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“New World” swallowtail diversity

16 species

1 species

Key

L
a

ti
tu

d
e

0
2

0
4
0

6
0

-2
0

0 60003000

Latitudinal 
Patterns

Elevational Range (m) 

0 0.20.1
Niche Breadth 

0 15105
Maximum Diversity 

Owens et al., in press



“New World” swallowtail diversity
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“New World” swallowtails, simplified
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Hypotheses for this study

■ H1: Morphospace breadth correlates with abiotic niche space 

volume

■ H2: Morphospace breadth correlates with tropicality

■ H3: Morphospace breadth correlates with mean number of 

congeners across range

■ H4: Morphospace breadth correlates with geographic range 

size 



Methods: Digitizing

 Home digitization

 Florida Museum

 914 specimens

 Museum visits

 Field Museum

 120 specimens

 Smithsonian

 376 specimens

 American Museum

 155 specimens

 Total: 1,565 specimens

 50 of 66 species



Methods: Digitizing

Notes from Nature label transcriptions



Methods: Niches
 Model ecological niche of 

each species

 Collect points

 Databases, 

georeferencing

 6,068 total

 Ecological Data

 WorldClim

 Maxent

 Individualized 

parameters



Methods: Niches
 Model ecological niche of each 

species

 Infer distributions

 Calculate niche stats

 Niche breadth

 Tropicality

 Calculate geographic stats

 Range size

 Mean swallowtail diversity



Methods: Morphology

 Landmarks

 ImageJ

Adapted from Lewis et al., 2014



Methods: Morphology

 Landmarks

 Geomorph

 Align

 Calculate principal 

components

 Calculate shape space 

occupied by each species



Methods: Hypothesis testing

 Phylogenetic generalized least squares

 Response variable

 Intraspecific morphospace

volume, aka shape variation

 Explanatory variables:

 Abiotic niche breadth

 Tropicality

 Mean co-occurring diversity

 Geographic range size



Results: Niche Breadth

P Value AIC Score

All 0.14 46.70

"Tropical" 0.00 -18.50

"Temperate" 0.04 33.72

P Value AIC Score

All 0.03 19.23

"Tropical" 0.04 8.28

"Temperate" 0.70 15.43



Results: Tropicality

P Value AIC Score

All 0.03 19.23

"Tropical" 0.04 8.28

"Temperate" 0.70 15.43

P Value AIC Score

All 0.01 16.19

"Tropical" 0.04 8.12

"Temperate" 0.06 11.46



Results: Co-occurring diversity

P Value AIC Score

All 0.01 41.66

"Tropical" 0.02 -4.29

"Temperate" 0.08 35.33

P Value AIC Score

All 0.12 21.70

"Tropical" 0.11 10.09

"Temperate" 0.71 15.44



Results: Geographic range

P Value AIC Score

All 0.10 46.20

"Tropical" 0.15 -0.07

"Temperate" 0.07 34.92

P Value AIC Score

All 0.39 23.54

"Tropical" 0.59 12.54

"Temperate" 0.25 14.05



General trends

■ For all hypotheses, clade-

based models fit better than 

full-dataset based models

■ For all hypotheses, tropical-

origin clade models fit better 

than temperate-origin clade 

models

■ Range size was not 

significantly correlated with 

shape variation

Temperate 

clade

Tropical 

clade

All   

species

Fore Hind Fore Hind Fore Hind

Niche 

breadth + - - - - -

Tropicality
- - - - - -

Co-occurring 

diversity
- - - - - -

Range size + + + + + +



The future

 Finish up digitization

 Shameless plug!

 Integrate georeferences with 

morphometric data 

 Does forewing shape evolve less 

across phylogeny than hindwing?

 Does shape evolve less in the 

temperate-origin clade than the 

tropical clade?



Acknowledgements 
Funding

■ NSF Postdoctoral 

Research 

Fellowship in 

Biology 

#1523732

■ NSF DEB GoLife

Grant #1541557

Data and Discussion

■ Joe Garland and Josh Dieringer

■ Kawahara Lab

■ Guralnick Lab

■ McGuire Center collections staff

■ AMNH, NMNH, and Field Museum 

collections staff

■ Sperling Lab

■ Delano Lewis



Questions?

Email: howens@flmnh.ufl.edu

Twitter: @hannahOish


