Cabled ocean observatories as tools for
studying biodiversity change

S. Kim Juniper, Ocean Networks Canada
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i Standardized, global framework for detecting biodiversity change, based
on scientific principles

EBV Category Measurable with cabled
observatory technology

GEO BON: Biodiversity
Observation Network

Genetic composition

Species populations *
Species traits *
Community composition o
Ecosystem function *

Ecosystem structure *




Arctic

Biodiversity studies using imagery from
cabled observatories
examples from Ocean Networks Canada

i
=

Discover the ocean. Und‘é S

VANCOUVER ISEAND %2

L\

Explorer AT
“late  NEPTUNE Observatory

] PortAlberni

Ge&

760- 3ov

Clayoqu
Slope

1250 e

Primary Node

@ ShoreStation 2
w

' 0 Brentwoed Mini- F \
.UHLHEC Saanich €@ observatory
Pld.\-\._. Inlet @ Mooring

/ Fiber-optic Cable & E

Middle Valley B 100 m
2400 m e (t» CODAR
_,“ FerryTrack
Endeavour :
2300 m
Cascadia

Basin =

2660 m Seattle _
Juan de
Fuca Plate

I N

An Initiative of the University of Victoria




EBV studies using time-series video
Imagery coupled with oceanographic
Sensors

(Benthic) Community Composition

e Species presence/absence & abundance versus
oceanographic variables

o Community responses to perturbations —
experimental manipulations

(Benthic) Ecosystem processes

e Quantifying ecosystem services (eg. surface
bioturbation)

e Chronobiology — activity and abundance rhythms



8 seafloor nodes in NE Pacific & Salish
ea provide power and communications to
Instrument platforms




and stand-alone
Instruments
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Data Access and Data Tools
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High-tfrequency study of epibenthic megatfaunal community dynamics in Barkley
Canyon: A multi-disciplinary approach using the NEPTUNE Canada network

Marjolaine Matabos **, Alice O.V. Bui ?, Steven Mihaly 2, Jacopo Aguzzi °, S. Kim Juniper ?, R.S. Ajayamohan *°

Shift in relative abundance of dominant megafaunal species follows
water mass change coincident with surface storm

e

Journal of Marine Systems 130 (2014) 56-68
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OPEN @ ACCESS Freely available online @PLOS | one

A Year in Hypoxia: Epibenthic Community Responses to
Severe Oxygen Deficit at a Subsea Observatory in a
Coastal Inlet

Marjolaine Matabos'?*, Verena Tunnicliffe'?, S. Kim Juniper'?, Courtney Dean’

1 School of Earth and Ocean Sciences, University of Victoria, Victoria, BC, Canada, 2 NEPTUNE Canada, University of Victoria, Victoria, BC, Canada, 3 VENUS, University of
Victoria, Victoria, BC, Canada




Long term observations

S data in Saanich Inlet



Research results - Seasonal
patterns

Deep-Sea Research II 92 (2013) 114-123



Research results - bioturbation

Surface-sediment bioturbation quantified with
cameras on the NEPTUNE Canada cabled observatory

K. Robert'*, S. K. Juniper!-2

Sea Urchin 4 Flatfish

Frequency

: 2 Mar. Ecol. Prog. Ser. 2012
Number of days required to turnover the 8.8m< study area . 10.3354/meps09623



Seasonal faunal dynamics in a coastal
Arctic setting — Cambridge Bay,

Nunavut
Preliminary Results (J-A Dorval. ISMER-UQAR)
- Faunal abundance increase in summer
o explained by temperature & dissolved oxygen
changes
- No seasonal change in diversity
- Faunal activity higher in winter
* reduced food supply?
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Experimental use of observatories

Organic
enrichmen
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Need for more efficient tools for |

extracting biological data from imagery

e Growing archive of >10 000 hours of
HD video imagery

e Potential for advancing understanding
of deep-sea faunal dynamics

e Small community of specialists

 Automated image analysis still very
limited



Computer vision experiments

Develop algorithm to count the number of sablefish
(Anoplopoma fimbria) in one minute video segments

Application: understanding seasonal abundance
patterns of high value commercial species

Method inspiration:

C. Spampinato, et al, “Detecting, tracking and
counting fish in low quality unconstrained
underwater videos,” in Proc. 3rd Int. Conf. on
Computer Vision Theory and Applications
(VISAPP), Funchal, Portugal, 2008, pp.514-
520.




