\PY 20, s
L (

Arctic Freshwater Systems: Hydrology and Ecology
Highlights and Preliminary Results

Iy g0V

Fred Wrona and Peter di Cenzo
IP3 Annual Workshop
Whitehorse, November 12-15, 2008


http://www.rom.on.ca/exhibits/pearls/graphics/exhibittour_ccshells.jpg

Arctic Freshwater Systems:
Hydrology and Ecology

Principal Investigators: Fred Wrona and Alain Pietroniro (EC)

Co-Investigators:

Bailey, Robert (UWO)
Baird, Donald (EC)
Beltaos, Spyros (EC)
Bonsal, Barrie (EC)
Carey, Sean (Carelton)
Culp, Joseph (EC)
Curry, Allen (UNB)
Davison, Bruce (EC)
Déry, Stephan (UNBC)
Granger, Raoul (EC)
Hayashi, Masaki (U of C)
Hicks, Faye (U of A)
Janowicz, Richard (Yukon Government)
Kent, Robert (EC)
Lesack, Lance (SFU)
McCauley, Ed (U of C)

McLennan, Donald (PCA)
Marsh, Philip (EC)

Perrie, William (DFO)

Peters, Daniel (EC)

Pomeroy, John (U of S)
Prowse, Terry (EC)

Quinton, William (Wilfred Laurier)
Reist, Jim (DFO)

Ross, Dale (EC)

Schertzer, William (EC)

Soulis, Ric (U of W)

Spence, Chris (EC)

Tuominen, Taina (EC)

van der Sanden, Joost (NRCan)
Young, Kathy (York U)



Arctic Freshwater Systems:
Hydrology and Ecology

Through integrated, multidisciplinary hydrological, climatological, and
ecological field studies and laboratory analyses this research project
will:

* improve our process-level understanding of freshwater and
nutrients flow to the Arctic Ocean

* develop improved predictive models for freshwater and nutrient
flux

* develop a unique legacy database of freshwater biodiversity and
related environmental information on Arctic freshwater
ecosystems

* develop and provide tools and capacity in northern communities
for improved community-based monitoring and assessment of the
status and trends of the health and integrity of Arctic freshwater
ecosystems



Thematic Components — Arctic
Freshwater Systems

Theme 1: Freshwater Flux and Prediction

Theme 2: Nutrient Flux and Prediction

Fommunity=pased Capacity
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Theme 1: Freshwater Flux and Prediction
(Theme Leaders: Pomeroy and Pietroniro)

* Quantification of key hydrological/cold regions
processes/parameters affecting freshwater flux to the

Arctic Ocean.

* Validation and improved coupling of hydrological/land
surface models to predict freshwater flow/flux to the

Arctic Ocean.

* Improved assessment of the hydro-climatology of the
Canadian Arctic (including trends and teleconnections).




IPY-SCAREF: International Polar Year - Study of Canadian Arctic River-delta Fluxes

Theme 2: Nutrient Flux and Prediction
(Theme Leaders: Lesack and Marsh)

* Develop an improved hydraulic model of river-flow and
water levels in the Mackenzie Delta considering break-
up and ice-jam flooding.

* Assessment of the role of lakes in storing water, and in
affecting nutrient dynamics.

| ‘Qai-y and predict nutrient fluxes into the Delta a'ndﬂ '
seasonal dynamics of nutrient fluxes to the Beaufort




Theme 3: Aquatic Ecosystem Hydro-ecology and

Ecological Integrity

(Theme Leaders: Wrona and Culp)

Synoptic assessment of freshwater biodiversity and ecological
integrity in relation to latitudinal gradients, and development of a
unique legacy database of freshwater biodiversity (including geo-
referenced and genetically bar-coded specimens) and related
environmental information on Arctic freshwater ecosystems.

Hydro-ecological sensitivities/responses of lentic ecosystems to
climate variability and landscape perturbations.

Hydro-ecological sensitivities/responses of /otic ecosystems to
climate variability and landscape perturbations.




Theme 4: Community-based Capacity Building

and Outreach
(Theme Leaders: Kent and Spence)

* Community-based aquatic biomonitoring programs —
training and implementation.

* Acquisition and incorporation of TK into aquatic
ecosystem monitoring programs.

* Community outreach.




Ties with other IPY Projects

Arctic Freshwater Systems: Hydrology and Ecology ties in with other
Environment Canada IPY projects: (a) the Zadra TAWEPI IPY (to make
use of its high resolution (15 km) gridded meteorological data over the
Arctic); and (b) the Walker State and Fate of the Cryosphere IPY (to
take advantage of improved knowledge of cryospheric processes for
hydrological and ecological modelling purposes).

In terms of linkages to other Canadian IPY projects, this project links in
with the Reist et al. (DFO) Arctic Char project to assess ecological
biodiversity and integrity of Arctic freshwater ecosystems and food
webs.

