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Appendix 1: Additional methods

1.a Study system

The study area includes Colesdalen and Northern Reindalen with adjacent side valleys on the
Nordenskiold peninsula (Figure S1) on the western part of Spitsbergen, Svalbard. This part of
Svalbard receives mild ocean currents from the south and sea ice forms relatively late in the
year compared to the east coast of Svalbard [1]. The area is characterized by wide, U-shaped
valleys which are mostly vegetated up to about 250 meters above sea level. Ridge
communities on the upper part of the hillsides are characterized by the presence of the dwarf
shrubs Dryas octopetala and Salix polaris, and on the shallow slopes graminoid vegetation
can be found in patches [1]. Heathlands, together with moist moss vegetation and wetlands,
are typical characteristics of the lower-lying parts of the valleys [1]. Although live vascular
plant biomass in vegetated habitats averages 35 g m 2 (annual range 23-46 g m 2 [2]), the
area supports a high density of reindeer compared to other parts of Svalbard [3]. In summer,
reindeer forage mostly in lower-lying, wetter and more productive pastures. In winter, snow
and ice normally limit the access to these areas, and reindeer tend to feed on wind-blown,
vegetated ridges, where the quality and energy content of forage is poorer than in summer

[1,4].
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Figure S1. Map of the study area (red lines) on Nordenskiold Land. The inset shows

Nordenskidld Lands position on Spitsbergen, the largest island on the Svalbard archipelago.
©Norwegian polar institute (https://toposvalbard.npolar.no/).
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1.b Surgical procedure for biologger deployment and retrieval

All implants were sterilized with ethylene oxide gas (Anaprolene AN74i 60 L, Andersen
Europe, Kortrijk, Belgium). Prior to biologger implantation, the animals were sedated with
intranasal medetomidine (Domitor vet, Orion Pharma Animal Health, Finland; dose ~0.14 mg
kgt body mass, BM) or dexmedetomidine (Dexdomitor vet, Orion Pharma Animal Health,
Finland, dose ~0.07 mg kg™* BM). For local anaesthesia, we used 2.5-5 mg of Bupivacaine
(Marcaine 5 mg mL™%, AstraZeneca, Cambridge, UK). Post-operative analgesia (0.5 mg kg™
meloxicam; Metacam®, Boehringer Ingelheim Vetmedica GmBH, Germany) was
administered subcutaneously prior to surgery. Surgical anaesthesia was assessed by checking
the eyelid reflexes, limb movements, pulse and breathing rate. The surgical area was shaved
and cleaned with chlorhexidine spirit. The logger was inserted into the subcutaneous space
through a ~1 cm incision, which was then closed with 2-0 monofilament absorbable suture
PDS® Il (polydioxanone) (Ethicon, Johnson & Johnson, New Brunswick, NJ, United States).
After surgery was completed, anaesthesia was reversed with intramuscular atipamezole
(Antisedan® 5 mg mL?, Orion Pharma Animal Health, Turku, Finland; 5 mg mg™
medetomidine or 10 mg mg* dexmedetomidine). Once animals regained consciousness and
coordination, they were released and monitored until walking/running with normal balance
(typically ~5 min post-injection of the antidote). Normal balance was considered as

walking/running in straight lines and not stumbling when standing upright or walking.

When retrieving the loggers in 2019, animals were manually restrained and local
anaesthesia was used (2.5-5 mg of Bupivacaine; Marcaine 5 mg mL ™%, AstraZeneca,
Cambridge, UK) together with post-operative analgesia (0.5 mg kg meloxicam; Metacam®,
Boehringer Ingelheim Vetmedica GmBH, Germany). A small incision (~0.5 cm) was made at
the top of the logger through which the logger was pushed out. The incision was left to heal

without suture given its small size. The procedure took ~5 min.
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1.c Validation and filtering of heart rate data

The DST centi-HRT (Star-Oddi, Gardabaer, Iceland; ~19 g) is a programmable heart rate-
and temperature logger [5]. It is a leadless cylindrical device with a ceramic housing
(Alumina) with the dimensions (diameter x length): 15 mm x 46 mm. Heart rate was
automatically calculated from a 4-sec electrocardiogram (ECG) at 150 Hz measurement
frequency and stored alongside a quality index of signal clarity in a non-volatile memory.
Each logger can store up to 233,017 measurements per sensor, however several loggers
experienced battery failure before maximum capacity was reached (noted in methods in main
manuscript). We also programmed the loggers to save a raw ECG signal every 6 hrs
alongside the calculated heart rate and quality index. This allowed us to manually validate the
accuracy of the internal algorithms. To do so, we plotted the 4-sec ECG signal with a grid
background divided into small squares (x), and counting the number of squares between two

