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Abstract

The movement patterns of domestic reindeer depending on indigenous herding practices were studied using GPS collars. Data
were collected during the summer-autumn of 2021 from the private Nenets herd in the South of Yamal Peninsula, Russia.
We classified the types of herders’ influence on reindeer and estimated the densities of GPS fixes on pastures in four time
periods in June — November. Based on ethnographic data and personal experience of migrating with Nenets, we hypoth-
esized that a long-lasting stay of reindeer at a nomadic campsite is the significant indicator of human influence on a herd.
Our GPS data registered that reindeer stayed at campsites significantly longer in July during the peak of insect harassment.
This factor determined the maximum level of human control over the herd as shown by the limited distance of dispersal of
reindeer from a campsite. By early August, the active phase of bloodsucking insects concludes as does active control of the

herd, allowing a return to freer foraging and increased range of movement.
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Introduction

Reindeer (Rangifer tarandus) — wild and (semi)-domestic
populations — are recognized as one of the ecosystem
engineers of the Arctic, that have become the significant
“actors” in recent studies on greening and shrubification
of the tundra (Olofsson et al., 2009; Forbes et al., 2010;
Cahoon et al., 2012; Bernes et al., 2015; Beest et al., 2016;
Skarin et al., 2020; Verma et al., 2020; Mekonnen et al.,
2021; Vuorinen et al., 2022; etc.). These large herbivores
not only have complex effects on ecosystems, but also are
a cornerstone of the stability and potential of the traditional
economy and livelihood of the indigenous people of the
entire circumpolar zone — hunters and reindeer herders. The
Yamalo-Nenets Autonomous Okrug (hereinafter referred
to as YNAO) of the Russian Federation in North-Western
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Siberia is a world leading reindeer herding region with the
largest population of domestic reindeer (ca. 650 thousand)
and one of the few places that maintains the tradition of
family nomadic pastoralism (Klokov, 2020; Stammler,
2005; Terekhina & Volkovitskiy, 2020).

In the Russian academic tradition, domestic reindeer
are studied mainly as an object of agricultural disciplines
(Yuzhakov, 2003). From an ecological point of view, reindeer
— vegetation interactions in Yamal are considered mainly
within the framework of the “overgrazing” concept. Some
researchers claim that the current model of reindeer herd-
ing in the YNAO to be an uncontrolled process (opposite
to the previous Soviet state reindeer herding of big reindeer
herding enterprises), which negatively impacts on tundra
vegetation, reducing forage resources and thus leading to
the collapse of reindeer herding itself (Kryazhimskiy et al.,
2011; Veselkin et al., 2021). The delichenization of the tun-
dra is seen as a direct result of the rapid increase in the
number of reindeer in Yamal private non-state households
since the post-Soviet 1990s (Ektova & Morozova, 2015;
Golovatin et al., 2012). According to some scholars, the
most important factor behind these changes is the intention
of Nenets households to accumulate the excessive number
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of reindeer as an immanent quality of the Nenets extensive
reindeer herding tradition (Bogdanov & Golovatin, 2017).
Geobotanical studies in 2017 recorded “the poor condition
of winter pastures and the complete absence of forage for
winter, late autumn and early spring grazing on the entire
Yamal Peninsula” (Geobotanical assessment, 2017: 101).
However, such studies are based on Soviet standards for
assessing grazing capacity, developed from geobotanical
surveys in the 1920s-1930s (Andreev, 1934; Gorodkov,
1926; Igoshina, 1937). These assessments ignore contem-
porary reindeer herding practices and have no explanation
for current reindeer populations on Yamal that have only
experienced declines due to extreme weather events and not
because of lack of forage.

We believe that new climatic and social conditions
require the revision of methods for estimation of grazing
capacity and call for a better understanding of the domestic
reindeer ecology in Yamal that considers indigenous prac-
tices. Further, study of reindeer foraging behavior in this
region requires clarifying human (pastoral) influence on
animals. The core of the Samoyedic type of reindeer herd-
ing of Northern Eurasia used by tundra Nenets, Khanty,
and Komi-Izma people, in contrast to other reindeer herd-
ing traditions, is consistent control of the herd by humans.
Schematic descriptions of pasturing practices in different
regions of Russia, including Yamal, have already been made
(Baskin, 2009; Golovnev et al., 2014; Istomin & Dwyer,
2021; Karpov, 2006; Stammler, 2005), but most of them
present a socio-anthropological view focusing on cultural
aspects, or were made decades ago based on researchers’
observations, without the benefit of geospatial technologies.

