THE CLIMATIC NICHE OF AFRICAN ANIMAL PRODUCTION
SUPPLEMENTARY INFORMATION

Methodological contributions to the land use niche
Various studies have identified the need for broader cross-disciplinary cooperation, especially between the fields of archaeology and the biological and environmental sciences in order to improve our understanding of land use change (e.g. Boivin et al. 2016, Laland & O’Brien 2010). It is clear that ecological analysis of past land use, such as ours, can improve our understanding of dispersal processes and aid in answering important questions about niche construction: for example, the explicit ways in which humans have altered their own, and other species’, local environment (e.g. inceptive or counteractive, via perturbation or relocation: O’Brien & Laland 2012). As such, we adapt tools from spatial ecology in order to measure changes in the climatic niche of African animal production, namely climatic niche breadth. We also provide a methodological foundation upon which a more complex understanding of climatic niche construction processes can be built, using archaeological and paleoecological data.

Niche modeling has been employed in the archaeological context to test hypotheses relating to human land use, for example, to investigate the effects of human presence on large mammal extinction (Lorenzen et al. 2011), to determine a transition from wild to domestic cattle (Conolly et al. 2012), and especially to test hypotheses about culture-climate interactions (see eco-cultural niche modeling: Banks 2017, Banks et al. 2013). Before one can accurately quantify past land use change, however, we argue that it is necessary to empirically reconstruct the human-environment conditions under which change operated (e.g. see Lambin et al. 2001). To our knowledge, this is the first time that such an approach has been implemented to quantify temporal changes in a climatic land use niche. We show the applicability of niche dynamic metrics in the land use context, and provide an important step towards producing more continuous and robust land use reconstructions in global change studies. In addition, our approach improves consideration of the ecological processes behind land use change (for further discussion of methodological development, see SI). 

The mapped reconstructions in figures 4 and S7 exemplify these benefits: they are reproducible, they can provide insight into dispersal limitations and the most likely eco-evolutionary pathways for animal production expansion, and they can be easily compared to other species distributions. In addition, they provide a foundation upon which fine-scale changes in land use may be analyzed, especially regarding differences in the spread of individual domestic taxa and production systems. Finally, these maps identify problem areas where data coverage is scarce, either because it is excluded from our dataset or because research coverage is poor (see extrapolated areas in Fig. 4); note, for example, data scarcity in central and northern Africa.


Domestic animals in Africa
The domestic animals analyzed in this study, except for the donkey, were likely introduced to the African continent (Larson et al. 2014), although debate continues on whether cattle were domesticated independently in Africa, and the degree of introgression with wild Aurochs (Bos primigenius). For more information on African domesticates, see Blench & MacDonald (2000) and Gifford-Gonzalez & Hanotte (2011, 2013). For a general overview of domestication, see Larson & Fuller (2014) or MacHugh et al. (2017). Note that domestic dogs and cats were excluded from this study because they are thought to be unrelated to the long-term spread of animal production in Africa (see Gautier 2002, Mitchell 2015). In addition, Helmeted guineafowl (Numida meleagris) and Barbary sheep (Ammotragus lervia) likely underwent varying degrees of domestication (e.g. di Lernia 1998, Gifford-Gonzalez & Hanotte 2011, MacDonald 1992) but we do not include these.


MOVIES
Movie S1: Domestic faunal remains: KDEs of domestic animal presences (data available at https://doi.pangaea.de/10.1594/PANGAEA.904942) at 100-year intervals. Each occurrence record is marked by a small, white dot. See Figure 1 and S1 for further methodological information.

Movie S2: Wild (hunted terrestrial ungulates) faunal remains: KDEs of wild animal presences (data available at https://doi.pangaea.de/10.1594/PANGAEA.904942) at 100-year intervals. Each occurrence record is marked by a small, white dot. See Figure 1 and S1 for further methodological information.








SUPPLEMENTARY FIGURES
FIGURES[image: ]

Figure S1: [high res.] Illustrations of domestic (red) and wild (blue) faunal remains from archaeological assemblages utilized in this study. Assemblages are visualized using kernel density estimates (KDEs) of the number of domestic or wild specimens (NISP) recovered in each assemblage. Where the date range of an assemblage spanned two or more time slices, the kernel’s probability mass was shared between the respective time slices. Whilst these maps illustrate the quantity and geographic location of data, they are not intended to depict the distribution of land use in space and time - this objective is carried out separately using methods from spatial ecology (i.e. figures 4 & S7). Further KDEs for both domestic and hunted (wild terrestrial ungulates) faunal remains at 100-year intervals are available in movies S1 and S2. See figure 2 for domestic species included, figure S2 for the number of occurrence records in each time interval, and “materials & methods” for more information on how occurrence record start/end dates and probability of occurrence were generated.
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Figure S2: 
[high res.] Circles indicate domestic (red) and wild (blue) animal occurrence records, determined by faunal remains in the archaeological record (modified from Jousse 2017). Occurrence records were split into time intervals based on their start/end dates: if the range fell within a given time interval, it was included. Each time interval spans 500 years, represented as, e.g., 1500 BP ± 250 years. The number of occurrences (N) is expressed as “1occ”, which includes only one occurrence record per archaeological site and time period where animals are present: this is the minimum number of occurrences for each time interval. For more information on how start/end dates were generated, see the methods section.



