The first statewide stream macroinvertebrate
bioassessment in Washington State with a relative risk
and attributable risk analysis for multiple stressors
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Freshwater systems under threat

—1 No appreciable flow -

Vorosmarty et al. (2010) Nature

Freshwater systems comprise only a fraction of the total water
found on the planet, yet supply nearly two-thirds of the water
used in the world



Biodiversity matters

l Global changes

- Biogeochemical cycles (C, N, P, organics)
- Land use (type, intensity)

- Climate

- Species invasions

Biotic community
(biodiversity)

- Composition

- Richness

- Evenness

- Species interactions

— Species traits

Abiotic controls

- Resource availability

- Modulators (temp, pH) |
- Disturbance regime

 Human |
activities

H

R = e L o= 1
Ecosystem goods |
and services ‘

Ecosystem properties 1

Hooper et al. (2005) Ecological Monographs



Background

Clean Water Act — restore & maintain the chemical,
physical and biological integrity of the nation’s waters

Prior to 2009, WA had no comprehensive stream
biological monitoring program

Beginning in 2009, Watershed Health Monitoring
Program implemented GRTS random sample survey
design

50 sites in each of 7 Salmon Recovery Regions & 1
unlisted region



B Federal & Tribal
. Sample Frame
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Measuring Chemical, Physical and Biological Parameters

27 36th

11 major transects evaluated

for substrate, riparian habitat
and fish habitat

Physical, chemical and sediment
parameters evaluated

262 habitat metrics generated
with the data

8 randomly selected transects
are sampled for invertebrates
and periphyton



Standardized Sampling Protocol:

Composite sample from 8 randomly selected transects at a stream
reach (8 ft?)

500 pm D-net kick-net sampler * /
30-second ‘kick’ sample at each transect

Minimum of 500 organisms subsampled and identified to
‘lowest practical level’ (i.e., typically genus & species)

10% of samples are recounted by different taxonomist and
sorting efficiency, taxonomic precision, percent taxonomic
disagreement, and percent difference in enumeration are
calculated; all measures must be within acceptable industry
criteria (e.g., Bray-Curtis index of at least 90%)

10% of sites are revisited within a given year
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Benthic Index of Biotic Integrity (B-IBI)

Metric Predicted response to stress
Taxa richness Decrease
Ephemeroptera richness Decrease
Plecoptera richness Decrease
Trichoptera richness Decrease
Clinger richness Decrease
Long-lived richness Decrease
Intolerant richness Decrease
Percent dominant Increase
Predator percent Decrease
Tolerant percent Increase

B-1BI ranges from 0-100 with higher scores indicating greater biological health



Status
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Extent

LRBS

% Sand/Fines
Total Nitrogen
DO

DgmLog10
Embeddedness
B-IBI
LWDSiteVolume
Temperature
PPNCanopy
Total Phosphorus
Slope

TSS

pH-low
Conductivity
Sinuosity
Turbidity
Chloride

pH-high 1

Copper
Lead

50
Extent Poor Condition (%)
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Regional
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Stressor Identification

% Sand/Fines 1

Lead

PPNCanopy +

Embeddedness 1

Conductivity

DgmLog10 §

LRBS 1

Turbidity £

Chloride 1

Total Phosphorus 1

Sinuosity 1

Total Nitrogen 1
DO +
LWDSiteVolume

Temperature
Slope

TSS

pH-low
pH-high
Copper

4
Relative Risk

% Sand/Fines 1
LRBS 1
DgmLog10 7
Embeddedness 1
PPNCanopy 1
Total Phosphorus 1
Total Nitrogen 1
DO 1

Conductivity T
Turbidity 7
LWDSiteVolume 1
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Temperature 1
Sinuosity 1

Slope 1

TSS 1

pH-low 1

Lead 1

pH-high 1
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EPT taxarichness
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Puget Sound

Waldkse =3.54, p=0.03

— 2009

95% Confidence Limits
== 2043

95% Confidence Limits

Coast Range

B-IBI (0-100)
Lower Columbia

Walckss =0.13, p = 0.88

— 2010

95% Confidence Limits
— 2014

95% Confidence Limits

Walckes =4.55, p=0.01

2010
° 95% Confidence Limits
2014
~ 95% Confidence Limits

B-IBI (0-100)
Mid Columbia

B-IBI (0-100)

Waldber =3.11, p = 0.049

2011

95% Confidence Limits
== 2015

95% Confidence Limits

B-IBI (0-100)




Causal Analysis: Structural Equation Model

Dissolved O,

% Urbanization =
w

-.427

% Forest Cover

-385 4
# Water Temperature ---.

\..366

% Agriculture

Conductivity




Summary:

* [n general, nearly 1/3 of stream kilometers assessed in WA in poor
biological condition

e Regionally, Puget Sound and far eastern WA had highest proportion of
stream kilometers in poor biological condition

e Poor substrate conditions prevalent across the state

* Poor B-IBI scores 4 times more likely when associated with elevated %
sand/fines

* AR suggests that nearly 60% of streams now in poor biological
condition could be improved with reduction of sand/fines

* Loss of sensitive taxa with impairment






Climate Change

Atmospheric Temperature I(——————)I Precipitation Regime

Stream Ecosystem State

A

Terrestrial Inputs:
Light
Hydrologic Run-off
Nutrients
Sediment
Organic Matter
Large Wood

Terrestrial Ecosystem
Structure

Terrestrial Disturbance Regimes

¥ S
B |
i R

Davis, Baxter, Rosi-Marshall, Pierce, & €rdshy Ecosystems 2013




Study Location
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Bastion of native biodiversity,

. i A landscape on fire
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Post-fire trajectories...changing?

Forest
Regeneration

——>

Sediment

1° Production

N _ Litter Inputs

Shredders

+——_____Scrapers

? ~ Collectors

WS S FWZS 5 10 50 100 300
Mormal Poast fire Years after fire

TIME SINCE FIRE
Adapted from Minshall et al. 1989




Post-fire: Limited conifer regrowth?




Dramatic changes in physical habitat...

channel incision

(2000) pre-fire




Divergent Riparian Regrowth...




lan Regrowth...
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* Resistance & resilience
e |s the “mid-term” the

new “long-term” state?

* Are changes

reversible or no?
 We can’t tell without

long term studies...

Gunderson & Holling 2001 metaphor

phase space

trajectory
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Time series - Periphyton & Invertebrates

® Closed Canopy
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Multi-trophic level
responses
mediated by riparian
regrowth & light

Trout Production (g/m?/day)
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2X terrestrial invert subsidy of salmonids

under closed canopy
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Trophic Basis of Trout Production
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Schenk et al In prep.



..which may mediate "top-down™ control

Trout Demand (g/m2/day)
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...paired stream findings corroborated
by 12 stream, basin-wide comparison

Best models:

(for fish biomass)
- light

- nhutrients

- Invert biomass
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Responses “reverberate” between land and water

Spiders

Baxter et al. Fresh. Biol. 2005
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via emerging
INsects, responses
extend to riparian
wildlife
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Bird responses

High severity burn sites...
- Greater overall abundance & richness =
- Greater incidence of riparian obligates 4.« ™
di & fly-catch i gy
(e.g., dippers) & fly-catchers Mazeika Sullivan &
Low severity burn and unburned sites... Keni Veiring

- Greater incidence of generalists (e.g., crows)

\

THE ECOLOGICAL IMPORTANCE OF SEVERE WILDFIRES:
SOME LIKE IT HOT

Ricuarp L. Hurro!

Hutto, Eco Apps 2008
Jackson, Malison, Sullivan & Baxter, 2015



Network dynamlcs & the “fire pulse”

Export of habitat-
y .%‘

- forming sediment
”?and wood

% ik g f A

é % Export of Insects
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R. Thurow RMRS

Benda et al. Bio
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Disturbance increases insect export
from tributaries to mainstem

Unburned
Burned

Burned +
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Harris, Baxter & Davis 2016 Freshwater Science



 Confluence habitat
proportionally small

« Strong selection for
Unburned Burned Burned +
Debris Flow confluences

== Confluence habitat

=" Horroonfiuence  Preference for
confluences with
Harris, Baxter & Davis Aquat. Sci. 2018 disturbed tribs



Other signs of resilience...

: a
. . »

Riparian veg responses mediated by wolf-
ungulate interactions?
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Summary & Discussion

* Post- severe wildfire “pulse” of productivity may
extend more than a decade

* Trajectory of riparian regrowth and light regime
mediate longer term patterns in post-fire productivity

» Effects reverberate between land & water and
propagate through networks (e.g., debris flows)

« Some signs point to state changes, but what most
would consider “positive” rather than “doomsday”

* Overall, message of resistance and resilience in face
of dramatic disturbance

* “Time will tell...”



Management Discussion

 additional lines of evidence...

« warming of central Idaho headwater streams slow; role
as “climate refugia” — Isaak et al. 2016. PNAS

* pulses of juv anadromous salmonids from these
drainages post-fire — Copeland et al. 2017, pers. comm.

 low salmon returns driven by “out of basin” impacts;
notably Snake River dams — Thurow et al. 2016; pers. comm.

Slow climate velocities of mountain streams portend eSSy

their role as refugia for cold-water biodiversity

Daniel J. Isaak“-": Michael K. Young®, Charles H. Luce®, Steven W. Hostetler®, Seth J. Wenger®, Erin E. Peterson®,
Jay M. Ver Hoef', Matthew C. Groce?, Dona L. Horan®, and David E. NageP




Management Discussion

* N0 need to “fortify” against natural effects of wildfire —
especially in wilderness

* such actions (in name of “forest health”) may be
misplaced and erroneously credited as restoration or
mitigation

 could be diversions from addressing actual problems

* may even have unforeseen, undeswedeffects




Management Discussion
* “manage for the mess” — J. Sedell

* preserve dynamism, processes that create and
maintain complexity in nature (habitat and organisms)

* these are keys to resilience and adaptive capacity in
face of climate change
s r? LR B O

J|. " 8 4T

Sept 10, 2014
R. Thurow RMRS
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Submerged aquatic vegetation and its potential
effect on salmonid cold-water refuges

Francine Mejial, Christian Torgersen?, Eric Berntsen?, and Joseph
Maroney?,

1USGS Forest and Rangeland Ecosystem Science Center, Cascadia Field Station, Seattle, Washington, USA
Kalispel Tribe Natural Resources Department, Usk, Washington, USA
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How does submerged aquatic vegetation (SAV)
potentially influence fish habitat?

. (Vilas et al. 2017)
SAV can influence many

physicochemical
aspects of the aquatic
environment:

* Light penetration

* Water temperature
* Water velocity

* Fine sediments

* Phosphorus cycling
* Dissolved oxygen

&
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Ratio of canopy height to
water depth (H,,)
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What is a thermal refuge?

s T 25

- -

Areas that may be either cold or
warm in relation to the
surrounding water.
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water.

Primer --Torgersen et al 2012
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How does submerged aquatic vegetation (SAV)
potentially influence cold-water refuge?

Bull trout
; Trout needs

® .