R waves (Figure S2). We calculated the number of beats per minute from this value (x) using

the formula: HR = 6—34 to derive the value in beats per minute. We calculated the percent

&5)
deviation of the validated and the calculated heart rate, with the assumption that the validated
heart rate was always correct. We considered the reading to be successful if the difference
between the two values was less than 10%. From the validations, we asserted that only
recordings with quality level O were reliable, with a success rate of 94% versus 67%, 31%
and 9% for the quality levels 1, 2 and 3, respectively., we found that the reliability of the
calculated heart rate decreased substantially at values above 175 bpm, even at quality level 0
(Figure S3), typically caused by “double counting”, where the R and T waves of the same
ECG complex are counted as two separate complexes (Figure S4). In future studies, this can
be avoided by increasing the minimum time gap between two counts (typically while
programming the logger). We therefore filtered heart rate at 175 and 20 bpm. Removing these

values in (and retaining only quality level 0) made little change to the results; while the range
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of heart rate records was reduced from 16-429 to 20-173 in the winter data and from 20-347
to 20-173 in the summer data, mean values changed only slightly: 39.2 £ 23.4 (pre-filtering)
vs 37.2 + 12.8 (post-filtering) in winter and 100.5 + 21.3 (pre-filtering) vs 99.7 + 12.1 (post-
filtering) in summer. Furthermore, when comparing filtered validated heart rate and the
recorded heart rate in the logger, 94% of the recordings deviated by less than £5% from the
validated heart rate and 98.5% less than £10% from the validated heart rate. The percentage
difference was normally distributed with a mean and standard deviation of 2.5 + 6.1 %, and a
median of 0.1% (figure S5). This potential error may contribute to a minor increase in

unexplained variation in our results but is not likely to cause any bias in parameter estimates.

Meas 3817, Date = 21.04.2018 06, Logger = CHL0217, ID = G118, Pulse = 50, Temp = 37.92, Qual =0
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Figure S2. Example of a good quality (quality level 0) ECG signal with correct estimation by
the internal algorithm (50 bpm) and the manual validation (4.5 red squares between two QRS

complexes = 50 bpm).
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Figure S3. Correlation between recorded heart rate by the DST Centi-HRT loggers (x-axis)
and manually validated heart rates from raw ECG signals (y-axis), grouped by quality level.
In all quality levels, the difference between recorded and validated heart rate increased
drastically for recorded values above 175 bpm (marked with a dashed line). The red lines
represent the true correlation between the recorded and validated heart rates, with adjusted R-

squared values presented in the panels for each quality level.
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Figure S4. Example of an ECG signal (quality level 2) with incorrect estimation by the
internal algorithm (225 bpm) and the manual validation (6.6 red squares between two R-

waves = 34 bpm), typically resulting from double counts of one ECG cycle.
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Figure S5. Distribution of the percentage difference between heart rates validated from an

ECG signal and heart rates recorded by the logger, after filtering for quality level 0 and
minimum and maximum values (>20 and <175 bpm).
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1.d Activity data collection and processing

Most of the activity loggers were aligned with round 5-min intervals (16:05, 16:10, etc), but a
few were not (e.g. recording at 16:03, 16:08). In the latter cases, the timestamp was rounded
to the nearest 5-min timestamp. There was a strong correlation between activity recorded in
each axis (X — forward/backward, Y — left/right; Figure S6). In both July and January, the
total activity (X+Y) was bimodally distributed with a high frequency of low values (< 50)
and a normal distribution of values between 50 and 510 (Figure S7). Acceleration data has
not been validated with behavioural observations in Svalbard reindeer, so we could not
distinguish activity types (walking, grazing, etc) except resting/stationary (hereafter
“resting”’) and moving (hereafter “active”). We used the threshold of 50 (X + Y) to determine
whether animals were resting/stationary based on observations of wild Norwegian reindeer
(R. t. tarandus), where values below 25 in each axis (X and Y separately) were associated
with “resting” and “standing still”’, whereas any form of non-stationary activity was
characterized by higher values above 25 in either direction [7]. In Svalbard reindeer, the
activity category “standing” only comprises 0.6% and 6.2% of Svalbard reindeer’s time

budget during summer and winter, respectively [8]
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Figure S6. Relationship between activity recordings in the x-axis (back-forward movement)

and the y-axis (right-left movement) (a) in summer and (b) winter. The red lines indicate a

slope of 1 and intercept of 0, while the blue lines indicate the actual slopes for each season.
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Figure S7. Distribution of all activity recordings (as the sum of activty in X- and Y-axes

collected every 5 min) in (a) winter and (b) summer. The vertical red line indicates the

treshold (value of 50) that was used to separate “resting” and “active” states.
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1.e Temperature data collection and comparisons

