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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

= Even in mammals, hidden diversity continues
to be found

= Previous attempts to identify large-scale
patterns of hidden diversity have produced
conflicting results
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WHAT DO WE KNOW ABOUT HIDDEN DIVERSITY?

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.




INTEGRATING SPECIMEN DATA AND BIOINFORMATICS



Develop a predictive framework to
and that indicate where this hidden diversity is
likely to be found.

HISTORICAL FIELD DATA ACQUISITION AND
SAMPLING SEQUENCE ALIGNMENT
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DATAS ET 4,310 SPECIES
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DATASET

AL GBIF
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|. HIDDEN SPECIES ESTIMATION

STANDARDIZATION AND SEQUENCE ALIGNMENT

= Standardize taxonomy = Visually check alignments for errors
= Mammal Diversity Database = Model nucleotide substitution
= Generate family-level alignments = jModelTest2

= MUSCLEv3.5

AUTOMATED SPECIES DELIMITATION

= Generalized Mixed Yule Coalescent = Automatic Barcode Gap Discovery



I. RESULTS How much hidden diversity does class Mammalia have?
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Hidden diversity is across
the mammalian tree.

I. RESULTS

golid
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I. RESULTS Mammalian hidden diversity is across the globe.
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Il. IDENTIFYING PREDICTORS OF HIDDEN DIVERSITY

PREDICTIVE TRAIT DATABASE : MACHINE LEARNING MODEL

= 117 total variables = Random Forest classification

= Geographic: GBIF-based metrics = 1000 decision trees

= Environmental: GIS data-layers = Training set: 80% of data

= Life History: PanTHERIA-based metrics = Testset: 20% of data

= Climatic: BioClim variables = 10-fold cross validation x 5

= Taxonomic Effort: publication-based metrics = Variable importance measurements:

(Web of Science) MDA and Gini



II. RESULTS PTEd!CtIVE mo.dc.els cap be usgd to.accurately identify mammal
species containing hidden diversity.

B MODEL EVALUATION  ABGD COI ABGD cytb GMYC COl GMYC cytb Consensus
Model Accuracy 0.737 0.68 0.6429 0.6517 0.781
|Accuracy (95% Cl) (0.6802,0.7885) [ (0.6333,0.7241) | (0.5821,0.7004) | (0.6014, 0.6996) | (0.7273, 0.8285)
IPos Predictive Value 0.56667 0.6304 0.5571 0.6624 0.807

INeg Predictive Value 0.75833 0.6937 0.6735 0.6345 0.7742




II. RESULTS PTEd!CtIVE mo.dc.els cap be usgd to.accurately identify mammal
species containing hidden diversity.

B MODEL EVALUATION Consensus
Model Accuracy 0.781

|Accuracy (95% Cl) (0.7273,0.8285)

|Pos Predictive Value 0.807

INeg Predictive Value 0.7742




II. RESULTS Speuflc.tralt cqmplfexes distinguish taxa harboring potentially
undescribed diversity.
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II. RESULTS Speuflc.tralt cqmplfexes distinguish taxa harboring potentially
undescribed diversity.
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II. RESULTS Speuflc.tralt cqmplfexes distinguish taxa harboring potentially
undescribed diversity.
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CONCLUSIONS

Delimitation results suggest roughly 30% of recognized mammal species
are likely to contain hidden diversity

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.

ladult body mass Irecent publications Iprecip. of warmest quarter I range of isothermality
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— "BIG DATA" AND BIODIVERSITY RESEARCH
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Ohio Supercomputer Center
An OH-TECH Consortium Member

phylogatR.org

@

° @ Quality Control o Combine Datasets 0 Compile Metadata
remove duplicates, record add filtered BOLD data to gather available metadata
changes, and flag suspicious previously collected NCBI and write to output file

® sequences and coordinates and GBIF data

€) Merge

° merge records by 2] () details provided in Fig. 2 @ ® ® @

accession number
- phylogatR
é (> dNCB l 0 DNA Sequence
@
% O raxonomic pos i I 2,637,792 87,852
gn gene symbols, Aol e
Standardization concatenate sequences by il Ol b
limit species names to gene and species, align the o of species
@ binomial nomenclature @ resulting DNA sequences,
Quality Control and trim DNA alignments

remove duplicates, record
changes, and flag suspicious
sequences and coordinates
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segs/alignment