* High DO
* Cool temperatures
* Flowing water

Source: Raymond Ostlie

Westslope cutthroat trout

SAV creates conditions with
* Lower DO

* Warm temperatures

e Slow moving water

Source: Western native trout initiative
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Study Goal

Evaluate how removal of SAV influences water
temperature and dissolved oxygen

Hypotheses:

1) Dense SAV areas exhibit stronger vertical temperature gradients and have lower
bottom dissolved oxygen than areas without SAV (open).

2) Areas where SAV is removed exhibit weaker vertical temperature gradients and
have higher bottom dissolved oxygen (more like open areas).



Study Area Pend Oreille River
Aug 9 — Aug 12

Renshaw Creek




Renshaw Creek rkm 65.9 (2017)

Time of day
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Renshaw Creek

(rkm 65.9)
8/26/17 - 8/30/17

Bottom SAV
Surface SAV
........ Bottom Open
........ Surface Open

R

eUSGS

science for a changing world

Dissolved oxygen (mg/l)

Temperature (°C)
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Methods Nitrogen &

PME miniDOT logger dissolved oxygen/temperature Phosphoru i
HOBO pendant” temperature/light data logger L 2
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e
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30cm {Siﬂ
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Water temperature (°C)
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Dissolved oxygen (mg/L)
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USGS 12395500 PEND OREILLE RIVER AT NEWPORT WA
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Placement of logger in the water column —
proximity to sediment
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Preliminary Conclusions

Pilot study. Need to collect more data to tease out bottom DO
dynamics.

Work around logistical issues (e.g. vandalism, reservoir
fluctuations).

Enhancement of cold-water refuges likely need more than just
removing SAV. Need to understand the existing preferential path

as well. USGS

a changing world
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USGS 12395500 PEND OREILLE RIVER AT NEWPORT WA
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Water temperature (°C)
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Calispel Cr. confluence

2 DOT was about 1 km

downstream of Calispel Cr.

confluence

Potential temporal effect,

data was not collected
concurrently, but
sequentially (8/2 to 9/5)



Dissolved oxygen
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Lower/Middle Columbia River - Cold Water Refuges Project

Peter Leinenbach — EPA Region 10
May 1, 2018

Colurnoizy fiv=e S32151n

-

Brief overview of some of the technical efforts

Many, many people are working on this project




Project Background

* NMFS 2015 Jeopardy Biological Opinion on EPA’s Approval of Oregon’s
Temperature Water Quality Standards

* Oregon Columbia & Lower Willamette River Temperature Criteria

e 20C numeric criteria, plus
* Cold Water Refugia (CWR) narrative criteria

o “must have CWR that’s sufficiently distributed so as to allow salmon and steelhead migration without significant adverse effects
from higher temperatures elsewhere in the water body”

o “CWR means those portions of a water body where, or times during the diel cycle when, the water temperature is at least 2C
colder than the daily maximum temperature of the adjacent well mixed flow of the water body”

e NMFS concluded CWR narrative criteria is not an effective criteria due to lack of

implementation

* Jeopardy for Steelhead (LCR, UWR, MCR, UCR, SRB); Chinook (LCR, UWR); Sockeye (SR); SR Killer Whales
* Reasonable and Prudent Alterative (RPA) — EPA develop a Columbia River Cold Water Refuges Plan by November 2018



Background - EPA Columbia River CWR Plan

1. Map and characterize the CWR areas in the Lower Columbia River
2. Characterize the extent to which salmon and steelhead use CWR
3. Assess whether current CWR is sufficient to meet Oregon’s narrative criteria

4. |dentify actions to protect, restore, or enhance CWR



EPA Columbia River CWR Plan

1. Map and characterize the CWR areas in the Lower Columbia River

Map and characterize the CWR
areas in the Lower Columbia River



Predicted August Daily Average Stream Temperature (1993 — 2011) - NorWeST
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Map and characterize the CWR
areas in the Lower Columbia River




Predicted August Daily Average Stream Temperature (1993 — 2011) - NorWeST
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. Mainstem and Tributary Stream Temperature Difference
® Tributary temperatures warmer than the mainstem
@ Tributary temperatures between 0*C and 2*C cooler than the mainstem
® Tributary temperatures between 2*C and 4*C cooler than the mainstem
® Tributary temperatures >4*C cooler than the mainstem
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Map and characterize the CWR
areas in the Lower Columbia River




Modeled Values

N

8

26

24 ez @ ® e e

22

20

18 | > oA
v P o
16 ® o @ o ... :

August Mean Water Temperature (*C)

)
. %
4

@ ® O Observed Columbia River Temperature (*C} (1993-2011 Average)

$.~ ) . e Olumbia River - Interpolated From Measured Temperatures

® Tributary temperatures >4*C cooler than the Columbia River

@ . J y  Tributary temp. between 2*C to 4*C cooler than the Columbia River

Tributary temp. between 0*C and 2*C cooler than the Columbia

k2]
14 o8

® Trnbutary temperatures warmer than the Columbia River

10
0 25 50 75 100 125 150 175 200 225 250 275 300 325

Lower and Middle Columbia River (River Mile derived from NHDPlus) Map and characterize the CWR

areas in the Lower Columbia River
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Observed Values
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Table A-1. Observed Average Monthly Temperature Difference (*C) between the tributary

and the Columbia River

Site Name June July August September
Tributary #18 — Grays River 4.2 5.1 6.4 6.4
Tributary #30 — Elochoman River 0.5 2.0 2.5 4.6
Tributary #37 — Clatskanie River No Data 1.8 3.3 5.5
Tributary #38 — Mill Creek 4.3 4.9 6.4 7.0
Tributary #40 — Abernethy Creek No Data 4.6 5.5 6.0
Tributary #41 — Germany Creek 3.7 3.7 5.2 6.2
Tributary #49 — Cowlitz River No Data 4.1 5.8 5.8
Tributary #52 — Kalama River 4.8 4.1 5.4 6.3
Tributary #62 — Multnomah Channel

Tributary #70 — Willamette River 0.4
Tributary #77 — Sandy River 1.6 0.9 2.8 3.8
Tributary #78 — Washougal River 1.8 0.3 2.2 3.8
Tributary #83 — Bridal Veil Creek 6.4 7.5 9.0 8.4
Tributary #85 — Wahkeena Creek 6.2 8.8 10.9 10.0
Tributary #88 — Woodward Creek 4.7 6.2 7.6 6.6
Tributary #88b — Hamilton Creek 43 4.9 5.8 5.8
Tributary #91 — Tanner Creek 5.8 7.7 9.3 9.2
Tributary #92 — Eagle Creek 4.3 3.9 5.2 6.0
Tributary #94 — Rock Creek 2.7 2.7 3.7 4.7
Tributary #96 — Herman Creek 4.3 7.2 9.2 8.9
Tributary #100 — Wind River 2.7 4.6 6.6 7.3
Tributary #112 — LWS River 6.3 7.6 9.1 8.4
Tributary #115 — White Salmon River 4.7 8.0 10.4 10.2
Tributary #116 — Hood River 3.7 4.4 5.8 6.9
Tributary #119 — Rock Creek 0.2 3.1 5.1 6.3
Tributary #120 — Mosier Creek 0.8 0.8 2.5 4.3
Tributary #123 — Major Creek 1.6 4.3
Tributary #125 — Klickitat River 2.5 2.6 4.7 6.0
Tributary #127 — Chenoweth Creek 1.5 4.1
Tributary #127a — Mill Creek 0.3 1.8 3.7
Tributary #129 — 15 Mile Creek 1.8 4.1
Tributary #135 — Deschutes River 0.4 2.9 3.7
Tributary #147 — John Day River 1.0
Tributary #153 — Rock Creek 1.0 2.1 2.6
Tributary #159 — Chapman Creek 1.8 3.8 4.4
Tributary #166 — Pine Creek 1.1 2.6 3.2
Tributary #167 — Willow Creek 2.2 4.3
Tributary #170 — Alder Creek 0.3 2.8 4.2
Tributary #176 — Umatilla River 19
Tributary #188 — Walla Walla River 1.3

Map and characterize the CWR
areas in the Lower Columbia River



Screening Criteria to ldentify Potential CWR Tributaries

e August mean temperatures at least 2°C cooler than Columbia River and August mean
flow greater than 10 cfs

* Added small cold tributaries (August mean of 16°C or cooler and August mean flow 7-10
cfs)

» Added larger rivers (Aug. mean flow 10 cfs or greater) that have periods of time at least
2°C cooler than Columbia River

 Removed tributaries that have limited or no access to the cold water plume

Map and characterize the CWR
areas in the Lower Columbia River
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Temperature Difference Between Columbia River and the 13 Primary Tributaries
@ Tributary temperatures warmer than the Columbia
©  Tributary temperatures between 0°C and 2*C cooler than the Columbia
©  Tributary temperatures between 2°C and 4*C cooler than the Columbia
@ Tributary temperatures > 4*C cooler than the Columbia

Map and characterize the CWR
areas in the Lower Columbia River




EPA Columbia River CWR Plan

3. Assess whether current CWR is sufficient to meet Oregon’s narrative criteria

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



EPA Columbia River CWR Plan

3. Assess whether current CWR is sufficient to meet Oregon’s narrative criteria

Sufficiency is determined through the application of the HexSim model developed by EPA Corvallis ORD staff

Several HexSim model inputs were developed by EPA Regional staff
* Potential CWR locations,
* Volume and temperature associated with these CWR areas

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



Estimating CWR Plume Volume — CorMix Modeling

20000

Deschutes River

Cowlitz River

Results used in HexSim model development

Total Plume Volume by Temperature

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



Estimating CWR Plume Volume — Modeled from Field Data

Assess whether current CWR is sufficient
Results used in HexSim model development to meet Oregon’s narrative criteria




Estimating CWR Plume Volume — Modeled from Field Data
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Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



Estimating CWR Plume Volume — Modeled from Field Data

Table 1. “Cold” water volume (m?*), within specific temperature ranges, observed at the confluence
zone between several sampled tributaries and Columbia River during the summers of 2016 and 2017

River and Sample Date Less than 16%C Between 16%C and 18*C  Between 18*C and 20*C

Elncgflrg?;ggugh 0 0 0

N aefte : ; i
ket : :
8/15/201 : 202% -
Little W;J,.I{E? fzaér;;:-n River 90,723 440,801 1,267,874
e 0499 0558 o

Assess whether current CWR is sufficient
Results used in HexSim model development to meet Oregon’s narrative criteria



Estimating CWR Riverine Volume

Tributary CWR Volume (m?)
= Stream Length (5L) providing CWR habitat for Columbia River migratory salmonids (m)
* Average Tributary Cross Sectional Area (A) within this designated area (m?)

i= Stream Discharge (maf s) /
= Stream Velocity ("/s)

Table 1. Estimated Potential Riverine Cold Water Refugia Volume

Stream Average Average Potential
. Length August August Riverine
Tributary B = ) ) .
Code Tributary Name Providing Stream Stream CWR
CWR Habitat Discharge Velocity WVolume
{m) {mifs) (m/'s) (m?)
28 Skamokawa Creek 317 0.57 0.17 1,033
38 Mill Creek 283 0.29 0.19 446
40 Abernethy Creek 337 0.29 0.12 206
41 Germany Creek 329 0.24 0.18 446
49 Cowlitz River 1,764 102.86 0.27 654,230
52 Kalama River 1,532 7.48 0.25 57,085
63 Lewis River 2,549 40.12 0.21 493,455
77 Sandy River 1,763 13.25 0.18 125,372

