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Yellowstone’s massive fires 

• Over 1,000,000 acres in the GYE

• 36% of the park 

• Particulates and smoke detected in OK city
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Yellowstone’s massive fires 

• Large and small mammal recovery

• Vegetative heterogeneity 

• Stream invertebrates
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Meso-arthropod community 25 years later
Questions:

Does landscape heterogeneity affect springtail communities? 

• Abundance?

• Diversity?

• Community composition? 

De Wilde, 2006

Valentine,2008

Boeddeker,2008
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• What are springtails?

• Research on Huckleberry Mountain

• Hypotheses and methodology

• Results 
 Diversity 
 Abundance 
 Ecological relationships 
 Phylogenetics

Overview

Scott Justis, 2009
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Taxonomy

Regier et al., 2010.Nature

• Phylum Arthropoda

• Sub-phylum Hexapoda

• Class Entognatha

• Order Collembola

• Insecta



History

• Ancient: 400 million years

• Little change in form over time

• Rhyniognatha hirsti
Oldest terrestrial hexopod fossil
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Taxonomy

Sminthuridae

Important families of Collembola
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Anatomy

The furcula can spring a 
collembolan up to 100x their 

body length



Diversity

Over 6000 species described 
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Ecological role
Abundance

• Can occur in numbers over 100,000 per m2

• 5% of temperate soil biomass

• Up to 33% of soil biomass during early stages of 
succession

• “Megafauna” of Antarctica 



Ecological role
Springtail diet

Detritus
• Nutrient cycling

Fungus
• Consume fungi that 

compete with mycorrhizae



Ecological role
Springtail diet

Other organisms

• Nematodes

• Bacteria



Huckleberry Mountain
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Huckleberry Mountain
Long term successional study

• Vegetation and small mammal 
sampling every five years

• No arthropod sampling since 1991
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Hypotheses

H1: Collembola communities in burned plots will have higher diversity due to 
vegetative heterogeneity. 

H2: Collembola community composition can be explained by differences in 
vegetative structuring between burn and control. 

H3: Community composition is driven primarily by ecological interactions and 
less so by underlying phylogenetic similarity.  
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Sampling

300 total pitfall samples Samples identified, sorted, and 
recorded in lab
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Sampling

• Over  200,000 Collembola
collected and sorted

• 100,000 hypogastrurids in a 
single pitfall

• ID down to family and 
assigned morpho-species

• 19 morpho-species in five 
families recorded in pitfalls 
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Results

Abundance ~ burn history compared by site with Kruskal-Wallis – no significant difference 
in distribution (p-value > 0.05 on all burn/control comparisons). 

June July Aug



-diversity as measured by Bray-Curtis dissimilarity 

Results



WFC June EFB July

Results
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Principal coordinate analysis



Approach: H2
Significant differences in vegetation used as predictors of abundance 

% Canopy cover 



Approach: H2

Ground cover

Significant differences in vegetation used as predictors of abundance 
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Results: H2
Canonical correspondence analysis

Bare ground axis associated with specific eco-morphs



Preliminary results: H2

Canonical correspondence analysis and PERMANOVA

Df SumsOfSqs MeanSqs F.Model R2  Pr(>F)  

woody      1    0.2144 0.21443 0.58430 0.02457 0.87956  

bare       1    0.7808 0.78084 2.12775 0.08947 0.01299 *

canopy     1    0.4943 0.49435 1.34706 0.05664 0.19640  

grass      1    0.2654 0.26543 0.72329 0.03041 0.74213  

Residuals 19    6.9726 0.36698         0.79891          

Total     23    8.7277                 1.00000 



Approach: H3

Phylogenetic work

• DNA extracted Qiagen Micro Kit

• Cytochrome oxidase I gene 
amplified using general arthropod 
primers HCO-2198 and LCO-1490  



Preliminary results: H3

Phylogenetic work

Extraction ID Family BLAST Result Genbank Accn
% Pairwise 
Identify Notes Morphospecies

YC-4-3 Entomobridae Paronellidae sp. GQ374045 86.20% En.sp1

YC-5-4 Entomobridae Entomobrya clitellaria KM610071 86.50% En.sp1

YC-6-3 Entomobridae Entomobrya marginata KF642064 96.7 Same species? En.sp1

YC-1-1 Hypogastruidae Hypogastruidae sp. GQ373565 81.30% Hy.sp1

YC-1-3 Hypogastruidae Hypogastrura vernalis HQ732065 83% Hy.sp1

YC-2-1 Hypogastruidae Hypogastruidae sp. GQ373565 81.40% Hy.sp1

YC-2-3 Hypogastruidae Hypogastruidae sp. GQ373565 81.30% Same as YC-11? Hy.sp1

YC-3-4 Isotomidae Isotoma angelicana AY665312 89.90% Is.sp1

YC-3-4 Isotomidae Isotoma angelicana AY665312 90.10% Same as YC-3-4? Is.sp1

YC-3-2 Isotomidae
Ceratophysella
denticulata KF684566 82.80% Is.sp2

YC-5-1 Sminthuridae Collembola sp. KC617538 84.20% Sm.sp3

YC-5-2 Sminthuridae Eunatalis sp. (?) KC524639 78.40%
is this a 
collembola? Sm.sp3

YC-5-7 Sminthuridae Collembola sp. KC617538 82.80%
Very similar to YC-
5-1 Sm.sp3
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Phylogenetic work

Preliminary results: H3



Conclusions

H1: Collembola communities in burned plots will have higher diversity due to 
vegetative heterogeneity. 

• Burned plots are more diverse than control



Conclusions

H2: Collembola community composition can be explained by differences in 
vegetative structuring between burn and control.

• Distinct differences in composition between burn and control

• Bare ground may be a good predictor for specific taxa



Conclusions

H3: Community composition is driven primarily by ecological interactions and 
less so by underlying phylogenetic similarity. 

• More sequences
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Anatomy

• No tracheal respiratory system – gas 
exchange directly through cuticle

(Except Symphypleona)

• No compound eyes – only ocelli
Hypogeic species often eyeless

2006, Schulz, H.-J. & Schubert H.D.



Onward…

• Morphological identification 

• Sequencing 

• Trait measurements 

• Comparisons with data from 1991 

• Exploring more refined models: 
 PERMANCOVA, better CCAs
 Accounting for spatial-temporal relationships 



More samples!

Hypogeic arthropods 
extracted with Berlase
funnels



Phylogenetic work

Preliminary results: H3



Approach: H2

Functional traits measured: 

• Furcula length

• Antennae length

• Leg length

• Body length

• Pigmentation

• Body shape