102,268
sequence

YSTEM
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Primary Research Data | Data Collection Processing of Georeferenced Sequence Data



phylogatR.org

Ohio Supercomputer Center
An OH-TECH Consortium Member

Step 1: Specify location constraint (optional)
Skip this step if you want global data

-

Southwest corner latitude

] Southwest corner longitude
9]

| @

S Northeast corner latitude

Northeast corner longitude

Leaflet | © OpenStreetMap contributors

Step 2: Specify taxonomic constraint (optional)
Skip this step if you want all species

Click the clade name to select it as a constraint for the search. If you select multiple, it will filter the table.

Step 2: Specify taxonomic constraint (optional)
Skip this step if you want all species

Click the clade name to select it as a constraint for the search. If you select multiple, it will filter the table.

Show 10 4 entries
Kingdom |2 Phylum Class Order
Animalia Arthropoda Insecta Hymenoptera
Animalia Arthropoda Insecta Hymenoptera
Animalia Arthropoda Insecta Hymenoptera
Animalia Arthropoda Insecta Hymenoptera
Animalia Arthropoda Insecta Hymenoptera
Animalia Arthropoda Insecta Hymenoptera
Animalia Arthropoda Insecta Hymenoptera

Animalia Arthropoda Insecta Hymenoptera

Filter:

Family

Formicidae

Formicidae

Formicidae

Formicidae

Formicidae

Formicidae

Formicidae

Formicidae
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CarmenCanvas Buckeyelink Buckeyemail Box|AllFiles ArcGIS GBIF ARCTOS NCBI Phylogatr GitHub Newsv shinyappsio Gmail MyChart
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@ IUCN Red List: Conservation Data

@ Meetings | American Societ. B 1015t Annual Meeting of th € Linking Genetic Diversity a.

In this module, we're interested in evaluating the link between genetic diversity and species conservation status. That means, once we've collected our
genetic data, our next step is to collect complementary conservation data. In order to do this, we'll turn to the International Union for Conservation of
Nature (IUCN) Red List of Threatened Species, or IUCN Red List for short. Established in the year 1964, the IUCN Red List is the most comprehensive
inventory of global species conservation status in the world. And fortunately for both us and the many species it protects, the IUCN Red List and its
underlying information exist as an online database available to the public. A central focus of the IUCN Red List is to provide information that can help
guide actions to conserve biological diversity. By making their data open and available, the IUCN enables the world to combat threats to biodiversity on
all sides, from policy and decision-making, to conservation biology research, to public engagement, and even to us!
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The IUCN Red List uses a set of specific criteria when evaluating the extinction risk faced by species. Because the IUCN assesses conservation on a
global scale, evaluation criteria are relevant to all species and all regions of the world. When evaluating a species risk of extinction, the IUCN Red List
considers i such as size, rate of decline, size of I and degree of i ion. After
assessing all available information, the IUCN assigns each species a conservation status. The following list describes each of the conservation
categories currently used by the IUCN Red List.

® Key Point: The IUCN Red List is the most comprehensive inventory of global species conservation status in the world

® Key Point: The IUCN Red List evaluates the extinction risk of species using a set of specific criteria that are relevant to all species across all
regions of the globe

®  Key Point: When evaluating a species risk of extinction, the IUCN Red List considers criteria such as population size, rate of population
decline, size of ic di and degree of i

e Throughout the remainder of this module, you'll be guided through the process of data collection, analysis, and i
After completing each of these steps, you should have all of the information that you need to answer our main question. Good Luck!

CarmenCanvas Buckeyelink

& ¥

o % 0 8 & phylogatr.org ¢ @ @ & & +

Buckeyemail Box| AllFiles ArcGIS GBIF ARCTOS NCBI Phylogatr GitHub Newsv shinyappsio Gmail MyChart
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1. Purpose
2. Importing data

3. Visualizing sequence
alignments

4. Visualizing geographic
coordinates

Sequence alignments: what to watch out for

The following alignments are meant to show you potential errors you might run into
when inspecting your sequence alignments. PhylogatR takes steps to minimize these
issues (see here), but it can never hurt to check your data.