The black bulb thermistor was constructed using a copper bulb of 15 cm in diameter painted
black (figure S8a). Placed in the center of the bulb was a single Thermocron iButton
temperature sensor (model no. DS1922L; iButtonLink, Whitewater, Wisconsin, US) which
has a temperature range of —40°C to +85°C with a software corrected accuracy of £ 0.5°C in

the range of —10°C to +65°C. The sensor was programmed to record temperature every 4 hrs

and was situated centrally in Colesdalen (Figure S1, Figure S8b).

Figure S8. Construction and placement of black bulb thermistor in the study site. (a) Copper
globe prior to painting. (b) Black bulb mounted on-site (right). The white structure (left) is a
standard air temperature device, which together with the smaller globes (middle) are part of a

separate study.

12
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Appendix 2: Additional results

2.a Individual records

Table S1. Information about individuals used in the models of heart rate in summer (July
2018) and winter (January 2019), together with body mass (BM, kg) individual mean +
standard deviation of heart rate (in beats per minute) and subcutaneous body temperature (Tsc,
°C). ‘-’ means that the data was not available due to logger failure or mortality events, and
the individual was not used in the analyses for winter heart rate. For both sets of data, body
masses were recorded in March/April 2018 and April 2019. For calf and pregnancy statuses,

‘0’ means not lactating or not pregnant, while ‘1’ means lactating or pregnant, depending on

season.
D Year Summer data (2018) Winter data (2019)

born BM cCalf Heart rate T BM Pregnancy Heart rate Tsc
G118 2011 51.8 0 92.8+10.9 36.8+0.5 57.8 1 - -
G140 2011 535 12 94.6+10.3 36.2+1.1 61.3 1 36.1+125  33.842.2
G141 2011 495 0 89.3+9.5 36.6+0.9 52.3 1 - -
G152 2011 47.3 12 101.5+9.4 35.8+1.2 46.3 1 38.8+10.8  33.9+1.9
R289 2011 46.3 96.8+11.9 35.9+1.4 46.8 1 33.0+104  32.5+1.3
R290 2011 48.8 105.249.5 36.4+1.0 4238 0 37.5+14.3  36.6+0.7

1
1
R297° 2012 473 0 103.8+10.0 36.0+0.9 -
R310 2012 50.3 0 101.7+10.3 36.3x1.1 483
0
1

38.5+14.2  34.8+1.0

Y137 2013 453 0 98.0+11.9 355+1.3 56.3
Y159 2013 493 12 94.8+12.1 36.5£1.3 5538
Y167 2013 528 12 108.2+11.8 36.8+x1.1 493
Y175 2013 57.0 12 112.9+8.7 35.8+1.2 438 35.3+7.5 35.8+1.0

Y205 2013 53.1 12 106.7+9.8 36.2+1.1 50.8 1 - -
aCalf at heel inferred from pregnancy status in April and activity pattern in early July. ®Died in March

1 — —
R312 2012 56.3 99.6+13.1 36.7£0.9 55.8 1 - -
R320 2012 46.3 103.7+£14.7 36.8+0.8 44.8 1 40.7¢20.8  35.3%#1.3
W125 2010 60.0 12 96.3+12.1 36.4+1.3 54.3 1 - -
w127 2010 50.3 1 96.4+8.9 36.7£0.8 45.3 0 - -
Y134 2013 58.8 12 104.6+10.6 36.5£1.2 453 0 35.9+16.7  36.2+0.9
Y136 2013 453 1 105.0+8.4 355+19 543 1 37.7x7.9 31.6+4.1

1

1

1

1

2019, prior to scheduled body mass and pregnancy status assessment.