Figure S3: Niche dynamics analysis: domestic versus wild.
(a): The correlation circle on the top left shows the direction of each of the nine variables plotted in climate space.

1. meanT (mean temperature) 
2. DiTR (diurnal temperature range)
3. iso (isothermality)
4. TS (temperature seasonality)
5. maxT (maximum temperature)
6. minT (minimum temperature)
7. TR (temperature annual range)
8. meanP (mean precipitation)
9. PS (precipitation seasonality)
*note TR variable is under TS

(b): Niche dynamic analyses were performed using a kernel smoothed PCA-env approach Broennimann et al. (2012), Di Cola et al. (2017) with simulated climate data from TraCE-21ka, and (S3.1) the unweighted “1occ” version of occurrence records, (S3.2) the “date” version of occurrence records, and (S3.3), the “taxa” version of occurrence records. The extent of all PCAs is defined by the pooled climate space from all time periods on the African continent, with 83.4% of variance explained by the first two axes (PCA1 = 62.1%, PCA2 = 21.3%). The first PCA plot depicts the pooled niches from all 18 time periods as follows: domestic (red), wild (blue), overlap (purple), and the climate extent (i.e., the extent of all African climate space: red outline). In each consecutive plot, the niches are ordered on the same axes at 500-year intervals, and the red outline represents the extent of the background climate for the corresponding time interval.





Figure S3.1 “1occ”  [high res.]
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Figure S3.2 “date”  [high res.]
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Figure S3.3 “taxa”  [high res.]
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Figure S4: [high res.] The degree of niche overlap (Dd) and binarized D (Db) were measured using two different methods: first, by comparing the animal niche and background African climate for a given time interval (a: PCA-env, as described in the main text), and second, by comparing the animal niche for a given time period with the pooled animal niche for all 18 time periods (b-c: PCA-occ). In other words, PCA-occ calculates the portion of the pooled Holocene realized niche that is occupied at each time period (Broennimann et al. 2012). For all analyses, calculations were done for three animal groups: domestic (red), wild (blue), and “African triad” species (cattle, sheep, and goat: orange), using nine climate variables (see Fig. S3) obtained from the TraCE-21ka simulation at 2.5º resolution. For each niche, sensitivity analyses were also performed using three versions of occurrence records: “1occ”, the unweighted version, includes only one occurrence record per assemblage time interval, while “date” is weighted by the probability of date occurrence for each time interval, and “taxa” is weighted by the number of taxa present at each site.

In part (a), Dd (unweighted by climate availability: “cor = F”) and Db values were calculated using PCA-env with TraCE-21ka climate information. In order to test the precision of our results, we used climate information from nine other models (GCM, BCC-CSM1-1, CCSM4, CNRM-CM5, HadGEM2-CC, HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM, MPI-ESM-P, and MRI-CGCM3 (30-year averages: Hijmans et al. 2005), to plot additional Dd (indicated by “x”) and Db (indicated by “+”) values at 6000 BP. In part (b), Dd (unweighted by climate availability) and Db values were calculated using PCA-occ with TraCE-21ka climate information, and in part (c), Dd and Db values were calculated using PCA-occ with present-day WorldClim data. This allowed us to test whether similar trends could be produced using a stable climate gradient through time: overall, we found that the results were similar when using PCA-occ, but that caution must be taken when making interpretations on shorter time scales or using methods that are more dependent upon the background climate (i.e. PCA-env or weighted Dd values).
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Figure S5: [high res.] Local Spearman correlation coefficients between present-day WorldClim variables, upscaled to 2.5 x 2.5º spatial resolution, and the corresponding bias corrected TraCE-21ka climate variables at AD 1970 (BIO1: meanT, BIO2: DiTR, BIO3: iso, BIO4: TS, BIO5: maxT, BIO6: minT, BIO7: TR, BIO12: meanP, BIO15: PS). R values (0-1) are indicated by the color of each grid cell, and the mean of all grid cells is indicated in the title of each map. Note that some grid cells are empty, especially for precipitation variables in the Sahara (meanP, PS).
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Figure S6: [high res.] Permutation tests for PCA-env versions of occurrence records using TraCE-21ka climate information. 18 time slices were randomly shuffled 5000 times, and for each shuffle, the correlation between time and the niche metrics (Dd, Db) were calculated using Pearson’s R: this formed a null distribution of test statistics (histograms). The same metrics were then calculated and plotted for the unshuffled observed data (red and blue vertical lines), and a two-tailed p-value was calculated as the proportion of the null distribution as or more extreme than the observed test statistic. For all domestic R values, R > 0.7 and p < 0.001 and for all wild R values, P > 0.02, suggesting highly significant changes through time for domestic species but not for wild. However, trends in the taxa version of occurrence records for wild suggest an increase in the variety of hunted ungulates through time (Db R-value = 0.56), co-occurred with a decrease in the reliance of wild hunting overall (Dd R-value = -0.624), although the statistical significance of these trends is less compelling (p = 0.021 and 0.035 respectively). All niche metric calculations (Dd, Db) were weighted by climate availability (cor = T).
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Figure S7: Domestic and wild climatic niches were projected into geographic space, based on the density of occurrence records, and rescaled (0-1) based on the relative climatic density of domestic animal occurrence records across all time periods. The “date” version of occurrence records was used, i.e., occurrence records were weighted by the probability of date occurrence in each time slice (see methods for more details). Present-day WorldClim data was used at 10 minute resolution, repeated for each 500-year time interval (S7.1), and TraCE-21ka climate information was used at 2.5º x 2.5º spatial resolution (S7.2). Occurrence records are plotted on each map for domestic (red circles) and wild (blue circles) animals. Gray cross-hatching indicates niche extrapolation (calculated using MESS: see Elith et al 2010), or the climatic space where neither domestic or wild occurrence records were included in analyses.