Since in ecological studies herbivory is considered
mainly during the growing season, we decided to focus on
the spatio-temporal interactions of the Nenets and their rein-
deer during summer and autumn periods. We used GPS data

Fig.1 Study area. In the main
map: the nomadic route of the
model herd in June — November
is marked with a red line; the
railroad is marked with a white
line. In the insert map: the
YNAO area is marked with the
black line with the study area
shown in the red square. The
imagery base map is from Esri
and Earthstar Geographics, the
insert map is from Natural Earth
(available from https://www.
naturalearthdata.com/)
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from a herd selected as a model in the South of Yamal Pen-
insula. The geospatial technologies have been widely used
to analyze the ecology of Rangifer tarandus living in wild
(caribou) North American, and for semi-domestic Scandina-
vian contexts (Baltensperger & Joly, 2019; Newmaster et al.,
2013; Reimers et al., 2014; Skarin et al., 2008; Valinger
et al., 2018 and others). In Russia, GPS collars have only
been used experimentally in certain regions of the North
to track the movements of wild and domestic reindeer for
agricultural and conservation needs (Elsakov et al., 2011;
Savchenko et al., 2019; Salman et al., 2020). Thus, this
article presents the first analysis of satellite monitoring of
domestic reindeer in Western Siberia. The entire research
was carried out in partnership with reindeer herders.

The purpose of this article is to quantify the herders’ levels
of control over reindeer through the analysis of the spatio-
temporal distribution of the herd across summer-autumn
pastures. We analyzed reindeer movement patterns, classi-
fied the types of herders’ manipulations with animals, and
revealed their “degree of freedom” of reindeer while forag-
ing depending on human influence. The results obtained can
become the basis for further study of the preferred habitats
of domestic reindeer in the Yamal tundra, foraging behavior,
and hence, reindeer effect on vegetation.

Methods
Study Area

Domestic reindeer movements were studied within the
area of the Erkuta ecological field station situated down-
stream of the Yorkutayakha River in the subarctic shrubby
tundra (68.12° N, 69.08° E) in the Yamal Peninsula, the
Arctic zone of Russia — subzone E (Walker et al., 2005)
(Fig. 1). The study area is located in the southern part of the
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Central-Yamal southern landscape region of the province of
flat and gentle-ridged southern tundra marine plains. Land-
scapes of III and IV marine terraces, river and sea flood-
plains dominate in the landscape structure (Melnikov, 1991).

The study area is situated in the southern part of the
Yamalskiy raion (district) of YNAO, the municipality with
ca. 225.000 reindeer, herded by more than 5.500 nomads
(mostly Nenets) migrating all year round in tundra. Up to 90
percent of the households are private, but one state reindeer
herding enterprise still exists after the post-Soviet economic
changes. The size of privately-owned herds varies from 50
to 2500 reindeer, reflecting the different economic status
of households. Yamal reindeer herders migrate distances
of 50-1500 km, using sledges with draught reindeer and
sometimes snowmobiles in winter. There are several private
herds using the pastures within the study area of the Erkuta
ecological field station in different seasons.

Herding Practices

In the spring the Nenets pastoralists of the Yamal Peninsula
start to migrate with their herds from one campsite to another
every 3-8 days (excluding the calving time, when the stop
lasts 2—4 weeks). They reach the main summer grazing area
by the end of July where many households also stay for a
longer period or slowly migrate between pastures (Nenets
— tango’’lava, Russian — letovka, literally — summering). In
autumn, households begin to gradually return, and in the end
of October — November after the formation of stable ice

Table 1 Common Nenets actions influencing on reindeer herd

on rivers — Nenets quickly move to their winter pastures. The
term “campsite” in this paper means a temporary nomadic
camp area where chums (nomadic tents), sledges, a corral
and other items are arranged. Campsite also includes a wider
surrounding area of several hectares used for daily man-
agement of a herd, where reindeer do not forage. Nenets
households occupy the same places for campsites every year,
located usually on hard and elevated dry tundra uplands.
We use the term “staying” as a temporal characteristic of
the duration of existence of a nomadic campsite at one
place on the migratory route.