In terms of other International IPY projects, the proposal links to Arctic-
HYDRA (Iceland), the Circumpolar Biodiversity Network (CBMP),
Northern Lakes (Denmark), and the Biological Diversity Network
(Norway).



Arctic Freshwater Systems:
Relevance to IPY Priority Themes

. To determine the present environmental status of the polar regions by

quantifying their spatial and temporal variability.

. To quantify, and understand, past and present environmental and human

change in the polar regions in order to improve predictions.

. To advance our understanding of polar - global interactions by studying

teleconnections on all scales.

. To investigate the unknowns at the frontiers of science in the polar

regions.

To use the unique vantage point of the polar regions to develop and
enhance observatories studying the Earth's inner core, the Earth's
magnetic field, geospace, the Sun and beyond.

To investigate the cultural, historical, and social processes that shape the
resilience and sustainability of circumpolar human societies, and to
identify their unique contributions to global cultural diversity and
citizenship.

ADDRESSES CANADIAN IPY PRIORITIES:

Science for climate change impacts and adaptation
Health and well-being of northern communities R
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Over the past couple of days, we have heard in detail the great
progress made on many fronts that contribute to our Theme 1.

What follows are highlights and preliminary results of some
activities (not all inclusive) under our Themes 2 - 4.
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.”-ﬁ.':'*:'"':t 1. Implementing, refining, and testing an enhanced 1-D

i ' H ":;I':
S hydraulic model of river flow .#
. Field investigations of real-time ice jams R
. Identification of river ice cover and breakup patterns via
satellite image analyses o’

. Linking the hydraulic model to a model of storm surging }'&5-3
effects from the Beaufort coast :

. Estimation of off-channel water storage

:"I"::":'? 12.Improved nutrient characterization of the Mackenzie
| River water




Intensive Field Investigations

Ice characteristics

Breakup monitoring Discharge measurements GPS surveys
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: Over the past 30+ years, summer low-water levels in the lower

. Mackenzie Delta may have increased by an amount (0.3 m)

= equivalent to three times local sea level rise (0.1 m) over the same =
~ period. Such amplification of recent sea level rise has been

““4 unexpected and may be a result of enhanced storm surges in

il _ response to receding arctic sea ice or coastal backwater effects on

AL NS e y
. the river flow.

ﬁ' IﬁH: :,:'.1

‘31%?@ Also, investigations suggest a recent decline in river-ice breakup
 effects in the delta that historically have been an important control
on annual peak water levels, resulting in lower water levels in the
~ lakes located at higher elevations further away from the Beaufort

If these two changes in the system (via two differing global change
4.4 | mechanisms) are real, fish habitat in the delta will change, overall
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Climate change and a warming Arctic Ocean are havirg 2 dramatic effect on the vast network
of lakes in the Northwest "erritories' Mackenzie Detta, according to & geographer who has
discovered rising water levels over the |ast few decades.

Recent data shows water levels have risen ir 6C per c2nt of the Delta's 45,000 freshwater
lalkes over the past 30 years, with some low lying lskes going up by nearly 30 centimetres.

The results ae about three trmes more sevete than predicted, said Lancz L2szck, a



Aquatic Biodiversity Assessments

* Yukon Synoptic Survey
* Mackenzie Upland Lakes Study

* Eastern Arctic Synoptic Survey
* Parks Canada Study
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Biomonitoring Stations
in Yukon Territory
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Fish species observed 2004-2007



http://www.fishbase.org/Photos/PicturesSummary.cfm?StartRow=8&ID=258&what=species
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Benthic Macroinvertebrates observed 2004-2007

%

*9 Classes S
* Insecta, Clitella, Arachnida, Gastropoda, Pelecypoda,
Malacostroma, Nematoda, Crustacea, Entognatha
* 21 Orders

* 65 Families
* 130 Genera






135" a0

Beaufort Sea ' - Mackenzie River basin
| Treeline

' 2
- Tukloyiktuk *ra, Delta

Elavation

r £ B~R

Yellowknife
9 T %lytsel ke

i Mackenzie Upland Lakes
| Slave Delta

Lake
Athabasca

X

£ o~ -
A thipewyan' Paace Athabasca

i
-t Delta
R T BIRCH
S A NS\
= HILLS ;‘H'un HILLS
i~ :i'x Peace _—f"‘f:ft
; : * River G MMy
T — 7 = |CREECHAM || 9
B b ” Dau:ueac Grande G [ Hos 55
Prince
® Rupert
|". &
0 I
U
Paific ‘s -
Ocean ”




Sampling Program — Each Lake

Sample

Significance

water quality

nutrient availability, water
chemistry, physical aspects of
water column

water column
chlorophyll a content

phytoplankton, macrophyte
biomass estimate

phytoplankton dissolved
: oxygen uptake
v, | (incubated bottle experiment)

phytoplankton, bacterioplankton
production (carbon uptake)

