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Details on sampling area and land use. 
Kibale National Park is dominated by mid-altitude (920 - 1590 m), moist-evergreen forest that receives an annual rainfall of 1660 mm (1970 – 2019). The process of forest fragmentation and habitat loss outside of Kibale was well advanced by the 1940s, and aerial photographs of the region taken in 1959 reveal only small fragments embedded in a matrix of agricultural fields. Improvement of the roads to the region in the early1990s and a rapidly growing human population density led to rapid forest clearing (Chapman et al., 2013). Between 2000 and 2020 the human population density within 1 km of the park’s boundary almost doubled, from 123 to 229 people / km2 (MacKenzie et al., 2017; WorldPop, 2020). Almost all (95%) of the local people (predominately Batoro and Bakiga tribes) are smallhold farmers, cultivating less than 5 ha (Mackenzie and Hartter, 2013).  Farmers plant more than 20 species of subsistence crops, and the main staple foods are cooking bananas, sweet potatoes, Irish potatoes, beans, groundnuts, maize, and cassava. Cash crops other than tea and food crops (e.g., potatoes, maize, cooking bananas) are limited in the area, but since 2005 limited cultivation of tobacco and Artemisia annua has begun. Wood is commonly used for cooking, as well as for the production of charcoal, alcohol, bricks, and lumber (Naughton-Treves and Chapman, 2002; Naughton-Treves et al., 2007), such that woodlots have become a profitable source of income for many families. 

Sampling
Between 2010 and 2013 we collected 299 red colobus samples from eight sites in or near Kibale National Park. We sampled three sites within Kibale (Kanyawara, Sebitoli, and Mainaro) and five fragments (Isunga, Kamakune, Byara, Lake Nkuruba, and Lake Kasenda). Of the collected samples, 54 were blood samples from Kanyawara and 245 were fecal samples across the other localities. Fecal samples were collected along transects except for Kanyawara where samples were collected during behavioral surveys from habituated, known individuals. Blood samples were collected in WhatmanTM FTATM cards (Whatman, Sigma-Aldrich, St Louis, Missouri, USA) as part of a broader study of health and conservation (Goldberg et al. 2012). Total genomic DNA was extracted from FTATM cards  and fecal samples using a QIAmp® DNA micro Kit and a QIAmp®Stool Kits (Qiagen, Valencia, California, USA) respectively. 
Determination of the amount of host DNA in fecal samples using a qPCR
To assess the quality of the fecal samples and estimate the number of repetitions necessary for genotyping, we quantified the amount of endogenous DNA using qPCR. Fecal samples were preserved in RNAlater and kept frozen at -20 C until DNA extraction. Extractions made from fecal samples can contain host, plant and bacterial DNA so a quantitative PCR (qPCR) was run for each sample to determine how much host DNA was present in each sample. An 81-bp section of the c-myc proto-oncogene was targeted from mouse (Genebank Accession no. X01023) and human (Genebank Accession no. J00120) using the 5’ nuclease assay and the protocol and Taqman probe following Morin et al. (2001). Probes were created using a 5’ 6-FAM reporter dye and a 3’-TAMRA quencher dye (Applied Biosystems, Foster City, California, USA). The oligonucleotide sequences used were: forward primer (CMYC_E3_F1U1) GCCAGAGGAGGAACGAGCT, reverse primer (CMYC_E3_R1U1) GGGCCTTTTCATTGTTTTCCA and probe (CMYC_E3_TMV) 6-FAM-TGCCTGCGTGACCAGATCC-TAMRA (Morin et al., 2001). The qPCR was run in a StepOnePlus Real-time PCR System (Applied Biosystems, Foster City, California, USA) in 20 µL containing 1x ‘TaqMan Universal PCR Master Mix II with UNG’ (Applied Biosystems, Foster City, California, USA), 200 nM probe, 8µg BSA (Biolabs), 300 nM of each primer and 2µL DNA extract. The cycle conditions were: initial incubation at 50˚C for 2 minutes and 95˚C for 10 minutes followed by 40 cycles of at 95˚ C for 15 seconds then 60˚ C for 1 minute. Each qPCR contained triplicate sets of standards of known quantities of DNA derived from a human DNA sample (Life Tech). The DNA quantities for each standard in 2 µl of DNA were: 20 µg, 5 µg, 1.25 µg, 0.312 µg, 0.078 µg, 0.019 µg, and 0.008 µg. Three negative controls were included in each qPCR and samples were run in duplicate. Stepone® Software v2.2.2 was used for analysis and each quantity checked on a standard curve. The standards were used to generate a standard curve, to which samples of unknown DNA quantities were compared to estimate DNA concentrations. To ensure accuracy of the genotypes and minimize the effects of allelic dropout. we only genotyped fecal samples that had an estimated concentration of host DNA higher than 0.05 ng/µl. All fecal samples containing between 0.05 ng/µl - 0.50 ng/µl were genotyped six times, 0.51 ng/µl - 0.100 ng/µl were genotypes 4 times and > 0.100 ng ng/µl 3 times (Morin et al., 2011, Wikberg et al., 2012). 


