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Emerging Technology Workshop - schedule

Monday Tuesday Wednesday Thursday
9-10:15 Intro Lecture Lecture Lecture
Scott McKinley Wendy Scott McKinley | Ullrich Krull
(9-9:30) McFarlane
Lecture
Gary Sprules
(9:30-10:30)
10:15 - Break Break Break Break
10:45 (10:30-11)
10:45-12 Lecture Lecture Lecture Visitor’s
Nigel Tom Singer Chad Gubala Centre
Lester/Trevor or
Middel Nature Hike
(11-12)
12-1:30 Lunch Lunch Lunch Lunch
1:30 — 4:30 | Workstation 1 — | Workstation 1 — | Workstation 1 — | Workstation 1 —
Group A Group B Group C Group D
Workstation 2 — | Workstation 2 — | Workstation 2 — | Workstation 2 —
Group B Group C Group D Group A
Workstation 3 — | Workstation 3 — | Workstation 3 — | Workstation 3 —
Group C Group D Group A Group B
Workstation 4 — | Workstation 4 — | Workstation 4 — | Workstation 4 —
Group D Group A Group B Group C
Presentations:
W. Gary Sprules
Department of Zoology

University of Toronto

“Why fisheries biologists should worry about plankton, and how
to measure it”

Nigel Lester
Resource and Community Assessment Unit
Ontario Ministry of Natural Resources

“Developing a sonar method for estimating lake trout abundance”




Wendy MacFarlane
Waterloo Biotelemetry Institute
University of Waterloo

“Applications for physiological telemetry”

Tom Singer

Waterloo DNA Microarray Laboratory

Waterloo Biotelemetry Institute

University of Waterloo

“DNA Micro-array: applications to aquatic research’
R. Scott McKinley

Waterloo Biotelemetry Institute

University of Waterloo

“Biotelemetry procedures and applications”

Chad Gubala
JC Headwaters Canada, Ltd

“Aquatic Asset Inventoring - Knowing What You Have”
Ulrich J. Krull

Chemistry Department

University of Toronto

“Towards the detection of pathogenic organisms in real-time”

Workstations

For accommodation to the workstations, participants will be separated into four groups.
Each group will attend a different workstation over the four days.

Workstation 1 — Plankton/Water quality. Gary Sprules
Workstation 2 — Data analysis — hydroacoustics. Chad Gubala

Workstation 3 — Data analysis — Telemetry; fish handling techniques; tracking. Lori
Flavelle and Jennifer Wilson

Workstation 4 — Demonstrate remote sensing of plankton, water quality, bathyometric
mapping (bottom profile, bottom type), integrated with geo-referencing,
mapping techniques and biotelemetry. Scott Milne



“Why fisheries biologists should worry about plankion and how fo measure it”
Gary Sprules

Why fisheries biologists should
worry about plankton, and how
to measure it.

W. Gary Sprules
Department of Zoology
University of Toronto at Mississauga
Mississauga, ON L3L 1C6
905-828-3987
gsprules@gyclops.erin utoronto.c2

All erorgy entering » fake comes Gom the sun. Algac use this ensegy to 5 sarbon which is
‘ransforred to bectesia, a variety of invertbrates and ultimately fo sk,

Algas {chlorophyl] in this image across the central basin of Lake Eric) can be quite petchy in its distribution,
indicating Dt the quality of squatic habitst iz not uniform [dats sofiecied by uadulating 2 Secrometar from
sfact 1o dopth o5 & ship wavessed the 69 kin north-south width of the basial.

