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Who am I?

Assessing non-point source pollution in agricultural regions
of the upper Saint John River basin using the slimy sculpin
(Cottus cognatus)

* effects-based assessment, environmental monitoring,
basic ecology
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PAST PROJECTS

* Hydro facilities — MB Hydro

* Diamond mine — Diavik Diamond Mines

* Traditional medicinal plants - Atlantic First Nations Environmental Network

* Canadian Aquatic Biomonitoring Network (CABIN) — ECCC

* Baseline condition characterization near shale gas development — NB Energy Institute
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CURRENT PROJECTS

* Landscape-level effects of intensive forest management on fish health — NSERC and JDIrving

* Smallmouth bass and chain pickerel predation on smolts in NS - with Bluenose Coastal
Action Foundation
* Freshwater mussel rescue and relocation — NB DTI

* Water quality management triggers for the Saint John River — NB ETF & Atlantic Ecosystem
Initiative (AEI)



CRI’s vision is to make every river a healthy river
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ECOSYSTEM STUDY

Surface Waler Monitoring

Mactaquac Aquatic Surface Water Monitoring
Ecosystem Study - The Data




What is a healthy river?

Who decides?



Brief Outline

Watersheds 101
Forest harvest interactions
Some research findings

Take home thoughts..




Watersheds 101




Concepts that dominate research and management

Watershed - management unit based on
catchment area

Whatever happens in a watershed—and it can be miles away—
can affect the lake, stream, or river.

Watershed—the area that drains into a lake, stream, or river
via streams or ditches, directly over the ground surface,
or through the ground.

River Continuum - management based
on connectivity

River Continuum

Nutrient release from the b
transport by water, and the dow
uptake by the benthos produce nut:




STREAM ORDER

Aquatic Ecosystem Services (AES)



15T and 2NP order

‘Steep’
* shallow
* less water at start
e cold water
* groundwater inputs, shade
e clear water
* slope and flow
* larger rocks
* smaller ones moved by flows
* higher dissolved oxygen
* colder, less biological oxygen
demand
* low organic matter
* washed downstream, except
logs




Terrestrial inputs

FILTER FEEDERS...BLACKFLY
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Middle order waterways ... (3" to 4t" order)

Sediment accumulates

* Wider, less energy, slope
reduced
e deposition
* emergent plants
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5th and larger order rivers

e Large volumes

* Increased meanders in lower reaches™

 Warmer (open and less shade)

* More turbid - phyto/zooplankton

* Lower dissolved oxygen, higher biological
demand
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Nutrients, algae

Mud - diverse benthic
life

Fish - scavengers and
others, more diversity




Let’s recap... some ‘predictable’ or expected relationships

River Continuum

Nutrient
Spiralling

Nutrient release from the b
transport by water, and the dow
uptake by the benthos produce nutrie

... #itscomplicated



Forest industry interactions in watersheds




..40% of the province’s population
Why are people concerned? obtain their water supply from

surface watersheds..

Wildlife
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Comeau 2017 - Healthy Water, Healthy People



..40% of the province’s population
Why are people concerned? obtain their water supply from
surface watersheds..

Wildlif

What
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Stressor effects are now subtle — not so in the past

Chemical Organic Dissolved
Stressors matter Oxygen
Hydrological Nutrients Allkalinity
Regime Water Quality
Flow regime Food
Velocity Tgnperature
o Light
Variability . Turbidity
Land use Resbonse Physical Substrate
P Structure Current

Groundwater

Vegetation

d Cover

Ecological \ Width
. Depth
Interactions

Predators Biological (organismal) Factors
Parasites Genetics Age Reproductive Status
Competition Variability Sex Circadian Rhythms
Food Availability

... #itscomplicated



INFILTRATION

Root systems, fallen leaves and organic
material on the forest floor slow down
water and allow it to enter porous soil,
reducing runoff and erosion and
recharging groundwater

EVAPOTRANSPIRATION

Water cycles through the atmosphere
through evaporation and transpiration.
The forest canopy releases water vapor
into the air, regulating precipitation

INTERCEPTION
Multiple layers of forest
canopy shelter soil from
rainfall, reducing erosion

SOIL STABILIZATION
Strong roots and the forest floor hold
back and anchor soil against erosion

BENEFITS:

* IMPROVED
WATER QUALITY

+ REDUCED
DROUGHTS AND
FLOODS




IMPACTS:

FIRE 4 GREATER RlSK OF

¢ ] While they play an important natural role in
‘ é g “ ¢ ¢ “ ¢ ¢ many ecosystems, climate change and human WATER
é “ é “ ¢ é ‘ ¢ disturbances can make fires more damaging. CO NTAM | NATlO N
¢ é ‘ ¢ High-intensity fires can increase runoff,
] ‘ ¢ erosion and toxic sediment

* MORE DROUGHTS
AND FLOODS

DEFORESTATION AND DEGRADATION
Converting land to agriculture or built areas, logging, disease and fire

expose soil and remove vegetation, reducing groundwater, changing
rainfall patterns and increasing erosion, pollution and runoff