Figure S7.1  [high res.]
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Figure S7.2  [high res.]
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Figure S8: [high res.] Taxa comparisons show wild-domestic divergence between Bos species and Caprinae subfamilies. Domesticates (red) spread southward while their wild relatives (blue) were confined to northern Africa or went extinct. Circles represent occurrence records of faunal remains. Both wild relatives began to disappear from archaeological records around the termination of the AHP: Aurochs went extinct and/or introgressed with domestic cattle, while Barbary sheep are extant in present-day northern Africa (indicated by blue triangles, accessed from GBIF: GBIF.org, 2018), despite their disappearance from archaeological records.
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Figure S9: Number of archaeological assemblages including domestic (red) and wild (blue) faunal remains, from the past to the present.









SUPPLEMENTARY TABLES [image: ]

Table S1: [xlsx file] TraCE-21ka variable correlations: temperature seasonality and isothermality explained most of the climatic variance on the African continent, although these are highly correlated with other precipitation variables. Highly correlated variables are lightly shaded (≥ |0.7|), and very highly correlated variables are indicated by darker shading (≥ |0.8|).




[image: ]

Table S2: [xlsx file] WorldClim variable correlations: temperature seasonality (Bio4) explained over half of the climatic variance on the African continent using WorldClim data, followed by precipitation seasonality (Bio12) at almost 15%. Highly correlated variables are lightly shaded (≥ |0.7|), and very highly correlated variables are indicated by darker shading (≥ |0.8|).