The Nenets herding practices consist of regular reindeer-
targeted manipulations made by herders (Yuzhakov & Mukhacheyv,
2001). The following actions (hereinafter set forth in English/
Nenets) such as herder’s duty/ma’’alkova, pushing transport
animals to corral/yorkolava, migration/yamdanava, reindeer
sledge journey/ngedalyova, concentrating a herd near chums
because of insects/padeva were the most common types
of human influence on herd in the studied period (Table 1;
Fig. 2). The herders’ influence on reindeer has different levels
of intensity, humans restricting the freedom of movements
and foraging of specific reindeer (e. g., of transport bulls
while sledge journeys) and of the entire herd (during yorkolava).

In this paper we focused on regular, daily types of human
influence found in our data on reindeer GPS fixes such as
corraling transport animals at campsites, since migration and
long-distance sledge travel are comparably rare events and
could be easily identified in the whole data (moreover, we
checked each such track with the herders).

Name (Eng/Nen)

Description

Herder’s duty/ma’’alkova

Nenets remain on duty and look after a herd twenty-four hours a day during the summer

period (a herder with a reindeer team and a dog). While keeping the required foraging/
resting regime, a herder guides his herd, limiting the radius of the reindeer withdrawal
from a campsite. Reindeer may be allowed to graze more freely in the second half of
August when parasitic insects disappear

Pushing transport animals to corral for harnessing,
slaughtering/yorkolava

During snowless periods Nenets travel by sledges pulled by reindeer. When draught
reindeer are needed, the entire herd is driven to the campsite and moved in a circle,

while its transport part is concentrated in a corral in front of chums — a semicircle
of sledges and net or ropes. Transport bulls are changed daily during the June-July
period (a duty reindeer team usually “works” for 12 h)

Migration/yamdanava

The Nenets migrate at 3—7 km distance in snowless periods. All people and their

belongings are carried by sledges pulled by reindeer. A single household requires
up to 50 draught reindeer to migrate to a new campsite. A herder drives the rest of
the unladen reindeer

Reindeer sledge journey/ngedalyova

The tundra people journey to visit neighboring campsites, trading posts and infrastructure

facilities. They can cover a 10-20 km distance traveling on sledge at once. During a
bare-ground season one sledge requires 4—6 draught reindeer

Standing of a herd near chums because of insects/padeva

In the warm and windless weather when reindeer are extremely harassed by insects

a herd is pushed to a campsite by a herder or may even come on its own. Reindeer
circle around to prevent from mosquitoes bites or stand still if warble flies and
nose bot flies are active while people stay nearby (ty” tyakhana me — “stay behind
reindeer”) preventing reindeer from running away
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Fig.2 The most common types
of human influence on reindeer
in the summer — autumn period:
A —ma’’alkova; B — yorkolava;
C - yamdanava, D — ngeda-
lyova, E — padeva (photos by
authors)

Model Herd

The reindeer herd of the private Nenets household (ca.
1000 head) involved in the project spends summer
— autumn period in the area of the Erkuta research sta-
tion (Fig. 1). This herd’s pastures are limited by natural
features (Yavkhalyatosyo River, Khalyayakha River, Tam-
byakha River, and the eastern shore of the Baydaratskaya
Bay) and the Obskaya—Bovanenkovo railroad.

In total, 13 GPS collars were put on the model herd
reindeer in June, 2021. The animals for tagging were
selected by the agreement with the owners, to present
reindeer gender and age group typical for the Yamal pri-
vate herds: 7 collars for female reindeer (yakhadey, full-
grown females including 1 khabtarka — barren female
used as draught reindeer), 2 collars for castrated males
used for transportation (khabt), 1 collar for a castrated
male not used as draught reindeer (menaruy), and 3 col-
lars for a non-transport male breeder (khora) (Fig. 3).