3

bi 2350 bo paichy, 5 the quslity of hebisst for tarval or plackfivorous fish growth is not
niform [data sotlotnd by mndalating an Optieat Plankion County in the same fashion as the fiuarometer].
4

with which wmoves through the food web cxa depend aa spatis]

patterns of peedators and their proy. Here 3 grazing zooplasikier cxpetienses high oost of searching
Tor maigimal food gain fn » uniforly low prey deasity.

r

By contrasi, graziag in a high concentration peloh of proy tips the energy balancs in favour of
‘growth becsuse searching costs ase low whils ingestion is high The seme ssguments apply at all
trophic Hinkeges in the food web.
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“Why fisheries biologists should worry about plankion and how fo measure it~
Gary Sprules

it is thus important to be able to measure the
spatial and temporal patterning of plankton biomass
in lakes in order to:

® quantify the volume of high quality fish habitat

® document seasonal changes in the location of this
habitat

* assess the capacity of a lake to produce fish
taking into account spatial and seasonal variations
in the structure of the whole food web

A powerful altorativo to raditional point sampling wohniquss i the uss of a variety of
continuous electronic sensors, cach sensor designod for 2 particulss trophic group of
organisms. Those sensors provide continuous observations while fowsd behind a vessel
with spatial resclution up fo fractions of s meter horizontally and centimetres vertically.
For algas the uso of & fuoromeler (on loft sbova) fos tmzasuring chlorophyll concentration,
in combination with a fight sensor for messuring photosyathetically active radiation- PAR
(right above) provide the basis for integsated, spetialty oxplicit estimatss of carbon fixation
a1 the baze of the food web.

LIGHT BEAM
RECTANGULAR X-SECTION
4 X 20 min
WAVELENGTH=B40mm

RECEIVER

™

ZAMPLING

FUNNEL TRANSMITTER

Continuous ion and body size can be made with an Optical
Plankion Counter (OPC). As the OPC is owed behind a vessel, zooplankton pass throvgh the sampling
tunnct and broak & light beam that rosults in an organism being counted and sized. Such daia form the
basis for ths image shown in Slide #4 - = whole water column profile of zooplerkton biomass slong 4
69 ke rcas-take transeot.

Traditiona} methods of net sampling for zooplankton (ioft) or integrated water sampling for slgac (right)

provide very low spatisl sesolution. Microscopic procsssing of sch samples requires specislized

aining and cnommous smownts of ime. In futurs such tochiques will be used oy to provide pariodic
ndtrathing of more powerful i

JULY, 1996 (Millard, DFO, Burlington)

8.5 4
6.0 4
55 4
5.0 4

LN P-opt (mgC m* ¢

0 0.5 1 18 2 28

LN (CHLOROPHYLL ug I')

The chicrophyll coseentrations can be scaled to primary production a2 foag as & few: diroat xpecimental
messures of carbon uptake ate made (data courtesy S. Millard, DFO, Burlington).

Shuter & ing CJFAS 1987

H i 15 20 25 30
TEMPERATURE °C

Zooplankton daily growth rate is strongly Aependent on temperatore. Many recordets are available for
<onticuous lemperatire measurement.
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“Why fisheries biologists should worry about plankion and how to measure it”

Gary Sprules

These various trophic measurements can be computed in
2n explicit spatial manncr. Chiorophylt (Siide 3) and light
‘penctration can be scaled o primary production (top right),
Temperature (fop 1R) and zooplaskion biomass (Stide 4)
2re used to compute zooplagkion production, which can be
scaled to consumption (botiom left) assuming growth
efficiency is soughly constant. Zooplankton consumption
of primary production constitute one of the principal
pathways of eacrgy transfor noar the base of the food web,
and this transfer is spatially explicit in those fmsges for the
central basi: of Leko Eric, Segtomber, 1994,

R R R R

To profile: the whole water column, the OPC has to bs undulated from surface fo depth thus leaving large
ascas of unsampled water. High frequency scoustics (710 kFz) provides a complementary technology that
continuously profiles the water solumn from near surface to 2 depth of sbout 14 m. This acoustic image
shows high night time zooplankton biomass (red colours to the eff) just off the Harkness Lab site in Lake
Opeongo on Angust 12, 2001 and much lower biomass st the same location during mid day. 14

