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Introduction 

A paleolimnological study of two lakes in Igloolik, Nunavut, Arctic Canada, was used to quantify 

the ecological trajectory of lakes that were potential supplemental freshwater sources for the 

Hamlet, as part of a water resource vulnerability assessment. Contained in this document is 

additional information on 210Pb results, sedimentary and biotic diagrams, diagnostic tests for the 

temperature inference models, and Generalized Additive Modelling (GAM) methods. To validate 

the paleotemperature reconstructions, analogue-matching techniques and goodness-of-fit tests 

were applied and are shown below. Rationale and implementation of the GAM are also described.  

 

Methods 

Chironomid assemblages were plotted stratigraphically and divided into zones using a constrained 

cluster analysis with incremental sum of squares partitioning (CONISS) and a squared chord 

distance dissimilarity coefficient (Gordon and Birks, 1972) using the “rioja” package v.0.9-21 

(Juggins, 2017). A broken stick model was used to assess the statistical significance of the cluster 

zones using the “vegan” package v.2.5-6 (Bennett, 1996; Okansen et al., 2019). Biotic assemblages 

were summarized using a constrained cluster analysis using the “factoextra” package v.1.0.7 

(Kassambara and Mundt, 2017) and visualized using the “dendextend” package v.1.13.4 (Galili, 

2015). To determine the suitability of the modern calibration set, modern analogues were assessed 

by plotting the data passively on top of the Fortin et al. (2015) chironomid training set using the 

“analogue” package v.0.17-4 (Simpson and Oksanen, 2020) and by calculating the analogue 

distances using the “ggpalaeo” package v.0.0.0.9005 (Telford, 2020). Significance tests of the 

reconstruction were conducted using the “palaeoSig” package v.2.0-3 (Telford, 2019) and 

“ggpalaeo” package v.0.0.0.9005 (Telford, 2020). The WA-PLS transfer function was cross-

validated and the components were verified using the “rioja” package v.0.9-21 (Juggins, 2017) 

and “analogue” package. A generalized additive model (GAM) was fitted to the July temperature 

reconstructions of cores SFL and IG8 and values were interpolated to regularly spaced intervals 

using the “brms” package v.2.12.0 (Bürkner, 2018) and “mgcv” package v.1.8-31 (Wood, 2011).  

 

 



Results  

Chronology 

Table S1. 210Pb activity and dates estimated using a constant-rate-of-supply (CRS) model for 

core SFL.  

Midpoint Depth 
 (cm) 

Unsupported 
Activity (Bq/g) 

Year CE CRS Error 
(Years) 

0.25 0.528 2018 0.00 
0.75 0.465 2014 0.26 
1.25 0.485 2010 0.71 
2.25 0.424 2005 0.86 
3.25 0.451 1999 1.39 
4.25 0.296 1992 1.65 
5.25 0.356 1986 1.86 
5.75 0.319 1978 2.68 
6.25 0.285 1968 3.52 
6.75 0.222 1956 5.25 
7.25 0.161 1941 8.28 
8.25 0.122 1925 11.53 
9.25 0.097 1905 18.42 
10.25 0.076 1876 42.92 
12.25 0.046 NA NA 
14.25 0.031 NA NA 
16.25 0.022 NA NA 

 

 

 

 

 

 

 

 



Table S2. 210Pb activity and dates estimated using a constant-rate-of-supply (CRS) model for 

core IG8.  

Midpoint Depth 
 (cm) 

Unsupported 
Activity (Bq/g) 

Year CE CRS Error 
(Years) 

0.25 0.156 2018 0.00 
0.75 0.133 2012 0.73 
1.75 0.153 2005 1.70 
2.75 0.161 1995 3.33 
4.75 0.119 1977 4.09 
6.75 0.094 1955 7.02 
8.75 0.021 1903 29.03 
10.75 0.021 1881 41.60 
12.25 0.011 NA NA 

 

 

Sedimentary stratigraphy 

 
Figure S1. Loss-on-ignition at 550 °C (organic matter content) and 950 °C (carbonate content) for 

cores SFL (A) and IG8 (B) plotted against time.  