Equipment Characteristics

Lotek Litetrack Iridium 420 collars fitted with GPS trans-
mitters (Lotek Telemetry Inc.) were selected for the project.
The collar weighs 400—450 g depending on the length of the
strap making up less than 1% of animal body weight. The
schedule of signals, as well as the sample of reindeer, was
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formed differently than in studies on movement of semi-
domestic Saami reindeer in Scandinavia, where mainly
females are tagged and equal intervals of signals are set
(e. g., Skarin, et al., 2008). The higher proportion of males
(transport bulls and breeders) in Nenets herds, in comparison
with the Saami herds, and the separation of bulls and females
in spring (calving) and autumn (rut), required an assess-
ment of the movements of each of these groups. We assumed
that the different schedule of positioning every category of
reindeer would become more relevant, allowing to simu-
late more accurately the movement of the entire herd (or 2
sub-herds: breeding and transport). Animals were divided
according to sex and function, with females and males pre-
senting separate subgroups. GPS positioning was scheduled
to have 1 signal from each subgroup in a 15-min interval. In
the female subgroup, each collar recorded GPS fixes every
1 h and 45 min; in the male group — once every 1 h and
30 min. Our schedule was established to ensure the function-
ing of the collars in cold conditions for at least 2 years. All
GPS fixes we received were with DOP values lower than 7,
which means an accuracy from 4 to 14 m (Jung et al., 2018).

Data Analysis
In this study we used the GPS data of reindeer movements

from the 27th of June to the 11th of November 2021, when
the herd stayed in the immediate vicinity of the Erkuta
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Fig.3 The reindeer GPS tag-
ging procedure: putting the
collar on (photos by authors)

ecological research station. We divided this time into several
periods based on three reasons: different reindeer movement
patterns (GPS data), different seasonal pastures specified
in the reindeer herding literature (winter, early spring, late
spring, summer, early autumn, late autumn) (Podkorytov,
1995), and the view of the herders (traditional knowledge
— see in the section below).

ArcGIS Pro, version 2.9.2 was used for processing and
visualizing data. The R software environment, version 3.6.3,
was used for statistical analysis (R Core Team, 2022). The
Wilcoxon signed-rank test (R Core Team, 2022) was used
for testing the hypotheses. Only significant results with
p-value less than 0.05 are presented.

Based on our long-term ethnographic experience, we
assume that a smaller area of reindeer distribution over pas-
tures means more intensive control of reindeer by a herder (or
greater limitation of free movement and foraging). Thus, the
presence of reindeer at a campsite indicates the direct human-
animal interaction, that is, reindeer do not move freely at this
time and definitely do not forage. To confirm this suggestion,
we calculated the average and maximum distances that the
reindeer moved away from the campsites as well as the total
area of the herd distribution in different periods. We also esti-
mated the percentage of GPS fixes at each campsite. The sta-
tistical adehabitatHR package (Calenge, 2006) and the kernel

density estimation-based method (Silverman, 1986; Wand
& Jones, 1995) were used for identification of all campsites
areas. To highlight the sites with the highest density of rein-
deer, GPS fixes were picked out by using the least square
cross validation algorithm (LSCV) selected as a smoothing
parameter (Seaman & Powell, 1996; Seaman et al., 1999;
Worton, 1995). This method allowed us to select the densest
clusters of fixes, which in our data were the campsites. We
asked the herders to locate all their campsites, but the method
of identification based on the GPS data helped to validate
their claims, which in some cases were controversial. Our
study recognizes a campsite as an area not only occupied
with chums, but used for daily work with reindeer where
animals are limited in forage. Such an approach makes the
results more accurate and will also help in the future studies
of this type data, or in the situation when there is no possibil-
ity to receive comments from the herders.

To better visualize the distribution of the reindeer during
four periods, we used kernel density with the ad-hoc rule-
based reference bandwidth method (HREF) with 50% and
95% isopleths. To calculate the areas that were occupied by
all the collared reindeer during every campsite stay, we used
the minimum 100% convex polygon (MCP 100%) (Calenge,
2006). The average and maximum distances were analyzed
by using the Near tool in Arcgis Pro.

@ Springer



Human Ecology

We also made a graph, demonstrating the levels of control
over the herd by Nenets in different periods of summer—
autumn season. We used GPS fixes within the borders of
the computed polygons around the campsites to observe the
daily time (24 h) of reindeer coming to the campsites, fre-
quency of that and the presence there over periods.

