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Abstract: Anthropogenic climate change may require adaptation strategies that include
predicting and managing no-analogue ecological communities. This study contributes an analysis
of 51,427 palaeoecological pollen records from 1,384 North American locations, with the
objective to (1) discover no-analogue communities of the past, (2) infer the cause of their
emergence, and (3) test if they can retrospectively be predicted. The analysis revealed three
pollen communities that have no modern equivalent. The most widespread no-anal ogue
community was a birch parkland ecosystem, which also occupied distinct no-analogue climate
space. The analysis also revealed a spruce woodland with a high diversity of broadleaf species
and a montane steppe ecosystem in the Rocky M ountains with no modern equivaents. While
species distribution models could accuratel y hindcast species frequencies in most

pal aeoecol ogical communities, they failed to predict the unique characteristics of each no-

anal ogue community, highlighting the limitations of predictive modeling to support climate
change adaptation.

(Selected Figures and Tables provided below, for more information, contact the author)
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Fig. 1. Reconstructed temperature and available pollen sitesfor six periods from the L ast
Glacial Maximum to present. Global temperature reconstruction from ice cores proxy (25)
were used to delineate periods that approximately represent CCM 1 climate model hindcasts
for 21, 16, 11, and 6 thousand years before present. Red circles represent the cumulative
number of available pollen sites for each of the six periods, and the number of pollen sites
for 200-year intervals are shown as a histogram.
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Fig. 2. Clustering modern pollen data with Multivariate Regression Tree (MRT) analysis. The
regression tree for modern pollen data (A) reports the primary climate variable and its value
for each split, the number of pollen communities, and the square root transformed frequency
of pollen taxaas abar chart. The overall frequency of pollen taxa across al sitesis reported
in parenthesisin the legend. The colors and the order of the legend in the map of pollen sites
(B) correspond to the groups determined by the MRT above. Auto-correlated climate
variables that could have been used as alternative criteriafor each split are reported in panel

(C).
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Fig. 3. Geographic distribution of eleven bioclimatic zonesfor six periods sincethe L ast
Glacial Maximum. The eleven pollen groups are based on an initial 22 groups generated by

aregression tree analysis across all time periods, which were subsequently summarized into
11 groupsin this map for concise reporting, but maintaining all no-analogue communities
that were detected (Montane Steppe, Birch Parkland and Spruce Woodland).
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Fig. 4. Thereativefrequencies of pollen groupsfrom the Last Glacial Maximum to present.
Frequencies of eleven pollen communities for six periods are given as percent of all pollen
sites available per period. Ice coverage as percentage of total land area is additionally

included for reference (top right).
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Fig. 5. Multivariate climate conditionsfor pollen groups and climate diagramsfor selected
pollen groups. Canonical discriminant analysis of pollen sitesin multivariate climate space
for current cliamte and climate at 14 ka. Plots for all six climate periods are provided in Fig.
S1. The vectorsin the canonical discriminant analysis (A, B, G, and H) show how pollen
comunities are associated with climate variables. Climate variable abbreviations are
provided in Fig 2. Selected standard monthly climate diagrams are further provided for four
modern pollen communities (C to F), and the no-analogue communities (I to L) where
separate diagrams represent Birch Parkland climate conditionsin Beringia (1) and soutth of

the ice sheet (K).
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Arctic Birch Boreal Western Eastern Eastern  Spruce Montane Montane Steppe &
Tundra Parkland Forest Maritime Hardwood Transition Woodland Grassland Forest ~ Steppe  Desert

Taxon Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred.
Picea 7.90 104 9.4619.0| JB2BNBOEI 11.1 125 261 120 6.16 547 250 143 3.17 341 [ 134 143 144 175 109 245
Tsuga 0.01 0.11 | 0.00 032 038 056 232888l 270 368 6.07 628 328 341 | 0.15 045 2.13 3.07 0.4 1.62 [0.02 0.58
Abies 0.03 030 003 055 142 1.78 10.1 838 148 071 146 121 236 203 139 096 496 423 477 298 194 1.64
Betula 16.1 16.1 BN 22.7 228036191 191 496 451 6.67 [23:00233 [19.11232] 136 3.69 565 134 4.14[2055 | 038 3.20
Alnus 12.5 209 6.55/248 129218 Bl 204 459 457 436 526 424 935 7.60 482 878 175 4.08 145 | 026 339 0
Quercus 0.02 0.13 027 083 337 090 1.08 1.72 EEHEEEE 177 180 13.0 11.8 112 141 246 222 [ 066 1.83 274 485 10
Ulmus 0.03 007 024 0.7 1.20 030 |0.02 0.07 246 2.19 458 285 3.83 2.09 143 1.18 [0.12 026  0.05 0.61 [0.15 0.45
Fraxinus 0.01 0.03 0.09 0.11 165 027 0.4 022 1.80 1.88 248 174 269 123 120 1.09 044 021 001 029 |0.08 033
Carpinus 0.04 006 0.04 0.12 1.09 0.19 001 008 184 1.17 296 2.17 281 123 027 048 0.0 0.15 003 025 042 0.18
Fagus 0.00 002 000 006 025 0.46 001 030 236 3.19 3.62 432 075 226 001 027 0.13 067 000 0.61 0.00 0.17 30
Acer 0.00 0.04 0.02 0.08 030 027 0.6 032 147 175 284 2.52 144 161 027 044 027 035 0.1 047 006 0.19
Carya 0.00 001 0.01 003 0.17 0.04 000 0.10 4.14 418 077 081 043 079 056 1.13 002 006 001 005 001 0.41
Tilia 0.00 001 0.00 002 004 002 001 001 021 028 064 057 023 035 0.03 0.3 000 0.03 000 006 0.0 0.07
Juglans 0.01 001 0.05 001 007 002 004 002 043 054 033 028 027 020 0.12 0.12 0.03 003 000 0.03 0.03 0.06

Liquidambar 0.00 0.00 0.0 0.0 0.00 0.00 000 0.01 077 0.65 001 004 001 004 003 0.08 000 0.01 000 000 000 0.06
Cyperaceae [BSENSS8 | 220 196 11.1 9.18 542 105 825 7.98 595 635 105 8.05 183 185 119 183 122 127 126 168
Poaceae 172 141 11.8 725 4388 334 354 322 103 113 751 954 397 951 [235 21.7 109 885 11.8 810 112 136
Prairie.Forbs 109 437 850 436 6.17 3.11 583 336 104 108 9.50 936 5.50 859 1204 274 B8 163 I 17.c I 70 (%)

Fig. 6. Average pollen frequencies observed in pollen records and predicted by species
distribution modelsfor each taxon. The left column (Obs.) represents the average taxa
percentages for eleven pollen groups determined with multivariate regresssion tree analysis.
The right column (Pred.), reports the predicted pollen percentages from separate species
distribution models for each taxon trained with modern pollen data only. The color legend
highlights near absence (blue) and dominant taxa (red).



