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SUPPLEMENTAL METHODS S$1
Forest Cover Classifications

To generate classifications of 1990 (historic) and 2016 (contemporary) forest cover
throughout the Ranomafana National Park and COFAV region we acquired relatively
cloud-free Landsat scenes from the Landsat TM (Thematic Mapper) and OLI (Operational
Land Imager) sensors at four time periods: 1989-90 (TM; henceforth 1990), 1997-98 (TM;
henceforth 1998), 2008-09 (TM: henceforth 2009), and 2015-16 (OLI; henceforth 1990).
Two scenes at each time point were acquired during the dry season from late October to
early November to maintain a similar solar azimuth angle between scenes and cloud
coverage in all scenes was less than 10% (Table SVI). All Landsat scenes were converted
to top-of-atmosphere (TOA) reflectance and scenes from each period were mosaicked
together using a feathering distance of 50 pixel, no color correction or histogram
matching, no seamlines generated, and data values of 0 were ignored; TOA conversion
and scene mosaics were conducted in ENVI 55. To co-register the scenes, mosaicked
images from all time periods were layer-stacked and cropped to the approximate extend
of the study area in ENVI Classic 55.

Spectral mixture analysis (SMA) and linear spectral unmixing were used to convert
mosaicked scenes from each period into scenes representing the abundance of three
landcover types: high albedo surfaces (e.g., substrate), vegetation, and dark albedo
surfaces (e.g., water or shadow). Almost all pixels in an image are mixed pixel (i.e., mixed
radiance from multiple landcover types), and SMA used a linear mixture model to simulate
the physical process of a mixed radiance measurement in the instantaneous field of view
(IFOV) of a sensor. The linear model represents the reflectance factor (R) of each pixel

as a linear combination of the abundances (or fractions; f) of each landcover type



(endmember) multiplied by the endmember spectral profile (M) plus a misfit (¢) as:
R=fM+ ¢ (eq. 1)

By inverting the linear model with linear spectral unmixing we can quantify the
fractions (f) of each landcover type to generate a physical representation of landcover
across the study extent [135,136]. Using global endmembers from Small (2004) [136] of
high albedo, vegetation, and dark albedo surfaces we unmixed mosaicked images from
all four time periods. Endmembers from Small (2004) [136] were derived from a global
composite of 30 spectrally diverse subscenes and were used to enable greater generality
of analyses, rather than deriving scene-specific endmembers.

To generate thematic classifications of landcover, we used a custom-built decision
tree algorithm in ENVI Classic 55 to partition spectrally unmixed pixels into six categories
(Figure S7; Friedl & Brodley, 1997). shadow, water, cloud, substrate, non-forest
vegetation, and forest. Decision boundaries were generated through visual inspection of
the unmixed feature space comparing each combination of the three endmember
fractions (Figures S6 and S7) [133]. Boundaries between substrate, non-forest
vegetation, and forest were continuous, however forest was mainly composed of
vegetation mixed with dark albedo (e.g., shadow) fractions, non-forest vegetation was
mainly composed of vegetation mixed with high albedo fractions, and substrate was
mainly composed of high albedo fractions. These physical mixtures of endmember
fractions coincide with the physical expectations of each landcover type. Thematic
classifications were all generated at the native 30 m resolution and exported from ENVI
as a TIFF file for later processing.

Using QGIS v.3.20, thematic classifications were masked to the final study extent.



Cloud, shadow, and river classes in the 1990 and 1998 classifications were filled using
the classification from the subsequent period (1998 and 2009, respectively). Using the
raster calculator, pixels identified as clouds, shadows, or river were assigned the class
value of the later time point (e.g., cloud in 1990 took the value of the corresponding pixel
from 1998) and all other classes remained the same. Given that little forest regeneration
occurs on the island [126,134], the fills were likely conservative in terms of estimating
remaining forest cover which is the primary motivation in these classifications. Finally,
thematic classifications were reclassified into binary forest-matrix classifications. The
classifications from 1990 and 2016 were used to evaluate the role historic and

contemporary forest cover on ruffed lemur dispersal below.
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Figure S1. Linear regression between pairwise Euclidean and genetic (Ar) distances.
Isolation-by-distance relationship was significant and explained 4.4% (R-value = 0.209;
Multiple R? = 0.0437; mean 95% CI: 0.1655, 0.2517) of the observed population genetic

structure.




Table S1. Parameter estimates from mixed effects model fit to the optimized singular
resistance surfaces. All resistance values were scaled and centered by subtracting the
mean and dividing by the standard deviation of resistance values. Rows shown in bold
indicate models that performed better than Euclidean distance alone and were selected
as the top model more than 1% (& = 1.00) during 10,000 bootstrap iterations.