According to Nenets, the order of duty shift in July and
beginning of August requires driving a herd to a campsite to
change a duty reindeer team at least twice a day (1 per 12 h)
(Table 1). Although the increase of insect harassment makes
such shuttle movements (pasture — campsite) more frequent.
Therefore, we observed the timing and frequency of rein-
deer moving to campsites. To identify the conditions when
reindeer did come to a campsite to protect themselves from
insects, we examined the reindeer movements in days with
weather most favorable for insects activity: hot days with
an average daily temperatures between + 15 and 4+ 30° C and
with an average wind speed 0-5 m/s (July 8, 19, 20, 24 and
August 4, 5, 6,2021). Cold and windy days with an average
temperature between+5 and+ 10° C and with an average
wind speed reaching 10 m/s and higher (July 1, 4, 10, 11, 12,
22 and August 8 2021) were selected in order to make a com-
parative analysis of reindeer behavior in conditions adverse
for insects activity. The preferable/negative for bloodsuck-
ing insects weather conditions were identified on the basis
of recent field studies in the tundra closest to our study area
(Sizikov, 2005). The selected dates correspond to the terms of
mass flight of mosquitoes (Aedes sp., Culicidae) (first week
of July — first week of August), warble flies (Hypoderma
tarandi, L., Oestridae) and nose bot flies (Cephenemyia
trompe L., Oestridae) (third week of July — first week of
August) in southern Yamal tundra (Fyodorova et al., 2019).
We used the meteorological data of HOBO U30-NRC local
weather station of the Erkuta research station which records
basic weather parameters every 5 min.

Interview with Herders

After the initial processing of the GPS data, we compiled a
19 item questionnaire for our Nenets partners (Supplemen-
tary information 1) to clarify the details on the summer-
autumn grazing of the model herd. The questionnaire con-
sists of thematic sections: mapping the different periods,
locating campsites, and visualizing the reindeer movement
patterns. Regarding all the questions, we first asked the herd-
ers to draw on an empty map, and only after that we showed
them the map with GPS data in order to compare results.
This section also included questions about long-distance
sledge trips and other single events (e. g. seasonal panty
(velvet antlers) sawing). The other part of the questionnaire
was related to the details of regular summer — autumn herd-
ing practices. A special section included questions about
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“insect time” and behavior of people and reindeer during
the period of insect harassment.

In the course of the study, we relied on long-term eth-
nographic observations of the anthropologist on our team.
Despite the fact that the answers to some questions were
known to us, they were asked in order to get explanations
from herders taking part in the study. Semi-structured inter-
views were conducted with the two herders of the model
herd. Answers (with the permission of the informants) were
recorded. In the Results we excluded the special ethno-
graphic part but gave the answers of Nenets throughout the
entire section in accordance with the general logic of pres-
entation. We used the Nenets herders’ explanations to con-
textualize interpretation of the geospatial data in the Results
and Discussion sections.

Results

The GPS tracking reveals movement patterns of the tagged
reindeer from the end of June to November. According to
these patterns, we identified four different periods. Variation
in daily movements of the herd relates to herding practices
for pastures with different characteristics (bonitet, forage
composition, biomass, etc.) and weather conditions impact-
ing insect harassment (Table 2; Fig. 4). Herders concurred
with the 4 periods characterization of movement patterns
and enriched our understanding of Nenets herding practices
during interviews.

Figure 5 shows the area of sites with GPS fixes concen-
trated at the campsites under the herders’ control, as well as
the 50% and 95% isopleths of the utilization distribution of
reindeer during each period. The locations of campsites were
confirmed by the herders. Area of each campsite varies from
0.01 to 0.68 km2, with mean value—0.37 km2 and mean
diameter of campsite is about 200 m.

To analyze the features of each period and define the dif-
ferences among them, we separated all GPS fixes based on
various parameters, such as duration of staying, area of dis-
tributed GPS fixes at the campsite, mean and max distances
of reindeer tracks. Distance that reindeer covered while
grazing and the quantity of GPS fixes within the campsite
borders relative to overall number demonstrate the level of
human control of the animals (Table 3).