13
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Table S2. Heart rate (beats per minute; bpm), subcutaneous body temperature (Tsc),

percentage activity and environmental temperature (Te) recorded in winter (January, N = 9)

and in summer (July, N = 19). First presented are means * standard deviation (SD) across all

individuals, second for reproductive females only (lactating in summer/pregnant in winter),

third for non-reproductive females only (not lactating in summer/not pregnant in winter) and

finally the range (min, max) of individual means. Percent of time spent in activity was

calculated as the proportion of all 5-min activity records classified as “resting” and those

classified as “active”. Since activity % is based on a binomial distribution (0, 1), SD was not

calculated.
Mean + SD Range
individual
All individuals  Reproductive Non- . means
reproductive
Heart rate
(bpm)
Winter
Resting 33.7+6.5 34.1+5.6 32.6+8.9 31.7,35.3
Active 44.0+18.4 438+ 175 44.4 +20.8 36.7, 50.2
Summer
Resting 93.0 +10.7 94.5+10.8 90.6 +11.7 83.5, 108.3
Active 102.8+11.3 104.0+11.1 99.7 £ 11.7 91.8,114.9
Ts (°C)
Winter
Resting 34.1+2.9 33.2+3.0 36.4+0.9 30.5, 36.7
Active 355+1.2 35.1+1.3 36.5+0.4 34.3, 36.6
Summer
Resting 36.2+1.7 36.2+1.9 36.4+1.2 34.8,37.5
Active 36.2+1.0 36.2+1.0 36.3+1.0 35.1,37.1
Activity %
Winter 44 45 41 19, 49
Summer 65 67 61 42,81
Te (°C)
Winter —-11.8+6.5
Summer 8.9+37

14
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2.b Model selection results

Table S3. Model selection results using linear mixed-effects model with resting summer heart
rate as the response variable, individual as random effect and an AR1 structure to account for
within-individual temporal autocorrelation. Presented is the model structure, the likelihood
ratio value (L. ratio), change in degrees of freedom (ADF) between original and reduced
models, as well as the P-value indicating the significance level of the given change in model
fit. The top model (in bold) is the one presented in the main results. Here, and in the
following tables S4-S6, the abbreviated parameters refer to: t — time (in days), BM — body
mass, ID- individuals, RS — reproductive status (lactation in summer, pregnancy in winter),

Te —environmental temperature and Tsc — subcutaneous body temperature.

L.
#  Model parameters . ADF P
ratio
4. t+t?+Age+RS+Te+ Ts + Age*Tsc + RS*Tsc + (1]ID) 1.739 1 0.872
3. t+t*+Age+BM+RS+ T+ Ty + Age*Tse + RS*Tc + (1]ID) 0880 1 0.348
2. t+t+Age+BM+RS+ Te+ Ty + Age*Tse + RS*Tse + Te*Tec + (1/ID) 0117 1 0.732
1. t+t+Age+BM+RS+ T+ To + Age*Tsc + BM*Tse + RS*Toe + Te*Toc + (1]ID)
Table S4. Model selection results using linear mixed-effects model with summer heart rate
during activity as the response variable, individual as random effect and an AR1 structure to
account for within-individual temporal autocorrelation. Presented is the model structure, the
likelihood ratio value (L. ratio), change in degrees of freedom (ADF) between original and
reduced models, as well as the P-value indicating the significance level of the given change in
model fit. The top model (in bold) is the one presented in the main results.
L.
# Model parameters ) ADF P
ratio
4. t+1t2+ Act+ Age + BM +RS + Te + Tsc + Act*Tsc + Act*BM + Age*Tsc +
3440 1 0.064
RS*Ts+ (1/ID)
3. t+t+Act+Age+BM+RS + Te + T + ACt*Ta+ Act*Tec + ACt*BM + Age* T
2343 1 0126
+ RS*Ts + (1/ID)
2.  t+t2+Act+ Age+ BM +RS + Te + Tsc + Act*Te + Act* T + ACt*BM + Age* Ty
0149 1 0699
+ BM*T + RS*Ty + (1]ID)
1. t+t2+Act+Age + BM +RS + T + T + Act*Ta+ Act*Toc + ACt*BM + Age* T

+ BM*Tgc + RS*Tsct Te*Tsc + (1]ID)

15
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Table S5. Model selection results using linear mixed-effects models with resting winter heart
rate as the response variable, individual as random effect and an AR1 structure to account for
within-individual temporal autocorrelation. Presented is the model structure, the likelihood
ratio value (L. ratio), change in degrees of freedom (ADF) between original and reduced
models, as well as the P-value indicating the significance level of the given change in model

fit. The top model (in bold) is the one presented in the main results.

