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The influence of a lost
society, the Sadlermiut,
on the environment

in the Canadian Arctic

Finn A. Viehberg?*‘, Andrew S. Medeiros?, Birgit Plessen*, Xiaowa Wang®, Derek Muir® &
Reinhard Pienitz!

High latitude freshwater ecosystems are sentinels of human activity and environmental change.

The lakes and ponds that characterize Arctic landscapes have a low resilience to buffer variability in
climate, especially with increasing global anthropogenic stressors in recent decades. Here, we show
that a small freshwater pond in proximity of the archaeological site “Native Point” on Southampton
Island (Nunavut, Arctic Canada) is a highly sensitive environmental recorder. The sediment analyses
allowed for pinpointing the first arrival of Sadlermiut culture at Native Point to~1250 CE, followed

by a dietary shift likely in response to the onset of cooling in the region ~1400 CE. The influence of

the Sadlermiut on the environment persisted long after the last of their population perished in 1903.
Presently, the pond remains a distorted ecosystem that has experienced fundamental shifts in the
benthic invertebrate assemblages and accumulated anthropogenic metals in the sediment. Our multi-
proxy paleolimnological investigation using geochemical and biological indicators emphasizes that
direct and indirect anthropogenic impacts have long-term environmental implications on high latitude
ecosystems.

Understanding the ‘push’ and ‘pull’ influence of environment on the migration and sustainability of peoples in
northern North America over the last millennia is arguably one of the most important elements of understand-
ing how recent climate change may affect society and lead to genetic adaptations?. The timing of migration
has often been associated with paleo- temperature reconstructions that link evidence of distinctive material
culture® as well as the impact of subsistence practices in areas where hunting camps were established* with
shifting conditions. For the Dorset people, who were reliant on ice-dependent species such as walrus®, climate
may have served as a “push” factor that served as a mechanism for northern migration during periods of time
such as the Medieval Climate Anomaly (MCA). Conversely, the Thule were able to take advantage of increased
activity of belugas and narwhals during longer open-water seasons, and migrations associated with the Thule
expansion (circa 1250 CE) may have followed this transition until cooling associated with the Little Ice Age in the
fifteenth century>®. The Sadlermiut of Southampton Island (Nunavut, Arctic Canada) have often been referred
to as descendants of the Dorset culture”® even though recent genetic evidence suggests they were a long isolated
Thule population®!°. Archaeological evidence of stone-carved tools for walrus hunting, which is much more
related to Dorset cultural practices than Thule*?, is a prominent feature of winter hunting camps concentrated
on the eastern side of Southampton Island in proximity to polynyas and ample walrus hunting grounds. Small,
shallow ponds that are widespread in this area were used as staging grounds for the cleaning and preparation of
subsistence harvest, and serve as sedimentary archives of the past presence and influence of the Sadlermiut, and
their cultural practices, on the landscape.

High latitude freshwater ecosystems are often referred to as sentinels of environmental changes caused by cli-
mate variability and human activity''. Small and shallow lakes and ponds that characterize Arctic landscapes have
a low resilience to buffer environmental change!?-14, as well as catchment disturbances induced by prehistoric
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Figure 1. Bung Stick Pond and its catchment at Native Point, Southampton Island, Nunavut; (A) Aerial

photo of Native Point (Orthoimage GéoBase, Natural Resources Canada), yellow circle—Bung Stick Pond;
contains information licensed under the Open Government Licence—Canada; (B) Simplified geological map of
Southampton Island'” and location of nine reference lakes and ponds; (Source: Geological Survey of Canada, "A"
Series Map 1404A, 1977, 1 sheet, https://doi.org/10.4095/108900; contains information licensed under the Open
Government Licence—Canada; georeferenced with Grass GIS 7.8.3; https://grass.osgeo.org/) (C) Photo of Bung
Stick Pond facing northward, note scattered bones and antler fragments and partly paleozoic limestone gravel,
informed consent for the publication of image has been obtained from Gabriel Bruce.

Inuit whalers". Likewise, diffuse and point source disturbances can have disproportional effects due to the sub-
optimal environmental thresholds characteristic of biological communities of northern aquatic ecosystems'.
Here, we show that a small subarctic pond in proximity of the archaeological site “Native Point” on Southampton
Island evolved atypically after human activities initiated almost 800 years ago when Sadlermiut settled in the area.
Our multi-proxy paleolimnological investigation uses geochemical and biological indicators to infer direct and
indirect anthropogenic impacts. The lacustrine sediments collected from this site are highly sensitive environ-
mental recorders that also allow us to pinpoint the first arrival of Sadlermiut culture, define their dietary shifts,
and summarize the legacy of anthropogenic activities at “Native Point” since their first arrival.

The legacy of the Sadlermiut on the environment. One of the richest archaeological sites found in
the Canadian Arctic, the “Native Point” site was occupied by the Sadlermiut ca. 1250-1325 CE until decimated
by disease introduced by European whalers in 19033-°, The Sadlermiut village, referred to as the Tunermiut site?,
consisted of numerous sod and winter houses that bordered a small shallow freshwater body (c. 20,000 m?),
“Bung Stick Pond”. This site (Fig. 1A-C), and others in the well-known archaeological area of Native Point, offer
a fascinating glimpse of an isolated society that evolved independently of modern-day Inuit and incorporated
cultural elements of the Dorset peoples that vacated the area prior to the Thule migration'’.

