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➢ At least 26 recognized species concepts

➢ Ernst Mayr proposed the biological species concept as:

"Species are groups of actually or potentially interbreeding natural populations which are 
reproductively isolated from other such groups."

➢ A biological species is a group of organisms that can reproduce with one another in nature 
and produce fertile offspring.
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Hawaiian happy-face spider
(Theridion grallator)

Western meadowlarks vs. Eastern meadowlarks

(Sturnella neglecta) (Sturnella magna)

https://evolution.berkeley.edu

http://www.birds.cornell.edu





The goal of species identification systems is to provide 

researchers with the expertise of taxonomists using 

computers, mobile devices, and other digital technology    
(Janzen, 2004)
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PROJECT 1: VIRTUAL VECTOR LAB

Spencer Art Museum, ITTC, Biodiversity Institute @ KU

Universidade de Brasília

Instituto Nacional de Salud Pública de Mexico





➢ Vector-Borne Disease: Disease that results from an infection transmitted 

to humans and other animals by vectors (blood-feeding anthropods)

o Vector-borne diseases account for more than 17% of all infectious 
diseases, causing more than 700,000 deaths annually.

➢ Vectors: Living organisms that can transmit infectious diseases between 

humans or from animals to humans. Vectors ingest disease-producing 
microorganisms during a blood meal from an infected host (human or 
animal) and later inject it into a new host during their subsequent blood 
meal.
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39 Brazilian Species Overall Rate: 83.3%

12 Mexican Species Overall Rate: 74.9%
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➢ Transfer learning using Inception v3 

➢ Google Brain Team designed Inception v3, a convolutional neural network for ILSVRC 
(ImageNet Large Scale Visual Recognition Competition) that is 48 layers deep and can 
classify images into 1000 object categories

“The Inception deep convolutional architecture was introduced as GoogLeNet in 
(Szegedy et al. 2015a), here named Inception v1. Later the Inception architecture was 
refined in various ways, first by the introduction of batch normalization (Ioffe and 
Szegedy 2015) (Inception v2). Later by additional factorization ideas in the third iteration 

(Szegedy et al. 2015b) which will be referred to as Inception v3.”
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➢ Leave-one-out cross validation

➢ Processed images vs non-processed images

➢ Distributional data
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12 Mexican Species Overall Rate: 83.0%

12 Mexican Species Overall Rate: 74.9%
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39 Brazilian Species Overall Rate: 86.7%
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❖ Lyme disease

❖ Anaplasmosis

❖ Tick-borne relapsing fever

❖ Rocky Mountain spotted fever

❖ Ehrlichiosis

❖ Southern tick-associated rash illness

❖ Babesiosis

❖ Tularemia



For the first time, this project marshals deployment, integration, pattern analysis and modeling of four big data 

streams in order to address emerging challenges of tick-borne diseases in the southern Great Plains:

➢ Synthesize historic and current occurrence data for tick specimens

➢ Generate genomic data on ticks and pathogens to identify tick species and characterize the suite of 

pathogens that they carry

➢ Gather remote sensing data to characterize the region’s environmental landscapes

➢ Identify tick species using deep neural networks
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➢ Why study frogs?

➢ Why study the Philippine biodiversity?

➢ Why analyze the calls/signals?
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❖ Why study frogs?

▪ Play an important role in the food chain

▪ Excellent bio-indicators

▪ Control insect populations

➢ Why study the Philippine biodiversity?

➢ Why analyze the calls/signals?
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➢ Why study frogs?

❖ Why study the Philippine biodiversity?

▪ Biodiversity hotspot

▪ Ranked first in terms of amphibian endemism 

(98 out of 120 sp.)

▪ High rate of species discovery

▪ Availability of data

➢ Why analyze the calls/signals?
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➢ Why study frogs?

➢ Why study the Philippine biodiversity?

❖ Why analyze the calls/signals?

▪ Sexual selection: Sexual selection acts on an 

organism's ability to obtain (often by any means 
necessary!) or copulate successfully with a mate

▪ Advertisement calls
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➢ Clipped single notes (20 samples per sp.)

▪ Added silence to have the same time length

▪ Same frequency range to cover all species

➢ Trained TensorFlow on 20 described species

➢ 20 described sp. Vs 21 undescribed sp.

➢ Island-based identification
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20 described species Overall Rate: 94.3%

49

100%

95%

90%

80%

< 80%

11

4

2

1

2



➢ TF identified all 20 P. isarog calls as isarog

▪ TF certainty = 98.1%

➢ TF identified all 20 P. diesmosi calls as    
P. insulates

▪ TF certainty = 94.3%

➢ TF confused “churink redori” with 10 
different species

▪ TF certainty = 38.4%
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All 41 species Overall Rate: 94.1%
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Island names Number of species Overall ID rate

Luzon 27 94.60%

Mindanao 6 100%

Sibuyan | Tablas 6 100%

Polillo 6 99.20%

Samar | Leyte | Bohol 5 98.00%

Catanduanes 4 100%

Negros 4 100%

Dinagat | Siargao 4 96.30%

Gigante 3 100%

Panay 3 100%

Romblon 3 100%

The overall average ID rate across all islands = 98.7%
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❖ Malaria

❖ Zika virus

❖ West Nile virus

❖ Chikungunya virus

❖ Dengue fever
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❖ Helps to identify species

❖ Gives information about the sex

❖ Helps surveillance of mosquito species 

❖ Provides the opportunity to control mosquito populations



~300 recordings over the past mosquito seasons

40 samples of Aedes aegypti from Mexico

16 samples of Anopheles gambiae from Ghana

Collecting instruction videos in English and Spanish

Goals

1) Identifying species in Kansas mosquito community

2) Detecting the presence of two alien species
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❖ Achievements

▪ T. dimidiata HG1, HG2, HG3

▪ P. dorsalis vs P. guntheri

▪ Citizen-scientists

➢ Challenges

➢ Caveats
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➢ Achievements

❖ Challenges

▪ Correct identification of species

▪ Availability of data

➢ Caveats
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➢ Achievements

➢ Challenges

❖ Caveats

▪ Number of images

▪ Concepts vs tools
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