Bio1: Annual Mean Temperature
Bio2: Mean Diurnal Range
Bio3: Isothermality
Bio4: Temperature seasonality
Bio5: Max temperature of warmest month
Bio6: Min temperature of coldest month
Bio7: Temperature annual range
Bio8: Mean temperature of wettest quarter
Bio9: Mean Temperature of driest quarter
Bio10: Mean temperature of warmest quarter
Bio11: Mean temperature of coldest quarter
Bio12: Annual precipitation
Bio13: Precipitation of wettest month
Bio14: Precipitation of driest month
Bio15: Precipitation seasonality
Bio16: Precipitation of wettest quarter
Bio17: Precipitation of driest quarter
Bio18: Precipitation of warmest quarter
Bio19: Precipitation of coldest quarter
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Table S3: [xlsx file] Schoener’s D overlap (Dd) and binarized D (Db) values for Trace-21ka, “1occ” analyses. Red tables on the top indicate D values for the domestic niche (corresponding to figure 3a); blue values in the middle indicate D values for the wild niche (corresponding to figure 3a); and purple tables on the bottom indicate overlap between the domestic and wild niche (corresponding to figure 3b). Light blue shading indicates that both D values increase >7%, while darker blue shading indicates that both D values increase >10%. Light orange shading indicates that both D values decrease >7%, and darker orange shading indicates that both D values decrease >10%. Time intervals of interest are outlined in dark gray across all versions.
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Table S4: [xlsx file] We took an inclusive approach to the available faunal and radiocarbon data in this study, whereby outliers or potentially intrusive remains were not excluded. In order to test the effects of this choice, we also evaluated the niche breadth (Dd and Db) for the “DATE” and “1occ” version of domestic animal occurrence records after excluding potentially intrusive assemblages. The results demonstrate that the overall trend is still robust, and that the most prominent niche broadening still occurs around 4500 BP, during the termination of the African Humid Period. Note, however, that some remains still appear early due to the error ranges of their associated radiocarbon dates
(e.g. in Fig. 1). We calculated the difference between intrusion-inclusive and intrusion-exclusive results (Dd_diff, Db_diff), and found that differences were often greater than 5% for the “1occ” version of occurrence records, especially where few occurrence records were present (i.e. before 5000 BP). For this reason care must be taken in interpreting shorter-term changes where few occurrence records are present, and ideally weighted by the probability distribution of radiocarbon dates.
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Table S5: [xlsx file] Wild animal contribution to the mean assemblage NISP. First, the mean wild faunal NISP was calculated for each time interval; second, the difference between each time interval was calculated. Third, the mean wild contribution (wild : domestic NISP) was calculated for each time interval, and fourth, the difference between these time intervals.
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DOMESTIC DOMESTIC DOMESTIC DOMESTIC
PCA-env locc cor=T PCA-env TAXA cor=T PCA-env DATE cor=T PCA-occ locc cor=F
time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff
0.5 0.604 0.826 0.016 -0.045 0.5 0.606 0.836 0.055 0.008 0.5 0465 0.690 0.084 -0.081 0.5 0.619 0.831 -0.056 -0.028
1 0.588 0.871 -0.036 0.033 1 0.551 0.828 -0.039 0.038 1 0.381 0.771 -0.044 0.188 1 0.674 0.859 -0.087 -0.035
1.5 0.624 0.838 -0.044 -0.039 1.5 0.590 0.791 -0.064 -0.127 1.5 0.425 0.583 -0.079 -0.270 1.5 0.761 0.894 -0.071 -0.086
2 0.668 0.877 0.060 0.036 2 0654 0917 0.073 0.045 2 0503 0.853 0.051 0.167 2 0832 0980 0.081 0.011
25 0.608 0.841 0.074 0.050 25 0581 0872 0.074 0.047 25 0452 0.686 0.046 -0.016 25 0.752 0969 0.065 0.137
3 0534 0.791 -0.014 0.011 3 0.507 0.825 -0.006 0.043 3 0406 0.702 -0.018 -0.037 3 0.686 0.833 -0.005 0.036
3.5 0548 0.780 -0.049 -0.061 3.5 0.513 0.782 -0.041 -0.057 35 0425 0.739 0.009 0.119 3.5 0.692 0.797 -0.045 -0.041
4 0596 0.841 0.003 0.006 4 0554 0.839 0.009 0.005 4 0415 0.619 -0.002 -0.048 4 0.737 0.838 0.027 0.008
45 0593 0.835 0.077 0.245 45 0545 0.834 0.099 0.265 45 0417 0.667 0.098 0.315 45 0.710 0.831 0.070 0.088
5 0516 0591 0.073 0.156 5 0446 0.570 0.052 0.131 5 0.319 0.352 -0.020 -0.027 5 0.640 0.743 0.040 0.061
55 0443 0434 -0.026 -0.017 5.5 0.394 0.438 -0.046 -0.035 55 0.339 0.379 0.010 0.093 5.5 0.600 0.682 -0.012 -0.058
6 0469 0451 -0.021 -0.096 6 0440 0.473 -0.045 -0.113 6 0.329 0.287 0.030 -0.120 6 0.612 0.739 0.026 0.016
6.5 0490 0.548 0.101 0.213 6.5 0484 0.586 0.119 0.267 6.5 0.299 0.407 0.006 0.103 6.5 0.586 0.723 0.193 0.243