The heavy influence of Sadlermiut families processing food and leaving the remains of butchered carcasses to
degrade in the pond is both visible and likely the main contributing factor for the difference in water chemistry
that persists until today (Fig. 2). Southampton Island is characterized by a short vegetation period, ultra-oligo-
trophic freshwater ecosystems, and low sedimentation rates'®'?. As such, the lakes and ponds of the area have
low nutrient concentrations (i.e. total N and P; see Fig. 2), and the concentration of ions is dependent on soluble
bedrock geology in their catchment, basin evolution since the last glaciation, distance to shore, and inputs from
wildlife!*'82-22 Here, the water chemistry of our study site, Bung Stick Pond, is an order or magnitude higher
in concentrations of nutrients and organic carbon than in other lakes and ponds investigated on Southampton
Island during the sampling period (Fig. 2). The only other eutrophic systems known in the region are those
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Figure 2. Box and whiskers diagram of water chemistry of nine lakes and ponds sampled on Southampton
Island compared to Bung Stick Pond (red circle) (see Fig. 1). Nutrient indicators (top row) and major ion
concentrations (bottom row) in mg L.

affected by waterfowl colonies'®. Furthermore, the pond is characterized by an unusual high alkalinity caused
by the catchment’s surface geology, which consists of Paleozoic limestone.

The arrival and harvesting practices of the Sadlermiut. The sediment history collected from Bung
Stick Pond offers the possibility to track the aquatic system’s evolution since the arrival of the Sadlermiut when
the site was used by the community for butchering of the collected harvest (Fig. 3). There is little archaeological
evidence to suggest that the diet of Sadlermiut contained fish or any plants**, and the pond’s littoral zone is lit-
tered with skulls/skeletons at the bottom (see Fig. 1C). The predominant role of marine resources in Sadlermiut
culture is also mirrored by the stable isotope signal in their adult bone collagen measured from burials**-**
(Fig. 4). Similarly, the surplus of organic material from the decaying process of carcasses in or around Bung
Stick Pond carried the species specific isotope signal in the sediment. In general, heavier isotopes of nitrogen are
enriched in predators relative to its food, which leads to high values in top predators of a food web*-*. Carbon
isotope ratios usually show much less trophic enrichment, however a secondary fractionation process causes a
positive offset in bone collagen in relation to soft tissue?*-** and apparently sediment samples.

The stratigraphic analysis of biological and geochemical indicators revealed four distinguishable phases that
are attributable to the arrival and cultural practices of the Sadlermiut (Fig. 3). The reference condition of the
pristine environment prior to Sadlermiut settlement (Phase 1; Fig. 3) is inferred by the low abundance of aquatic
organisms (e.g., chironomids, cladocerans ephippia, ostracods) and §'°N values of around 8% at the base of the
sediment core. During this time, the carbon:nitrogen ratio (TOC:TN) indicated mostly allochthonous inputs
from the terrestrial environment®. An abrupt shift in geochemical indicators (Phase 2) suggests that the arrival
of the Sadlermiut occurred between 1250 and 1300 CE. This period leads the earliest radiocarbon dated materi-
als (1325 CE) found at the Sadlermiut heritage site’. Isotope analyses show a substantial increase in §"°N from
about+8 to+ 19%o (Fig. 3) and depletion of §"*C from about— 18 to —21%o (Fig.S2). Likewise, a decline in
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Figure 3. Nitrogen isotope analysis from paleo-Inuit harvesting sites and distinguishable phases at Bung

Stick Pond cores. Inferred August air temperature based on chironomid remains from Southampton Island’.
Earlier pronounced stable 8'°N isotope record from sediment core tracingprehistoric Inuit whalers on Somerset
Island™. Stable 8"°N isotope record and TOC:TN-ratio from bulk sediment samples of core NP-3; iron (Fe)
record from bulk sediment samples of core NP-2; selected relative abundance of chironomids of core NP-2,

with Tanytarsus gracilentus (pale blue) and sum percentage of Paratanytarsus (dark blue); enumerated Daphnia
ephippia (resting eggs) and Fabaeformiscandona harmsworthi (Ostracoda) valves of core NP-2 in individuals per
cm?® with; adults (dark green), juveniles (pale green); interpreted activity phases [-IV at Native Point; sediment
colors of age-corrected core NP-1.

TOC:TN from 13 to 9 in bulk sediments indicates a large difference in the source of materials entering the lake
and a sharp increase in aquatic production during this period*?. Abnormally high iron concentrations were also
observed starting from 1250 CE, potentially from blood washed into the system from butchered marine harvest.