Althoogh it is more difficul o oxiract organism size and numerical density from the acoustic signal than the
QPC, acoustic data provids mors complete information on spatial patterns in biomess. In tis image a il in
istribution. Such

the south arm of Lake O sherp brown botom dearty affect:
boriom featuros may orsate iocal babitats of high quality for fish specics o developmental stages dependent
on zooplaniion. 15

Combining the spafial biomass dat for varions frophic groups in the foodwsb vith mmaperstire. o Hight-
determined raies provides a spetiaily explicit summary of energy flow. Hore for the cest basin of Lake Erde
e scasonat production (ki yr* within boxcs) of smelf, bechivorous zooplankton, and camivorows
zooplankion ars shown. Valus on the arrows indi on. Cleasly carms

strongly compsta with smolt for the aveilable herbivorous zooplankton production ~ in fact they sensima
most of it.

5
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“Developing a sonar method of estimating lake trout abundance”
Nigel Lester, Trevor Middel

Developing a sonar method of estimating lake Trout
abundance

Nigel Lester
Trevor Middel

The Resource

= Many lokes & species
« » 2000 loke trout lakes
» » 3000 walleye lokes
» also pike, bass, perch, ..

+ Large economic valse

Emerging Technologies Workshep
Harkness Lab
Sept 17, 2001
The Problem The Solution
= Lakes subject to stress « Unbiased sampling
- exploitation « Periodic reporting

- habitat degradation
« species introductions

- Don't know what's happening
« Menitoring is expensive
« Sampling is biased

ot o o e T bt S i

. Adaptive management approach
. Operate af appropriate scale

Development of a program

. Design for selecting lokes
« TIndicators and criteria for evaluating health
« Efficient sampling methoeds

Minimum sampling program

. Lake bathymetry {done for 10000 lokes)
«  Water quality

= Fish abundance

= Angling stress
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“Developing a sonar method of estimating lake frout abundance”
Nigel Lester, Trevor Middel

Estimating fish abundance

o

Need estimates for "valued” fish species
> Lake trout, walleye, bass, pike

Traditional methods
- mark-recapture
- index netting

o

> Can sorar be used?
. Start simple - lake trout
« What information needed to estimate adult lake trout abundance
from sonar survey?
= What is optimal design?
» Other benefits (non-invasive, size spectrum)

Model-based approach

- Ainimum size of adult lake trout (35-50 cm)
« Identify confusing targets (other species of similar size)
+ Spatial distribution of lake trout and confusing targets

- Canwe define rules 1o interpret sonar date?

Methods

Study “known” populations of lake trout
« Opeongo, Smoke, Louisa, Drag, Whitepine, Squeers, ...

Develop spatial distribution models of species
o depth/time stratified index netting
- telemetry

Conduct acoustic surveys
+ Calibrate target strengths
» Apply spatial models to estimate lake trout sbundance

Compare estimates with known abundance

Lake selection

- Yoriation in
- lake size
= lake trout density
- lake trout forage base
« confusing targets (other species)

mark-recapture
index netting
telemetry studies

= Lollaboration needs
> sonar surveys

Lake Opeonge

Area = 5860 ha

mark-recap studies (1994-1996}
7600 lake trout (> 450 mm)

1.3 fish/he

Fish Community of Lake Opeongo
Coldwater Species

Round Whitefizh

Loke Whitefish
White Sucker
Brook Trout Burbot

Warmwater Species

Emerging Technologies Workshop — GLFC — Sept 17-21, 2001
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““ Developing a sonar method of estimating lake trout abundance”
Nigel Lester, Trevor Middel

Daytime Netting (summer) - Lake Opeongo Overnight Netting (summer) - Lake Opeongo
1ake trout Othar species Lo rosst ther spasiss (isReh and Burbel}
i 1 i |
i 33‘.; s =
" enc dupth ] ’ Ccedemme U i T i
Tentative Spatial Mode! {Opesngo) Lake Trout Telemetry

s+ Adult > 450 mm » Telemetry of lake trout conducted 1998-2000
- below fhermo;lme « 8-10 lake frout tracked per year

= daytime activity « Temperature and depth sensing acoustic tags

+ provide information on where lake trout “hang out”