7 0389 0.334 0.054 0.034 7 0365 0.319 -0.045 -0.052 7 0.292 0.303 0.009 0.037 7 0.393 0.480 -0.009 0.029
7.5 0.335 0.300 -0.082 -0.082 7.5 0409 0.371 -0.042 -0.058 7.5 0.283 0.266 -0.146 -0.161 7.5 0402 0451 0.098 0.133
8 0418 0.383 -0.043 -0.050 8 0452 0429 0.050 0.066 8 0429 0427 0127 0.158 8 0.305 0.319 -0.139 -0.167
85 0461 0433 0.010 -0.013 85 0402 0.363 0.178 0.169 85 0.301 0.269 -0.001 -0.019 85 0443 0.486 -0.095 -0.128
9 0.451 0.445 9 0.224 0.195 9 0.303 0.289 9 0.539 0.613
WILD WILD WILD WILD
PCA-env locc cor=T PCA-env TAXA cor=T PCA-env DATE cor=T PCA-occ locc cor=F
time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff
0.5 0.626 0.863 0.041 0.008 0.5 0498 0.832 0.018 -0.015 0.5 0470 0.785 0.055 -0.005 0.5 0.640 0.814 -0.025 0.000
1 0585 0.855 -0.036 0.014 1 0480 0.846 -0.075 -0.003 1 0.414 0.790 0.007 0.205 1 0.665 0.814 -0.060 -0.022
1.5 0.621 0.841 -0.081 -0.097 1.5 0.555 0.849 -0.037 -0.075 1.5 0.408 0.585 -0.151 -0.333 1.5 0.725 0.835 -0.078 -0.098
2 0702 0938 0.002 -0.011 2 0591 0924 -0.060 0.003 2 0559 0918 0.039 0.045 2 0.803 0933 0.009 -0.006
25 0.700 0.949 0.066 0.020 25 0.651 0921 0.041 0.002 25 0.520 0.874 0.045 -0.033 25 0.794 0939 -0.002 0.002
3 0.633 0.929 0.019 0.102 3 0.610 0.919 0.004 0.065 3 0.474 0.907 -0.018 0.060 3 0.796 0.936 0.019 0.038
3.5 0.614 0.827 -0.011 0.009 3.5 0.606 0.854 -0.008 -0.014 35 0492 0.847 0.048 0.232 3.5 0.777 0.899 -0.043 -0.033
4 0.625 0.818 -0.026 -0.044 4 0.614 0.868 0.006 -0.067 4 0444 0.615 -0.043 -0.154 4 0820 0931 0.008 -0.013
45 0.651 0.862 0.063 0.208 45 0.608 0.935 0.049 0.246 45 0.487 0.768 0.028 0.194 45 0813 0.945 0.031 0.082
5 0.588 0.653 -0.058 -0.114 5 0.559 0.689 -0.040 -0.041 5 0458 0.574 -0.022 -0.112 5 0.781 0.863 0.003 -0.060
55 0.646 0.767 0.009 0.023 55 0599 0.731 -0.006 0.016 55 0480 0.686 -0.014 0.136 55 0.778 0923 0.033 0.031
6 0.637 0.744 0.056 0.048 6 0.606 0.714 0.016 -0.027 6 0494 0.550 0.060 -0.124 6 0.746 0.891 0.033 0.019
6.5 0.581 0.696 -0.027 0.067 6.5 0.589 0.741 -0.048 0.027 6.5 0434 0.674 -0.036 0.160 6.5 0.712 0.872 0.042 -0.041
7 0.608 0.630 -0.064 -0.265 7 0.637 0.715 0.021 -0.098 7 0471 0.514 -0.007 -0.286 7 0.670 0.914 -0.055 -0.044
7.5 0.672 0.895 0.009 0.013 7.5 0.616 0.813| 0.019 0.031 7.5 0477 0.800 -0.103 -0.030 7.5 0.725 0957 0.041 0.011
8 0.663 0.882 -0.015 0.002 8 0.597 0.782 -0.038 -0.043 8 0.580 0.830 0.052 0.136 8 0.684 0947 -0.026 -0.024
85 0.679 0.881 0.058 0.217 85 0.635 0.825 -0.003 0.066 85 0528 0.695 0.087 0.191 85 0.710 0970 0.072 0.085
9 0.621 0.664 9 0.638 0.759 9 0.441 0.504 9 0.637 0.886
Domestic-wild overlap Domestic-wild overlap Domestic-wild overlap Domestic-wild overlap
PCA-env locc cor=T PCA-env TAXA cor=T PCA-env DATE cor=T PCA-occ locc cor=F
time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff
0.5 0912 0980 -0.013 -0.017 0.5 0.794 0994 0.018 0.011 0.5 0.841 0.961 -0.049 -0.036 0.5 0914 0963 -0.022 -0.027
1 0.925 0.997 0.054 0.018 1 0.776 0.982 0.009 0.020 1 0.890 0.997 0.023 0.020 1 0935 0.990 0.047 0.020
1.5 0871 0979 0.073 0.026 1.5 0.767 0.963 0.137 -0.008 1.5 0.867 0.977 0.191 0.012 1.5 0889 0970 0.052 0.018
2 0.798 0.953 0.056 0.053 2 0630 0971 0.030 0.075 2 0.676 0965 0.088 0.093 2 0.837 0952 0.018 0.033
25 0.741 0900 0.014 0.017 25 0.600 0.897 0.019 0.048 25 0.587 0.872 0.013 -0.034 25 0.818 0.920 0.007 0.021
3 0.728 0.883 -0.032 -0.006 3 0581 0.849 -0.057 0.003 3 0574 0906 -0.137 -0.030 3 0811 0.899 -0.019 -0.021
3.5 0.760 0.889 -0.014 -0.032 3.5 0.638 0.846 -0.007 -0.038 35 0.712 0936 0.158 0.174 3.5 0.830 0.920 -0.012 0.030
4 0.774 0.922 -0.040 -0.021 4 0.645 0.885 -0.008 -0.006 4 0554 0.762 -0.121 -0.183 4 0842 0.890 -0.027 -0.049
45 0814 0943 0.030 0.028 45 0.653 0.891 0.131 0.092 45 0.675 0945 -0.065 0.134 45 0869 0.938 0.039 0.035
5 0784 0914 0.080 0.158 5 0522 0.799 0.081 0.162 5 0.740 0.811 -0.040 -0.038 5 0829 0903 0.013 0.049
55 0.704 0.756 -0.053 -0.035 5.5 0441 0.636 -0.053 -0.051 55 0.780 0.849 0.063 0.124 55 0.816 0.854 0.064 0.095
6 0.757 0.791 -0.044 -0.106 6 0493 0.688 -0.118 -0.162 6 0.717 0.724 -0.082 -0.155 6 0.752 0.760 -0.104 -0.165
6.5 0.802 0.896 0.126 0.211 6.5 0.612 0850 0.192 0.401 6.5 0.799 0.879 0.208 0.150 6.5 0.856 0925 0.105 0.153
7 0.676 0.686 0.143 0.135 7 0420 0.449 -0.013 -0.108 7 0590 0.729 0.016 0.072 7 0.751 0.772 0.187 0.206
7.5 0533 0.551 -0.093 -0.146 7.5 0433 0.557 -0.005 -0.155 7.5 0575 0.658 -0.152 -0.157 7.5 0563 0.566 -0.004 -0.020
8 0.626 0.697 -0.064 -0.013 8 0438 0.713 -0.051 0.100 8 0.726 0.815 0.245 0.219 8 0.567 0.586 -0.080 -0.064
85 0.690 0.711 -0.030 -0.052 85 0490 0.612 0.167 0.262 85 0482 0.59 0.029 0.041 85 0.648 0.650 -0.102 -0.121
9 0.721 0.763 9 0.323 0.350 9 0.453 0.555 9 0.749 0.771
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PCA-env 1occ cor = T PCA-env TAXA cor = T PCA-env DATE cor = T PCA-occ 1occ cor = F