Assess whether current CWR is sufficient
Information used in HexSim model development to meet Oregon’s narrative criteria



Information used in HexSim model development

Plume CWR|Stream CWR | Total CWR
River |Mainstem| Tributary Temp Tributary Volume Volume Vvolume
Tributary Name Mile Temp' Temp2 Difference Flow® (>2°C A)" (> 2°C A)5 (>2°CA)
€ o & > & cfs m3 m3 m3
Skamokawa Creek 30.9 21.3 16.2 23 450 1,033 1,483
Mill Creek 51.3 21.3 14.5 10 110 446 556
Abernethy Creek 51.7 21.3 15.7 10 81 806 887
Germany Creek 53.6 21.3 15.4 8 72 446 518
65.2 21.3 16.0 3634 870,000
70.5 21.3 16.3 314 14,000
84.4 21.3 16.6 1291 120,000
117.1 21.3 18.8 469 9,900
Washougal Rive r° 117.6 21.3 392 107 740 32,563 33,303
Bridal Veil Creek 128.9 21.3 7 7 120 O 120
Wahkeena Creek 131.7 21.3 13.6 15 220 O 220
Oneonta Creek 134.3 21.3 131 29 820 54 874
140.9 21.3 11.7 38 1,300 413
Bonneville Dam
142.7 21.2 15.1 72 888
Rock Creek® 146.6 21.2 17.4 47 1,178 1,708
147.5 21 2 12.0 45 1,698
151.1 21.2 14.5 293 44,420
158.7 21.2 13.3 88 4,126
164.9 21.2 157 715 81,529
165.7 21.4 I5.5 374 O
176.8 21.4 16.4 851 149,029
The Dalles Dam
200.8 21.4 19.2 4772 300,000 580,124
John Day Dam
Umatilla Rive r° 284.7 20.9 20.8 -0.1 169 0O 46,299 46,299

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria




HexSim Modeling

Refuge use has many benefits, but also presents some risks.
Quantifying consequences of refuge use is difficult.

Evaluating impacts on the population level dynamics is even harder.

Constructed the HexSim mechanistic model to conduct virtual
experiment that rank proposed management action on salmon and
steeelhead, for both individuals and populations.

Marcia Snyder, Nathan Schumaker (OSU),
Joseph Ebersole, and Randy Comeleo
EPA ORD Corvalis

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



HexSim uses bioenergetics equations to keep track of the available energy for a fish.

The equations take into account the fish weight and thermal exposure.
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Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



HexSim is an individual based model used to model patchy landscapes

The individuals in HexSim move through a landscape of hexagons

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



HexSim Riverscape: temperature

Thermal regimes (and other simulation model inputs) can be
characterized by tributaries, their plumes, and the Columbia River.

CWR Class

- Stream CWR

Plume CWR
| High-Res Shoreline
X Upstream Extent

i d \ _ Assess whether current CWR is sufficient
.i_y.z:\::t":l:’l;:jl;iﬁd;'%ﬂ Ewhoder Doagraplits, Crisal 2 D, U, Uod8, AnealiD, oy,

to meet Oregon’s narrative criteria



HexSim-Fish

Model
Overview

Model
Initialization

Y

Pre-movement
Processes

'

Set Movement
Behavior

l

Movement

l

Post-movement
Processes

'

Density
Dependence

Y

Data
Collection

Compute effective volumes

Set individual life history parameters

Calculate energy density
Decrement energy reserves

Impose energy based mortality

Influence of temperature and motivation

Influence of history
Influence of refuge proximity
Influence of density

Upstream
Downstream
Towards cold water

Random

Update space and time variables
Update temperature variables
Impose temperature based mortality

Impose fishing pressure

Measure effective density

Select emigrants

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



Behavioral Decision Tree

spawning ocal fish
species target %Ca 'ItS
date ensity

depth
temperature
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movement
decision

Individual salmon and steelhead enter the model with associated characteristics.

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



HexSim Simulation Outcomes

Track individual exposure through space and time

® Measure cumulative exposure and impacts to multiple stresses
® Aggregate individual outcomes to the population scale

How do the costs and benefits of cold water refuges manifest at population
and landscape scales?

ﬂ

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria



Temperature Time Series
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Effect of Density

"".g Refuge
200001 A 315 ~ Eagle Creek B
g, g == Herman Creek
;. 2 - Klickitat
- 15000 2 == Little White Salmon
2 ~ 1.01 == Rock Creek
_g %’ == White Salmon
é 10000 § ~= Wind River
2 'g 0.5
8 50001 v
e 2
g A
0 o 001
Jul Aug Sep Oct Jul Aug Sep Oct
Total individuals per refuge through Effective density per refuge through time
time for steelhead and chinook for steelhead and chinook combined.

combined.



Mean energy used per day (J / g day)

Energy Use

—
-
I o

species
: Chinook
100 - i . =) Steelhead

NO YES
Refuge Visited

Assess whether current CWR is sufficient
to meet Oregon’s narrative criteria
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EPA Columbia River CWR Plan

4. |dentify actions to protect, restore, or enhance CWR

Identify actions to protect, restore, or
enhance CWR



Calculate Stream Temperature using the SSN Model (NorWeST)

Models

Stream Network Moving Average Construction

Flow

NorWeST Spatial Covariates

1) Air Temperature

2) Stream Discharge

3) Elevation

4) Latitude

5) Canopy %

6) Cumulative drainage area
7) Stream Slope %

8) Mean annual precipitation
9) Base Flow index (BFl)
10)Glacier %

11)Lake %

12)Tailwater (Y/N)

Identify actions to protect,
restore, or enhance CWR



Calculate Stream Temperature using the SSN Model (NorWeST)
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1) Air Temperature

2) Stream Discharge
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4) Latitude
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6) Cumulative drainage area
7) Stream Slope %

8) Mean annual precipitation
9) Base Flow index (BFl)
10)Glacier %

11)Lake %

12)Tailwater (Y/N)

Identify actions to protect,
restore, or enhance CWR



Calculate Stream Temperature using the SSN Model (NorWeST)
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Identify actions to protect,
restore, or enhance CWR



Shade Maps:

Identify actions to protect,
restore, or enhance CWR
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Temp Change by Shade I
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How does altering riparian shade affect stream temperature? | 2080 igﬁ‘;’ 2,,‘:3’ 2333 ;

Topographic Shade and Present Climate
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Matthew Fuller, and
Naomi Detenbeck (EPA
ORD Narraganset), and
Dan Isaak (USFS)

Identify actions to protect,
restore, or enhance CWR
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Temp Change by Climate

How will future climate shifts affect stream temperature?

Pres. Pot.
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Matthew Fuller, and
Naomi Detenbeck (EPA
ORD Narraganset), and
Dan Isaak (USFS)

Identify actions to protect,
restore, or enhance CWR



Calculate Stream Temperature using the SSN Model (NorWeST)
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Identify actions to protect,

Potential Input into the HexSim Model restore, or enhance CWR



Individual Tributary Management
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Identify actions to protect,
restore, or enhance CWR



Currently we are starting the “what if” runs with the HexSim Model

Thank You
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Calculate Effective Shade using Methods Presented at 2016 NWMod meeting

Stream Shade (%)
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Calculate Effective Shade using Methods Presented at 2016 NWMod meeting
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Calculate Stream Temperature using the SSN Model (NorWeST)
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Calculate Stream Temperature using the SSN Model (NorWeST)
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CITY OF BOISE 316(A) DEMONSTRATION PROJECT FOR IDAHO
POLLUTANT DISCHARGE ELIMINATION SYSTEM (IPDES) PERMITS

Dorene MacCoy, Water Quality Environmental Coordinator, Public Works Department
Darcy Sharp, Environmental Data Analyst, Public Works Department




CITY of BOISE

AGENDA

« Area overview
Receiving water — Lower Boise River
Water Renewal Facilities — Lander Street and West Boise
Temperature discharge limits
Need for thermal variance

« 316(a) thermal variance
« Temperature data

« Temperature modeling
« Biological data

« Demonstration results
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CITY of BOISE

Water Renewal
Facilities

Lander Street Water Renewal Facility

West BO|se Water Renewal Facility
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CITY of BOISE

DISCHARGE PERMIT LIMITS

Idaho water quality standards (Integrated impairment status report)

« Beneficial use support
« Cold Water Criteria — max 22°C, max daily average 19°C
« Salmonid Spawning Criteria — max weekly max 13°C, Nov 1 — May 30.

Antidegradation policy and Total Maximum Daily Load (TMDL)
« Temperature impaired — Veterans Bridge to mouth (4 segments)
* Protect existing uses

Discharge mixing zone criteria

« Plume - 2 seconds from discharge max 32°C, >5% of cross-section >25°C, >25% of cross-section
>210C
* Plume in spawning areas — max weekly max 13°C, during spawning no increase >0.3°C



CITY of BOISE

DISCHARGE PERMIT LIMITS CONT.

Lander Street

Existing thermal limits (°C)
To be met by Aug 2022 (10 years after permit May

issuance)
July 16 — Sept 30
October

Nov — April 30

West Boise

Existing thermal limits (°C) MOL7 4L = L) 41

To be met by Aug 2022 (10 years after permit April
issuance)
May

June 1 —July 15
These limits proved to be more v

restrictive than necessary July 16 — Sept 30
October




CITY of BOISE

Leading Cause of Impairment by Miles of Rivers and Streams
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CITY of BOISE

ALTERNATIVE THERMAL LIMITS

Requested (using current and predicted air tfemperature and instream temperatures
upstream and down stream of the water renewal facilities)

Jan - March

April - June

July - Sept
Oct - Dec




CITY of BOISE

316(A) THERMAL VARIANCE

Alternative thermal effluent limits (ATEL) must be protective

« Profect Balanced Indigenous Community (BIC)
 Demonstration 1 — no prior appreciable harm to BIC

« Demonstration 2 — proposed ATELs will be protective of BIC and representative
important species (RIS) in the future



CITY of BOISE

TEMPERATURE DATA

Lower Boise River Stream Temperature at Eagle
City of Boise 2013-2018
Compared to Temperature Criteria

11% mean 1% mear
and 1% max _ /e Medn

6% MWMT
(Apr, May)

Boise River
RF and Monitoring Locations
Eagle Bridge South Channel
West Boise WRF
Glenwood Bridge
Lander Street WRF
Veterans Bndge

oYY Yok



CITY of BOISE

HEAT LOAD

River and Effluent Heat Loads

2014 Water Year Heat Load Comparisons

2014 Water Year

Heat Load (mkcal/day)

Mar Apr May Jun Jul Aug Sep Oct Nov Dec




316a Framework Temperature data Temperature modeling < : I TY Of B O IS E

TEMPERATURE MODELING

¢ CORI\/“X plume model Stream Temperature of Lower Boise River
. . . . Downstream of West Boise WRF
Meets mixing zone criteria Predicted in an Exireme Low Flow Year