Resistance Surface Parameter B S.E. t-value
1990 Forest Cover Intercept -0.073 0.013 -5.565
Forest 0.020 0.002 8.464
2016 Forest Cover Intercept -0.073 0.013 -5.546
2016 Forest 0.020 0.002 8.467
Altitude Intercept -0.073 0.013 -5.561
Altitude 0.020 0.002 8.452
Canopy Cover Intercept -0.073 0.013 -5.653
Canopy 0.023 0.003 8.652
Cover
Fire Density Intercept -0.073 0.013 -5.557
Fire Density 0.019 0.003 8.419
Rivers Intercept -0.073 0.013 -5.547
Rivers 0.020 0.002 8.438
TPIt Intercept -0.073 0.013 -5.597
TPIt 0.022 0.003 8.550
TRIF Intercept -0.073 0.012 -5.825
TRI 0.029 0.003 8.784

TPI: Topographic Position Index
TRI: Terrain Ruggedness Index
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Figure S2. Resistance transformation plot for single surface altitude. Resistance to ruffed
lemur movement deceased monotonically with increasing altitude.
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Figure S3. Resistance transformation plot for single surface fire density. Resistance to
ruffed lemur movement increased exponentially with increasing fire density.
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Table S2. Spearman rank correlation between singular resistance surfaces. Surfaces in bold are those that performed
better than Euclidean distance alone and were selected as the top model more than 9% (7 = 9.00) during 10,000
bootstrap iterations. Correlation values range from p = 0.00 (uncorrelated) to p = 1.00 (monotonic correlation).

TRIt 1990 2016 Altitude Rivers
Canopy Forest Forest
Height TPI# Cover Cover
Canopy Height 0.078 -- -- -- -- -- --
TPI 0.082 0.071 - - -- -- -
1990 Forest Cover 0.119 0.438 0.175 -- -- -- --
2016 Forest Cover 0.038 0.767 0.084 0.419 -- -- --
Altitude -0.190 0.529 0.130 0.381 0.547 - -
Rivers -0.089 -0.130 -0.158 -0.142 -0.104 -0.177 --
Fire Density 0.049 -0.336 -0.011 -0.016 -0.330 -0.213 0.001

TTRI: Terrain Ruggedness Index
TPI: Topographic Position Index Ruggedness Index



Table S3. Parameter estimates from mixed effects model fit to the optimized composite
resistance surfaces. All resistance values were scaled and centered by subtracting the
mean and dividing by the standard deviation of resistance values. Rows shown in bold
indicate models that performed better than Euclidean distance alone and were selected
as the top model more than 10% (& = 10.00) during 10,000 bootstrap iterations.

Resistance Surface Parameter B S.E. t-value
Combination A Intercept -0.073 0.013 -5.685
Combination A 0.023 0.003 8.636
Combination B Intercept -0.073 0.013 -5.651
Combination B 0.023 0.003 8.657
Combination C Intercept -0.073 0.012 -5.816
Combination C 0.030 0.003 8.788
Combination D Intercept -0.073 0.012 -5.812

Combination D 0.030 0.003 8.782
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Figure S4. Resistance transformation plot for ‘Composite A’ surface of (A) Terrain
Ruggedness Index (TRI), (B) canopy height, and (C) Topographic Position Index (TPI).
Low TRI values represent relatively flat terrain and high values represent rugged areas.
Positive TPI values represent ridges, negative TPI values represent valleys, and flat
terrain or areas of constant slope are represented by a TPI value near zero. Resistance
to ruffed lemur movement was greatest in flat (low value) and rugged (high value) terrain
as show in panel (A). Resistance to ruffed lemur movement was greatest in areas with
canopy cover under 5m as show in panel (B). Resistance to ruffed lemur movement was

lowest for shallow slopes leading to ridges as show in panel (C).
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Figure S5. Resistance transformation plot for ‘Composite B’ surface of (A) Terrain
Ruggedness Index (TRI) and (B) canopy height. Positive TPI values represent ridges,
negative TPI values represent valleys, and flat terrain or areas of constant slope are
represented by a TPI value near zero. Resistance for ruffed lemur movement was
greatest in areas with canopy cover under 5m as show in panel (A). Resistance for ruffed
lemur movement was lowest for slopes leading to ridges and ridges as show in panel (B).



Table S4. Percent contribution of each for each singular surface comprising the optimized
composite surfaces.