Importance of Structure?

xes 1998

£

Lake Trout Fi
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“ Developing a sonar method of estimating lake trout abundance”
Nigel Lester, Trevor Middel

Temperature Sensor Data

It Fish # 355 1599
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w Refinement of Spatial Model

14 - “~—Fish-#-610

12 PEELT Sy P Tt

M DRI YR LY KAV P - Orientation to structure and possibly specific substrate
¢ R Types . )

M » Temperatures indicate fish are below thermecline as
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b Fish # 279 = Netting suggest that in LT are suspended more
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. NI C ot o Sty )
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Date (2000)

Echogram
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Tumpozaery €

Target Strength

Target strength (TS) is a measure of reflected sound
energy

Target strength is proportional 1o fish size

Target strength varies with tilt, roll and depth of fish
What is the maximum target strength of a 450 mm or
larger loke trout?

What is the variation in target strength of o 450 mm or
larger lake trout
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“Developing a sonar method of estimating lake trout abundance”
Nigel Lester, Trevor Middel

Calibration Proposal

- Develop target strength - fish size relationships for key

species of coldwater fish and discover variation in TS
due to factors such as aspect and roll and depth

» Combine this knowledge with spatial model and attempt

to estimate lake trout abundance in lakes for which
population estimates are available

Development of Theoretical TS Models

» Obtain dorsal and lateral radiographs for key species of fish
in order to measure swim bladder volume and surface area

Lake Trout

Burbot

Theoretical Target Strength

. Develop swim-bladder - fish size relationships for key

species

[y

e o i . S Sy S 73
Comamn A a3

[P

oo ———
comsion F o0

4

0

o 8

o a1
838

=
oot o s

Theoretical Target Strength

« Following work of Horne and Clay (1994), develop
theoretical TS - fish length relationships for key
coldwater fish species

In Situ Target Strength Measurements

- Record target strengths of single fish of a known size
*free swimming” in an enclosure

. Record farget strengths of single fish of a known size
suspended at various depths in a small enclosure

Comparison of Theoretical TS vs. Observed TS

- Examine relationship between predicted and observed
maximum TS for key species

. Examine variability in TS observed from “free swimming”
fish in enclosures

266 Lakeshore Road E. Oakville, Ontario L6J 1H9; 905-849-0210 voice; 505-849-0234 fax




“Developing a sonar method of estimating lake troul abundance”
Nigel Lester, Trevor Middel

Application of Spatial Model and TS Calibration

. Collection of sonar data through LLT project following
multi lake design

. Estimation of lake trout densities from sonar surveys in
lakes with population estimates available

Summary

Need more cost-effective methods of assessing
abundance

Model-based approach

» spatial ecology of lake trout and confusing targets

« multi-lake design - spatial rules may vary

» calibration of sonar data (target strength vs fish size)
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“Applications for physiological telemetry”
Wendy McFarlane, Scott McKinley

Applications for

physiological telemetry

Th Unimorany of Brish Coluesbia
Z

EWELS

Biotelemetn

from animals 1
CNVIronment

View ooy irommental change “trom the

PL‘I\}\‘\'U\ ¢ ot the sh7
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“Applications for physiological telemetry”
Wendy McFarlane, Scott McKinley

hoart
ot sonthalien roguenady

focemelon acbiviy
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“Applications for physiological telemeiry”
Wendy McFarlane, Scott McKinley

d swimming)

White #Muscie

\ red muscle -y £ 4 Red Muscle
(low speed swimmng) D

Pransmiter i
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“Applications for physiological telemetry”
Wendy McFarlane, Scott McKinley
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“Applications for physiological telemetry”
Wendy McFarlane, Scott McKinley
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“DNA Micro-array: Applications to Aquatic Research”
Tomas Singer

DNA Microarray: Applications to Aquatic Research

«Whatis DNAY
- How does it
» Applications ¢

« Web based r

Why study gene expression ?

What is DNA Microarray?