On average, the duration of every staying in period I is
5 days, which is mostly matching with the duration of stay-
ings over period III (mean duration — 7 days). In IT and IV
periods the campsites stayed in one place for a long time
(about a month). In support of our assumption about the
correspondence between smaller area and herders’ inten-
sive control, we found a positive correlation between area
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Table 2 Pasturing periods from the end of June to the beginning of November, 2021

No Date Area Activity

I 27.06-03.08 Route to the summer pastures Migration to the Baydaratskaya Bay shore, major insect harassment, continuous 24-h herders
duty, two yorkolavas per 24 h

I 04.08-03.09 Summer pastures

Main summer pastures. First week — total control over the herd because of insect harassment;

later — more free grazing

III  04.09 -23.09 Early autumn pastures
IV 24.09-11.11 Late autumn pastures

Migration back to the Obskaya-Bovanenkovo railroad, semi-free grazing
Separation of transport bulls and control over them; free grazing of the rest animals; rutting

season. Gathering all reindeer together at the last campsite for moving southwards to

winter pastures

of 100% distributed fixes over the stayings and duration
there (r=0.6; p=0.002).

In I period an average 21.6% of GPS fixes were located
at the campsites; in II period (1 campsite) — 13.8%; the
average values of periods III and IV are roughly equal
—6.5% and 6.3%. The proportion of GPS fixes at the camp-
sites correlates negatively with the reindeer dispersing area,
MCP 100% (r=-0.7; p=0.002) where the area values vary
from 10.66 to 152.06 km?, and proportion values — from
1.3t027.6%.

Periods
@| O]

ol ©1V
A campsite no.
nomadic route

We paid special attention to period I, when reindeer
spent more time at the campsites. The reindeer movement
pattern demonstrates a rather distinct configuration which
we called “snowflakes” (Fig. 4). The herd is frequently
driven back to the campsite for changing draught reindeer
for a duty herder and because of insect harassment. Com-
paring the maximum distance the herd left the campsite,
depending on various weather conditions affecting insect
activity, we found out that reindeer moved at a distance of
2.7 km on average (max 3.8 km) on hot and windless days

Fig.4 Distribution of the reindeer GPS fixes (left) and GPS tracks (right, 4 periods) with the campsites from June 27 to November 11, 2021
divided into four periods. The imagery base map is from Esri and Earthstar Geographics
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) campsite
85 50% isopleth of the utilization distribution of reindeer
95% isopleth of the utilization distribution of reindeer

4l Period 111

Fig. 5 Estimation GPS fixes density at the campsites and within the 50 and 95% isopleths for 4 periods using the kernel density method. The

imagery base map is from Esri and Earthstar Geographics

(n="7T) and at 4.3 km on average (max 5.7 km) on cold and
windy days (n=7) (Fig. 6). The maximum distance the
reindeer went off the campsite on cold and hot days is dif-
ferent at p=0.007. The herd also stayed for a longer time
at the campsite (p =0.024) of 8 h on average (max 11 h)
on hot days, and 4 h on average (max 6 h) on cold days.
Herders say “it is the mosquitoes and pilyu (Nenets — warble
flies and nose bot flies) that drive reindeer to the chum” but
we clarified some herding nuances in the interviews. As com-
pared with mosquitoes, reindeer cannot tolerate warble flies
and nose bot flies which become active on warm sunny days
and more resistant to wind (Morschel, 1999). When escap-
ing from insects, the animals try to ascend any wind-blown
hill (Hagemoen & Reimers, 2002; Skarin et al., 2004, 2010)
— areas usually used for campsites. Nenets explain that the herd
may concentrate on any hill but the duty herder should try to
gather reindeer downwind of the campsite, so that the animals
make their way windward to the chum. If they are guided in
the right direction, the animals run to the campsite searching
for protection against insects and thus occupy the area where
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they already stayed before. At this time people at the campsite,
including children, take their place behind the herd to stop
single reindeer running away and taking with them all the herd
trying to run windward. On the days with high insect activity,
a herder may move the herd to the campsite every two hours
and on cold and windy days only twice a day, about once every
12 h for changing the draught reindeer. Time spent by reindeer
on the campsites without forage differs significantly depending
on insect harassment —up to 11 h a day with active insects and
half of that on windy days.