Approach

3 system major components:
* Preprocessing component to enhance underwater
Images and reduce noise.
e Fish detection module to segment fish from
background.
 Fish tracking system to track and count segmented
fish.

. . Tracking &
Pre-processing Segmentation Counting



Tracking and Counting Results

Valid fish tracks are counted
For visual evaluation, bounding boxes are
displayed in video.

Original video Final result




Automatic Fish Counting System IEEE Oceans 201
for Noisy Deep-Sea Videos

Ryan Fier Alexandra Branzan Albu Maia Hoeberechts
Dept. of Electrical and Dept. of Electrical and Ocean Networks Canada
Computer Engineering Computer Engineering University of Victoria
University of Victoria University of Victoria Victoria, BC, Canada
Victoria, BC, Canada Victoria, BC, Canada E-mail: maiah@uvic.ca
E-mail: rafier@uvic.ca E-mail: aalbu@uvic.ca

Detection module:
e Precision: 65.8%
o Sensitivity: 84.5%

False negatives - fish “camouflaged” in Failed tracking
background.

False positives - background subtraction
susceptible to noise.

Tracking and Counting module:
* Precision: 83.8%
e Sensitivity: 77.9%

False negatives increased due to slow moving
fish and crowded scenes. N
Significant decrease In false positives.

Successful tracking



Citizen Scilence

 Crowd-sourced science

e Citizens gather or analyze data

e Direct benefits to scientific research

e Can serve outreach and education goals

ZO@NIVERSE Twopatn Egementi

seafloorexplorer.org

IR,
Help explore the ocean floor =

View details
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Digital Fishers. A crowd-sourced ocean science

observation game.

Help to contribute to our understanding of:

e Environmental factors in the deep
ocean.

e Biodiversity associated with deep-
sea environments.

e How species interact with each
other and with their environment.

Get Started Playing Digital Fishers
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Current Mission

oablefish (black cod) Countdown Redux!

Expert-Student-Computer-Citizen Scientist: How does the crowd
compare? What do you do when your experiment retums a variety of
results? You run a second trial. Hey that's real science. So, here is T,
the challenge: We need more comparable results from our sablefish — %\ Wty Status
competition. We need to compare apples to apples or in this case Mt
sablefish to sablefish. So, this time we are asking you to count the
sablefish exactly as we are doing in our labs.

View My Cards

Level: 1
Total Annotations: O

Today's Annotations: 0
We have added the full video clips from Barkley Canyon, where we

sampled 1 minute every half hour to study the behaviour/activity
rhythms of the animals. Can you be the scientist? Here's the big

Digital Fishers Leaders

clip - up to 1 minute of your timel Seems simple encugh... el Ltz
Name: Harold Smith
Speclal Instructions Level: 5

: . : : : Total Annotations: 20372
For this mission, in addition to your annotations on the variety of sealife, we ask that you pay particular attention to the sablefish. We

need you o count the number of sablefish that you see throughout the entire clip. Every sablefish. Even if it is only part of a
sablefish or if you think the same sablefish came back into the screen. At the end of the clip, your screen will pause. You can then
select Sablefish and a corresponding number (0-12) from the dropdown menu.

*NOTE: If you are a retumning user, this is a different task than you are used to.*
Mszet the competitors

1. Scientist (PhD student): A research group in Spain is investigating the influence of the daily and tidal cycles on the activity of
the sablefish. A PhD student from their lab analysed these videos, counting fish and invertebrates, and focussing on the
sablefish because of their large numbers.

2. Experienced users (biology class): 60 students in a biology class at the University of Vicioria analysed these videos and
counted the fish.

3. Automated detection (computer algorithm): We have a PhD student who has developed a computer algorithm; this mission ‘
can be used as a reliability test. \
4. General public/citizens [Digital Fishers): YOU ‘
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