The onset of Phase 3 (~ 1400 CE) suggests that settlement of the Sadlermiut camp supplied less external
materials to the lake basin and a shift in the harvest of the Sadlermiut from a diet primarily comprised of marine
mammals (e.g., seals, whales), which are characterized by the heavier 8"°N and depleted §'*C (see Figs. 3 & S2), to
one dominated by a more terrestrial origin (i.e., caribou). The shift in isotopic indicators, including the decrease
of TOC:TN, during Phase 3 is concurrent with loss of macrophyte habitat as inferred from the chironomid data,
notably the reduction of Paratanytarsus from 35 to < 10% relative abundance (Fig. 3). At the same time, there
was a substantial increase in the detritivore Tanytarsus gracilentus (from <5 to 35%) (Fig. 3 & S4). This species
is particularly interesting, as it has been associated with periods of algal decay*?, likely representing increased
productivity associated with the continuation of eutrophic conditions. The inferred human activity in the vicinity
of the lake and subsequent eutrophication is in concert with the increase in abundance of resting eggs, ephippia,
from planktonic Daphnia sp. in the corresponding sediment intervals*. The autochthonous population (i.e.,
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Figure 4. Relationship of §"*C and §'°N in organic material of sediment core NP-3 and bone collagen of

the Sadlermiut and their potential diet. Circles indicate isotope excursion in organic material (sediment) in
different time intervals; green (Phase 1): <1253 CE, red (Phase 2): ~ 1250-1466 CE, yellow (Phase 3): 1466-1767
CE and blue (Phase 4): > 1767 CE; triangles show isotope data from human skeletal remains (bone collagen)

in Sadlermiut burials from Coltrain (up)®, (down)***; whisker plots indicate modern range of isotope
composition in muscle and blubber tissue of mammals supposedly included in the Sadlermiut diet from Hudson
Bay or the Canadian Arctic/reports®~°.

juveniles > adults) of large ostracod species infer then a stabilized nutrient rich pond when Fabaeformiscandona
harmsworthi became more abundant and a higher species richness is noted in ostracods (Fig. 3 & S5)*°.

From ~ 1800 onwards, the biochemical indicators remain low and unchanged until 2006 (Phase 4), which
suggests a steady decline of Sadlermiut activity at Native Point. Apparent increases of proxies from air-borne
industrial pollution (e.g., tin, antimony, and lead) are characteristic for the top of the sediment record.

The influence of climate on the Sadlermiut. The close relationship Inuit have with the environment
offers a unique way of understanding the mechanisms behind a sustainable society under strict environmental
controls. The colonization of the Hudson Bay region by Thule (1250-1400 CE) coincided with a period of warm-
ing during the Medieval Climate Anomaly’®, which was also represented by a reduction of ice extent during this
time’. Indeed, the projection of the regional paleo-temperature climate reconstruction®” onto the sediment his-
tory of Bung Stick Pond suggests that the onset of the Sadlermiut influence corresponded to a period of warmer
conditions for the region. The intensification of the Little Ice Age (~1400-1700 CE)* also coincided with the
shift in dietary influence from seals and whales to more terrestrial-based mammals (i.e., caribou and muskox;
Fig. 4), likely due to the need to obtain alternative food sources during periods of cooling and famine. Harsh
winters and cooling in the Hudson Bay region during the nineteenth century took their toll on the population,
and by 1896 there were only 70 Sadlermiut found™>"; documented encounters with the Sadlermiut were rare due
to their isolation from contemporary Inuit communities and the lack of navigation maps for northern Hudson
Bay by European whalers until the late nineteenth century®. Then, in the fall of 1902, a virulent gastrointestinal
infection was brought to the community, which triggered its decimation over the winter of 1902-03°.

A legacy of anthropogenic influence that outlasts the extinction of the Sadlermiut. Following
the extinction and abandonment of Native Point, the nitrogen isotope data shows a slight decrease (Phase 4;
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Figure 5. Metal concentrations of industrial air-borne pollution in sediment core NP-2; concentrations in ppm;
interpreted activity phases I-IV at Native Point; sediment colors of age-corrected core NP-1.

Fig. 3)*. In contrast, analysis of metals from bulk sediments show enrichment with the start of the industrial era
in the northern hemisphere®. A total of 47 elements were above detection limits in core NP-2 (Table S4). Trace
elements Ag, Bi, Pb, Sb, Sn, and Zn all showed anthropogenic enrichment factors (EF; concentration post-1950/
concentration pre-1800) of >2 (Table S5). The sediment concentrations of each of the metals showed major
increases from pre-industrial (~ 1850) to modern times consistent with industrial air-borne pollution (Fig. 5).
Ag and Zn increased beginning ~ 1750-1800, while Bi, Pb, Sb and Sn showed increases occurring after 1900. The
most striking EF was for tin (Sn), which had a rapid rise in concentrations from about 1900 (Fig. 5) and an EF
of 72. Other trace elements including As, Cd, Cu, and Se showed modest enrichment (EFs 1.6-1.9) in post-1900
horizons (Table S5). So far, there is only one reference in subarctic Hudson Bay region that significant anthropo-
genic enrichment of Pb in post-1900 horizons (EFs 2-5x%) has occurred?®®. Enrichment of metals is better known
from ice cores from the Devon Ice cap (Devon Island Nunavut, Arctic Canada), which are in good agreement or
show higher EFs than observations in the NP2 core. Noteworthy are anthropogenic enrichment of As and Bi¥,
Sb*, Pb*!, Ag and Thallium (T1)*, which originate from urban and industrial areas and linked to coal combus-
tion and metal smelting. The overall comparison of ice cap ice cores and NP-2 EFs suggests that the inputs of Ag,
Bi, Pb, Sb, and Ag are influenced by long-range transport from Eurasian sources**2. Historical profiles are not
available for Sn in Arctic sediment, peat, or ice core archives. Elsewhere, peat cores in the UK record deposition
of Sn from regional tin mining and smelting®.

