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WHAT DO WE KNOW ABOUT HIDDEN DIVERSITY?

§ Only an estimated ~1-10% of extant species 
are thought to be formally described 1,2

§ Even in mammals, hidden diversity continues 
to be found

§ Previous attempts to identify large-scale 
patterns of hidden diversity have produced 
conflicting results

1. Heywood & Watson, 1995 2. Costello et al., 2013 



Undescribed species are thought to be common, but understanding this phenomenon 
is inhibited by a lack of information regarding the traits that make a clade likely to 

contain hidden species. 

WHAT DO WE KNOW ABOUT HIDDEN DIVERSITY?



INTEGRATING SPECIMEN DATA AND BIOINFORMATICS

What attributes make a 
clade likely to contain 
hidden species? 

How much hidden diversity 
is present in mammals?



Develop a predictive framework to identify clades likely to contain hidden species 
and pinpoint specific trait complexes that indicate where this hidden diversity is 
likely to be found.
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I. HIDDEN SPECIES ESTIMATION

§ Standardize taxonomy 
§ Mammal Diversity Database

§ Generate family-level alignments 
§ MUSCLE v3.5 

§ Generalized Mixed Yule Coalescent

ABGD COI ABGD cytb GMYC cytbGMYC COI

§ Automatic Barcode Gap Discovery 

ABGD COI ABGD cytb GMYC cytbGMYC COI

AUTOMATED SPECIES DELIMITATION

STANDARDIZATION AND SEQUENCE ALIGNMENT  

§ Visually check alignments for errors
§ Model nucleotide substitution 

§ jModelTest2 

ABGD COI ABGD cytb GMYC cytbGMYC COI ABGD COI ABGD cytb GMYC cytbGMYC COI



species with 
hidden diversity 

species without 
hidden diversity 

I. RESULTS How much hidden diversity does class Mammalia have? 
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species with 
hidden diversity 

species without 
hidden diversity 



PREDICTED SPECIES DIVERSITYNOMINAL SPECIES DIVERSITY
shadowsolid

PREDICTED SPECIES DIVERSITYNOMINAL SPECIES DIVERSITY
shadowsolid

LAGOMORPHA
( 106 / 56 )

PRIMATES
( 283 / 219 )

MACROSCELIDEA
( 10 / 9 )

RODENTIA
( 2446 / 1319 )

SCANDENTIA
( 20 / 8 )

DERMOPTERA
( 1 / 1 )
CHIROPTERA
( 1061 / 596 )
ARTIODACTYLA
( 244 / 164 )
PERISSODACTYLA
( 11 / 5 )

CARNIVORA
( 224 / 176 )
PHOLIDOTA
( 12 / 5 )
EULIPOTYPHLA
( 381 / 237 )
AFROSORICIDA
( 7 / 7 )

TUBULIDENTATA
( --- / --- )
PROBOSCIDEA
( --- / --- )
HYRACOIDEA
( 6 / 1 )
SIRENIA
( 3 / 3 )
CINGULATA
( 19 / 17 )
PILOSA
( 16 / 7 )
DIPROTODONTIA
( 81 / 74 )
DASYUROMORPHA
( 65 / 38 )
PERAMELEMORPHIA
( 6 / 6 )
NOTORYCTEMORPHIA
( 1 / 1 )
MICROBIOTHERIA
( --- / --- )
DIDELPHIMORPHIA
( 195 / 58 )
PAUCITUBERCULATA
( 6 / 6 )
MONOTREMATA
( 2 / 2 )

RECOGNIZED SPECIESPREDICTED SPECIES

I. RESULTS Hidden diversity is not spread evenly across 
the mammalian tree.



I. RESULTS Mammalian hidden diversity is not spread evenly across the globe. 
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II. IDENTIFYING PREDICTORS OF HIDDEN DIVERSITY

§ 117 total variables
§ Geographic: GBIF-based metrics
§ Environmental: GIS data-layers 
§ Life History: PanTHERIA-based metrics
§ Climatic:  BioClim variables
§ Taxonomic Effort: publication-based metrics 

(Web of Science)

§ Random Forest classification
§ 1000 decision trees
§ Training set: 80% of data 
§ Test set: 20% of data
§ 10-fold cross validation x 5

§ Variable importance measurements:
MDA and Gini

MACHINE LEARNING MODEL
1

SPECIES
1

SPECIES
> 1 

SPECIES
> 1 

SPECIES

PREDICTIVE TRAIT DATABASE



II. RESULTS Predictive models can be used to accurately identify mammal 
species containing hidden diversity. 



II. RESULTS Predictive models can be used to accurately identify mammal 
species containing hidden diversity. 



0 1 2 3 4 5 6 7 8 90                                  2                                                                                              7                                    9Log10(body mass g)

