Photo 48 : Aspic viper

Photo 49 Common nettle

Sunburn, dehydration, hunger

Beware of sunburn at high altitudes. To prevenbsum, always use sunscreen with a high
number that blocks all or most of the sun. You ao get bad sunburn from sun reflecting off
snow. As you go higher in the mountains, it becos®esier to get sunburned, even on cloudy days!
It is therefore essential to protect your eyesfand with a cap or visor to avoid sunburn.

Wear appropriate sunglasses that protect againdigbd/and completely cover your eyes.

Especially during sunny days, drink water or otleuid regularly so you do not become
dehydrated.

Remember to make a snack the night before to tatkethe field with you in case you
become hungry during an activity. When you are gdio be outdoors, always bring a bag or
backpack with you containing warm clothing (thatgkves, hat, scarf, rain jacket, fleece, an extra
pair of socks ...). Mountain weather conditionsenfichange very quickly and you need to be
prepared for sudden cold or rain.

Steep slopes, slippery footing, rocks...

Remember to wear footwear that is designed for ramiruse. In wet and snowy weather,
the ground can be slippery. If you experience mois, ask a member of the team for walking
sticks.
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AT THE CHALET -
COMMUNICATION PROTOCOL

Objective

The Alpine Marmot Project is intended primarilyaascientific project, but at the same time,
it is also a participatory project. To inform and/olve the general public, as well as those who
already care about the mountains, we plan to pabliour activities through our website and our
facebook page:
http://projetmarmottealpine.org/
https://www.facebook.com/thealpinemarmotproject

Using these two means of communication, we willrehaur research and the discoveries
that result. The general public often believes tkaearch is abstract, daunting and inaccessible to
them. These media outlets provide a way for usgblight the Alpine Marmot Project and to make
our findings understandable to everyone. We will this using short reports, summaries,
photographs and non-technical language. These ateshelp us to publicize our project and its
research results. We can also use the sites te famgls, thus helping to ensure that the Alpine
Marmot Project continues for the long term.

Principle

To do this, we plan to summarize our scientific gg@pso that anyone interested can
understand the results.

In addition, at the end of each week, we would tik@ublish a short summary of that
week’s field activities, including photographs.

We also would like to prepare a document abouptbgect for Wikipedia, which would
further publicize our research.

Activity 19 — COMMUNICATION PROTOCOL — Using photogphs to tell our story
Activity 20 - COMMUNICATION PROTOCOL- Updating thiacebook page

Activity 21 — COMMUNICATION PROTOCOL — Popularizingcientific articles
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PROCESSING DATA FROM THE FIELD
Objective

As part of our research, it is essential to keapktrof all data collected in the field because
these data are used by all research programs amadl l3searchers and students. Therefore, after
each field day, it is crucial to transfer all thetal recorded in the field onto a computer. Thesa da
form the basis for answering all the biological sfiens about the alpine marmot.

Principle

Data about captured marmots are saved in two files:"Capture” file, and the "Family
structure" file.

The file named "Capture YYYY" contains all the dataeach individual caught in a given
year. Each line of the file refers to an individeaptured on a given day. Each column lists all the
information recorded on the capture sheet, which filled out in the field.

The file named "YYYY Family structure" contains #ie data relating to the composition of
each family group of marmots during a given yeaclEsheet represents a given territory, and each
line of each sheet corresponds to a particular getlie monitoring

Activity 22 — PROTOCOL FOR ENTERING DATA — Captuféde (Data sheet 11)

Activity 23— PROTOCOL FOR ENTERING DATA — Family micture (Data sheet 12)
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TREATMENT OF BIOLOGICAL SAMPLES

Preparing fur samples
Objective

Fur taken from captured marmots is used for extrgddNA. These DNA samples are used
in many analyses, such as in identifying the masmgarents, which then lets us determine the
geneticrelationships among individuals in a family.

During reproduction, each parent transmits one adfpys genes (DNA sequence) through
its gametes (reproductive cells). [to simplify:itire nucleus of almost every cell, DNA is structured
in chromosomes. Chromosomes are thus an assoca@dtidrcopies of several DNA sequences =
genes. In gametes, there is only one copy of teeseral DNA sequences]. Although a parent
transmits all of its genes to its offspring, eaehnemt contributes only one of its two copies offeac
gene. During formation of the egg cell by fusiontbé male gamete and the female gamete, a
diploid cell is created. (A diploid cell has thdlfamount of DNA, the 2 copies of genes; in this
case, half comes from the male parent and half thenfemale parent.)

Forexample, if the X gene to the father was homozyg¢aiXa (exactly the same version
of the gene X = DNA sequence, at the same posiaiad)Xb mother homozygous Xb/Xb (exactly
the same version of the gene X as well, but wigmall variation compared to the gene X of the
father), then the child will be heterozygous Xa/ibr the same gene X, he got both versions!),
because each parent has given a copy / alleleeajehe X. The genotype of the child is the result
of mixing a portion of the genotype of the fatheddhe mother. Knowing the mode of transmission
of genes and alleles (Mendelian), it is possibjeexamining the genes of individuals, to determine
the relationships of kinship between them.