In the first example, | have edited the alignment to contain sequences that have been entered in reverse (revi-4) and
reverse complement (revcompl1-2). As you can see, these sequences are comparable in length to the rest of the
alignment and are lacking large regions of gaps. However, upon visual inspection they clearly do not line up with the
rest of the alignment. These sequences can be checked and edited manually in a sequence viewing program (e.g.,
UGENE or mesquite).

BA [mic] @Ec |7 anN - O others
(AR TR
0000

100 200 300 400 500
10 this examphe, | haw 5dded DRRSItc SeqNCEs (Parsite]-3) to the ASgnmert. Thise sequinces contan kng
rogions of aps and the regicns of Muckeotices Prasent 4o Not ine up with the rest of the alignmwnt. If your alignent
has GUESSCNAbIS SAqUINCEs Such RS these, You CAN G0 & SAATTH Of thair ACCHSSION ALMBIS Nere 10 ensure they we
from the comect species and locus.

Geographic coordinates: what to watch out for

The following map is meant to show you potential errors you might encounter when
inspecting your geographic data.

You'll want to look out for any data points that are obviously outside of your species expected range. Data points that
are very far away from the rest of the points (i.e., outliers) as well as data points in areas physiologically unlikely for your
species (e.g., a terrestrial shrew in the middle of the ocean) should warrant further inspection. If you are unsure of the
extent of your species range, you can search for your species here.

Latitude
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1. Purpose world<-map_data("world")
ggplot()+
2. Importing Genetic Data geom_polygon(data = world, aes(x=long, y = lat, group = group), fill = "lightgrey", color
. = "gray30®, size = .25)+
3. Importing Geographic Data S aeAVi e A,
4. Visualizing Sample Density xlab(“Longitude" )+
ylab("Latitude®)+
5. Spatial Principal Component ggtitle("Number of Individuals per Sampling Locality")+
Analysis (SPCA) geom_point( , aes i y= latitude, size=freq), color="bl
ue”, alpha = 0.4)
6. Visualizing Spatial Genetic
Structure
Number of Individuals per Sampling Locality
50-
freq
g
3 ® 10
2 o-
Kl ® »
3
@ »

0
Lonaitude

5. Spatial Principal Component Analysis (sPCA)

An SPCA is deigned to investigate non-random spatial distributions of genetic variation. In other words, s the genetic
variation that we observe in our species due to population structure, or is it the result of random mating?

We will use the spca function to perform a spatial principle component analysis (sPCA) on our data. This analysis
implements a connection network in order to incorporate spatial data. We will use Delaunay triangulation to generate a
connection network by setting the argument type=1 . The connection network type can be changed by providing a
different value for the type argument, and more information regarding the different types of connection networks
available can be found with the command ?choosec .

Our genind object “seq_genind” will act as input for the analysis, which we will save in R as “mySpca”. For now, we wil
retain the first positive axis (by setting nfposi=1) and the first negative axis (by setting nfnega=1). The figure
returned is a plot of our connection network.

forms a sPCA using the Delaunay triangulatio

# ay on a
mySpca <- spca(seq_genind, type=1, ask=FALSE, scann:

Now that we have completed our sPCA, we can use the resuits to determine how many principal component (PC) axes
we want to retain for further analysis. Our goal here is to retain only the axes that explain the largest portion of the
spatial genetic structure of our species. We will evaluate axis contribution in two ways: 1) plotting the SPCA
eigenvalues and 2) plotting the spatial and genetic variance components of each eigenvalue.

First, we will use the function barplot to display a barplot of eigenvalues from our SPCA. Positive eigenvalues, which
are located on the left side of the plot in warmer colors, indicate the presence of global structure. Global structures
display positive spatial aturocorrelation, which is typically observed when populations are split into patches or located
along clines. Negative eigenvalues, which are located on the right side of the plot in cooler colors, indicate the
presence of local structure. Local structures display negative spatial which is typically observed when
neighboring individuals are more genetically distinct than expected at random. For more information on global and
local structure, see Jombart et al. (2008).*
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