ADULT BODY MASS

0 10 20 30 40 50 60 70 80 900                                   20                                                                                             70                                  90publications (2000-2020)

RECENT PUBLICATIONS
0

5E+
12

1E+
13

1.5
E+1
3

2E+
13

2.5
E+1
3

3E+
13

3.5
E+1
3

4E+
13

4.5
E+1
30                               5E+12                                                                                  3.5E+13               4.5E+13occurrence area km2

OCCURRENCE AREA
0 1 2 3 4 5 6 7 8 90                                  2                                                                                              7                                    9Log10(range area km2)

RANGE AREA

0 500 100
0

150
0

200
0

250
0

300
0

350
0

400
0

450
00                                 1000                                                                                       3500                           4500precipitation mm

PRECIPITATION RANGE OF WARMEST QUARTER

0 10 20 30 40 50 60 70 80 900                                    20                                                                                      70                                  90isothermality

RANGE OF ISOTHERMALITY

NH

NH

NC

NH

NH

NH

H

H

H

H

H

C

05101520253035

body mass
range area

occurrence area
publications (2000-2020)

bio18r
bio3r

number of occurrences
bio13r

max latitude
bio15r

bio6r
latitude length

bio16r
bio8r

longitude length
bio18v
bio11r
bio13v
bio15v

litter size
genus publications

bio17v
synonym publications

bio8v
bio2v

bio14v
bio12r

bio7r
minimum longitude

bio4r
bio17r

bio9r
bio19r

species publications
bio1r

bio18m
mean human population density 

order publications
land cover - variation

minimum latitude
bio4m
bio9m
bio16v

mid-range latitude
bio1v
bio2r
bio6v
bio4v

publications (1980-1999)
bio3v

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL

40 20
variable importance accuracy (MDA)

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL
MOST IMPORTANT PREDICTORS OF HIDDEN DIVERSITY

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL

0
5E+
12

1E+
13

1.5
E+1
3

2E+
13

2.5
E+1
3

3E+
13

3.5
E+1
3

4E+
13

4.5
E+1
3

NH

H

OCCURRENCE AREA

05101520253035

body mass
range area

occurrence area
publications (2000-2020)

precipitation of warmest quarter (max)
isothermality (max)
number of occurrences
precipitation of wettest month (max)

max latitude
precipitation of seasonality (max)

min temperature of coldest month (max)
latitude length

precipitation of wettest quarter (max)
mean temperature of wettest quarter (max)

longitude length
precipitation of warmest quarter (variation)
mean temperature of coldest quarter (max)
precipitation of wettest month (variation)

precipitation of seasonality (variation)
litter size

genus publications
precipitation of driest quarter (variation)

synonym publications
mean temperature of wettest quarter (variation)

mean diurnal range (variation)
precipitation of driest month (variation)
annual precipitation (max)

temperature annual range (max)
minimum longitude

temperature seasonality (max)
precipitation of driest quarter (max)

mean temperature of driest quarter (max)
precipitation of coldest quarter (max)

species publications
annual mean temperature (max)

precipitation of warmest quarter (mean)
mean human population density 

order publications
land cover (variation)

minimum latitude
temperature seasonality (mean)

mean temperature of driest quarter (mean)
precipitation of wettest quarter (variation)

mid-range latitude
annual mean temperature (variation)

mean diurnal range (max)
min temperature of coldest month (variation)

temperature seasonality (variation)
publications (1980-1999)

isothermality (variation)

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL

0 1 2 3 4 5 6 7 8 90                                  2                                                                                              7                                    9Log10(body mass g)

ADULT BODY MASS

0 10 20 30 40 50 60 70 80 900                                   20                                                                                             70                                  90publications (2000-2020)

RECENT PUBLICATIONS
0

5E
+1
2

1E
+1
3

1.5
E+
13

2E
+1
3

2.5
E+
13

3E
+1
3

3.5
E+
13

4E
+1
3

4.5
E+
130                               5E+12                                                                                  3.5E+13               4.5E+13occurrence area km2

OCCURRENCE AREA
0 1 2 3 4 5 6 7 8 90                                  2                                                                                              7                                    9Log10(range area km2)

RANGE AREA

0
50
0

10
00

15
00

20
00

25
00

30
00

35
00

40
00

45
000                                 1000                                                                                       3500                           4500precipitation mm

PRECIPITATION RANGE OF WARMEST QUARTER

0 10 20 30 40 50 60 70 80 900                                    20                                                                                      70                                  90isothermality