We interpret the daily modes of herders — reindeer inter-
actions on a graph comparing the number of GPS fixes at the
campsites in different periods (Fig. 7). We excluded a few
days of period II which do not represent typical movement
patterns: first week of the period (last days of the insect har-
assment) and last 5 days (the herd was regularly pushed to
the campsite while preparing the migration from the summer
pastures). We also excluded the data of the last two-day long
campsite of period IV, since reindeer were also concentrated
for further late autumn migration.
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Table 3 Characteristics of reindeer movement over stayings: period
classification, sequencing and duration of stayings, area of MCP with
100% of locations over a staying, mean and max distance reindeer

moved away from a campsite and proportion of GPS fixes at a camp-
site relative to all fixes in a staying

Period  Campsite No  Durationof ~ Area, MCP  Mean distance reindeer moved Max distance reindeer moved Proportion of GPS
staying, day 100%, km? away from a campsite, km away from a campsite, km fixes at a campsite,
%
I 1 4 17.87 1.3 3.6 23.6
2 6 27.98 1.4 4.8 19.5
3 8 45.15 1.9 5.7 25.3
4 5 20.60 1.2 4.3 27.6
5 7 24.55 1.3 4.6 26.6
6 3 18.09 1.7 3.7 8.9
7 5 27.87 1.4 4.1 19.7
I 8 31 106.13 3.1 9.9 13.8
111 9 7 100.13 1.5 44 9.6
10 5 98.05 3.8 10.0 4.3
11 8 57.96 22 6.3 5.5
v 12 9 121.23 5.6 10.0 1.3
13 37 152.06 52 14.8 1.6
14 3 10.66 1.3 3.4 16

Two well-defined peaks in period I correspond to the
times of yorkolava, confirmed by Nenets herders. The herd
usually was driven to the campsite at 10—11:00 before the
morning yorkolava, and reindeer and herder rested. At
12—-14:00 the habts were driven into the corral to change
draught animals. The time of day for yorkolava varied
depending on weather and insects’ activity. In the evening,
the herd was also pushed to the campsite for the yorkolava
at 20-21:00. We assume that the third peak in period I is
related specifically to insect activity. I, IIT and IV periods
do not show such manifest peaks of GPS fixes near camp-
site since there was no need for 24-day presence of a herder
with reindeer after the decrease of insects and yorkolava
was carried out far less often. According to the herders, it
was "chaotic" time for yorkolava, i.e. at different hours of
daylight (the midnight sun ends in mid-August).

Discussion

Yamal reindeer herding involves continuous interactions
between humans and reindeer as is demonstrated by satellite
telemetry data. Though the Nenets migration routes and their
lifestyle are largely responses to reindeer ecology, and the
herders often say “human follows the reindeer”, the multiple
non-ecological factors such as administrative territory divi-
sion, infrastructure layout, neighbor relationship and many
others can fundamentally affect the pasturing strategy and tac-
tics (Beach, 1990; Dwyer & Istomin, 2008; Dyson-Hudson,
1972). After analyzing the movements of tagged reindeer and

evaluating the density of GPS fixes and herd distribution at
different time intervals from the end of June to the beginning
of November, we found strong signals of herders’ manipula-
tions of reindeer in the GPS data, consistent with Nenets’
informants interview responses, the maps they annotated, and
their observations of the mapped GPS fixes.

Based on the spatio-temporal distribution of GPS fixes
during different interactions of herders with herd, we suggest
classifying the reindeer movements depending on the inten-
sity of the effect of human influence which defines three
“degrees of freedom” for foraging behavior. 1 — the most
intensive impact when reindeer are not foraging (yorkolava,
yamdanava, ngedalyova); 2 — influence, which moderate,
guide and constrain movement of herd (ma’'alkova); 3 — free
grazing (reindeer are left out of direct human control for
1-3 days). Situation when reindeer stay densely or “circle”
at the campsite because insect harassment (padeva) refers
to the first degree of freedom.

Analyzing our data, we suggest looking at human — reindeer
interaction in terms of landscape ecology (Risser et al., 1984;
Turner & Gardner, 2015). With the domestic reindeer forag-
ing behavior considered as a combination of forage searching,
eating and processing solutions (Augustine & Derner, 2013;
Belovsky, 1991), we brought the above degrees of decision-
making freedom into correlation with the ecological hierar-
chies, used for studying herbivores foraging behavior (Senft
et al., 1987; Skarin & Ahman, 2014; Vistnes & Nellemann,
2008) (Table 4).