In concert with recent anthropogenic deposition of contaminants, an eutrophication trend can be inferred
from more abundant remains of aquatic microfauna (i.e., chironomids, cladocerans, and ostracods) in the upper-
most lake sediments (Fig. 3). Likewise, the sediments are composed of highly organic material (mean 15 wt%),
which accumulates toward the core top exceeding 30 wt% (Fig. 3).

All these data indicate the extreme vulnerability and low resilience of small Arctic ponds as the effects of
human activities at this site are still prevalent after more than 750 years. The sediment archive ipso facto records
the influence of the Sadlermiut on the environment since their arrival and until the last of their population suc-
cumbed to disease in 1903. Furthermore, the continued contamination by airborne metal pollutants of remote
Arctic landscapes since industrialisation is evident.

Methods

Field methods. Water temperature, pH, and specific conductivity of the Southampton Island’s waters were
measured in the field with a multisensor Quanta Hydrolab water profiler. For chemical analyses, water samples
were taken at a water depth of 50 cm and stored in conditioned PE-bottles stacked in a cooler box until samples
were split and pre-treated in the field within 12 h according to the protocol of the Analytical Methods Manual of
Environment Canada laboratories** (data see Table S1).
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Coring and sampling technique. An Aquatic Research gravity corer with an internal tube diameter of
6.7 cm was used to collect three parallel sediment cores from an inflatable boat at N 63.7609°, W 82.5093° (WGS
1984). Core NP-1 (length 23.0 cm) was reserved for ?!°Po dating analyses. Core NP-2 (length 20.0 cm) was used
for bioindicators and metal analyses. Core NP-3 was reserved for total organic carbon, total nitrogen, stable
isotope analyses and radiocarbon samples (length 25.5 cm). The undisturbed core sediments were subsampled
in the field and stored cool until freeze-dried.

Geochronology. The sediments from core NP-1 were dated using alpha spectrometry of ?!°Po. Homogene-
ous freeze-dried portions of 33 samples including 1 set of replicates were treated using a variation on the Eak-
ins and Morrison polonium (Po) distillation procedure, which assumes equilibrium between 2°Po and ?1°Pb*.
Unsupported *'°Po showed a smooth exponential decline with depth and sedimentation rates and estimated
dates were obtained through the Constant Rate of Supply (CRS) model*® (data see Table S2). For radiocarbon
ages, degraded macro-remains from core NP-2 were submitted to Cologne AMS (COL) and Keck Carbon Cycle
AMS Facility (UCIAMS) prepared following standard procedure for acid extraction®’. The radiocarbon ages of
all samples were calibrated into calendar years (CE) applying an INTCAL20 calibration curve*. Samples COL
4234 and UCIAMS-168600 were corrected for the local marine reservoir effect of AR =263 + 48 years following®
(data see Table S3). The sedimentation rates were modelled using Bayesian statistics®, based on nine levels of
219Pg ages and three radiocarbon ages (Figure S1).

Stable carbon and nitrogen isotopes. Sediment samples were freeze-dried, grounded, and analysed for
their total organic carbon (TOC) and §'°C,,,,, as well as total nitrogen (TN) and §'°N using an elemental analyzer
(NC2500 Carlo Erba) coupled with a ConFlo III interface to a DELTAplusXL mass spectrometer (Thermo Fis-
cher Scientific, Germany) at the GFZ, Germany. The reproducibility for replicate analyses is 0.2% for TOC and
TN, and 0.2%o for §"*Corg and §"°N.

Metal analyses. Freeze dried sediments were analyzed for 47 elements using standard analytical
protocols**! at the National Laboratory for Environmental Testing (Burlington, Ontario, Canada). Samples
were digested with nitric/hydrochloric acid (1:3) on a hot block digestion system. The digests were diluted with
water and analyzed by an inductively coupled argon plasma-collision/reaction cell mass spectrometer (CRC-
ICP) using discrete sampling pneumatic nebulization. Percent recovery and precision of elemental analysis
were based on standard sediment reference materials (NRC MESS-3, NIST RM 8704 and LKSD-3)*! (presented
data see Table S4). Enrichment factors were calculated in relation to pre-industrial era (Table S5).

Bioindicator analyses. Freeze-dried samples from core NP-2 were screened for remains of common
bioindicators. Diatom and chrysophytes samples were prepared by using standard extraction techniques with
chemical reagents H,0, (30%) or sulfuric/nitric acids (50/50)2. Simple wet mounts without use of a chemi-
cal reagent also did not reveal any remains. For subfossil chironomid head capsules all species were isolated
and mounted onto glass slides with Hydromatrix, using standard techniques®. Three intervals contained a low
abundance of chironomids; 1.5 cm (17.5), 18 cm (10.5), and 19 cm (40.0). Specimens were identified using
stereomicroscopes®**°. For ostracods and cladoceran ephippia, samples were soaked in a saturated Calgon solu-
tion and frozen to — 20 °C for 12 h*®. Samples were then washed gently on a 125 pm screen with warm water and
again freeze-dried. The complete material was screened under a dissecting microscope at 40 x magnification in a
picking tray. All ostracod valves and cladoceran ephippia were isolated, enumerated, and identified*’-. Species
composition clearly indicate a non-marine/freshwater environment throughout the core.
Informed consent for the publication of image has been obtained from Gabriel Bruce in Fig. 1c.