In all animals, certain portions of DNA will encodenes (like a code that will be read and
result on the synthesis of a special protein), @ihér portions of the same DNA will not. Among
these non-coding sequences, some nucleotide (DMAseguences will be repeated. The number
of repeats is highly variable from one individual &nother (between 5 and 50 repetitions,
depending on the individual). These repeated semseare called "microsatellites”. The number of
microsatellite repeats, characteristic of an irdiral, is inherited in the same manner as the allele
of a gene.

After obtaining the genotype (all the genes, whickans every alleles = copies of every
genes!) of each individual, and the number of riépas for several microsatellite genotypes of
different individuals, (e.g., the genotypes of papsl of the dominant male and female), the results
are compared to determine genetic relationshipgsimvihe family.
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Principle

The genotype of every marmot is done using DNA. #as marmot project, DNA is
extracted from the root bulbs of fur samples (retoemin almost every cells, there is a nucleus
which contain DNA!). The DNA is purified by destiog other components of the fur root bulbs,
such as tissues, protein and peptides, and thanademy the DNA from these other substances.

Each microsatellite have flanking sequences (gberts before and after the microsatellite
sequence), and the different individuals to studgweh them in common for a particular
microsatellite. Primers corresponding these flagldaquences are then added to start hybridization
with the DNA previously obtained.

The DNA fragment between the primers is the midedbte, which is then amplified by
PCR (Polymerase Chain Reaction). The size of @ifferamplified products (corresponding to
different alleles of the microsatellite) is thertaetenined by migration on an acrylamide gel. If the
sequence is short, it will go through the gel quiehd therefore will appear at a greater distance
from the “top”.

This procedure is repeated for 17 different mictelfites and for every captured marmot.
Genotypes obtained are then compared to eachtothdetermine kinship links among individuals.
For example, the image below shows that all thelbdoorresponding to one DNA sequences from
a particular size) of the offspring are presertdne or both parents.

Peére Mére

203 13

2307 al 303 (al 305
ar 2020 jar 2025 Jar 1504

Enfant 1 Enfant 2
200 Eali] 200 M0
4l 305 al 307 al 303 al 207
ar 3227} |ar 1933 ar 2321 ar 2020

Commentaires
« Liens de parenté avec la méres : les alleles meltese retrouvent chez I'enfant 1 (pour le vertleafant 2 pour le bleu
« Liens de parenté avec le pére : I'alléle rouges®uve a la fois chez I'enfant 1 et I'enfant 2.

Figure 3: acrylamide gel migration

Activité 24 — FUR SAMPLES PROTOCOL - Preparing salep for genetic analysis
(Data sheet 13)
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Complete Blood Count from captured individuals
Objective

The blood sample is used to determine the healdach individual marmot. The first step is
to get a complete blood count for each individuarmot. A complete blood count, or CBC,
analyzes both quantitative (number) and qualitaftypes) aspects of blood components. These
components include: red blood cells (erythrocytesiife blood cells (leukocytes); and platelets.
Erythrocytes are the most numerous blood cellsemebrates. In mammals, they transport oxygen
(O,) to various body tissues. The red blood cells (RBICk up oxygen from the lungs, and as the

blood circulates through the body, the RBC'’s rede@msygen to the various tissues.

White blood cells, or leukocytes, are produced bgebomarrow. There are several types of
leukocytes: granulocytes, monocytes and lymphoc¥ash plays an important role in the immune
system, which protects mammals against infectiagmsages, viruses and foreign substances.

Blood cells are counted to allow us to determireelilood concentration of red cells, white
cells and platelets. This count is performed byurining the hematocrit and by analyzing a blood
smear. The hematocrit corresponds to the percemtaged blood cells (erythrocytes) in the total
volume of blood. After staining the blood smeae thfferent types of white cells can be identified
and counted. If a mammal has an infection or danmihation, the number of circulating leukocytes
increases dramatically.

A blood smear also helps in identifying potentilldal parasites.

Principle

Counting blood cells requires just a simple bloadhple. Blood samples from captured
individuals are made in the presence of a bufferkdep it “intatct”. The blood sample is then
diluted more or less, depending on the expectedesdration of the blood cells to be counted. The
expected concentration of red blood cells is greihit@n the expected concentration of white blood
cells. The red blood cell concentration is expedtetle particularly high in alpine marmots, as is
the case for many mammals living at high altitudes.

The diluted blood on a microscope slide is plaged ispecific device used for counting
blood cells: a hemacytometer. The hemacytometeiasma background pattern of squares, which
allows for a direct, precise count of cells; thekmaound pattern prevents double counting the same
cell. The hemacytometer is placed under a micrasema a photograph is taken of the arrangement
of cells in the hemocytometer to facilitate cougtin
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Figure 4.Cells on a hemacytometer observed under a micrescop

The number of cells can then be counted on theoghaph and is then compared to the

counting volume, which allows researchers to obthe concentration of each type of blood cell
studied

Activity 25 — COUNTING PROTOCOL — Establish CDC frocaptured marmots -step 1
(Data sheet 14)

Activity 25 — COUNTING PROTOCOL - Establish CBC frocaptured marmots -step 2
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