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Overview

Why biological monitoring matters
for natural channels

How mark-recapture estimates
population abundance

Why Brook Trout are useful
indicators of stream health

Current photo-ID tools and the
manual bottle necks

Automated image analysis as a
scalable monitoring workflow

Brook Trout from 12 Mile Creek, Niagara Region.
Sampled July 31, 2025
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Motivation

To manage natural channels effectively, we need to measure
the biota they support

Smallmouth Bass Caught in the Grand River, Waterloo Grand River in rural Waterloo, Ontario
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Estimating Population

Example of a Population Estimate
using a Mark-Recapture Method in a Closed Population
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Before sampling: all fish in a pond 10 fish are captured, marked, and
(closed population) are unmarked released back into the pond
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The sample shows that 5 marked
and 5 unmarked fish were captured The pond is re-sampled

E --- > m = Estimated population
% of marked fish .5 of all fish in the pond
in sample

Retrieved From Fishbio.com
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Why Brook Trout?

Tagged Rainbow Trout. arkansasonline.com
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Study Site
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- One of the Southern-most Rkl WL IR e T {
populations of Brook Trout in ce o E3 b S
Canada, close to urban areas A /ﬁ/
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- Serve as a baseline/comparison

for Brook Trout Restoration
Projects?
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Upper 12 Mile Creek Watershed and the Effingham Branch study area
where Brook Trout were sampled in 2025, Niagara Region
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Field Sampling + Dataset

- Two-pass backpack electrofishing
survey (Between May and
September 2025

. Fish weighed + measured, +
swabbed, and photographed on
the left flank twice

.+ 1,494 total flank-images were
processed; YOY were later
excluded from the analysis
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Smith-Root LR-24 backpack electrofishing unit
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Current Technology

Current Popular Non-Invasive
Technology involves the use of

image analysis, but are time-
consuming

e/l
TROUTSPSTTER Interactive Individual Identification System (I3S).
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IBEIS (Image Analysis for Biological Surveys)

Match

Phase 1: Input
Raw Field Images

A

Phase 2: Preprocessing
Manual Annotation (ROI)

Phase 3: Fea-
ture Extraction
HotSpotter (RootSIFT)

A

Phase 4: Matching
One-vs-Many Search

A

Phase 5: Review
Human Verification

No Match

Output
Verified Encounter
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Action
New ID Created

- Open-source computer vision
system designed for the
individual identification of
wildlife

- These verified recaptures
formed the ground-truth
dataset for Bayesian population
estimation and for evaluating
the automated model
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IBEIS example: ROl annotation & Feature Matching

Ul 22, 2025 atA2:55. 3R
17T 636740 47697922
o 182° &%

N ‘name’; WIS UNKNOWN_ 0012
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Manual flank ROl annotation

a—b) flank images for comparison; c—d) local invariant
keypoints extracted from each image; e) matched feature
correspondences visualized by HotSpotter during review.
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Can You Verity the Matches?

https://btmatch.org/
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IBEIS Result (Population Estimation)

0.035
— Posterior Density

95% Credible Interval (438 - 501)
-== Mean Estimate (N = 466)

0.030

o

o

N

()]
I

0.020

0.015

Probability Density

0.010

0.005

| I
420 440 460 480 500 520

Estimated Adult Population Size (N)

0.000 ' ' '

Posterior density from the Bayesian Lincoln-Petersen model
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YOLO Processing

Gal: replace manual flank\

annotation with automated
segmentation

. 165 field images were manually
annotated to train a YOLOv11
segmentation model

- Automated cropping reduced
background noise(ruler, hands,

< y
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@f uitralytics

YOLO11

YOLOv11 segmentation output used to isolate the trout flank
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Two-Stream architecture and feature fusion

Combines body-level structure with fine-scale pigmentation for individual re-identification

Macro-anatomy

Input A
Aligned RGB flank crop

Input B
CLAHE + Morphological —»
Top-Hat pattern mask

ResNet-18
Stream A

Micro-patterns
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ResNet-18
Stream B

Concatenation
512 + 512

>

Fusion head
FC + RelLU +
Dropout (0.5)

Cosine-distance matching

128-D identity
embedding

\
\
\ArcFace
Jloss
/

//
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Two-Stream Multi-Modal network

A) Original aligned flank image
B) Stream A (RGB) activation heatmap
C) Stream B (Morphological Top-Hat) activation heatmap
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Takeaways
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Next Steps

- Expand the verified dataset
across more years, streams, Deep neural network
and image conditions, and pat g ulipl hicden layer outputlayer
evaluate other metric-
learning variants such as true
Siamese or triplet-loss re-
identification

. This non-invasive workflow
could be adaptable to other
naturally marked species
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Connect With Me On Linkedin
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