Phytoplankton/zooplankton
net haul

Phytoplankton/zooplankton
assemblages

periphyton chlorophyll a
content (sediment core)

periphyton biomass estimate

zooplankton net haul

zooplankton assemblage

sediment core

invertebrate biomass/diversity
Sediment chemistry




Mackenzie Upland Lakes - “counter-intuitive” clearing of lake water

Ground surface
and lake bottom

Border between
active |ayer and permafrost

UNAFFECTED LAKE

Ground surface Hypothesized previous
and lake bottom active layer/pemn afrost border

Lake surface

(low water colour) Border between

active layer and permafrost B

SLUMP-AFFECTED LAKE




Hypothesis 1:

Increased water column turbidity/colour/nutrient
geochemistry and related productivity/food web
relationships are determined by geophysical watershed
characteristics (e.g. Drainage Ratio - drainage area/lake
area, Watershed Slope, and Water Residency Time).

Hypothesis 2:

Permafrost-related geochemical-sediment interactions in
“thermokarst slumped” lakes reduce DOC and nutrient
concentrations in lake water .

Hypothesis 3:
A combination of hypotheses 1 and 2.
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Eastern Arctic Synoptic Survey




Eastern Arctic River Biodiversity and Function

Primary Objectives:

Establish baseline physico-chemical and benthic
biological data with emphasis on eastern Arctic rivers

Determine focal sites for long-term biomonitoring

Undertake intensive research of benthic food web
structure and function at selected focal sites

Support community-based biomonitoring programs to
extend baseline coverage across the Arctic

DNA barcoding of field collections



Initial Focus: Northern QC and Labrador
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Research Program for 2008-2009

. Koroc River: links to QC park & George River community
* repeat sampling (BMI, WQ, data loggers) of focal sites
*  fish community surveys of focal sites
* fish community surveys in lower lakes (stakeholder linkage)
*  citizen monitoring outreach for CABIN sampling
2. Torngats National Park:
*  river ecosystem productivity (lake vs non-lake; fish vs fishless)
*  collaborative monitoring with Parks Canada

3. Eastern Arctic Latitudinal Gradient:
*  ecosystem function in Torngats, Baffin & Ellesmere Islands
*  DNA bar coding

. CABIN North: extend functional and structural assessments to
western Parks through collaboration with CABIN program + DNA



Great Bear Lake Study
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Investigations on Great Bear Lake are the most spatially intensive
and extensive research ever conducted on this very large northern

lake which includes meteorological observations at Deline and
Lionel Island, and limnological observations of temperatures,
currents, and light transmission in the water column.
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Parks Canada Study

Parks Canada’s involvement in the IPY “Arctic Freshwater Systems” is providing
critical baseline information to establish a cost effective long-term program for
assessing ecological change in freshwater ecosystems in arctic and subarctic
National Parks.

Four inter-related sub-projects have been developed:

1. Development and evaluation of a hierarchical ecological classification system
for freshwater ecosystems in northern national parks

2. Development and evaluation of freshwater monitoring measures for use in
northern ecosystems

3. Development and application of protocols to monitor the ecological integrity of
northern streams: testing protocols at a landscape scale in the South Nahanni
Watershed

4. Development of a modular and incremental multi-scale watershed-based
monitoring design to assess multiple ecosystems and their linkages



Community-based Capacity Building and Outreach

A community-based aquatic biodiversity monitoring consortium/network involving long-term
monitoring sites in the Canadian Arctic is being established through CABIN, which is a
collaborative programme developed and maintained by Environment Canada to establish a
network of reference sites with the data collected easily and freely available through the
Internet to all users interested in assessing the biological health of fresh water in Canada.

Information collected and archived through community-based monitoring will provide
excellent baseline information of the current state of aquatic ecosystems in the North.

Other capacity building and outreach activities include training and hiring of northern
students and community members, community consultations and meetings, presentations,
websites, posters, etc.







To Sum Up

Through integrated, multidisciplinary hydrological, climatological,
and ecological field studies and laboratory analyses, this research
project will: (i) improve our process-level understanding of
freshwater and nutrients flow to the Arctic Ocean, (ii) develop
improved predictive models for freshwater and nutrient flux, (iii)
develop a unique legacy database of freshwater biodiversity
(structure and function) and related environmental information on
Arctic freshwater ecosystems and (iv) develop and provide tools
and capacity in northern communities for improved community-
based monitoring and assessment of the status and trends of the
health and integrity of Arctic freshwater ecosystems.

Even though Arctic Freshwater Systems is only in the second year
of its research program, much information has been collected thus
far, and this project is making great advances with regard to its
research priorities.



http://www.ec.gc.cal/api-ipy

Thank You
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