Received: 5 April 2021; Accepted: 24 August 2021
Published online: 16 September 2021

References

1. Zhou, S. et al. Genetic architecture and adaptations of Nunavik Inuit. Proc. Natl. Acad. Sci. 116, 16012-16017. https://doi.org/10.
1073/pnas.1810388116 (2019).

2. Fumagalli, M. et al. Greenlandic Inuit show genetic signatures of diet and climate adaptation. Science 349, 1343-1347. https://doi.
org/10.1126/science.aab2319 (2015).

3. Friesen, T. M., Finkelstein, S. A. & Medeiros, A. S. Climate variability of the Common Era (AD 1-2000) in the eastern North
American Arctic: Impacts on human migrations. Quatern. Int. 549, 142-154. https://doi.org/10.1016/j.quaint.2019.06.002 (2019).

4. Clark, B. The Lake Site (KkHh-2), Southampton Island, N.W.T. and its position in Sadlermiut prehistory. Can. J. Archaeol. 2, 53-81
(1980).

5. Merbs, C. E. In Hunter-Gatherer Adaptation and Resilience: A Bioarchaeological Perspective. Cambridge Studies in Biological and
Evolutionary Anthropology (eds Stojanowski, C. M. & Temple, D. H.) 302-327 (Cambridge University Press, 2018).

6. Rolland, N., Larocque, L, Francus, P., Pienitz, R. & Laperriére, L. Holocene climate inferred from biological (Diptera: Chirono-
midae) analyses in a Southampton Island (Nunavut, Canada) lake. Holocene 18, 229-241. https://doi.org/10.1177/0959683607
086761 (2008).

7. Collins, H. B. Archaeological investigations on Southampton and walrus islands, NWT Annual report of the National museum
of Canada for 1956. Natl. Museum Canada Bull. 147, 22-61 (1958).

8. Hayes, M. G., Coltrain, J. B. & O’'Rourke, D. H. In Contributions to the Study of the Dorset Palaeo-Eskimos (ed. Sutherland, P. D.)
11-32 (University of Ottawa Press, 2005).

9. Raghavan, M. et al. The genetic prehistory of the New World Arctic. Science 345, 1255832. https://doi.org/10.1126/science.12558
32 (2014).

Scientific Reports |

(2021) 11:18504 | https://doi.org/10.1038/s41598-021-97631-7 nature portfolio


https://doi.org/10.1073/pnas.1810388116
https://doi.org/10.1073/pnas.1810388116
https://doi.org/10.1126/science.aab2319
https://doi.org/10.1126/science.aab2319
https://doi.org/10.1016/j.quaint.2019.06.002
https://doi.org/10.1177/0959683607086761
https://doi.org/10.1177/0959683607086761
https://doi.org/10.1126/science.1255832
https://doi.org/10.1126/science.1255832

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Raghavan, M. et al. Upper palaeolithic Siberian genome reveals dual ancestry of Native Americans. Nature 505, 87-91. https://
doi.org/10.1038/nature12736 (2014).

Adrian, R. et al. Lakes as sentinels of climate change. Limnol. Oceanogr. 54, 2283-2297. https://doi.org/10.4319/10.2009.54.6_
part_2.2283 (2009).

Rautio, M. ef al. Shallow freshwater ecosystems of the circumpolar Arctic. Ecoscience 18, 204-222. https://doi.org/10.2980/18-3-
3463 (2011).

Lougheed, V. L., Butler, M. G., McEwen, D. C. & Hobbie, J. E. Changes in tundra pond limnology: Re-sampling Alaskan ponds
after 40 years. Ambio 40, 589-599. https://doi.org/10.1007/s13280-011-0165-1 (2011).

Viehberg, F A. & Pienitz, R. Trends in Ostracoda and Cladocera distribution and water chemistry in subarctic Canada: Churchill
(Manitoba) lakes and ponds revisited. J. Limnol. 76, 451-468. https://doi.org/10.4081/jlimnol.2017.1578 (2017).

Douglas, M. S. V., Smol, J. P, Savelle, J. M. & Blais, J. M. Prehistoric Inuit whalers affected arctic freshwater ecosystems. Proc. Natl.
Acad. Sci. US.A. 101, 1613-1617. https://doi.org/10.1073/pnas.0307570100 (2004).

Wrona, E. . et al. Climate change effects on aquatic biota, ecosystem structure and function. Ambio 35, 359-369. https://doi.org/
10.1579/0044-7447(2006)35[359:cce0ab]2.0.co;2 (2006).

Heywood, W. W. & Sanford, B. V. Geology of Southampton, Coats, and Mansel Islands, District of Keewatin, Northwest Territories
(Geological Survey of Canada, 1976).

Mallory, M. L., Fontaine, A. J., Smith, P. A., Wiebe Robertson, M. O. & Gilchrist, H. G. Water chemistry of ponds on Southampton
Island, Nunavut, Canada: effects of habitat and ornithogenic inputs. Arch. Hydrobiol. 166, 411-432. https://doi.org/10.1127/0003-
9136/2006/0166-0411 (2006).

Rolland, N., Larocque, I, Francus, P, Pienitz, R. & Laperriére, L. Evidence for a warmer period during the 12th and 13th centuries
AD from chironomid assemblages in Southampton Island, Nunavut Canada. Quat. Res. 72, 27-37. https://doi.org/10.1016/j.yqres.
2009.03.001 (2009).