EROSION
Soil washes into waterways,
increasing sediment and
pollution, raising water
treatment costs and sometimes
causing landslides



Forest harvest




Forest management activities




Sustainable forest management activities

Aims to conserve aquatic ecosystems & their water resources




Riparian areas
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Forest removal and ground disturbance

f

Potential risks to aquatic ecosystems, water resources and their biodiversity



Sediment sources

* Road building
* Improper culvert placement or size
* Perched/raised culverts as fish barriers




Limiting factors for fish

 warm(er) and warming water
temperatures

* pools are deeper and cooler

diggers logs as restoration
technique




Management... buffer
strips

new idea in the 1970s

to buffer the sediment and
pollution between farms and water

L/




Management... buffer

strips Benefits that a riparian buffer can provide

- Cropland runoff

new idea in the 1970s

-

o

to buffer the sediment and
pollution between farms and water I s

flood protection
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bank stability economic products

visual diversity
aquatic habitat



RIPARIAN ZONE # BUFFER ZONE...but it should...
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Forested Watershed Research




Legacy impacts

e Literature shows older practices (~ pre-90’s) often caused:

stream canopy cover reduction

™ light, temperature, algal production

M fine sediment deposition on stream beds

™ nutrient exports from watersheds to streams

J particulate organic matter (POM) inputs

often large changes in aquatic invertebrates, sometimes fish (both

T and J)



Impacts review

Environmental Reviews 21(4) & Environmental Reviews 23(1)

. Recent, evolving Best Management Practices (BMPs) & regulations focus

on water protection
. Contemporary forest management practices do apply BMPs and regs
. most adverse effects greatly reduced or eliminated
. FMPs overall usually pose little significant or long-term risk
. Some uncertainties: changing harvest patterns
— cumulative spatial/temporal impacts

— harvesting for biofuels

— new practices: e.g., emulation of natural disturbance




Research
Much focuses on short-term post-harvest effects, BUT!

* Effects are the result of multiple, interacting stressors

-> potential for cumulative impacts

* Intensive vs. extensive forestry

* Predicted intensification of forestry

Much focuses only a few indicators, BUT!

* Each ecosystem component responds to disturbance differently

* - holistic studies

* Very few studies looking at catchment scale and forestry-stream food webs

Maitane Erdozain
PhD and Post-doctoral research

2008
Thinning

2015
Clearcut




Maitane Erdozain
PhD and Post-doctoral research

RESPONSE VARIABLES

Sediment
deposition
Water chemistry & DOM
quality
Temperature

Leaf decomposition
Biofilm & algal biomass
Benthic macroinvertebrate

community
Food web structure

38



Maitane Erdozain
PhD and Post-doctoral research

RESPONSE VARIABLES ~ EXPLANATORY VARIABLES

2. Forest structure &
composition
(catchment & riparian)

3. Landscape

4. Stream morphology
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Maitane Erdozain
PhD and Past-doctoral research

Fine sediment deposition
Terrestrial water-
borne materials ) Conductivity, C, Ca, pH ...

transported to
streams

Water temperature
Forest management

intensity

Leaf decomposition
Roads

Area harvested

Biofilm biomass

Shift in benthic invert community f

Terrestrial contribution to food webs ‘
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Catamaran Brook study
Dr. Rick Cunjak and others (DFO
and UNB)

higher peak flows in tributary when
> 20% of the watershed was
harvested



Harvesting-related soil disturbances are primarily the result of roads

To target this delivery:

* Stream crossings: e.g. proper installation &
maintenance of culverts, diversion swales...

* Over-land delivery: e.g. wider riparian buffer zones f'f,

Current best management practices do not offer full
protection from catchment disturbance

* But effective overall at maintaining healthy stream
communities

42




Optimize methods to quantify harvesting intensity by incorporating distance
to waterbody

Continuous monitoring of water flow

How are changes in headwater streams expressed in larger downstream
rivers?

ACCUMULATE DILUTE

<

43



Seasonally Flooded Forest Wetlands

The area is flooded for part of the year with
water from rivers, lakes, spring runoff or
groundwater.




Rivers flood

#thatsnotascomplicated
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TAKE HOME MESSAGES...

 Water and watersheds are impacted by forestry, forests
are impacted by water

 Waterways need to be managed as a connected unit

* Riparian buffer strips are valuable for erosion control -
not a one-size fits all

 Wetlands don’t get top billing and are being lost - some
seen as unimportant

* Nature is best at sustaining biodiversity on landscape

* Managed forest landscapes more similar to natural forest
landscapes arising from natural disturbance



TAKE HOME MESSAGES...

We need to be less myopic

Maggie Paul (St. Mary’s FN)

— “We have to humble ourselves in the eyes of...
e the grandmothers
* the children
e the swimmers
* the crawlers
* the winged ones

— We have to know what they know”

.... #itscomplicated




15t question FOR the audience
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