« StreamTemp river model

No exceedances of
Representative Important
Species

95" percentile low flow
year—CWAL average
exceedances with or
without effluent
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316a Framework Temperature data Temperature modeling C I TY O/[ B o I S E
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ENVIRONMENTAL HEAT SOURCES

« Air Temperature
« Channel Morphology o
« Shade B,

« Diffuse Sources
Groundwater
Overland Runoff

» ) ¢
-/

" Longitudinal Profile data
4" ,NTem perature (°C)
108-11.4
115-11.9
120-125
126-12.9
13.0-13.78




CITY of BOISE

RIVER DISCHARGE

= USGS

USGS 13206000 BOISE RIVER AT GLENWOOD BRIDGE NR BOISE ID

18868

Discharge, cubic feet per second

o8
1986 14985 268688 28682 2884 2886 2088 26818 2812 2814 2816 2818

Hedian daily statistic (35 years) = Period of approved data
— Discharge === Feriod of proviszional data




CITY of BOISE

BIOLOGICAL DATA

Sampling reaches

Boise River below Eckert Road (Eckert)

Boise River above Glenwood Bridge ~Caldwell

st

. Middleton

-

(Glenwood) L~ L o‘“o .vw’,f:.m,.ao.seG

Boise River near Middleton ' Qmli;e'nwood
(Middleton) , e T2 ‘ -
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316a Framework Temperature data Temperature modeling Biological data C I TY Of B O IS E

MACROINVERTEBRATE DATA

Least disturbed streams in Idaho
(Maret and others, 2001; Tetra Tech 2011)

Introduction of

Low flow years ]
New Zealand Mudsnail
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CITY of BOISE

@ Ephemeroptera
B Plecoptera
@ Trichoptera

v

Introduction of
New Zealand
Mudsnail

v

Glenwood

Low flow years
v

h

|

y

A

(Maret and others 2001; Tetra Tech, 2011)

Least disturbed rivers in Idaho
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CITY of BOISE

REPRESENTATIVE IMPORTANT SPECIES

Native cold-water fish

Low flow years (2001 — 2004)

vater fish species

a
=]
a
=8

Downstream Upstream Downstream Upstream Downstream
Eckert Lander Lander West Boise West Boise




Temperature modeling Biological data C I TY Of B o IS E

RESULTS

« Flow alteration and habitat loss affect biological communities
« Alternative thermal effluent limits (ATELs) are protective

« Balanced Indigenous Community (BIC) is protected
 Demonstration 1 — no prior appreciable harm to BIC

« Demonstration 2 — proposed ATELs will be protective of BIC and representative
important species (RIS) in the future



CITY of BOISE

NEXT STEPS

« Continuous temperature monitoring

» Biological Community assessment — 3 to 5 year inferval
 Habitat assessment — 3 o 5 year inferval

« Conftfinue to investigate WRF temperature reduction

« Discharge reduction and water reuse



CITY of BOISE

THANK YOU

Dorene MacCoy

Water Quality Environmental Coordinator
City of Boise Public Works Department
dmaccoy@cityofboise.org

208-608-7515

Darcy Sharp

Environmental Data Analyst

City of Boise Public Works Department
dsharp@cityofboise.org

208-608-7538




That Lower Priest River’s so hot
right now: Describing thermal
heterogeneity in a dam-influenced
river

_Eric Berntsen ahd Todd Andersen : _
‘Kalispel Tribe Natural Resources Department

ke FrancineﬂM'ejia and Chriétiaﬁ Torgersen
_U.S. Geological Survey = ‘




To describe the spatial and temporal
thermal heterogeneity in the lower
Priest River



Mechanisms that induce thermal

diversity

B. L. KURYLYK et al.
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Near confluence with
Pend Oreille River
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Temperature decreases downstream
(from Berger et al. 2014)

Binarch Creek

_k/ Lost Landing  East River

Kalispel



Binarch Creek

Unnamed tributary — <~
near Lost Landing area =



Methods - Temperature loggers
(June 26 Sep 3, 2018)




Thermal proflhng August 21, 2018
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Upstream

River kilometer (rkm)
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Water temperature (°C)
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Distance upstream (km)
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Water temperature (°C)
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Tributary input,
seepage?
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Water temperature (°C)
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Helps inform efforts to preserve,
augment, and/or create thermal
heterogeneity

Provides information for developing
a Temperature Total Maximum
Daily Load for the Lower Priest
River
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Outline

. BCG Overview

. Calibration and Development

. Historical Conditions

. Practical Uses for State and Local Governments
. Future Work and Expansion of the PS & WL BCG
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. R Tool Development
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Excellent

Biological condition

Poor

OVERVIEW

Natural structure and function of biotic community maintained

Minimal changes in structure and function

Evident changes in structure and
minimal changes in function

Moderate changes in structure and
minimal changes in function

Major changes in structure and
moderate changes in function

Severe changes in structure and function

» Effects of human disturbanc




The Biological Condition Gradient (BCG)

A scientific framework for identifying biological response to anthropogenic stress.

The Building Blocks of the BCG

« Longstanding, accepted science

Measurable and predictable

Based on bioassessments

Generalized scale

Fixed anchor to minimize shifting baseline
Biologically meaningful and robust thresholds
Expert ecological judgement



Key Concepts

The BCG has two key concepts

1) Attributes
measurable components of a biological system (Karr and Chu 1999)

Examples = Organism condition, pollution tolerance

2) Levels

Levels are the discrete levels of biological condition across a
stressor-response gradient

Example:
Level 1 = undisturbed, pristine;
Level 6 = severely degraded



BCG Attributes

e e

Historically documented, sensitive, long-lived, or
regionally endemic taxa

1 Highly sensitive taxa

11 Intermediate sensitive taxa

IV Intermediate tolerant taxa

V Tolerant taxa

\ Non-native or intentionally introduced species
Vil Organism condition

VI Ecosystem function

IX Spatial and temporal extent of detrimental effects

X Ecosystem connectance



BCG Levels

Natural structural, functional and taxonomic integrity

Structure and function similar to natural community with
some additional taxa and biomass or the first detectable
shifts in expected composition. Ecosystem level functions
fully maintained.

Evident changes in community structure with loss of
some highly sensitive native taxa & shifts in relative
abundance. Ecosystem level functions fully maintained.

Ecosystem functions largely maintained, but some sensitive
ubiquitous taxa replaced by more tolerant taxa.

Reduced ecosystem function, with diminished sensitive
taxa, unbalanced distribution of major taxonomic groups and
organisms showing signs of physiological stress

Extreme changes in structure and ecosystem function with
wholesale changes in taxonomic composition and poor
organism condition



The BCG: biological response to increasing stress

Levels of Biological Condition

Natural structural, functional, and
taxonomic integrity is preserved.

Structure & function similar to natural
community with some additional taxa &
biomass; ecosystem level functions are
fully maintained.

Evident changes in structure due to loss
of some rare native taxa; shiftsin
relative abundance; ecosystem level
functions fully maintained.

Moderate changes in structure due to
replacement of some sensitive
ubiquitous taxa by more tolerant taxa;
ecosystem functions largely maintained.

Sensitive taxa markedly diminished;
conspicuously unbalanced distribution
of major taxonomic groups; ecosystem
function shows reduced complexity &
redundancy.

Extreme changes in structure and
ecosystem function; wholesale changes
in taxonomic composition; extreme
alterations from normal densities.

Watershed, habitat, flow regime and
water chemistry as naturally occurs.



The BCG Process

=

|dentify participants and expert panel
Compile data
[ 3. Assign BCG attributes to taxa

Iterative — « Perform analyses to help inform assignments
These steps are

N

evisited 4. Assign BCG levels to samples
throughoutthe  — D. Develop & refine BCG rules
process 6. Assess BCG model performance

« Calibration
« Confirmation

7. Automated BCG model (with narrative decision rules)
that assigns BCG levels to samples




BCG CALIBRATION AND DEVELOPM

Narrative Levels and Attributes = Ecoregional Numeric Decisi



Assigning Samples to

Leve!

BCG Levels

Is of Rlologios | Condition

Natura stractunal, funchoral, anc
Lananornic integr ty i3 preserves.

Experience and Knowledge omnTanky W soe a3
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evel

Maocernate charges in structese 2

| ]
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Chemist-y. hatitat, and/or fow
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Watersved, nasiat Now regime and
waler Chemislry as nalurel v oCCurs.

Reasons

Doesn’t seem as nice as the other greenbrier site (421) its
bigger but not much more diversity and seem less
balanced

Very elevated counts... possible nutrient enrichment?

Presence of introduced taxa lowered my rank.

Short taxa list for catchment area. Expect more species of
darters, sculpins, and madtoms.

Over half of individuals are att. 5 or 6 taxa, but relatively
balanced community

Participant | Score
Jason 4-
Describe why you make an Royee | or
assignment, in BCG terms — Rick 4
e.g., what is missing or present? Brett 54
Mark 4-
Ryan o+

Number of fish suggest a possible nutrient loading/human
distrubance nearby, lots of stonerollers




Timeline of BCG Model Development

September - December 2016
e Held calls with Steering Committee
e Obtained data and prepared sample worksheets for the BCG workshop
e Held pre-workshop webinars (Dec 8 & 15) to introduce the group to the BCG

January 10-12, 2017

e Conducted expert workshop in Portland, OR. =it L)

February-September 2017 — >
¢ Refined taxa attributes, develop decision rules, rated samples. -~

e Held four webinars to refine decision rules)
e Sent out confirmation samples (June 28)
e Compiled confirmation results, assessed model performance

October 2017 =
e Status update webinar (Thurs Oct 12) ' '
e BCG report
e Climate pilot webinar (Monday Oct 16)

One foot of snow in Portland, OR; January 2017

November 2017
e PNW-SFS meeting (Nov 7-9); presentation only (no BCG workshop)
e Begin next phase of work with Britta and David (restoration potential, improving resiliency)

March 20-22, 2018
e Second expert panel meeting (Olympia, WA)

Summer/fall 2018
e Finalize deliverables (Version 1 of the BCG model, report, R tool)




Calibration Dataset

Puget Lowlands & Willamette Valley Ecoregions
Streams from Watershed Areas of 1 to 100 mi?
Low and high gradient
500-count target
Lowest practical taxonomic resolution

(with some exceptions from early on)
At least 8 ft? sampling area

(with some exceptions from earlier years)
ODEQ, WA ECY and Puget Sound Stream Benthos
sampling methods

« WA ECY method is multi-habitat (random)

« Other Organizations target riffle/run habitat

#Samples # Samples
Level 3 ecoregion Entity |.n fUI.I assessed
calibration [ ——
dataset
King County - DNRP 212 35
Snohomish County 107 7
Kitsap County 105 2
WA ECY 91 18
City of Seattle 64 1
Puget Lowland City of Everett 24
City of Redmond 15
City of Kirkland 12
Snoqualmie Tribe 5
City of Bellevue 3
City of Issaquah 2
: ODEQ 35 21
WillametieEaey Yambhill Basin Council 3 1
Totals 678 85




Characteristics of the Calibration Dataset

Slope < 1%
252 out of 678 samples (37%)

|

0o 1 2 3 4 5 6 7 8 9 10 1"
Percent flowline slope (NHDPIlus v2)

No of obs

600

500 t

400 t

300

200 ¢

100

Drainage area 1 to 10 mi®

484 out of 678 samples (71.4%)
|

T




Number of total taxa

90 |
80 |
70 }
60 |
50 }
40 |
30 |
20 ¢t
10 }

Drainage Area versus # Total Taxa

10 mi? 100 mi®
Puget Lowlands
a  Willamette Valley -
A
A
A
£ 2 ? A
® A A A Pl
A A 85 M
A
A 191:\ A A %
A
A
AL A % A
A
0.0 0.4 0.8 1.2 1.6 2.0

Drainage area (mi2) - log10 transformed

Surprisingly high
number of taxa at
very small sites!