Wolfe, A. P. & Smith, I. R. In Long-Term Environmental Change in Arctic and Antarctic Lakes (eds Reinhard, P. et al.) 241-268
(Springer, 2004).

Rouse, W. R. et al. Effects of climate change on the freshwaters of arctic and subarctic North America. Hydrol. Process. 11, 873-902.
https://doi.org/10.1002/(SICI)1099-1085(19970630)11:8%3c873::AID-HYP510%3e3.0.CO;2-6 (1997).

Finney, B. P, Rithland, K., Smol, J. P. & Fallu, M.-A. In Long-Term Environmental Change in Arctic and Antarctic Lakes (eds Rein-
hard, P. et al.) 269-318 (Springer, 2004).

Coltrain, J. B., Hayes, M. G. & O’Rourke, D. H. Sealing, whaling and caribou: The skeletal isotope chemistry of Eastern Arctic
foragers. J. Archaeol. Sci. 31, 39-57. https://doi.org/10.1016/j.jas.2003.06.003 (2004).

Coltrain, J. B. Sealing, whaling and caribou revisited: Additional insights from the skeletal isotope chemistry of eastern Arctic
foragers. J. Archaeol. Sci. 36, 764-775. https://doi.org/10.1016/j.jas.2008.10.022 (2009).

Coltrain, J. B. Invited response to K. Ryan’s comments on Coltrain et al. (2004) and Coltrain (2009): Is Native Point “Burial 21”
Dorset in age; were historic-era burials European in origin and how important were caribou in Sadlermiut diets?. J. Archaeol. Sci.
38, 2866-2871. https://doi.org/10.1016/j.jas.2011.02.012 (2011).

Muir, D. C. G. et al. Can seal eating explain elevated levels of PCBs and organochlorine pesticides in walrus blubber from eastern
Hudson Bay (Canada)?. Environ. Pollut. 90, 335-348. https://doi.org/10.1016/0269-7491(95)00019-N (1995).

Bocherens, H. et al. Isotopic evidence (C, N, S) for a high aquatic dietary contribution for a Pre-Dorset muskox hunter from
Umingmak (Banks Island, Canada). J. Archaeol. Sci. Rep. 6, 700-708. https://doi.org/10.1016/j.jasrep.2015.08.021 (2016).
Matthews, C. J. D. & Ferguson, S. H. Seasonal foraging behaviour of Eastern Canada-West Greenland bowhead whales: An assess-
ment of isotopic cycles along baleen. Mar. Ecol. Prog. Ser. 522, 269-286. https://doi.org/10.3354/meps11145 (2015).

Skovrind, M. et al. Hybridization between two high Arctic cetaceans confirmed by genomic analysis. Sci. Rep. 9, 7729. https://doi.
0rg/10.1038/s41598-019-44038-0 (2019).

Yurkowski, D. J. et al. Contrasting temporal patterns of Mercury, niche dynamics, and body fat indices of Polar Bears and Ringed
Seals in a melting icescape. Environ. Sci. Technol. 54, 2780-2789. https://doi.org/10.1021/acs.est.9b06656 (2020).

Meyers, P. A. & Ishiwatari, R. Lacustrine organic geochemistry-an overview of indicators of organic matter sources and diagenesis
in lake sediments. Org. Geochem. 20, 867-900. https://doi.org/10.1016/0146-6380(93)90100-p (1993).

Meyers, P. A. & Teranes, J. In Physical and geochemical methods Vol. 2 Tracking Environmental Change Using Lake Sediments (eds
Last, W. M. & Smol, J. P.) 239-269 (Kluwer, 2001).

Ingvason, H. R., Olafsson, J. S. & Gardarsson, A. Food selection of Tanytarsus gracilentus larvae (Diptera: Chironomidae): An
analysis of instars and cohorts. Aquat. Ecol. 38, 231-237. https://doi.org/10.1023/b:aec0.0000032053.67992.03 (2004).

Sayer, C. D., Davidson, T. A., Jones, J. I. & Langdon, P. G. Combining contemporary ecology and palaeolimnology to understand
shallow lake ecosystem change. Freshw. Biol. 55, 487-499. https://doi.org/10.1111/j.1365-2427.2010.02388.x (2010).

Wetterich, S., Schirrmeister, L., Meyer, H., Viehberg, F. A. & Mackensen, A. Arctic freshwater ostracods from modern periglacial
environments in the Lena River Delta (Siberian Arctic, Russia): Geochemical applications for palaeoenvironmental reconstruc-
tions. J. Paleolimnol. 39, 427-449. https://doi.org/10.1007/s10933-007-9122-1 (2008).

Diaz, H. E et al. Spatial and temporal characteristics of climate in medieval times revisited. Bull. Am. Meteor. Soc. 92, 1487-1500.
https://doi.org/10.1175/bams-d-10-05003.1 (2011).

Holtgrieve, G. W. et al. A coherent signature of anthropogenic nitrogen deposition to remote watersheds of the northern hemi-
sphere. Science 334, 1545-1548. https://doi.org/10.1126/science.1212267 (2011).

Outridge, P. M., Hermanson, M. H. & Lockhart, W. L. Regional variations in atmospheric deposition and sources of anthropogenic
lead in lake sediments across the Canadian Arctic. Geochim. Cosmochim. Acta 66, 3521-3531. https://doi.org/10.1016/S0016-
7037(02)00955-9 (2002).