time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff

0.5 0.604 0.826 0.016 -0.045 0.5 0.606 0.836 0.055 0.008 0.5 0.465 0.690 0.084 -0.081 0.5 0.619 0.831 -0.056 -0.028

1 0.588 0.871 -0.036 0.033 1 0.551 0.828 -0.039 0.038 1 0.381 0.771 -0.044 0.188 1 0.674 0.859 -0.087 -0.035

1.5 0.624 0.838 -0.044 -0.039 1.5 0.590 0.791 -0.064 -0.127 1.5 0.425 0.583 -0.079 -0.270 1.5 0.761 0.894 -0.071 -0.086

2 0.668 0.877 0.060 0.036 2 0.654 0.917 0.073 0.045 2 0.503 0.853 0.051 0.167 2 0.832 0.980 0.081 0.011

2.5 0.608 0.841 0.074 0.050 2.5 0.581 0.872 0.074 0.047 2.5 0.452 0.686 0.046 -0.016 2.5 0.752 0.969 0.065 0.137

3 0.534 0.791 -0.014 0.011 3 0.507 0.825 -0.006 0.043 3 0.406 0.702 -0.018 -0.037 3 0.686 0.833 -0.005 0.036

3.5 0.548 0.780 -0.049 -0.061 3.5 0.513 0.782 -0.041 -0.057 3.5 0.425 0.739 0.009 0.119 3.5 0.692 0.797 -0.045 -0.041

4 0.596 0.841 0.003 0.006 4 0.554 0.839 0.009 0.005 4 0.415 0.619 -0.002 -0.048 4 0.737 0.838 0.027 0.008

4.5 0.593 0.835 0.077 0.245 4.5 0.545 0.834 0.099 0.265 4.5 0.417 0.667 0.098 0.315 4.5 0.710 0.831 0.070 0.088

5 0.516 0.591 0.073 0.156 5 0.446 0.570 0.052 0.131 5 0.319 0.352 -0.020 -0.027 5 0.640 0.743 0.040 0.061

5.5 0.443 0.434 -0.026 -0.017 5.5 0.394 0.438 -0.046 -0.035 5.5 0.339 0.379 0.010 0.093 5.5 0.600 0.682 -0.012 -0.058

6 0.469 0.451 -0.021 -0.096 6 0.440 0.473 -0.045 -0.113 6 0.329 0.287 0.030 -0.120 6 0.612 0.739 0.026 0.016

6.5 0.490 0.548 0.101 0.213 6.5 0.484 0.586 0.119 0.267 6.5 0.299 0.407 0.006 0.103 6.5 0.586 0.723 0.193 0.243

7 0.389 0.334 0.054 0.034 7 0.365 0.319 -0.045 -0.052 7 0.292 0.303 0.009 0.037 7 0.393 0.480 -0.009 0.029

7.5 0.335 0.300 -0.082 -0.082 7.5 0.409 0.371 -0.042 -0.058 7.5 0.283 0.266 -0.146 -0.161 7.5 0.402 0.451 0.098 0.133

8 0.418 0.383 -0.043 -0.050 8 0.452 0.429 0.050 0.066 8 0.429 0.427 0.127 0.158 8 0.305 0.319 -0.139 -0.167

8.5 0.461 0.433 0.010 -0.013 8.5 0.402 0.363 0.178 0.169 8.5 0.301 0.269 -0.001 -0.019 8.5 0.443 0.486 -0.095 -0.128

9 0.451 0.445 9 0.224 0.195 9 0.303 0.289 9 0.539 0.613

WILD WILD WILD WILD

PCA-env 1occ cor = T PCA-env TAXA cor = T PCA-env DATE cor = T PCA-occ 1occ cor = F

time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff

0.5 0.626 0.863 0.041 0.008 0.5 0.498 0.832 0.018 -0.015 0.5 0.470 0.785 0.055 -0.005 0.5 0.640 0.814 -0.025 0.000

1 0.585 0.855 -0.036 0.014 1 0.480 0.846 -0.075 -0.003 1 0.414 0.790 0.007 0.205 1 0.665 0.814 -0.060 -0.022

1.5 0.621 0.841 -0.081 -0.097 1.5 0.555 0.849 -0.037 -0.075 1.5 0.408 0.585 -0.151 -0.333 1.5 0.725 0.835 -0.078 -0.098