Based on plots like
this, we did not see
reason to adjust
expectations based
on stream size



Slope (Stream

Two Stream Types (Gradient)

* Low (<1% NHDPIus slope)
* Previously referred to as
‘depositional’
* High (= 1% slope)
* Previously referred to as
‘transitional/erosional’

Gradient)

I
1
I
Low |
|
1
I
1
I
1
E
E 1-3% slope
< 1% slope : transitional
depositional f
i
I
i_

Soft to hard-bottomed

High




Spatial Distribution
B el e of Calibration Dataset

92

O3 O Lowgradient

@ 4 A High gradient

@S

@6

[]  Puset Lowend and Wilamette Valey Assessed samples (85)

Level 3 ecoreglon boundaries

n State boundary




Calibration Dataset

Tally of assessed samples (Low & High Gradient Streams)

BCG level

Puget Lowlands

Willamette Valley

Low

High

Total

High

Total

7

11

17

25

9

14

8

10

2

20

43

63

13

Calibration Dataset by:

Ecoregion

* Puget Lowlands - 63
« Willamette Valley - 22

Stream Type

* Low gradient - 33

« High gradient - 52

Level 2 — 14%
Level 3 —35%
Level 4 — 21%
Level 5 — 20%
Level 6 — 9%

Calibration Sites in each BCG Level




Calibrated BCG Level 2 Rules

BCG level 2: Minimal changes in structure of the biotic community and minimal changes in ecosystem function - virtually all native taxa are
maintained with some changes in biomass and/or abundance; ecosystem functions are fully maintained within the range of natural variability.

Narrative Descriptions

Metric

Numeric Rules

Low

High

Diverse assemblage with moderate to high numbers of
total taxa

Number of total taxa

> 30 (25-35)

A fair number of highly sensitive species are present

Number of Attribute li+ll taxa

> 5 (3-8)

A third or more of total taxa belong to one of the three
sensitive groups, with slightly higher proportions expected
in higher gradient streams

% Attribute li+1l1+11l % taxa

> 35% (30-40)

> 40% (35-45)

Sensitive taxa comprise a almost a quarter of the
organisms

% Attribute li+l1+I1l1 % individuals

> 20% (15-25)

Tolerant and non-native taxa make up a very small fraction | % Attribute V+VI taxa < 5% (3-7)
of the organisms (or are absent) % Attribute V+VI individuals < 5% (3-7)
Sensitive EPT species are present in high numbers Number of Attribute li+ll1+11l EPT taxa =15 (10-20)

Tolerant non-insect taxa comprise a small percentage of
the individuals (or are absent). Juga and Rissooidea are
excluded from consideration for reasons described below?

% Attribute IV+V+VI non-insect?,
individuals, excluding Juga and
Rissooidea?

< 15% (10-20)




Calibrated BCG Level 5 Rules

BCG level 5: Major changes in structure of the biotic community and moderate changes in ecosystem function - Sensitive taxa are
markedly diminished; conspicuously unbalanced distribution of major groups from that expected; organism condition shows signs of
physiological stress; system function shows reduced complexity and redundancy; increased build-up or export of unused materials

Numeric
Rules
Narrative Descriptions Metric
Low | High
Total richness ranges widely; at a minimum, at least thirteen total taxa
J y Number of total taxa =13 (8-18)
are present
At least -20% of the subsampling target is achieved (in our calibration
. . : . = 400 (390-
dataset, the target is 500 organisms; if the target was 300, the rule Number of total individuals 410)
would be = 240 total organisms)
At least one EPT taxon is present Number of EPT taxa >0 (0-1)

Up to a third of total taxa may be tolerant or non-native

% Attribute V+VI taxa

< 35% (30-40)

Tolerant non-insect individuals comprise up to three-quarters of
organisms.

% Attribute IV+V+VI non-insect?!
individuals

< 75% (70-80)




Model Performance: Predictive Capacity

Compared panelist consensus
calls to BCG level outputs
(automated in Excel, and now R).

e Calibration — 97.4%
accurate within + 0.5 BCG
Level

e Confirmation — 100%
accurate within
+ 0.5 BCG Level

Difference
Stream Model
. Model 1 Model Model 1
Type Dataset Unit 1/2 Exact
) level 1/2 level level Total
(Gradient) level match
better worse worse
better
Calibrate Number 1 29 30
Low Percent 3.3% 96.7% 100%
Confirm Number 3 3
Percent 100% 100%
] Number 1 1 41 3 1 47
Calibrate
High Percent 2.1% 2.1% 87.2% 6.4% 2.1% 100%
g Confirm Number 4 1 5
Percent 80.0% 20% 100%
] Number 1 2 70 3 1 77
Calibrate
Total Percent 1.3% 2.6% 90.9% 3.9% 1.3%
confirm Number 7 1 8
Percent 87.5% 12.5% 100.0%




Historical Conditions
What do we know about BCG Level 17
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BIOLOGICAL CONDITION GRADIENT: Level | Puget Lowland Ecoregion

Historical Accounting of Stream Condition in Puget Sound

Quantification of Habitat Loss from Historical Conditions

Magnitude of Change from Reference
« Majority of streams have lost more than 20% of habitat
historically accessible (Haring 2002);
« Majority of streams have lost more than 66% of wetted area (Haring 2002),
* Loss of large woody debris (Haring 2002);
 Loss of pool habitat (Haring 2002);
« Degradation or loss of riparian habitat (Haring 2002); and
« Less than 60% of watershed with forest stands aged 25 years or more (Haring 2002)

Snohomish County
R. W. Plotnikoff




BIOLOGICAL CONDITION GRADIENT: Level | Puget Lowland Ecoregion

Historical Accounting of Stream Condition in Puget Sound

Changes in Stream Condition from 1895:

> 25 times return spawners

> 2.5 times intact area

< 0.5m/sec average water velocity
> 3 times the tributary wetted are

> 1.25 times more useable
> 3m tributary stream wid



Pre-EuroAmerican Scenario ca. 1851

Land Use and Land Cover 1990

Computer simulation of the upper Willamette River and floodplai
Harrisburg and Eugene-Springfield, ca. 1850 and ca. 1990. (Frc




Summary of Changes in Willamette Basin Conditions
from 1850 to current (1990 or 2005)

1 8?0 1 9(iO 1925 1950 1975 1990 2017
- Beaver: Nearly eliminated by 1835
- (Lowlands) % Ag: 0% > 41.6%
- (Lowlands) % Develop: 0% » 10.3% From: Willamette Basin
o . Planning Atlas
- (Lowlands) % Nat. Grass: 16.8% > 1.0%
- (Lowlands) % Hdwd: 24.7% > GOK | inece it e
- (Lowlands) % Conif For: 25.4% > 96%
- (Lowlands) % Wetlands: 14.2% > 1.1%
- (Uplands) % Mixed For: 0.3% » 36.6%
- (Uplands) % Conif For: 98.2% » 52.1%
- Water Quality Index (WRB): 100 <25 » 85
- Temperature Ag (% Mi Impaired) 0% » 90% From: DEQ
. o = s i Willamette
Temperature For (% Mi Impaired) 0% » 65% Rivets &
Streams
- BCG Level 1 Lowlands 25% » 0% Assessment
-BCG Level 2 Lowlands 50% » 0%
-BCG Level 3Lowlands 15% » 10%
- BCG Level > 4 Lowlands 10% » 90%
- BCG Level 1 Uplands 25% » 0%
I- BCG Level 2 Uplands 50% » 50%
- BCG Level 3 Uplands 15% » 30%
-BCG Level >4 Uplands 10% » 20%




Historical Condition Narrative for BCG Level 1

Streams with high habitat complexity; natural disturbance regimes to refresh micro-habitats;
year-round flow without anthropogenic impacts to hydrology, temperature, or water quality;
water often dominated by cool-cold water flow from springs, groundwater accretion, and/or
natural runoff; high resilience to disturbance including drought and flood extremes; exemplary
biological diversity with high taxa richness of rheophilic, lotic-depositional, and micro-habitat
specialist macroinvertebrates; non-native invasive species absent; biotic community supports
all ecosystem functions.




Expanded narrative description of BCG level 1 (by Bob Wisseman, Rick Hafele, and Rob Plotnikoff)

Fundamental
Characteristics

Description

Channel connected to hyporheos and flood plain including wetlands, beaver ponds, etc.;
diverse habitats present (e.g. braided channels, side channels, debris jams, mixture of steps
Stream channel and pools consistent with stream gradient); wood debris typically present and may be
abundant; quality habitat and refugia persists during periods of both low and high stream-

flows.

Riparian zone supports intact community of overstory, understory and groundcover plants
Riparian & (including a mixture of mature conifer and hardwood trees with a diverse age structure in
watershed forested watersheds); upper watershed vegetation intact, supporting delivery of water of high

chemical and thermal quality to lower reaches.
Hydrologic regime natural, without alteration from dams and/or irrigation withdrawals or return
flow; cool-cold water common from springs, groundwater accretion, and/or natural runoff;
perennial surface or subsurface flow. Re-charge in the watershed sustains flow, especially
Hydrologic regime | during years of extreme drought. Perennial surface water in some portion of watersheds
maintain endemic taxa that serve as recolonization sources sustaining high biodiversity at
select locations. These locations promote resiliency in stream reaches that are periodically de-
watered.
Natural seasonal range of high and low stream-flows present, which enhances and maintains
channel and habitat complexity. Natural sediment transport based on local geology, soils and
Disturbance regime | stream gradient. High resilience (ability to recover from disturbance) to natural and

and resilience anthropogenic watershed stressors (Flotemersch et al. 2016). Watershed integrity maintains
disturbance levels within ranges tolerable by endemic taxa and promotes connectivity for
purpose of recolonization.
Benthic macroinvertebrate community typically with high taxa richness, including many micro-
habitat specialist taxa and species sensitive to human disturbance. Habitat complexity results
in diversity of both rheophilic and lotic-depositional taxa. Non-native, invasive species not
present.
Watershed supports full range of ecological processes and functions essential to maintaining

Ecosystem function | high biodiversity provided by a minimally disturbed ecosystem. Food web, nutrient and energy
flow linkanec hehwween adiiatic and terrectrial envviironmente fiillvy cirinnorted

Biodiversity




State and Local Government Applications




Applications

e State

- compare and corroborate with existing B-IBI, RIVPACS tools

- consider including BCG in 305(b)/303(d) assessment toolbox

- stressor ID, environmental tolerances, and TMDL studies

- ID as reporting item in regional studies (e.g., stormwater action monitoring)
* Local

- Restoration Project Placement

- Coordination of Capital Improvement Projects within a drainage

- ldentification of local stressors with CADDIS model

- Effectiveness Monitoring of Salmon Habitat Recovery Projects




Future BCG Work

Ryan Hill (2018)

5-33353'33332

Probability of Good Condition (NRSA



Pilot projects

Addressing climate change by examining strategies for adapting to
changing thermal & hydrologic conditions
- Thermal Impact Checklist
- Thermal Prediction Models and Taxa Tolerances
BCG Refinements S e
- Integration of ICI and IWI metric suites iz S b
to populate disturbance gradient = — —
- Prediction of BCG for unmonitored sites
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Columbia
Estuary

BCG applications B Complete

Puget Lowlands/
Willamette Valley

'

Discussions underway

Northern
Forests

Casco Bay

I\Tarrangansett Bay

Northern Piedmont, MD & VA
,}f Central Appalachians,

:‘ﬁ WV & VA

Fish & coral reefs in the
Caribbean & Puerto Rico

34




R RTool

(BCGcalc Package)
https://github.com/leppott/BCGcalc



https://github.com/leppott/BCGcalc

How does the BCG model work? Like a cascade...