Krachler, M., Zheng, J., Fisher, D. & Shotyk, W. Global atmospheric As and Bi contamination preserved in 3000 year old arctic ice.
Glob. Biogeochem. Cycl. https://doi.org/10.1029/2009GB003471 (2009).

Krachler, M. et al. Increasing atmospheric antimony contamination in the northern hemisphere: Snow and ice evidence from
Devon Island, Arctic Canada. J. Environ. Monit. 7, 1169-1176. https://doi.org/10.1039/b509373b (2005).

Shotyk, W. et al. Predominance of industrial Pb in recent snow (1994-2004) and ice (1842-1996) from Devon Island Arctic Canada.
Geophys. Res. Lett. https://doi.org/10.1029/2005g1023860 (2005).

Krachler, M., Zheng, J., Fisher, D. & Shotyk, W. Atmospheric inputs of Ag and Tl to the arctic: Comparison of a high resolution
snow pit (AD 1994-2004) with a firn (AD 1860-1996) and an ice core (previous 16,000 yr). Sci. Total Environ. 399, 78-89. https://
doi.org/10.1016/j.scitotenv.2008.03.006 (2008).

Meharg, A. A. et al. First comprehensive peat depositional records for tin, lead and copper associated with the antiquity of Europe’s
largest cassiterite deposits. J. Archaeol. Sci. 39, 717-727. https://doi.org/10.1016/j.jas.2011.10.037 (2012).

Environment Canada. Manual of analytical methods. National Laboratory for Environmental Testing, Canadian Centre for Inland
Waters, Burlington, Ontario, Canada (1994).

Eakins, J. D. & Morrison, R. T. A new procedure for the determination of lead-210 in lake and marine sediments. Int. J. Appl.
Radiat. Isot. 29, 531-536. https://doi.org/10.1016/0020-708X(78)90161-8 (1978).

Oldfield, F. & Appleby, P. G. In Lake sediments and environmental history (eds Haworth, E. Y. & Lund, J. W. G.) 103-105 (University
of Minnesota Press, Minnesota, 1984).

Scientific Reports |

(2021) 11:18504 | https://doi.org/10.1038/s41598-021-97631-7 nature portfolio


https://doi.org/10.1038/nature12736
https://doi.org/10.1038/nature12736
https://doi.org/10.4319/lo.2009.54.6_part_2.2283
https://doi.org/10.4319/lo.2009.54.6_part_2.2283
https://doi.org/10.2980/18-3-3463
https://doi.org/10.2980/18-3-3463
https://doi.org/10.1007/s13280-011-0165-1
https://doi.org/10.4081/jlimnol.2017.1578
https://doi.org/10.1073/pnas.0307570100
https://doi.org/10.1579/0044-7447(2006)35[359:cceoab]2.0.co;2
https://doi.org/10.1579/0044-7447(2006)35[359:cceoab]2.0.co;2
https://doi.org/10.1127/0003-9136/2006/0166-0411
https://doi.org/10.1127/0003-9136/2006/0166-0411
https://doi.org/10.1016/j.yqres.2009.03.001
https://doi.org/10.1016/j.yqres.2009.03.001
https://doi.org/10.1002/(SICI)1099-1085(19970630)11:8%3c873::AID-HYP510%3e3.0.CO;2-6
https://doi.org/10.1016/j.jas.2003.06.003
https://doi.org/10.1016/j.jas.2008.10.022
https://doi.org/10.1016/j.jas.2011.02.012
https://doi.org/10.1016/0269-7491(95)00019-N
https://doi.org/10.1016/j.jasrep.2015.08.021
https://doi.org/10.3354/meps11145
https://doi.org/10.1038/s41598-019-44038-0
https://doi.org/10.1038/s41598-019-44038-0
https://doi.org/10.1021/acs.est.9b06656
https://doi.org/10.1016/0146-6380(93)90100-p
https://doi.org/10.1023/b:aeco.0000032053.67992.03
https://doi.org/10.1111/j.1365-2427.2010.02388.x
https://doi.org/10.1007/s10933-007-9122-1
https://doi.org/10.1175/bams-d-10-05003.1
https://doi.org/10.1126/science.1212267
https://doi.org/10.1016/S0016-7037(02)00955-9
https://doi.org/10.1016/S0016-7037(02)00955-9
https://doi.org/10.1029/2009GB003471
https://doi.org/10.1039/b509373b
https://doi.org/10.1029/2005gl023860
https://doi.org/10.1016/j.scitotenv.2008.03.006
https://doi.org/10.1016/j.scitotenv.2008.03.006
https://doi.org/10.1016/j.jas.2011.10.037
https://doi.org/10.1016/0020-708X(78)90161-8

www.nature.com/scientificreports/

47. Rethemeyer, J. et al. Status report on sample preparation facilities for 14C analysis at the new CologneAMS center. Nucl. Instrum.
Methods Phys. Res. Sect. B 294, 168-172. https://doi.org/10.1016/j.nimb.2012.02.012 (2013).

48. Reimer, P. . et al. The IntCal20 northern hemisphere radiocarbon age calibration curve (0-55 cal kBP). Radiocarbon 62, 725-757.
https://doi.org/10.1017/rdc.2020.41 (2020).