RANGE OF ISOTHERMALITY

NH

NH

NC

NH

NH

NH

H

H

H

H

H

C

05101520253035

body mass
range area

occurrence area
publications (2000-2020)

bio18r
bio3r

number of occurrences
bio13r

max latitude
bio15r

bio6r
latitude length

bio16r
bio8r

longitude length
bio18v
bio11r
bio13v
bio15v

litter size
genus publications

bio17v
synonym publications

bio8v
bio2v

bio14v
bio12r

bio7r
minimum longitude

bio4r
bio17r

bio9r
bio19r

species publications
bio1r

bio18m
mean human population density 

order publications
land cover - variation

minimum latitude
bio4m
bio9m
bio16v

mid-range latitude
bio1v
bio2r
bio6v
bio4v

publications (1980-1999)
bio3v

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL

40 20
variable importance accuracy (MDA)

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL
MOST IMPORTANT PREDICTORS OF HIDDEN DIVERSITY

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTALLIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL

0

5E
+1
2

1E
+1
3

1.5
E+
13

2E
+1
3

2.5
E+
13

3E
+1
3

3.5
E+
13

4E
+1
3

4.5
E+
13

NH

H

OCCURRENCE AREA

05101520253035

body mass
range area

occurrence area
publications (2000-2020)

precipitation of warmest quarter (max)
isothermality (max)
number of occurrences
precipitation of wettest month (max)

max latitude
precipitation of seasonality (max)

min temperature of coldest month (max)
latitude length

precipitation of wettest quarter (max)
mean temperature of wettest quarter (max)

longitude length
precipitation of warmest quarter (variation)
mean temperature of coldest quarter (max)
precipitation of wettest month (variation)

precipitation of seasonality (variation)
litter size

genus publications
precipitation of driest quarter (variation)

synonym publications
mean temperature of wettest quarter (variation)

mean diurnal range (variation)
precipitation of driest month (variation)
annual precipitation (max)

temperature annual range (max)
minimum longitude

temperature seasonality (max)
precipitation of driest quarter (max)

mean temperature of driest quarter (max)
precipitation of coldest quarter (max)

species publications
annual mean temperature (max)

precipitation of warmest quarter (mean)
mean human population density 

order publications
land cover (variation)

minimum latitude
temperature seasonality (mean)

mean temperature of driest quarter (mean)
precipitation of wettest quarter (variation)

mid-range latitude
annual mean temperature (variation)

mean diurnal range (max)
min temperature of coldest month (variation)

temperature seasonality (variation)
publications (1980-1999)

isothermality (variation)

LIFE HISTORY GEOGRAPHIC CLIMACTIC TAXONOMIC ENVIRONMENTAL

II. RESULTS Specific trait complexes distinguish taxa harboring potentially 
undescribed diversity. 
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CONSENSUS MODEL

Count Median Kruskal-Wallis Test
Not 

Hidden Hidden Not Hidden Hidden chi-squared p-value
Adult Body Mass (g) 898 478 135 45 49.181 2.33E-12
Range Area (km^2) 898 478 378072 1270779 98.347 < 2.2E-16

Occurrence Area (km^2) 898 478 8.525E+11 4.17E+12 88.042 < 2.2E-16
Recent Publications 898 478 5 9 41.184 1.39E-10

bio18r (precipitation mm) 898 478 651 844 74.006 < 2.2E-16
bio3r (isothermality) 898 478 25.8 37.3 89.285 < 2.2E-16
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II. RESULTS Specific trait complexes distinguish taxa harboring potentially 
undescribed diversity. 
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CONCLUSIONS
Delimitation results suggest roughly 30% of recognized mammal species 
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Support for previous taxonomic research suggesting hidden species are 
likely to be found in insular systems and areas of high endemism. 

Identification of specific trait complexes traits associated with the presence 
of hidden diversity in mammals. 
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adult body mass range size recent publications precip. Of warmest quarter range of isothermalityo



IMPLICATIONS       ”BIG DATA” AND BIODIVERSITY RESEARCH

Accessibility and 
standardization of data

Integration of bioinformatics and 
specimen data = more comprehensive 

understanding of biodiversity



IMPLICATIONS       ”BIG DATA” AND BIODIVERSITY RESEARCH

Accessibility and 
standardization of data

requires

Data accessibility and 
standardization

Cultivation of computational 
and technological competency

Integration of bioinformatics and 
specimen data = more comprehensive 

understanding of biodiversity



phylogatR.org



phylogatR.org



phylogatR.org



Acknowledgements 

§ Carstens Lab
§ Tara Pelletier 
§ Ryan Norris
§ Andreas Chavez
§ Andrew Hope
§ Meg Daly

Databases
§ GBIF
§ GenBank
§ PanTHERIA
§ ASM Mammal Diversity Database
§ Ohio Supercomputer Center

parsons.463@osu.eduDanielle J. Parsons

Graphics
§ PhyloPic
§ VertNet

§ Natural History Collections housing 
the specimens studied 

§ All original researchers who made 
their data accessible


