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Signal detection theory
Sensory drive and signal

Environmental / efficacy

characteristics

Fleishman et al, 2022

Endler & Basolo, 1998
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T. Moran, 1907

Endler & Basolo, 1998; Barlow, 1961
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Link between body pattern and habitat statistics

Correlation between the slope of body
patterns and the slope of habitats in males
only

Hulse et al, 2020



Going beyond the one feature analysis
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Classical approach: arbitrary selection of one trait and correlation with
one/several variables (e.g., reproductive success)
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Classical approach: arbitrary selection of one trait and correlation with ™

one/several variables (e.g., reproductive success)
>— Complementary!

CNN-based approach: automatic selection of traits/features
> more complex patterns




CNN and feature extraction
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Link between body pattern and habitat statistics

Hulse et al, 2022



Link between body pattern and habitat statistics

550 darter images (288 male and 262 female)
597 habitat images (5 types)
Training set: half of the images of each category

Hulse et al, 2022



Link between body pattern and habitat statistics
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550 darter images (288 male and 262 female)
597 habitat images (5 types)
Training set: half of the images of each category

For every layer: vector of mean activations + Gram matrix used
as the species centroid > species prototype

Hulse et al, 2022



Link between body pattern and habitat statistics

Aman Kumar Mallik

> how often image features cooccur

Hulse et al, 2022



Link between body pattern and habitat statistics
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Link between body pattern and habitat statistics

Layer 3

No significant difference in distances between darters and matched
habitatsversus non-matched habitats

Hulse et al, 2022



Link between body pattern and habitat statistics

Activations: males Gram matnx: males
Activations

At shallow layers: female darters
significantly more similar to darter
habitats than males for Gram matrices
only
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Layer 3 Sex differences

No significant difference in distances between darters and matched
habitatsversus non-matched habitats

Hulse et al, 2022



Deep Features as a Perceptual Metric

"Perceptual distance", a measure of how similar are two images in a way that coincides with human
judgment
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Zhang et al., 2018



Deep Features as a Perceptual Metric

female only

male & female

male only

Eraosi “ &
Etaosoms m"""‘/‘“’ € no image
corar =

outgroup

habitatdissimilarity matrices
based on written description

Image dataset: 268 images covering 153 species

Moodie et al, in prep



Deep Features as a Perceptual Metric

Spiny dorsal fin

Pelvic fin

Moodie et al, in prep
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Deep Features as a Perceptual Metric

Moodie et al, in prep



Deep Features as a Perceptual Metric

Moodie et al, in prep



Link between body pattern and habitat statistics

Natural statistics of
habitat images

Image I :I Feature extraction,
analysis % Euclidean distance

e

Natural statistics of fish
patterns and colors



Link between body pattern and habitat statistics

Natural statistics of

habitat images
Mate preferences

e | Behavioral Image Feature extraction,

experiments analysis % Euclidean distance

Male aggression \ /
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atural statistics of fish
patterns and colors



Neural Style Transfer

information

Style
representation 2

Content
information

Gatys et al., 2016



Neural Style Transfer

YHB et al, in prep 2 5
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Habitat class

YHB et al, in prep



Preliminary results

Male total duration

Total time duration (s) spent in the association zones

Video background

Female total duration

on (s) spent in the association zones

Total time dur:

I-,u::u‘l[iel

Video background

YHB et al, in prep



DL is an interesting tool for visual ecology

Natural statistics of

habitat images
Mate preferences
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Method to convert written descriptions to habitat

dissimilarity matrices

A- B-....

F) “strongly flowing water in riffles
and chutes of medium sized to large
upland rivers where substrate consists

of coarse gravel, rubble, or boulders”
Q) “clear but sluggish vepetated
streamns and weedy portions of glacial

lakes, marshes, and ponds.”

R} “in moderate numbers where riffles : P Q R
are deep and substrate is composed

C.

of clean gravel, rubble, or boulders / P 0 0.97 0.25

the aguatic plant podostemum often

graws in such clear riffles” Q 097 0 091

R 025 0581 0

fast
flowing

1

slowr
flewing

vegetated

0

e

0

1

sand

0

0

gravel

P

cobble boulder

0 078

a 078 0

R

0.23 0.56

bedrock

0.23
0.56
0




Going further: Autoencoders

Input Image Reconstructed

Latent space
Representation

Bottleneck




