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FIGURE 1 The five palm species
whose distribution we examined included
Rhapidophyllum hystrix (a), Sabal etonia

(b), Sabal minor (c), Sabal palmetto (d), and
Serenoa repens ()
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be considered when building models. Since many of these palms are
planted far outside their native range (e.g., Sabal palmetto will grow
unprotected in Oklahoma City, Oklahoma, and Sabal minor will ap-
parently survive in Manhattan, NY; pers. obs.), the spatial extent of
the variables was set to the area from extreme southern Texas north
to the southern third of Canada and east to the Atlantic Ocean. We
followed the procedure outlined by Butler et al. (2016) and only in-
cluded the variables with the most useful predictive information (i.e.,
the highest gain when used in isolation), as well as the variables that
provided unique predictive information. As regularization multipliers
(p) are an important component of model prediction and complexity
(Moreno-Amat et al., 2015), we used the regularization approach im-
plemented in ENMtools (Warren, Matzke, & Cardillo, 2019) and small
sample corrected variant of Akaike's information criterion (AlICc)
scores were used to evaluate models (Warren & Seifert, 2011) using
all possible combinations of the variables that did not exhibit high
multicollinearity (e.g., |r] < .8). We used 10,000 background points,
with 70% of occurrence records used for training, and 30% used
for model validation. We plotted sensitivity versus 1 - specificity to
created receiver operating characteristic (ROC), and 10-fold cross-
validation AUC (area under the curve) scores were used to evaluate
the accuracy of the resulting model. We used AICc scores and model
weights in conjunction with AUC scores to determine the models
that best describe the current distributions of the five palm species.

We projected the potential future distribution of Rhapidophyllum

hystrix, Sabal etonia, S. minor, S. palmetto, and Serenoa repens at 2.5

arc-minutes (25 km?) using the model that best predicted the cur-

rent distribution of each species in conjunction with future climate
conditions for 2050 and 2070 using the IPCC 5 data from WorldClim
(Hijmans et al., 2005). Four IPCC scenarios were evaluated, includ-
ing RCP 2.6, RCP 4.5, RCP 6.0, and RCP 8.5, which differed in the
amount of carbon dioxide added to the atmosphere over the 21st
century (Moss 2010) using 11 different general circulation models
downloaded from WorldClim (BCC-CSM1-1, CCSM4, GISS-E2-R,
HadGEM2-A0, HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM,
MIROC-ESM, MIROC5, MRI-CGCM3, and NorESM1-M). We em-
ployed model averaging to create models of projected suitability
under each RCP scenario for 2050 and the 2070. We classified
the model results into five bands of suitability, following Butler
et al. (2016): 0%-10% suitable, 10%-20% suitable, 20%-35% suit-
able, 35%-50% suitable, and >50% suitable. Response curves were
generated for the variables in the top models to identify the range of
values where suitability was >50%.

3 | RESULTS

The best model for Rhapidophyllum hystrix (i.e., with the lowest AlCc
score) included the variables elevation, mean temperature of cold-
est quarter (BIO 11), precipitation of wettest month (BIO 13), and
precipitation of warmest quarter (BIO 18; Table 2). The AUC for
this model was 0.978 + 0.003. Areas with suitability >50% had an
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TABLE 1 The bioclimatic and soil

\Elizl 0 il variables examined in this study
AWC Available water content

BIO 1 Annual mean temperature

BIO 2 Mean diurnal range (Mean of monthly [max temp - min temp])
BIO 3 Isothermality (BIO 2/ BIO 7) * 100

BIO 4 Temperature seasonality (standard deviation * 100)
BIO 5 Max temperature of warmest month

BIO 6 Min temperature of coldest month

BIO 7 Temperature annual range (BIO 5 - BIO 6)

BIO 8 Mean temperature of wettest quarter

BIO 9 Mean temperature of driest quarter

BIO 10 Mean temperature of warmest quarter

BIO 11 Mean temperature of coldest quarter

BIO 12 Annual precipitation

BIO 13 Precipitation of wettest month

BIO 14 Precipitation of driest month

BIO 15 Precipitation seasonality (coefficient of variation)
BIO 16 Precipitation of wettest quarter

BIO 17 Precipitation of driest quarter

BIO 18 Precipitation of warmest quarter

BIO 19 Precipitation of coldest quarter

oM Organic matter

pH pH

Elevation Elevation above sea level

TABLE 2 The top model runs for each species, showing the variables that best explain the distribution