49. Ross, M., Utting, D. ]., Lajeunesse, P. & Kosar, K. G. A. Early Holocene deglaciation of northern Hudson Bay and Foxe Channel
constrained by new radiocarbon ages and marine reservoir correction. Quatern. Res. 78, 82-94. https://doi.org/10.1016/j.yqres.
2012.03.001 (2012).

50. Blaauw, M. & Christen, J. A. Flexible paleoclimate age-depth models using an autoregressive gamma process. Bayes. Anal. https://
doi.org/10.1214/ba/1339616472 (2011).

51. Roberts, S. et al. Mercury and metal(loid) deposition to remote Nova Scotia lakes from both local and distant sources. Sci. Total
Environ. 675, 192-202. https://doi.org/10.1016/j.scitotenv.2019.04.167 (2019).

52. Pienitz, R., Smol, J. P. & Birks, H. J. B. Assessment of freshwater diatoms as quantitative indicators of past climatic change in the
Yukon and Northwest Territories. Canada. J. Paleolimnol. 13, 21-49. https://doi.org/10.1007/BF00678109 (1995).

53. Walker, I. R. In Zoological Indicators Vol. 4. Tracking Environmental Change Using Lake Sediments (eds Smol, J. P. et al.) 43-66
(Springer, 2001).

54. Medeiros, A. & Quinlan, R. The distribution of the chironomidae (Insecta: Diptera) along multiple environmental gradients in
lakes and ponds of the eastern Canadian Arctic. Can. J. Fish. Aquat. Sci. 68, 1511-1527. https://doi.org/10.1139/f2011-076 (2011).

55. Brooks, S., Langdon, P. & Heiri, O. The identification and use of Palaearctic chironomidae larvae in palaeoecology. Quaternary
Research Association, Technical Guide 10 (2008).

56. Forester, R. M. Nonmarine calcareous microfossil sample preparation and data acquisition procedures. Report No. HP-78 RI, 1-9
(US Geol. Surv., 1988).

57. Delorme, L. D. Freshwater ostracodes of Canada. Part III. Family Candonidae. Can. J. Zool. 48, 1099-1127 (1970).

58. Delorme, L. D. Freshwater ostracodes of Canada. Part V. Families Limnocytheridae, Loxoconchidae. Can. J. Zool. 49, 43-64 (1971).

59. Benzie, J. A. H. Cladocera: The genus Daphnia (including Daphniopsis) Vol. 21 (Backhuys Publisher, 2005).

60. Smith, A.J. & Horne, D. J. In Ecology and General Biology: Thorp and Covich’s Freshwater Invertebrates Keys to Nearctic Fauna Vol.
2 (eds Thorp, J. & Rogers, D. C.) 477-513 (Academic Press, 2016).

Acknowledgements

We are grateful to the community of Salliq/Salliit (Coral Harbour, Nunavut) for giving us access to the territory
and historic site, and in particular to Willie Nakoolak and Gabriel Bruce for guiding us in the field. This research
was supported by a Feodor-Lynen fellowship from the Alexander von Humboldt-Foundation awarded to FAV. In
addition the Discovery grant 04743-2017 and Northern Supplement grant 305489-2017 was awarded to RP from
the Natural Sciences and Engineering Research Council (NSERC) of Canada. The Climate Change Preparedness
in the North Program of Crown-Indigenous and Northern Affairs Canada awarded to ASM. DM acknowledges
the support from Environment and Climate Change Canada, Climate Change and Air Pollution program. Logis-
tical support for fieldwork was provided by the Polar Continental Shelf Program. The manuscript benefitted
from the initiation grant for International Collaboration by the Deutsche Forschungsgemeinschaft (VI 532/3-1).

Author contributions

EA.V. and R.P. conceptualized the project. EA.V., A.S.M., and R.P. conducted and interpreted the bioindicator
analyses. FA.V. and B.P. conducted and interpreted the geochemical analyses. D.M. and X.W. supervised the
metal analyses. F.A.V. conducted the statistical analyses. F.A.V., A.S.M., and R.P. wrote the manuscript with
contributions from D.M. and B.P. All authors reviewed the paper prior to submission.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-021-97631-7.

Correspondence and requests for materials should be addressed to EA.V.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:18504 | https://doi.org/10.1038/s41598-021-97631-7 nature portfolio


https://doi.org/10.1016/j.nimb.2012.02.012
https://doi.org/10.1017/rdc.2020.41
https://doi.org/10.1016/j.yqres.2012.03.001
https://doi.org/10.1016/j.yqres.2012.03.001
https://doi.org/10.1214/ba/1339616472
https://doi.org/10.1214/ba/1339616472
https://doi.org/10.1016/j.scitotenv.2019.04.167
https://doi.org/10.1007/BF00678109
https://doi.org/10.1139/f2011-076
https://doi.org/10.1038/s41598-021-97631-7
https://doi.org/10.1038/s41598-021-97631-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The influence of a lost society, the Sadlermiut, on the environment in the Canadian Arctic
	The legacy of the Sadlermiut on the environment. 
	The arrival and harvesting practices of the Sadlermiut. 
	The influence of climate on the Sadlermiut. 
	A legacy of anthropogenic influence that outlasts the extinction of the Sadlermiut. 
	Methods
	Field methods. 
	Coring and sampling technique. 
	Geochronology. 
	Stable carbon and nitrogen isotopes. 
	Metal analyses. 
	Bioindicator analyses. 

	References
	Acknowledgements


