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61 % of the 
world’s large 
carnivores are 
considered 
threatened or 
endangered by 
the International 
Union for the 
Conservation of 
Nature (IUCN)
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Temporal, Spatial, Dietary

Note scales Note scales

Piecewise linear regression
R2 = 0.96 

Piecewise linear regression
R2 = 0.97 



Creel, S., & Creel, N. M. (1996). Limitation of African wild dogs by competition with larger carnivores. 
Conservation Biology, 10(2), 526-538.

Gorman, M. L., Mills, M. G., Raath, J. P., & Speakman, J. R. (1998). High hunting costs make African wild dogs 
vulnerable to kleptoparasitism by hyaenas. Nature, 391(6666), 479.

Broekhuis, F., Cozzi, G., Valeix, M., McNutt, J. W., & Macdonald, D. W. (2013). Risk avoidance in sympatric large 
carnivores: reactive or predictive?. Journal of Animal Ecology, 82(5), 1098-1105.

Durant, S. M. (2000). Living with the enemy: avoidance of hyenas and lions by cheetahs in the Serengeti. 
Behavioral ecology, 11(6), 624-632.

Swanson, A., Caro, T., Davies‐Mostert, H., Mills, M. G., Macdonald, D. W., Borner, M., & Packer, C. (2014). 
Cheetahs and wild dogs show contrasting patterns of suppression by lions. Journal of Animal Ecology, 83(6), 
1418-1427.

> 20 years
& many

ecosystems

Dröge, E., Creel, S., Becker, M. S., & M'soka, J. (2017). Spatial and temporal avoidance of risk within a large 
carnivore guild. Ecology and evolution, 7(1), 189-199.



Kill 
Sites

Greater Liuwa Ecosystem







All carnivores now rely heavily on four prey species

Increase in competition

`

DECREASE INCREASE

Prey Size

SMALLER THAN 

MEDIAN

11 16

LARGER THAN 

MEDIAN

21 4

χ2 = 8.52, P = 0.0035

Greater Kafue Ecosystem

50 years



Species 

Mean Herd Density 

(herds/km2)

Range Across 

Segments

Mean Individual Density 

(animals/km2)

Range Across 

Segments

Puku 1.31 (1.20 - 1.42) (0.01 - 5.04) 15.87 (12.55 - 19.20) (0.02 - 376.21)

Impala 0.74 (0.72 - 0.77) (0.13 - 3.43) 6.46 (6.12 - 6.79) (0.44 - 49.48)

Warthog 0.66 (0.63 - 0.70) (0.04 - 2.68) 2.52 (2.36 - 2.68) (0.09 - 17.97)

Reedbuck 0.09 (0.08 - 0.10) (0.00 - 1.02) 0.47 (0.39 - 0.55) (0.00 - 12.66)

Duiker 0.31 (0.29 - 0.34) (0.00 - 1.84) 0.36 (0.33 - 0.39) (0.00 - 2.10)

Hartebeest 0.13 (0.11 - 0.15) (0.00 - 3.32) 0.57 (0.49 - 0.67) (0.00 - 17.67)

Wildebeest 0.07 (0.06 - 0.07) (0.00 - 0.53) 0.86 (0.76 - 0.96) (0.00 - 10.30)

Roan 0.04 (0.04 - 0.05) (0.00 - 0.32) 0.33 (0.29 - 0.37) (0.00 - 4.89)

Zebra 0.03 (0.03 - 0.04) (0.00 - 0.56) 0.22 (0.18 - 0.27) (0.00 - 11.80)

Waterbuck 0.07 (0.07 - 0.08) (0.00 - 0.43) 0.26 (0.23 - 0.28) (0.00 - 1.74)

GKE 121 km of stratified transects surveyed 15X from 2012 to 2018 (1,818 km total)

Density of herds: Generalized Distance Sampling Model (Chandler, Royle & Kery 2011, R unmarked) 

Size of herds: Zero-Truncated Poisson GLM (Zuur et al. 2009, Mixed models in ecology)

Vinks et al., Ecosphere (in press)



Three small species are now (by far) the most common herbivores in the GKE















Provokes two further questions…



CMC: Competition - MOVEMENT - Connection Hypothesis



CDC: Competition - DENSITY - Connection Hypothesis



LVE

2,584 SNPs for

96 individuals in

3 ecosystems

3,528 SNPS for

208 individuals in

3 ecosystems
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Individual Individual

EcoR1 cuts within GCCAAT, 
just after the G

Select a subset of RADs within 
a desired range of fragment 
lengths

Sequence and align the RAD 
sequences to identify SNPs by 
comparing sequences

RADs are sequences flanking
the resulting CCAAT cut site

Endonuclease with cut sites 
distributed across the genome:

Restriction-site Associated DNA Sequencing (RADseq)



STACK the RADseqs to identify SNPs and determine individual SNP genotypes

Primary reads consistently
differ at only 1 bp where they
are consistently biallelic
• likely to be a SNP

Secondary reads differ
inconsistently at
1-2 other bp
in addition to the SNP
• confirm the SNP but the

other difference(s) are
likely to be sequencing 
error

1. Identify SNPs that meet QC criteria. 
2. ‘Demultiplex’ using individual-specific barcodes.
3. Restrict to loci with ≥30X read depth for that individual.



t-Distributed Stochastic Neighbor Embedding to reduce dimensionality of the data

Much larger genetic differences between ecosystems for lions than for African wild dogs.







Geographic Distance: Mantel = 0.39, P < 0.001

Resistance Distance:       Mantel = 0.55, P < 0.001 
Geographic Distance: Mantel = -0.04, P = 0.78

Resistance Distance: Mantel = -0.05, P = 0.85

Correlation between Genetic Distance and:



CMC: Competition Movement 
Connection Hypothesis

CDC: Competition Density 
Connection Hypothesis
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Big cat body part seizures January 2016 – April 2019



DAPC to assign confiscated lion body parts to their source population



Hold-out cross validation K = 9, PCs = 31
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