 



 

Zoning of the chironomid records 

A stratigraphically-constrained cluster analysis with incremental sum of squares partitioning 

(CONISS) of chironomid assemblages from core SFL indicated three zones (Figure S2), where the 

significant zones were determined by a comparison with a broken stick model (Figure S3). A 

constrained cluster analysis with CONISS for core IG8 indicated two zones of chironomid 

assemblages (Figure S4), where a broken stick model indicated these zones were statistically 

significant (Figure S5).  

 

 
Figure S2. Stratigraphically-constrained cluster analysis of chironomid assemblages of core SFL. 

 



 

 

Figure S3. Sum of squares of the chironomid data (black) compared to that from a broken stick 

model (red) for core SFL. 

 
Figure S4. Stratigraphically-constrained cluster analysis of chironomid assemblages of core IG8. 

 



 

Figure S5. Sum of squares of the chironomid data (black) compared to that from a broken stick 

model (red) for core IG8. 

The squared chord distance of the nearest analogue from the modern dataset (Fortin et al., 2015) 

to each fossil sample was plotted against time for lakes SFL (Figure S6) and IG8 (Figure S7). In 

both lakes, “good” analogues could be identified among the modern samples for the fossil 

assemblages.  

 

Figure S6. Squared-chord distance between the fossil assemblages of core SFL with the best 

modern analogue through time. 



 

Figure S7. Squared-chord distance between the fossil assemblages of core IG8 with the best 

modern analogue through time. 

The squared residual lengths between the chironomid assemblages in cores SFL and IG8 and the 

modern dataset (Fortin et al., 2015) were plotted against time for lakes SFL (Figure S8) and IG8 

(Figure S9).  

 

Figure S8. Squared residual lengths between core SFL chironomid assemblages and the Fortin et 

al. (2015) training set through time. 



 

Figure S9. Squared residual lengths between core IG8 chironomid assemblages and the Fortin et 

al. (2015) training set through time. 

The fossil assemblages from lakes SFL (Figure S10) and IG8 (Figure S11) were projected onto a 

redundancy analysis (RDA) of the modern dataset (Fortin et al., 2015). The temperatures of the 

chironomid assemblages in core SFL ranged from 5 – 10 °C between 243 and 2018 CE when 

passively plotted onto the training set ordination. Chironomid assemblages from core IG8 ranged 

from 10 – 11 °C in the modern training set. 

 

Figure S10. Changes in chironomid composition of core SFL through time projected into the 

Fortin et al. (2015) training set. Contours represent temperature. 



 

Figure S11. Changes in chironomid composition of core IG8 through time projected into the Fortin 

et al. (2015) training set. Contours represent temperature.  

 

Climate reconstructions  

The WA-PLS2 reconstruction of July temperatures from core SFL was smoothed using GAM 

(Figure S12). Temperatures were warm between the years 240 and 700 CE and cool between the 

years 800 and 1900 CE. After 1900 CE, temperatures warmed continuously.  

Reconstructed July temperatures of the period of 1850 CE to the present were compared between 

cores SFL and IG8 (Figure S13). Core IG8 reconstructed significantly warmer July air 

temperatures after an abrupt increase at the end of the 19th century compared to core SFL, and both 

cores show an increase in temperatures since the mid 20th century. 

 



 

Figure S12. Reconstructed July temperatures for core SFL using a WA-PLS 2-component model 

(Fortin et al., 2015), smoothed using a generalized additive model (GAM). Grey shaded area 

represents the standard error of the model. 

 

 

Figure S13. Reconstructed July air temperatures of the past ~175 years from cores IG8 and SFL 

using the WA-PLS2 transfer function and modern training set of Fortin et al. (2015). Error bars 

represent the standard errors of the models.  
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