Mean
Species Variables Log likelihood  AIC_score AAIC_ WAIC_ AUC p
Rhapidophyllum hystrix BIO 11, BIO 13, BIO 18, -1,495.41 3,040.09 0 1.00 0.98 3.0
Elevation
Sabal etonia BIO 8, BIO 15, BIO 16, -729.72 1,472.55 0 0.42 0.99 1.0
BIO 18
BIO 11, BIO 15, BIO 18 -725.08 1,473.22 0.67 0.30 0.99 4.0
BIO 8, BIO 15, BIO 16 -732.08 1,474.93 2.38 0.13 0.99 0.5
BIO 6, BIO 15, BIO 18 ~727.92 1,476.30 3.76 0.07 0.99 3.0
Sabal minor BIO 7, BIO 10, BIO 11, -5,233.29 10,611.64 0 0.98 0.95 4.0
Elevation
Sabal palmetto BIO 8, BIO 11, BIO 13, -1,315.08 2,642.78 0 0.72 0.99 3.0
BIO 18
BIO 11, BIO 16, BIO 18 -1,317.58 2,645.61 2.83 0.17 0.98 4.0
Serenoa repens BIO 6, BIO 8, BIO 18, pH -2,845.05 5,704.49 0 0.58 0.98 4.0
BIO 11, BIO 18, pH -2,847.18 5,706.66 2.16 0.20 0.98 1.0
BIO 8, BIO 11, BIO 16, BIO -2,844.63 5,707.89 3.39 0.11 0.98 4.0
18, pH
BIO 8, BIO 11, BIO 18, pH -2,845.76 5,708.02 3.53 0.10 0.98 2.0

Note: The natural log of probability of the data present in the model is given by the log likelihood. AlCc is a small-sampled corrected AIC score;

only models that are within four units of the top AlCc model are shown. Delta AlCc is the difference between the AlCc score for a model and the
lowest AlCc score. The model weight (WAICc) is the relative likelihood for each model, divided by the total relative likelihood for all models that were
considered. AUC (area under the curve) is a metric for evaluating the accuracy of the model. The regularization multiplier is given by .
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FIGURE 2 The modeled current and
future distributions for Rhapidophyllum
hystrix. The legend shows the probability
of occurrence, with the darkest shade
representing >0.5 probability. Blue circles
represent sites where R. hystrix (n = 149)
were located
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elevation between 11 and 82 m a.s.l., annual mean temperature of
10.6-11.5°C, precipitation of the wettest month of 16.6-22.1 cm,
and precipitation of the warmest quarter exceeding 44.8 cm.
Currently suitable areas range from Mississippi east to Florida and
north along the Atlantic coast to North Carolina, with discontinuous
areas of potentially suitable conditions occurring in Louisiana and
coastal Texas (Figure 2).

The best model for Sabal etonia included mean temperature of
wettest quarter (BIO 8), precipitation seasonality (BIO 15), precipi-
tation of the wettest quarter (BIO 16), and precipitation of warmest
quarter (BIO 18; Table 2). The AUC for this model was 0.992 + 0.001.

There was also some model support for minimum temperature of

coldest month (BIO 6) and mean temperature of coldest quarter (BIO
11). Areas with suitability >50% had a mean temperature of the wet-
test quarter of 26.8-27.7°C, moderate precipitation seasonality (the
coefficient of variation ranged from 39 to 50), precipitation of the
wettest quarter of 50.6-59.0 cm, and precipitation of the warmest
quarter of 50.3-57.8 cm. Areas that are currently shown as >50%
suitability are restricted to Florida (Figure 3).

The best model for Sabal minor included temperature annual
range (BIO 7), mean temperature of warmest quarter (BIO 10), mean
temperature of coldest quarter (BIO 11), and elevation (Table 2). The
AUC for this model was 0.946 + 0.007. Areas with suitability >50%

had a temperature annual range (maximum temperature of warmest
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month - minimum temperature of coldest month) of 24.2-31.2°C,
a mean temperature of warmest quarter from 26.5 to 27.4°C, mean
temperature of coldest quarter from 9.6 to 17.2°C, and an elevation
less than 67 m a. s. |. Areas with >50% suitability extended from
southern Texas to southern Arkansas east to North Carolina and
Florida (Figure 4).

The best models for Sabal palmetto included mean temperature
of wettest quarter (BIO 8), mean temperature of coldest quarter
(BIO 11), precipitation of wettest month (BIO 13), and precipitation
of warmest quarter (BIO 18; Table 2). The AUC for this model was
0.987 + 0.002. There was also some model support for precipita-

tion of wettest quarter (BIO 16; Table 2). Areas that were predicted

FIGURE 3 The modeled current and
future distributions for Sabal etonia.

The legend shows the probability of
occurrence, with the darkest shade
representing >0.5 probability. Blue circles
represent sites where S. etonia (n = 86)
were located

to have suitability >50% had a mean temperature of wettest quar-
ter from 26.7 to 27.8°C, mean temperature of the coldest quarter
>14.5°C, mean precipitation of the wettest month of 18.1-24.4 cm,
and precipitation of warmest quarter >50.1 cm. Areas that are cur-
rently shown as >50% suitable were primarily in Florida, although
a disjunct area of high suitability was also present in southern
Louisiana (Figure 5).

The best model for Serenoa repens included the variables mini-
mum temperature of the coldest month (BIO 6), mean temperature
of wettest quarter (BIO 8), precipitation of warmest quarter (BIO
18), and pH (Table 2). The AUC for this model was 0.977 + 0.003.

There was also some model support for mean temperature of coldest