Model parameters rall_t.io ADF P
5. t+Age+ RS+ Te+ Tsc + Age*Tse + (1/ID) 0.031 1 0.860
4,  t+Age+BM+RS+Te+ Ts + Age*Ts + (1]ID) 2.652 1 0.103
3. t+Age+BM+ RS+ Te+ T+ Age* Ty + Te*Tsc + (1]ID) 0.444 1 0.505
2. t+Age+BM+RS+Te+ T + Age*Ts. + BM* Ty + Te*Ts + (1]ID) 0.005 1 0.944
1.

t+Age + BM + RS + Te + Tec + Age*Tsc + BM*Toc + RS*Tc + Te*Tsc + (1/ID)

Table S6. Model selection results using linear mixed-effects models with winter heart rate
during activity as the response variable, individual as random effect and an AR1 structure to
account for within-individual temporal autocorrelation. Presented is the model structure, the
likelihood ratio value (L. ratio), change in degrees of freedom (ADF) between original and
reduced models, as well as the P-value indicating the significance level of the given change in

model fit. The top model (in bold) is the one presented in the main results.

Model parameters . ADF P
ratio

t+ Act + Age + BM +RS + Te + Tsc + ACt*Tsc + ACt*BM + Age*Tsc + BM*Tsc +
RS*Tsc+ (1/ID)

t+ Act + Age + BM +RS + T+ Te + Act*Te + ACt*BM + Age*Tge + BM* Ty +
RS*Te+ Te*Tee + (1ID)

t+ Act + Age + BM +RS + Te + Tee + ACt*Te + Act*Te + ACt*BM + Age* Ty +
BM*Tq + RS*Tec+ Te*Tse + (1]ID)

1.439 1 0.230

0.573 1 0.230

16
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2.c Additional results (figures)
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Figure S9. 15-min recordings of heart rate (left y-axis) and activity (right y-axis, ranging
from 0 to 1530, where 0 represents no activity and 1530 maximum activity) spanning over 72
hours in a Svalbard reindeer female, in (a) January (11" — 13 and (b) July (11" — 13™). The
red lines show the heart rate (beats per minute, bpm) while the grey bars represent activity
levels as a sum of acceleration in the X and Y directions every 15 minutes (details described
in methods).
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When generating predicted heart rates presented in figures and results, we expanded data sets
starting at the lowest 1% to the upper 99% of the distribution of the predictor variable of
interest, while other variables were fixed at mean values (this being 0 when scaled), except in
interactions where the interacting variable was fixed at 3 categories, representing the 0.15,
0.5 and 0.85 quantiles of their distribution. Confidence intervals (95%) were generated by

multiplying the standard error of the estimates by 1.96.
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Figure S10. Predicted active heart rate (£ 95% confidence intervals) of Svalbard reindeer
females plotted against subcutaneous body temperature (Ts, °C) during winter (N =9, R? =
0.03; table 1) showing the interaction with April body mass (BM, kg). Body mass was fitted

as a continuous variable, and the values here represent the 0.15, 0.5 and 0.85 quantiles from
the distribution of body masses.
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Figure S11. Predicted active heart rate (£ 95% confidence intervals) of Svalbard reindeer

females in winter, plotted against subcutaneous body temperature (Tsc, °C) in interaction with

reproductive status (green = pregnant, brown = not pregnant). The solid lines represent
predicted response in each activity state (see table 1 for details) and shaded areas represent

95% confidence intervals (CI) of the model predictions. Points and their error bars represent

mean = standard deviation of heart rate adjusted for the other model predictors (table 1).

Points that fall outside the predicted range are values below the lower 0.01 or above the upper

0.99 quantiles of the Ts distribution for each reproductive group.
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Figure S12. Predicted heart rate (+ 95% confidence intervals) of Svalbard reindeer females
winter, plotted against subcutaneous body temperature (Tsc, °C) in interaction with age (in
years) during resting (left panel) and while active (right panel). Points and their error bars
represent mean + standard deviation adjusted for the other model variables (table 1). The
lightly shaded points are values below the lower 0.01 or above the upper 0.99 quantiles of
Tsc, i.€. representing less than 2% of the data.
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Figure S13. Predicted active heart rate (£ 95% confidence intervals) of Svalbard reindeer
females in winter, plotted against subcutaneous body temperature (Tsc, °C) in interaction with
activity, grouped into “low”, “medium” and “high” intensity based on the 0.15, 0.5 and 0.85

quantiles of the distribution of activity in each season: (a) winter (N = 9), and (b) summer (N
=19).
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Figure S14. Predicted heart rate (x 95% confidence intervals) of Svalbard reindeer females,
plotted against environmental temperature (Te) (data binned with increments of 2.5°C) in
summer (green) and winter (blue). The solid lines represent heart rate predicted from linear
mixed-effects models in each season (table 1) and shaded areas represent 95% confidence
intervals of the model predictions. Points and their error bars represent mean + standard
deviation adjusted for the other model variables (table 1). The size of each point represents

the number of unique recordings per temperature increment.
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