Multiplex microsatellite PCR

All samples were genotyped at 15 microsatellite loci selected from the human genome and that have been used in previous studies of colobus monkeys (Table 1. Supplementary material; Allen et al, 2012; Wikberg et al., 2012). The 15 microsatellite loci were labeled with fluorescent dyes (NED, 6-fam or HEX) and co-amplified in seven multiplex Polymerase Chain Reactions (PCRs) following the Multiplex PCR Kit (Qiagen, Valencia, California) protocol for 35 cycles and the appropriate annealing temperature (see supplementary material). Each PCR was performed in 12.5 µl reactions with 2µl of DNA (containing at least 0.01ng of DNA), 1x QIAGEN Multiplex PCR Master Mix (contains 3mM ), 0.2µM of each primer, 0.8mg/ml of BSA and RNase-free water. Fragment length analyses were performed on an ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA) at the Center for Genome Research and Biocomputing (Oregon State University). 

Genotyping and individual identification. 
Alleles were scored using GeneMapper® Software 5 (Applied Biosystems, Foster City, CA, USA). Heterozyogous genotypes were confirmed in at least two separate reactions and homozygous genotypes were confirmed in at least three separate reactions. Blood samples were genotyped twice, and fecal samples were genotyped from 3 to 6 times (see above). We assigned a consensus genotype per sample across runs and then calculated the error rate per locus, including both false allele and allelic drop out, using the program GIMLET (Valière, 2002). The mean allelic dropout (ADO) across all markers was 0.0424 with a range of 0.0115-0.085 and the mean false allele (FA) rate was 0.0406 with a range of 0.0085-0.079 (see supplementary material). To identify unique individuals, consensus genotypes were compared in the program GenAlEx 6.5 (Peakall and Smouse, 2006). We also tested the power of these markers to distinguish individuals by using a subset of 15 individuals and computing the Probability of identity (P(ID) random), the power to differentiate between randomly chosen individuals, as well as the probability of sibling identity (P(ID)sib) which is the power to differentiate between siblings. Because red colobus monkeys live in social groups composed of related individuals we used the more conservative P(ID)sib to estimate how many markers are needed to accurately identify individuals in this population (Waits et al., 2001). The probability of identity analyses indicated that at least 11 loci are needed to accurately identify individuals in all sites (P(ID) <1.0*10-6 and P(ID)sib is <0.002 in all sites. When all sites were analyzed together, no locus deviated significantly from expected genotype frequencies under HWE after Bonferroni corrections or showed evidence of linkage disequilibrium. When analyses were carried out by site, one marker (locus D14s306) deviated significantly from HWE after Bonferroni corrections for the Isunga fragment (p-value = 0.0014). However, this marker did not show a significant heterozygote deficit or excess. None of the sites nor the overall population deviated significantly from HWE and no loci showed evidence of null alleles.

Analyses in R of isolation by distance and genetic relatedness differences. 

We used the package adegenet 2.1.0 (Jombart and Ahmed, 2011) in R (R-Core-Team, 2020 to test for isolation by distance and analyze if mean relatedness and proportion of first-degree relationships decreased significantly with distance. supplementary for details). To do so we ran Mantel tests between the matrix of  Euclidean geographic distances between sites and the matrix of genetic distances (either the Fst between sites or the pairwise genetic relatedness between sites).  We used the function mantel.randtest and run 999 replicates. 
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Table 1. Marker list information. 
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Table 2. Pairwise mean r values on the lower half and proportion of first-degree relationships (Parent-offspring or Full-siblings) in the upper half. 

	
	Kanyawara  
	Sebitoli   
	Mainaro    
	Isunga     
	Kamakune   
	Byara      
	Nkuruba    
	Kasenda    

	Kanyawara  
	-
	0.027
	0.019
	0.017
	0.023
	0.049
	0.015
	0.003

	Sebitoli   
	0.072
	-
	0.011
	0.010
	0.018
	0.041
	0.043
	0.007

	Mainaro    
	0.071
	0.056
	-
	0.014
	0.018
	0.053
	0.046
	0.007

	Isunga     
	0.063
	0.067
	0.082
	-
	0.020
	0.030
	0.006
	0.011

	Kamakune   
	0.070
	0.066
	0.062
	0.055
	-
	0.049
	0.006
	0.014

	Byara      
	0.088
	0.077
	0.101
	0.072
	0.081
	-
	0.035
	0.010

	Nkuruba    
	0.070
	0.078
	0.052
	0.062
	0.061
	0.080
	-
	0.016

	Kasenda    
	0.058
	0.064
	0.070
	0.060
	0.053
	0.074
	0.073
	-
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Table 1.1 Marker List