« New enabling technology that represents a rapidly
growing field

- Invented by Dr. Patrick Brown, Stanford Universi
in 1998

- it allows the monitoring of the
thousands of genes simulta
expression profiles)

Traditional approaches have examined “one gene
in one experiment” i.e. Northern Blots

Time aher Tranafer £W o SW
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“DNA Micro-array: Applications to Aquatic Research”
Tomas Singer

How does it work?

DNA Microarray Applications ) ) .
DNA Microarray : Basic Principal

1. Large-scale gene discovery : identification of
complex genetic diseases

2. Drug discovery and toxicology studies

3. Screening of disease-specific genes

4. Mutation/Polymorphism detection {SNPs)
5. Pathogen analysis

Main use in human and medical research.

DNA Microarray : Equipment

How does DNA Microarray work 7

DNA Microarray experiment

%  J.C. Headwaters Canada, Ltd.,
765 Lakeshore Road E. Oakville, Ontario L6J 1H9; 905-849-0210 voice; 905-849-0234 fax
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“DNA Micro-array: Applications to Aquatic Research”
Tomas Singer
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“DNA Micro-array: Applications to Aquatic Research”
Tomas Singer

r—
o negs

¥ 30 ke 7 28 70 w4 198 WZTIS 268 264 2 302 0
Tove gws)

Changes in gill CFTR1and CFTR § expression following
abrupt seawater exposure

DNA Microarray experiment

» Example 2
Sutational an

TCT CTG GLT CTG AGG

TCTCTG G TOTG AGG
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“DNA Micro-array: Applications to Aquatic Research”
Tomas Singer

Applications of DNA Microarray to Aquatic Research Website Resources

3. Gene Dis
4. Pathogen analysis

8. Genotyping
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“Bio-telemetry procedures and applications”
Scott McKinley

i1s biotelemetry?

“Attachment of a wireless
communication device to an
animal”

environmental change

of the animal

,/f 1980

anétitters

i1 - radio/acoustic

R J.C. Headwaters Canada, Ltd.,
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“Bio-telemelry procedures and applications”
Scott McKinley

almonids, sturgeon)

biosensor emg (swimming
musculature), heart rate

ic Characteristics

chion time of less than 15

; ime short, ie, Less

than 5 minutes
Non-toxic to fish -physiology
-behaviour

- positioning
¥ 2

Ease of handling
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“Bio-telemetry procedures and applications”
Scott McKinley

o] bivtelemetry

positioning 61
single individuals
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‘ “Aquatic asset inventorying — knowing what you have”
Chad P. Gubala

Sensor lntent
Visualiza

1§ Pnkooss

Visual and
Spatial Selutions

AQUATIC
MAPPING
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“Aquatic asset inventorying — knowing what you have”
Chad P. Gubala

Oongo Lak, nquin Park
Ontario. Canada

701000

.

Sridy

Single Target TS vs, Depth For Selection

Emerging Technologies Workshop — GLFC — Sept 17-21, 2001

seescsssenuae

% J.C. Headwaters Camnada, Ltd.,
269 Lakeshore Road E. Oakville, Ontario L6J 1H9; 905-849-0210 voice; 905-849-0234 fax




“Aquatic asset inventorying — knowing what you have”
Chad P. Gubala

oo

June Daytime
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“Towards the detection of pathogenic organisms in real time”
Ulrich Krull, Paul Piunno

The Biosensor Concept

‘RECEPTORS’

~ Immobilization Chemistries for Micro-array Technologies

o A Schematic Representation of the
Fibre Optic Biosensor

_ Single-Stranded

ubstrate Linker

stical Fibre

scent versus the Direct Mode
on and Recovery of Fluores

sin®

Koy=lmespt-2:d
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“Towards the detection of pathogenic organisms in real time”
Ulrich Krull, Paul Piunno

A Sensor Array for Micro-Titer Plate

Dedicated Instrumentation

of Fibre Optic ' Applications

Thermodynamics of Interfacial
Nucleic Acid Hybridisation
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