Exampile: macroinvertebrate assemblages in high gradient streams (2 1% slope) in the Puget Lowlands & Willamette Valley

Samples with <450 total individuals are flagged for further evaluation

o # Total taxa = 30 (25-35)

o 0 Aldbute ¥+l laxa > 5 (3-8)

o 5% Attribute B+ 11+ taxa 2 40% (35-45)
Does the sample o % Attribute B+I+I individuals 2 20% (15-25) YES ”—‘> Assigned to O W O e S t e

meet ALL BCG o % Attribute V+ V| taxa < 5% (3-7) BCG Level 2
Level 2 criteria? o % Attribute V+VI individusls < 5% (3-7)

e quantitative model and

o 3% Atlribute IV+VeVI nonyansect individuals excluding Juga and Rissooidea < 15% (10-20)

- R Tool work?

o % Attribute i+1i=1] taxa = 25% (20-30)

o % Attribute fi+ll+HI individuals = 10% (5-15) YES — Assigned to Li ke a Cascad e
Does the sample o % Attribute V+ VI texa < 10% {5-15) '—y) BCG Level 3 N
meet ALL BCG o % Aftribute VAV Individuals < 8% (5-10)

Level 3 criteria? o Number of Altibute 11411411 EPT taxa = 9 (6-12)

o % Attribute IV+V+VI nondnsact individuals excluding Juga and Rissooldea < 30% (25-35)

The BCG model evaluates metric

~ ¥ Total taxa 2 20 {15-25) 1 '
e e membership values for all the metrics
meet ALL BCG o % Attibute VaVI taxa < 15% (10-20) Assigned to 1 1 -
Ll Aia?  + wremraneaocse TES Iy Leedte Included in the rules for a given BCG level.
* Number of Attribute li+1l+1ll EPT taxa > 1 (0-3)
o % Attnbute IV+V+V1 non-insect taxa < 30% {25-35)
o % Attibute IVAVHVI nonsinsect individuals excuding Juga and Rissooldea < 35% (30-40)

— - We automate the model in Excel.

o the;Iple o #Totd taxa 2 13 (8-18) o
meet ALL BCG o % Total individuais 2 400{350-410) YES signed to
Level 5 criteria? o Numberof EPT taxa >0 (0-1) BEStave S
% Atiibute VAVI taxa = 35% (30-40)
* Y% Attnbute IV+V+ VI non-insect indivicuals £ 75% (70-80)
..

Assigned to BCG Level 6



Core Functions

* metric.values()
- Calculate MMI and BCG metrics.

 BCG.Metric.Membership()
- Generate membership for each metric. Requires a table of values.

* BCG.Level.Membership()

- Uses metric membership and table of values to classify each site’s
membership for Levels 1 to 6.

* BCG.Level.Assignment()
- Assign 15t and 2Md Levels by Level membership



Steps for running the BCG R tool

1. Prepare your data input file (save as .csv)
« SamplelD, TaxonID, Count, Excluded, and master taxa attributes
(phylogenetic and autecological)
2. Use the BCG R tool to
« Calculate suite of metrics
« Calculate metric membership values for each BCG level
« Calculate overall BCG membership values
3. Save output as .csv or Excel file



Calibrated BCG Level 4 Rules

BCG level 4. Moderate changes in structure of the biotic community and minimal changes in ecosystem function - Moderate
changes in structure due to replacement of some intermediate sensitive taxa by more tolerant taxa, but reproducing populations of
some sensitive taxa are maintained; overall balanced distribution of all expected major groups; ecosystem functions largely

maintained through redundant attributes.

Narrative Descriptions

Metric

Numeric Rules

Low High

Moderate numbers of total taxa

Number of total taxa

> 20 (15-25)

Sensitive taxa occur in reduced numbers but still comprise at
least a tenth of the taxa

% Attribute li+lI+11l % taxa

> 10% (5-15)

. : . <20% (15- <15% (10-

Tolerant and non-native taxa comprise up to a quarter of the % Attribute V+VI taxa 25) ol 20) O
organisms. Slightly higher proportions occur in low gradient

g ghtly higher prop g | 2 <25% (20- | = 20% (15-
streams. % Attribute V+VI individuals

30) 25)
" : Number of Attribute li+ll1+11l EPT

At least one sensitive EPT taxon is present > 1 (0-3)

taxa

Tolerant non-insect taxa become more prevalent, and may
comprise up to a third of the assemblage.

% Attribute IV+V+VI non-insect taxa

< 30% (25-35)

Tolerant non-insect taxa comprise up to half the individuals in
low gradient streams and up to a third of the individuals in
high gradient streams. Juga and Rissoidea are excluded from
consideration for reasons described above?

% Attribute IV+V+VI non-insect?,
individuals, excluding Juga and
Rissooidea?

<50% (45- | < 35% (30-
55) 40)




Metric membership calculations — example

Total taxa
10 -—
Degree of 0.8 Black dots =
membership g5 | examples of metric
i membership values
0 OE ____________ 4 ______________ 4 ______________ | L assigned to different
47 23 | metric values
0 5 10 15 20 25

Example — the BCG level 4 rule for total taxa richness is = 20 (15-25) (the lower bound is 15 and
the upper bound is 25).
e |f there are 15 or fewer total taxa in the sample, the metric membership value is 0.
e |f there are 25 or more total taxa in the sample, the metric membership value is 1.
e |f the number of total taxa falls within the lower and upper bounds, the metric membership
value will range from 0 to 1 (e.qg., if there are 20 total taxa, the membership value will be
0.5; if there are 17 total taxa, the membership value will be 0.2; if there are 23 total taxa,

the membership value will be 0.8).



Overall BCG level membership

May include membership of a sample in

* Asingle level only
- e.g., probability of membership in BCG level 3=1.0

« Two levels (tie)
- e.g., probability of membership in BCG level 3 = 0.5 and BCG level 4
=0.5
« Varying memberships among two or more levels
- e.g., probability of membership in BCG level 3= 0.8 and probability of
membership in BCG level 4 = 0.2.

The level with the highest membership value is taken as the primary level.



Thank You!

QUESTIONS ?
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Additional Slides



Calibrated BCG Level 3 Rules

BCG level 3: Evident changes in structure of the biotic community and minimal changes in ecosystem function - Some changes in
structure due to loss of some rare native taxa; shifts in relative abundance of taxa but intermediate sensitive taxa are common and
abundant; ecosystem functions are fully maintained through redundant attributes of the system.

Narrative rules and comments

Metric

Numeric Rules

Low High

Moderate to high numbers of total taxa

Number of total taxa

> 25 (20-30)

At least a quarter of the total taxa belong to one of the three sensitive
groups

% Attribute li+1l+11l taxa

> 25% (20-30)

Sensitive taxa comprise at least a tenth of the individuals

% Attribute li+1l1+11l individuals

> 10% (5-15)

Tolerant and non-native taxa make up a small fraction of the organisms

% Attribute V+VI taxa

< 10% (5-15)

% Attribute V+VI individuals

< 8% (5-10)

Sensitive EPT species are present in moderate to high numbers

Number of Attribute li+ll+1ll EPT taxa

>9 (6-12)

Tolerant non-insect taxa comprise a less than a quarter of the
assemblage. Slightly higher proportions of non-insect individuals are
expected in low versus high gradient streams. Juga and Rissoidea are
excluded from consideration for reasons described above?

% Attribute IV+V+VI non-insect?,
individuals, excluding Juga and
Rissooidea?

< 30% (25-35)




BIOLOGICAL CONDITION GRADIENT: Level | Puget Lowland Ecoregion

Historical Accounting of Stream Condition in Puget Sound

Habitat Characteristics Based on Modeling Results of Steelhead Parr Survival
(1895 Conditions)

« Average tributary channel width available for maximum parr production = 3m
« Where tributary meets mainstem: < 0.5m depth & < 0.5m/sec water velocity
« Open canopy andﬂprimary productivity enhances BMI response == food for fingerlings/juv.

. ﬂparr survival = increased spawners
* Increased spawners = increased redds
« Buried eggs are the primary source of marine-derived nutrients benefiting BMI

Capacity of the Available Habitat and Loss from Historic Conditions

Direct Effects on Stream Biota

 |oss of suitable habitat (Structural Attributes; e.g., Density, No. of Species)

Indirect Effects on Stream Biota

« conditions that affect population productivity (e.g., Density, Spatial Distribution) FATATAN

Snohomish County
R. W. Plotnikoff




Historical Condition for BCG Level 1

Work in Progress: Signal Checklist
* |dentify CHECKLIST
- best quality sites that remain
- provide measure of BCG 1 elements at a site
- degree to which site conditions reflect Level 1
« Metrics (current exploration)
- Ecoloqic

# attribute li, Il taxa, # sensitive EPT, #cold water taxa, # (Heptageniidae,

Ephemerellidae, Nemouridae, Perlidae and Rhyacophilidae), habitat specialist (e.g.,
In low gradient valley streams, high dytiscid diversity)

- Physical Habitat, Watershed Condition

Index of Catchment Integrity, Index of Watershed Integrity




Preliminary comparison of B-IBI with BCG for sites in Puget Lowlands

100

B-IBI (0-100)

R2=0.6583
p =1.8e-22

4 5 6
Primary BCG level



Effects of macrophyte growth and senescence on sediment
dynamics in a regulated, low-gradient river

Rob Van Kirk
Melissa Muradian
Zach Kuzniar
Ben Ortman

Henry’s Fork Foundation HE Y’S F ORK
Ashton, Idaho FOUNDATION



Study Motivation and Questions

Harriman State Park Reach of Henry’s Fork

* World-renowned wild Rainbow Trout fishery

* Famous for prolific aquatic insect hatches

* Wide, shallow channel

* Low-gradient: 0.10%

* Embedded gravel substrate

* Minimal riparian vegetation

e Seasonal growth and senescence of macrophytes
* 5 miles downstream of large irrigation reservoir

1. How do macrophytes and irrigation management
affect fine sediment transport and deposition?

2. Can we relate invertebrate assemblage to
sediment?

\‘\*f;’:;_x?jg |
HENRY’S FORK

e F U N DA T O N ————




Study Reach

* 15 miles of river downstream of Island Park Dam

e 4th_order reach; mean annual flow 650 cfs

* Drainage basin area: 500 mi?

e Unregulated hydrology dominated by groundwater
* Reservoir stores 1/3 of annual basin yield

1600
1400 + Unregulated

(N

=== Regulated ./ "
1200 & P A
! I ‘\

1000 / 'l \ .
800 4 ‘|
s \
/ ! \’\/ﬁ\\
600 ; X
i Y
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Stream flow (cfs)

200

0
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I\/Ionltormg Sites in Study

“5 = B u
TOP

slant

ounla/n‘,

”"0 River

Island Park__

Reservoirs .