2 0.702 0.938 0.002 -0.011 2 0.591 0.924 -0.060 0.003 2 0.559 0.918 0.039 0.045 2 0.803 0.933 0.009 -0.006

2.5 0.700 0.949 0.066 0.020 2.5 0.651 0.921 0.041 0.002 2.5 0.520 0.874 0.045 -0.033 2.5 0.794 0.939 -0.002 0.002

3 0.633 0.929 0.019 0.102 3 0.610 0.919 0.004 0.065 3 0.474 0.907 -0.018 0.060 3 0.796 0.936 0.019 0.038

3.5 0.614 0.827 -0.011 0.009 3.5 0.606 0.854 -0.008 -0.014 3.5 0.492 0.847 0.048 0.232 3.5 0.777 0.899 -0.043 -0.033

4 0.625 0.818 -0.026 -0.044 4 0.614 0.868 0.006 -0.067 4 0.444 0.615 -0.043 -0.154 4 0.820 0.931 0.008 -0.013

4.5 0.651 0.862 0.063 0.208 4.5 0.608 0.935 0.049 0.246 4.5 0.487 0.768 0.028 0.194 4.5 0.813 0.945 0.031 0.082

5 0.588 0.653 -0.058 -0.114 5 0.559 0.689 -0.040 -0.041 5 0.458 0.574 -0.022 -0.112 5 0.781 0.863 0.003 -0.060

5.5 0.646 0.767 0.009 0.023 5.5 0.599 0.731 -0.006 0.016 5.5 0.480 0.686 -0.014 0.136 5.5 0.778 0.923 0.033 0.031

6 0.637 0.744 0.056 0.048 6 0.606 0.714 0.016 -0.027 6 0.494 0.550 0.060 -0.124 6 0.746 0.891 0.033 0.019

6.5 0.581 0.696 -0.027 0.067 6.5 0.589 0.741 -0.048 0.027 6.5 0.434 0.674 -0.036 0.160 6.5 0.712 0.872 0.042 -0.041

7 0.608 0.630 -0.064 -0.265 7 0.637 0.715 0.021 -0.098 7 0.471 0.514 -0.007 -0.286 7 0.670 0.914 -0.055 -0.044

7.5 0.672 0.895 0.009 0.013 7.5 0.616 0.813 0.019 0.031 7.5 0.477 0.800 -0.103 -0.030 7.5 0.725 0.957 0.041 0.011

8 0.663 0.882 -0.015 0.002 8 0.597 0.782 -0.038 -0.043 8 0.580 0.830 0.052 0.136 8 0.684 0.947 -0.026 -0.024

8.5 0.679 0.881 0.058 0.217 8.5 0.635 0.825 -0.003 0.066 8.5 0.528 0.695 0.087 0.191 8.5 0.710 0.970 0.072 0.085

9 0.621 0.664 9 0.638 0.759 9 0.441 0.504 9 0.637 0.886

Domestic-wild overlap Domestic-wild overlap Domestic-wild overlap Domestic-wild overlap

PCA-env 1occ cor = T PCA-env TAXA cor = T PCA-env DATE cor = T PCA-occ 1occ cor = F

time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff time (ka) Dd Db Dd_diff Db_diff

0.5 0.912 0.980 -0.013 -0.017 0.5 0.794 0.994 0.018 0.011 0.5 0.841 0.961 -0.049 -0.036 0.5 0.914 0.963 -0.022 -0.027

1 0.925 0.997 0.054 0.018 1 0.776 0.982 0.009 0.020 1 0.890 0.997 0.023 0.020 1 0.935 0.990 0.047 0.020

1.5 0.871 0.979 0.073 0.026 1.5 0.767 0.963 0.137 -0.008 1.5 0.867 0.977 0.191 0.012 1.5 0.889 0.970 0.052 0.018

2 0.798 0.953 0.056 0.053 2 0.630 0.971 0.030 0.075 2 0.676 0.965 0.088 0.093 2 0.837 0.952 0.018 0.033

2.5 0.741 0.900 0.014 0.017 2.5 0.600 0.897 0.019 0.048 2.5 0.587 0.872 0.013 -0.034 2.5 0.818 0.920 0.007 0.021

3 0.728 0.883 -0.032 -0.006 3 0.581 0.849 -0.057 0.003 3 0.574 0.906 -0.137 -0.030 3 0.811 0.899 -0.019 -0.021

3.5 0.760 0.889 -0.014 -0.032 3.5 0.638 0.846 -0.007 -0.038 3.5 0.712 0.936 0.158 0.174 3.5 0.830 0.920 -0.012 0.030

4 0.774 0.922 -0.040 -0.021 4 0.645 0.885 -0.008 -0.006 4 0.554 0.762 -0.121 -0.183 4 0.842 0.890 -0.027 -0.049

4.5 0.814 0.943 0.030 0.028 4.5 0.653 0.891 0.131 0.092 4.5 0.675 0.945 -0.065 0.134 4.5 0.869 0.938 0.039 0.035