Combination Canopy Height TPIT TRI*
Combination A 74.45 0.28 25.27
Combination B 87.87 12.13 -

Combination C 1.55 - 98.45
Combination D - 2.98 97.02

TPI: Topographic Position Index
TRI: Terrain Ruggedness Index



Table S5. Mean height, basal area (m?/ha), stem density (stems/ha), effective number
of species (ENS; exp(H’)), mean IVI of Varecia food species, mean NDVI, and standard
deviation of altitude at 15 sites in the Ranomafana region.

. Average Basal Stem Average Average Topographic
Ste  Canopy  aea  Densiy SO VI NDVES  Variation
eight

AMBO 15.94 49.2 664 55.64 5.84 0.705 67.48
HG 13.23 31.6 768 45.47 6.49 0.662 63.92
MAD 10.55 34.7 756 39.51 3.97 0.742 33.12
MALA 10.68 39.2 640 48.22 2.71 0.752 117.95
MAND 11.48 31.2 604 39.42 4.53 0.754 65.27
MGV 15.19 51.6 676 83.42 4.99 0.757 124.89
SAHA 11.60 30.1 604 38.34 5.48 0.752 127.13
SAKA 12.73 16.4 360 45.13 7.90 0.737 62.00
TALA 12.65 13.8 416 45.37 8.55 0.744 47.67
TAND 13.58 52.3 688 63.31 5.45 0.746 62.23
TATA 11.42 31.9 668 55.07 5.13 0.731 130.25
VALO 12.26 30.8 564 51.91 5.30 0.749 85.43
VANA 10.12 29.1 924 41.53 6.69 0.748 96.27
VATO 12.68 38.1 720 47.13 5.53 0.742 36.26
VIAVY 12.39 27.4 724 53.95 4.74 0.735 59.11

TEffective Number of Species
HIVI: Importance Value Index
SNDVI: Normalized Difference Vegetation Index



Table S6. Landsat scene information from composite scenes used in generating thematic maps.

Year Collection Sensor WRSS$ WRS Data Percent Solar Solar Resolutio

Date Path Row Type Cloud Cover  Azimuth  Elevation n
Land

1990 1989-09-20 TMT 158 075 L1TPTT 0.00 62.648 47.226 30 m
1989-09-20 ™ 158 076 L1TP 0.00 61.487 46.236 30 m
1990-11-01 ™ 159 075 L1TP 1.00 84.245 54.821 30 m

1998 1997-10-28 ™ 158 075 L1TP 23.00 80.179 57.696 30 m
1997-10-28 ™ 158 076 L1GS*H 60.00 78.125 57.203 30 m
1998-10-06 ™ 159 075 L1TP 0.00 66.926 54.398 30 m

2009 2008-10-01 ™ 159 075 L1TP 0.00 63.469 54.400 30 m
2009-11-14 ™ 158 075 L1TP 9.00 87.993 62.836 30 m
2009-11-14 ™ 158 076 L1TP 5.00 85.307 62.528 30 m

2016 2015-11-15 oSl 158 075 L1TP 3.96 87.178 65.139 30 m

TIRS?

2015-11-15 OSI TIRS 158 076 L1TP 45.95 84.227 64.808 30 m
2016-11-08 OSI TIRS 159 075 L1TP 0.05 83.134 64.952 30 m

TTM: Thematic Mapper
*0OSI TIRS: Operational Land Imager and Thermal Infrared Sensor
SWRS: Worldwide Reference System

TtIL1TP: Level-1 Terrain Precision Correction

HL1GS: Level-1 Geometric Systematic Correction
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Figure S6. Two-dimensional visualizations of unmixed feature space for High Albedo,
Low Albedo, and Vegetation end members from 2009 mosaic. A) High versus low albedo
end members and decision boundaries for six land cover categories: forest, vegetation,
substrate, shadow, water, and cloud; B) High albedo versus vegetation end members
with clusters from land cover categories identified; and C) Low albedo versus vegetation
end members with clusters from land cover categories identified.



b1=0

Legend AND b2 =0
AND b3 =0
b1: High Albedo False True
b2: Vegetation o .
b3: Low Albed b3 > (-7*b1 +1.3) N
: Low Albedo AND b3 > (-2.75*b1 +0.9) i NULL ¢
True False
b3 < (-4.3*b1 + 1.95) b3>0.75
AND b1<0.2 AND b3 < (-7*b1 +1.3)
True False True False
\ b1<0.1
ﬁ [b3> (3251413 | ﬁ AND 0 <b3<0.75
True False False True
o /
cioun | SUBSTRATE

True False
r.x_____.l
SUBSTRATE Il |

Figure S7. Customized decision tree for thematic classifications. Bands used for
classification included b1: high albedo end member; b2: vegetation end member; and b3:
low albedo end member.