Harrim@n
State P

d Park

Reach

/\ Water-quality

*YSI sondes, continuous
=Turbidity
=Temp., DO, etc.

*Weekly samples
=Nutrients
=Turbidity
=Suspended

sediment

*Macroinvertebrates

*Sample in March
*Quantitative Hess
*3-6 samples/location
*Data back to 1992 at
upstream site




Macrophyte cover (%)

Previous Results from Study Reach

Macrophyte Cover - Velocity
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" *Increase depth
* *Trap sediment
*Senesce Dec-Mar

L 5 +’ *Determine fish
habitat

T

]
Early  Mid Late characteristics

Kuzniar et al. 2017. Ecology of Freshwater Fish Vol. 26
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Sediment Analysis

Turbidity-SSC relationship from samples

Daily SSC from sonde turbidity data
Streamflow: Island Park Dam and Buffalo River
Streamflow at reach bottom = sum of these

Suspended Sediment (mg/L)

Load = SSC concentration x streamflow

Net reach transport = load at bottom - load at top
Effect of reservoir operation on SSC and turbidity
Effect of reservoir operation on invertebrates

15

10

Turbitity (NTU)
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Suspended sediment (mg/L)

Results: Reservoir operations and SSC

15 20

10

5

SSC vs. Flow
O

R?(log) = 0.35
O

500 1000 1500

IP outflow (cfs)

Suspended sediment (mg/L)

SSC vs. Reservoir Volume

O

15

o® @
R*(log) = 0.35

20000 60000 100000

Reservoir volume (ac-ft)
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Turbidity (NTU) and Outflow (100 cfs)

Results: Reservoir operations and turbidity

(]
o~

| ®  Turbidity
Reservoir volume o
Reservoir outflow Turbidity and SSC at dam:
0 - 8% * High when reservoir
outflow is high and
2 volume is low
oS

h High in late summer of
P years when irrigation
o | '-' demand is high
‘l Low when outflow is low
and reservoir is full
S - © e Lowin late winter

T T T T T T
Aug 2013 Aug 2014 Aug 2015 Aug 2016 Aug 2017 Aug 2018

T T
50 100
Reservoir volume (1000 ac-ft)

Date 1‘.: “5‘_\; ‘
HENRY’S FORK



Sediment transport (tons/day) and flow (10 cfs)

N
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—— Sediment load
—— |P Dam outflow
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Arrows show Invertebrate sampling dates
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Results: Net reach sediment transport
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Results: Net reach sediment transport: 2016-2017

Sediment transport (tons/day) and flow (10 cfs

o

100 150 20

50

—

—— Sediment load
—— |P Dam outflow

b i,

Invertebrate sampling
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I |
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Sediment Transport: Context Matters

Yellowstone River near Livingston, MT Henry’s Fork in study reach
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Macrophytes and sediment dynamics

* Macrophytes trap fine sediment delivered during irrigation season
* Sediment transported out of reach highest when macrophyte biomass lowest

L OF 1)
Lot e ¢
& - ¢,
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Sediment dynamics and invertebrates

Is net sediment deposition/scour between summer invertebrate
reproduction and March sampling a function of streamflow?

Ratio of winter (December-March) flow to irrigation-season flow (July-
September): higher values should result in less deposition/more scour.

EPT HBI
% o _
(o)
R%(log)=0.3 | _
L 8 Some evidence
(@] .
i g S © that higher flow
- (&) .
§ o « g ratios lead to
bt < | o o .
K I & - better invertebrate
o _| .
N = metrics.
o —
e T T T T T T ™ T T T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0
Winter/summer flow ratio Winter/summer flow ratio . i‘- N

HENRY’S FORK
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Sediment dynamics over long term

50,000 - 100,000 tons released from reservoir in 1992 (complete drawdown)
* Since 2014, net transport out of reach = 2,000 tons/year but not uniform!
* 1992 sediment moved out of reach in 25-50 years?

00 04 038

I | | | I
1995 2000 2005 2010 2015

Winter/summer flow ratio

Year N
HENRY’S FORK



Possible explanation for invertebrate trend?
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Conclusions and management implications

Sediment dynamics in Henry’s Fork differ from usual model of mobilization
on ascending limb of runoff and deposition on descending limb.

Reservoir sediment transport highest in July-September (irrigation
season), out of phase with natural runoff timing.

Macrophytes trap fine sediment during irrigation season.
Sediment transport out of reach highest in late winter/early spring.

Trends in invertebrate assemblage show some correlation with short- and
long-term sediment dynamics.

High winter flows and low irrigation-season flows lead to net transport of
sediment out of Harriman reach, among other benefits to fishery.
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Growing Our
Understanding

Through
Communication

Brian Reese
Water Quality Standards Analyst.

Chase Cusack
Watershed Manager

— Idaho Department of Environmental Quality




Zhang et al. Environmental Health (2015) 14:41
DOI 10.1186/s12940-015-0026-7

Bloom Coverage (%)|
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Why do we care?
Hypoxia

Taste and odors
Aesthetics



Cyanotoxins




Idaho Cyanobacteria

1. Aphanizomenon sp.
2. Dolichospermum

3. Gloeotrichia
4. Lyngbya

5. Microcystis
6. Planktothrix
7. Woronichinia




HepatotoXxins

Disrupt proteins that keep
the liver functioning, may
act slowly

 Microcystins (fast death
factor) : 240+ variants, known
tumor promotor.

Potentially produced by:
Aphanizomenon
Dolichospermum

. Gloeotrichia
* Cylindrospermopsin HlEreysls
Oscillatoria

NogohkowbdE

Woronichinia

Idaho Department of Environmental Quality




Microcystin exposure: response

» Uptake by bile acid transporter Blatantly borrowed from
- Inhibit protein phosphatases 1 and 2A Barry Rosen, USGS
- Affects cytoskeleton, cell cycle, general metabolism, apoptosis

MICROFILAMENTS (red threads in mi-
crographs), structural components of
cells, are usually quite long, as in the
rat hepatocyte at the left. But after ex-
posure to microcystins (right), microfil-
aments collapse toward the nucleus
(blue). (This cell, like many healthy
hepatocyvtes, happens to have two nu-
clei.) Such collapse helps to shrink hep-
atocvtes—which normally touch one
. another and touch sinusoidal capillaries
(left drawing). Then the shrunken cells
separate from one another and from
the sinusoids (right drawing). The cells
of the sinusoids separate as well, caus-
ing blood to spill into liver tissue. This
bleeding can lead swiftly to death.

NORMAL LIVER LIVER AFTER TOXINS ACT
to & o d ’
@ | BILE DUCT |
e — ""\—-'}X——”ﬁ—" -
=== e
/_. — - - . -

( S INUSOIDAL s
“JCAPILLAB»/ o,




Neurotoxins

Neurological toxXICity ioss of

coordination, muscle spasms, convulsions and
rapid paralysis of skeletal and respiratory muscles
(minutes)

 Anatoxin -a (Very Fast Death Factor)

e Anatoxin —a (s
( ) Potentially produced by:

Saxitoxin 1. Aphanizomenon
Neosaxitoxin 2. Dolichospermum
3. Gloeotrichia

4. Lyngbya

6. Oscillatoria

7. Woronichinia

Idaho Department of Environmental Quality




Dermatotoxins

Produce rashes and other
skin reactions, usually within
a day (hours)

: Potentially produced by:
° Lyngbyatoxm L AphanEemonon
~—Polehosoorr

4. Lyngbya

6. Oscillatoria

|daho Department of Environmental Quality




b-N-methylamino-L-alanine
BMAA

Neurological, linked to ALS and AD

Potentially produced by:
1. Aphanizomenon

2. Dolichospermum

4. Lyngbya

6. Oscillatoria

Idaho Department of Environmental Quality




Cyanotoxins are highly potent

Compounds & LD, (ug/kg)

e Saxitoxin 9 * Ricin 0.02
* Microcystin 20 * Cobratoxin 20
* Anatoxin —a(s) 50 e Curare 500

* Anatoxin —a 200 —-250 - Strychnine 2000

* Nodularin 50
* Cylindrospermopsins 200

Blatantly borrowed from Barry Rosen, USGS

Idaho Department of Environmental Quality




Cyanotoxins are highly potent

Compounds & LD, (ug/kg)

e Saxitoxin 9 * Ricin 0.02

* Microcy : : in 20

* Anatoxi Saxitoxin 500
e Anatoxi 0.000000Zg o 2000
 Nodularin 50

* Cylindrospermopsins 200

Idaho Department of Environmental Quality




Cyanotoxins are highly potent

Microcystin
* Saxitoxi 4 ppb = 505
* Microcy o o0
* Anatoxi 00
* Anatoxilj ™ eee=s = — - 2000
* Nodulal ®"awem ===
* Cylindrosg poce &

Idaho Department of Environmental Quality 5




Cyanotoxins are highly potent

Microcystin
 Saxitoxi 3 ppb — —
* Microcy B
* Anatoxi oo
e Anatoxi P o
» Nodulaf - mwee sz-aef—rz
e Cylindrosd mee ¢ B == i«

e
Idaho Department of Environmental Quality |,




Observed Cyanobacteria and
known toxins

Cyanobacteri

Cyanobacteria Cyanotoxin Class
Genus SAX NEO LYN BMAA DAT
Aphanizomenon v v
Cylindrospermum '
Dolichospermum v
Gloeotrichia

Lyngbya
“IMicrocystis
Oscillatoria
(Planktothrix)

v

7 v/

CYL = cylindrospermopsin MC=microcystin NOD = nodularin ATX=anatoxin-a SAX =saxitoxin NEO =neosaxitoxins
BMAA =3-N-methylamino-L-alanine LYN =lyngbyatoxin-a DAT = debromoaplysiatoxin APL= aplysiatoxin

Blatently adapted from the SWAMP - HAB Field Guide - Cyanobacteria & Known Toxins Chart. Version 1.02/09/2017
Toxins tested for
Genetics tested for

Idaho Department of Environmental Quality
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Q ¢Sar

Salem area water advisory remains in effect, cyanotoxin levels

decline

News-Press.
Florida's toxic algae crisis: Are Gulf a

HOME NEWS SPORTS CAPE CORAL JOBS

seafood safe to eat?