5 0.784 0.914 0.080 0.158 5 0.522 0.799 0.081 0.162 5 0.740 0.811 -0.040 -0.038 5 0.829 0.903 0.013 0.049

5.5 0.704 0.756 -0.053 -0.035 5.5 0.441 0.636 -0.053 -0.051 5.5 0.780 0.849 0.063 0.124 5.5 0.816 0.854 0.064 0.095

6 0.757 0.791 -0.044 -0.106 6 0.493 0.688 -0.118 -0.162 6 0.717 0.724 -0.082 -0.155 6 0.752 0.760 -0.104 -0.165

6.5 0.802 0.896 0.126 0.211 6.5 0.612 0.850 0.192 0.401 6.5 0.799 0.879 0.208 0.150 6.5 0.856 0.925 0.105 0.153

7 0.676 0.686 0.143 0.135 7 0.420 0.449 -0.013 -0.108 7 0.590 0.729 0.016 0.072 7 0.751 0.772 0.187 0.206

7.5 0.533 0.551 -0.093 -0.146 7.5 0.433 0.557 -0.005 -0.155 7.5 0.575 0.658 -0.152 -0.157 7.5 0.563 0.566 -0.004 -0.020

8 0.626 0.697 -0.064 -0.013 8 0.438 0.713 -0.051 0.100 8 0.726 0.815 0.245 0.219 8 0.567 0.586 -0.080 -0.064

8.5 0.690 0.711 -0.030 -0.052 8.5 0.490 0.612 0.167 0.262 8.5 0.482 0.596 0.029 0.041 8.5 0.648 0.650 -0.102 -0.121

9 0.721 0.763 9 0.323 0.350 9 0.453 0.555 9 0.749 0.771
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DOMESTIC: probable intrusions excluded
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DOMESTIC: probable intrusions excluded
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0.45918728
0.37844172
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0.41744104
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DOMESTIC:	probable	intrusions	excluded

PCA-env 1occ cor	=	T

time	(ka) Dd Dd_diff Db Db_diff

0.50.60441097 0 0.82460067 0.001

10.58440034 0.004 0.8679802 0.003

1.50.61757102 0.006 0.82988423 0.008

20.66742143 0.001 0.8768865 0

2.50.60368051 0.004 0.83547043 0.005

30.53019759 0.003 0.78812296 0.003

3.50.54702995 0.001 0.77829779 0.002

40.59650639 0 0.84254569 -0.001

4.5 0.5963163 -0.003 0.84057912 -0.005

50.51509528 0.001 0.59195028 -0.001

5.50.50763032 -0.065 0.52866652 -0.094

60.51064331 -0.041 0.52562958 -0.075

6.50.47263981 0.017 0.50778692 0.04

70.44931577 -0.06 0.40413747 -0.07

7.50.40129216 -0.066 0.3487997 -0.048

80.33923149 0.079 0.29531572 0.087

8.50.40885691 0.052 0.36655303 0.066

90.33961049 0.111 0.31210109 0.133

DOMESTIC:	probable	intrusions	excluded

PCA-env DATE cor	=	T

time	(ka) Dd_selectedDd_diff Db_selectedDb_diff

0.50.45918728 -0.006 0.6696211 -0.02

10.37844172 -0.003 0.76489104 -0.006

1.50.42721569 0.002 0.60102835 0.018

20.50361746 0 0.8566903 0.004

2.50.44927174 -0.003 0.6772889 -0.008

30.40391807 -0.002 0.69305069 -0.009

3.50.42341383 -0.001 0.7327857 -0.006

40.41311045 -0.002 0.61390882 -0.005

4.50.41744104 0 0.67964096 0.013

50.30604648 -0.013 0.33500181 -0.017

5.50.33275789 -0.006 0.38298205 0.004

60.35600981 0.027 0.43161404 0.145

6.50.29651922 -0.002 0.39824899 -0.008

70.27166041 -0.021 0.27904768 -0.024

7.50.24420799 -0.039 0.21881634 -0.047

80.35580069 -0.073 0.33979127 -0.087

8.50.29339506 -0.008 0.26015886 -0.009

90.31106696 0.008 0.30215207 0.013
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Wild animal contribution 

mean assemblage NISP

time (ka) mean NISP differencewild contributiondifference

0.5 61 0.073 0.427 0.051

1 50 -0.040 0.375 -0.019

1.5 56 -0.053 0.394 -0.007

2 64 -0.053 0.401 0.045

2.5 72 0.079 0.356 0.021

3 60 0.113 0.335 -0.078

3.5 43 -0.040 0.413 -0.072

4 49 -0.079 0.485 -0.020

4.5 61 -0.205 0.505 -0.033

5 92 -0.007 0.539 -0.004

5.5 93 -0.013 0.542 -0.052

6 95 -0.079 0.595 -0.080

6.5 107 -0.013 0.674 -0.038

7 109 -0.245 0.713 -0.186

7.5 146 0.066 0.898 -0.014

8 136 -0.099 0.913 -0.060

8.5 151 0.132 0.973 -0.027

9 131 1.000