Marker Temp | Multiplex [ Color | Primer Sequence Motif
Group Forward Reverse

Fesps 58°C | Gl NED | GGAAGATGGAGTGGC | CTCCAGCCTGGCGAAAGA | Tetra
TGTTA AT

D5s1457 | 58°C | Gl FAM | TAG GTT CTG GGC TGC TTG GCA CACTTC Tetra
ATG TCT GT AGG

D1s548 52°C | G2 NED | GAA CTC ATT GGC GCCTCT TTG TTG CAG Tetra
AAA AGG AA TGATT

D10s611 | 52°C | G2 FAM | CATACAGGAAACTGT | CTGTATTTATGTGTGTGGA | Tetra
GTAGTGC TGG

D3s1229 | 52°C | G2 HEX | AATCTGAACAGTAAT | CATTCTGATACATTACAGT | Di
GAAGG C

Cl19a 58°C | G3 FAM | TCTGAGCACTCTGGA | ATCTCTGCACGCTTCACTT | Tetra
TTGTAGC CTT

D10s676 | 58°C | G3 NED | GAGAACAGACCCCCA | TGCAATAAAATAGAAAAT | Tetra
AATCT GTCAG

D8s165 52°C | G4 FAM | ACAAGAGCACATTTA | AGCTTCATTTTTCCCTCTA | Di
GTCAG G

D2s1399 | 52°C | G4 NED | CATTGGTCCAGGTAA | TTCACAAGGTTCCACAAG | Tetra
ACTGC GT

D4s2402 | 52°C | G4 HEX | AATAAACTTCAACTT | AACACATGTTCAGGTGCA | Tetra
CAATTCATC TT

D8s260 52°C | G5 FAM | AGGCTTGCCAGATAA | GCTGAAGGCTGTTCTATG Tetra
GGTTG GA

D11s2002 | 52°C | G5 HEX | CATGGCCCTTCTTTTC | AATGAGGTCTTACTTTGTT | Tetra
ATAG GCC

D6s474 58°C | G6 HEX | TGTACAAAAGCCTAT | TCATGTGAGCCAATTCCTC | Tetra
TTAGTCAGG T

D3s1766 | 58°C | Go6 FAM | ACC ACA TGA GCC ACC CAA TTA TGG TGT Tetra
AAT TCT GT TGT TACC

D4s243 58°C | G7 FAM | TCA GTC TCT CTT TCT | TAG GAG CCT GTG GTC Tetra
CCTTGC A CIGTT

D14s306 | 58°C | G7 HEX | AAAGCTACATCCAAA | AAAGCTACATCCAAATTA | Tetra
TTAGGTAGG GGTAGG










	

  Table 1.1 Marker List 

Marker  Temp  Multiplex 

Group 

Color  Primer Sequence  Motif 

Forward  Reverse 

Fesps  58˚ C  G1  NED  GGAAGATGGAGTGGC

TGTTA 

CTCCAGCCTGGCGAAAGA

AT 

Tetra 

D5s1457  58˚ C  G1  FAM  TAG GTT CTG GGC 

ATG TCT GT 

TGC TTG GCA CAC TTC 

AGG 

Tetra 

D1s548  52˚ C  G2  NED  GAA CTC ATT GGC 

AAA AGG AA 

GCC TCT TTG TTG CAG 

TGA TT 

Tetra 

D10s611  52˚ C  G2    FAM  CATACAGGAAACTGT

GTAGTGC 

CTGTATTTATGTGTGTGGA

TGG 

Tetra 

D3s1229  52˚ C  G2  HEX  AATCTGAACAGTAAT

GAAGG 

CATTCTGATACATTACAGT

C 

Di 

C19a  58˚ C  G3  FAM  TCTGAGCACTCTGGA

TTGTAGC 

ATCTCTGCACGCTTCACTT

CTT 

Tetra 

D10s676  58˚ C  G3  NED  GAGAACAGACCCCCA

AATCT 

TGCAATAAAATAGAAAAT

GTCAG 

Tetra 

D8s165  52˚ C  G4  FAM  ACAAGAGCACATTTA

GTCAG 

AGCTTCATTTTTCCCTCTA

G 

Di 

D2s1399  52˚ C  G4  NED  CATTGGTCCAGGTAA

ACTGC 

TTCACAAGGTTCCACAAG

GT 

Tetra 

D4s2402  52˚ C  G4  HEX  AATAAACTTCAACTT

CAATTCATC 

AACACATGTTCAGGTGCA

TT 

Tetra  

D8s260  52˚ C  G5  FAM  AGGCTTGCCAGATAA

GGTTG 

GCTGAAGGCTGTTCTATG

GA 

Tetra  

D11s2002  52˚ C  G5  HEX  CATGGCCCTTCTTTTC

ATAG 

AATGAGGTCTTACTTTGTT

GCC 

Tetra  

D6s474  58˚ C  G6  HEX  TGTACAAAAGCCTAT

TTAGTCAGG 

TCATGTGAGCCAATTCCTC

T 

Tetra  

D3s1766  58˚ C  G6  FAM  ACC ACA TGA GCC 

AAT TCT GT 

ACC CAA TTA TGG TGT 

TGT TAC C 

Tetra  

D4s243  58˚ C  G7  FAM  TCA GTC TCT CTT TCT 

CCT TGC A 

TAG GAG CCT GTG GTC 

CTG TT 

Tetra  

D14s306  58˚ C  G7  HEX  AAAGCTACATCCAAA

TTAGGTAGG 

AAAGCTACATCCAAATTA

GGTAGG 

Tetra  