The reindeer movement patterns that we call “snow-
flakes” are a response to weather conditions and have

@ Springer



Human Ecology

0 125 25

Fig.6 Reindeer movements in different weather conditions: a) move-
ment tracks (red lines and dots — hot and windless days (1), blue —
cold and windy days (2); b) the graph of distribution of the GPS fixes
away from campsite (distance); c) duration of reindeer presence at

various lengths of radial elements or “petals”; such rein-
deer tracks were characterized by Golovnev et al. (2014).
Herders’ influence on the herd affects reindeer distribution
over space and time the animals stayed at the campsite: the
more often GPS fixes are located near chums, the less area
was occupied by the herd on each staying (Fig. 5, Table 3).
Accordingly, the highest level of the herd control and there-
fore the trampling of the campsite area occurs from the
end of June to the beginning of August — in the time of
peak insect activity and 24-h duty of herders. As a result,
on average 21.6% of GPS fixes were at a campsite within
a 200 m diameter and reindeer covered about 1.5 km on
average to graze. Graph on Fig. 7 shows the number of GPS
fixes at the campsites over I period which is significantly
higher than in the other three periods and it is consistent
with our ethnographic observations and interviews with
Nenets herders.

Insect harassment became mild at the summer campsite
near to the Baydaratskaya Bay, and totally disappeared by

@ Springer

s0001 Wilcoxon, p = 0.007 LB_

5000

4000

3000

2000

Distance reindeer moved away from the campsite. m

Weather

12{ Wilcoxon, p = 0.024 CJ

Duration of staying at the campsite. h/day

5 “
3 . »

2

Weather

campsite (time). Dots on the graphs — mean values from all collars
on a particular day, bold line — median, polygon — first and third quar-
tiles, vertical lines — min and max values. The imagery base map is
from Esri and Earthstar Geographics

the end of period II. Consequently, the proportion of GPS
fixes in the campsite decreased to 13%, and a mean animal
distribution radius extended up to 3 km making up a maxi-
mum distance of 10 km. This distance corresponds to the
herding regimes of the III and IV periods with free graz-
ing (Table 2). It should be noted that the model herd has
no neighboring households in this part of the Yamal tun-
dra. Presence of neighboring herds/households can restrict
migrations because of the risk of mixing with other herds.
On the contrary, natural “boundaries” (rivers and the Bay-
daratskaya Bay) within the studied area give the herders
an opportunity to leave the herd without direct control for
1-3 days. Such free grazing significantly reduces the nega-
tive effect of trampling the pastures.

The extrapolation of our study results to all the private
herds in Yamal meets with difficulties since migratory and
pasturing patterns vary across the Yamal tundra. However,
the Nenets practices of control over the herd will be simi-
lar in response to some combinations of factors (weather,
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insect harassment, pasture conditions, etc.). The identified
proportion of herd’s signals in the campsites and radius of
reindeer distribution over pastureson warm and cold days
will be relevant for any Nenets households. The analyzed
data could be the base for studying the preferred habitats of
reindeer or broadly — reindeer foraging behavior in a new

Table 4 Scale of spatial organization of reindeer herding in Yamal

climate, ecological, and social conditions. The warming of
the tundra and the increase in summer heat days associated
with global climate change even in short-term perspective
can significantly affect the freedom of foraging behavior
of the Yamal domestic reindeer and reveal the new herding
practices.

Scale of ecological hierarchy Reindeer movement pattern

Human activity impact

Freedom of reindeer foraging
behavior

Regional system Migration between seasonal

pastures

Landscape system Free movement between plant

communities

Large patch or plant community Moving within a limited area

Driving the herd along the

Taking the herd for free grazing

Summer daily herder’s duty

Long-distance movements between
pastures are entirely determined by
the herders. Selection of foraging
areas within the nomadic rout
borders

nomadic rout

Foraging decision-making between
different plant communities

(degree 3)

Selection of micro-patches or

particular plants within the plant
community (degree 2)
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