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Distribution/niche modeling: occurrence data and environmental variables







Why are some termite species pests more successful than others?

What environments do subterranean termites occur in?
What environmental conditions facilitate geographic and demographic expansions?

Geographic distribution and abundance

Is there niche divergence among species of subterranean termites?
Competition for resources: do species competitively exclude other species?

Niche divergence and competitive exclusion
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Restriction Enzymes:

Restriction Digestion
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Digestion of 376 bp fragment of mitochondrial DNA



Geographic Sampling

Reticulitermes flavipes = Rf (91)

Reticulitermes malletei = Rm (17)

Reticulitermes virginicus = Rv (30)

132 sampling sites:

122 sites: 1 rotting log each
10 sites: 2-4 rotting logs each



Bioclimatic (biologically-relevant climatic) variables



Factor analysis

From 19
bioclimatic 
variables

To 4 climatic factors



Environmental/climatic factors



Model Training and Testing

Predictors: 4

Occurrence:
Random Forest
Artifical Neural Network
Generalized Boosted Regression Trees
Maximum Entropy

Machine Learning Algorithms:

Consensus Projections:

x20 

Pseudoabsence: 100

x5

20 Sets of 
100 Pseudoabsence Points

100 
Runs

Rf = 91
Rm = 17 
Rv = 30

Occurrence 
Probability

Predicting distribution/niche: occurrence data and environmental factors



Predicted niche occupancy



TR ST DP WP 

Rf/Rm 

D Rf/Rv 

Rm/Rv 

0.889 0.872 0.693 0.820 

0.683 0.707 0.680 0.680 

0.791 0.809 0.894 0.848 

Rf/Rm 

I Rf/Rv 

Rm/Rv 

0.991 0.990 0.919 0.982 

0.917 0.928 0.926 0.942 

0.952 0.961 0.990 0.984 

Rf/Rm 

I Rf/Rv 

Rm/Rv 

Rf/Rm 

D Rf/Rv 

Rm/Rv 

Niche overlap (for each environmental factor): 
two different statistics: D and I

Rf Rm Rv 

Rf - D = 0.744 
p = 0.280 

D = 0.582 
p < 0.001 

Rm I = 0.935 
p = 0.239 

 - D = 0.788 
p = 0.630 

Rv I = 0.843 
p < 0.001 

I = 0.961 
p = 0.750 

 - 

Niche overlap: 
two different statistics: D and I

Niche identity test:
p value < 0.05 = niche divergence



Co-occurrence of subterranean termite species



Competitive 
exclusion?



How/when did Rf spread northward?

120,000 to 22,000 years ago 22,000 to 6,000 years ago 6,000 years ago to present-day

Extinction
Colonization
Stability



Distributional Shift: South-to-North

120,000 to 22,000

Present

T1 = 65,000 years ago



Distributional Shift: North-to-Center

22,000 to 6,000

T2 = 9,000 years ago

Present



Central Expansion

6,000 to present

Ne = 1.2 million

Present



Why is R. flavipes a pest more successful?

 All three Reticulitermes species co-occur in mid-latitudes of the southern 
Appalachians (high dry-season precipitation) 

 Broad distribution: R. flavipes occurs farther north (low dry- and wet-season 
precipitation) than other two species

 Northward distributional shift followed by geographic/demographic expansion

Geographic distribution and abundance

 Significant niche divergence between R. flavipes and R. virginicus
 Competitive exclusion: R. flavipes occurs to the exclusion of other two species in 

the north

Niche divergence and competitive exclusion
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