Annabelle Tometich and Ed Killer, Fort Myers News-Press

Aerial vie

© NEWS

SHOWS  VIDEO  CBSN  MORE  Q
Toledo
Y g
woooco. |} OHIO_
WARNINGS

Don't drink water
Don't let children bathe
Boiling water increases toxins

OBITUARIES @u

vy £ = o
« WATCH LIVE



% W MAGICVALLEYCUM News Sports Opinion fvents Obituaries Buy & Sell

Vet: Toxic algae near Rupert kills dogs
horses waome W Idaho Statesman

LAURIE WELCH Iweich@magicvalley.com

OKTVB COM Py " Eagle 1sland State Park that has been closed after a blue-green algae bloom was detected on the afterncon of
Sawidaho Department of Parks and Recreation

ent

parate blue-green algae blooms
strict recreation access at Eagle
and, E. Idaho

Esther Simplot Pond reopens after
algae bloom Idaho Department of Environmental Quality |




2016 — 2018
Public reports,

Avondale Lake observations,

1.
2.
3.
4.
5.
6.
7.
8.
9.

Black Lake
Fernan Lake
Hayden Lake
Cocolalla Lake
Chatcolet Res.
Dworshak Res.
Brownlee Res.
Hells Canyon Res.

. Oxbow Res.

. Horsethief Res.

. Cascade Res.

. NF Payette River

. Lake Lowell

. Blacks Creek Res.

. Little Camas Res.

. Mountain Home Res.
. Salmon Falls Creek Res
. Long Tom Res.

. C.J. Strike Res.

. Snake River (mult

photos

. Private property

(mult)

. Murtaugh Lake
. American Falls

Res.

. Island Park Res.
. Henry’s Lake

. Henry’s Fork

. Magic Res.

. Mormon Res.

. Chesterfield Res.
. Fish Creek Res.

. Blackfoot Res.

. Lost Valley Res.

. Eagle Island

State Park

. Anderson Ranch




Public reports,
observations,
photos

Avondale Lake
Black Lake

. Private
property(mult)

Cocolalla Lake : 3 . Murtaugh Lake
Chatcolet Res. . American Falls

Dworshak Res. Res.

. Island Park Res.
. Henry’s Lake

. Henry’s Fork

. Magic Res.

Hayden Lake

9. Hells Canyon Res.
10. Oxbow Res.
11. Horsethief Res.

13. NF Payette River T { . | % . Chesterfield Res.

Al , - _ . Fish Creek Res.
15. Blacks Creek Res. NG ' \ : £ . Blackfoot Res.

. Lost Valley Res.
17. Mountain Home Res.

19. Long Tom Res. . Anderson Ranch

21. Snake River (mult) 1y
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Home s Like A Share
Posts

Pnotos Posts

About e jdaho Department of Environmental Quality -\ s o
Government Organization m Boise, idaho
Videos cober 20 3t § 1A \5
We presented our Poliution Prevention Champion award to
Esterine/Advanced Input Systems for its successtul efforts to retrofit its
Events factory fioor lighting in s Coeur g'Alene fabrication facility. This is the
third time the company has been recognized as a poliution preve
Notes champion. GG Ot O USa ¢

Community

Info and Ads

Create a Page ABOUT IDAHO DEPRTTMENT OF
ENVIRONMEN TAL GUALITY

Idaho Department of Environmental Quality




Boise Parks & Rec @boiseparks - Jul 20 v
Esther Simplot Park Pond No. 1 remains closed due to the discovery of blue-green
algae. This type of algae *may produce toxins under the right conditions. Measures
have been taken to eliminate the bloom. We'll update the public as we get new
info.

@) WARNING
ATER GUALITY 40vistay

UNSAFE

FOR SWiMMING OB WADING

| A ALGAE 8LOOM dciminin ]
Mecationn could pase o s 1y e houth, Thy |
ot 16 1ot €L O3 KD b frrtes ot




Idaho Department of Environmental Quality
s

Performance for Your Post

Published by Sara Cassinelli [71- July 23 - Q 1,876 People Reached

What does a harmful algal bloom look like and how can you report one?
We explain what to look for and how to contact DEQ if you suspect a
bloom is in an |daho water body. When in doubt, stay out! Check our map
for current recreation water quality health advisories and learn how to
report a harmful algal bloom here: hitps://go.usa gov/xRnSj.

e o

Harmful Algal Blooms in [daho
01:32 J

WWW.DEQ IDAHO.GOV
- Learn More
Harmful Algal Blooms in Idaho

7,876 362

69
People Reached Engagements i i Clicks 10 Fiay

D arant Artivit
~ecent ACvI

/Ity

Boosted on Jul 30
Audience: United States: Idaho, 13 - 65+
By Sara Cassinelli - Completed

View Results

Idaho Department of Environmental Quality




Idaho Department of Environmental Quality
<

Published by Sara Cassinelli i?]- September7- @

Central District Health Department has issued a health advisory for Lake
Cascade due to the presence of a cyanobacteria harmful algal bloom.

Check our map for current recreation water quality health advisories and
learn how to report a harmful algal bloom here: hitps://go.usa.gov/xRnSj

News release: hitp //www.cdhd.idaho.gov/.../09-07-18-lake-cascade-bg-
algae....

NEGATIVE FEEDBACK
1 Hide Pos

Idaho Department of Environmental Quality




Click pin for detailed information.
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http://www.deq.idaho.gov

4! DEQ

Pages

All Users
100.00% Pageviews

Explorer

® Pageviews
1.000

P R N—

[/1GO TO REPORT

Jun 1,2018-Sep 30,2018

July 2018 August 2018

Y This data was filtered with the following filter expression: recreation

Page

. Jwater-quality/surface-water/recreation-health-advisories/index_html

/water-quaiity/surface-water/recreation-health-advisories/biue-green-aigae/index ht
~ ml

/news-public-comments-events/public-comment-opportunities/draft-401-ceriificatio
. n-boise-parks-and-recreation-ja-and-kathryn-albertson-family-foundation-boise-white
water-park-phase-ii-project/index.htmi

Pageviews

7,629

% of Totak:
1.27%
(602.062)

4,520
(59.25%)

2,668
(34.97%)

152
(1.99%)

Unique
Pageviews

6,566

% of Total:
1.33%
(495,288)

3,754
(57.17%)

2,450
(37.31%)

114
(1.74%)

September 2018

Avg.
Time on Entrances
Page

00:02:46 4,761
Avgfor | % of Total:
View: 1.54%
00:01:40 (309,945)
(65.26%)

-04: 2,359
00:0426| (o555

-01- 2,201
00:01:16 (4623%)

00:05:07 Q;gz

Bounce
Rate

62.30%
Avg for
View:
62.77%
(-0.75%)

69.90%

54.29%

% Exit

65.85%
Avg for
View:
51.48%
(27.92%)

75.22%

52.02%

Page
Value

$0.00
% of
Totak:
0.00%
(50.00)

$0.00
{0.00%)

$0.00
(0.00%)

$0.00
(0.00%)
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Idaho Harmful algal Bloom Response Partners

|DAHO DEPARTMENT OF HEALTH & WELFARE oy O

STATE DEPARTMENT

'DIVISION OF PUBLIC HEALTH — Gl oF Asmciarig

Idaho Department of Environmental Quality




Idaho Harmful algal Bloom Response Partners

Panhandle S SRrct S0 uthwcst
Health District .I,;!,Eﬁ,!;LH 7;; District

Healthy People in Healthy Communities , £ IN HE ] /) HC&I th

%E P ublic Health " %&gﬁfﬁzanh

Idaho North Central District

% South Central Public Health District
P Prevent. Promote. Protect.

. Promote.

Idaho Department of Environmental Quality




Idaho Harmful algal Bloom Response Partners

IDAHO DEPARTMENT OF HEALTH & WELFARE
DIVISION OF PUBLIC HEALTH

Health District @EEA:LELH

Healthy People in Healthy Communities Wl +caLrHy PEOPLE IN HEALTHY COMMUNITIES

’&r Public Health .z .

Idaho North Central District

g South Central Publlc Health District
',.l' ent. Promo Protect.

Idaho Public Health




Idaho Harmful algal Bloom Response Partners

QNCCOS conama ocean soence Phytoplankton Monitoring Network|

Idaho Department of Environmental Quality |



& |daho Fish and Game Magic Valley

¥ . _
\ September 27 - &y

Attention Anglers: A salvage order has been issued on Little Camas

Reservoir The Health Advisory on Little Camas related to bluegreen algae
toxins was recently lifted, but that does not mean its "all clear”. We

encouraged folks visiting Little Camas Reservoir to still take precautions
and avoid swimming, keep dogs away from the water, and prepare fish
meals in the same manner recommended when advisories are in place.
Please fillet the fish, remove the skin, trim fat, and only eat the meat of the

fish.

Idaho Department of Environmental Quality
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Cascade
Reservoir

9/2 / 8/30

Population Density Estimate
(cells/mL)

2018-08-30

0 1,250 2,500 Meters

Get Sentinel snd | andsat imaaery in vour GIS
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Technology & Citizen Science

Cyanobacteria Monitoring Collaborative

cyanos.org

S,

bloomWatch App cyanoScope cyanoMonitoring
Crowdsowrcing to find and report potential cyanobacteria booms Magiping cyanobacteria one slide at a time Maonitoring cyanobacteria popukations over time

Engaging the pablic 1o rigort when and where poteatal cymobactond blooms appesr. Engaging traned cibaes scenbists and profesuoral water guadity managess 1o snterstand where  Engagung professamls and traned citizes sciemtets 1o track seasaral patterns of cymobactina.
aad when cymobaslera spocies ootur

Three coordinated monitoring projects to locate and understand harmful
cyanobacteria.

Idaho Department of Environmental Quality |




Technology & Citizen Science

INCCOS

NATIONAL CENTERS FOR
COASTAL OCEAN SCIENCE

Phytoplankton Monitoring Network

Promating a better understanding of harmful aigal blcoms by way of volunteer monitoring

Volunteering and Training
- Ay J v

Currert and Prospective Volunlears Access evenythng you
need 1o montor of 10 O g monttocng with the PN

Schedule a Tranng Session. (more)

Phyto In the News

EXPLORE  DATA

Access Data
)/—

PMN reported bloocer
200%-2012
™~
Subenit currert data collectons and wew histoncs data If

you have Youble submitling data please contact Steve

Mceton. (maore)

Mobile Phyto App

&

Develcped by a PN volunteer, Phyio helps you leam o

Dinophysis

identfy phytopianiton and thesr propes pronuncastion. Free

a0p 1S avalabie for both iPhane and Androd desices (more)

Phytoplankton Monitoring Network

BloomWatch App -
Cyanobacteria Monitoring
Collaborative

hiaohvareh

ANA

Idaho Department of Environmental Quality




What’s ahead?

Questions to consider...

Idaho Department of Environmental Quality




Impacts of Cyanotoxins on & CLEN WATER Fomd
Drinking Water Systems

Increasingly, water systems are monitoring for and addressing cyanotoxins and the growth

rmation. Some cyanoto: are on EPA's list of drinking water contaminants

\ published "Health Advisories” for two cyanotoxins,

By

S




Sample Date Time | Taxa ID and Enumeration (cells/mL) Microcystin (ppb)
Description

NF Payette | 9/11/2018 | |  Dolichospermumsp.:14200 | <015 |

Idaho Department of Environmental Quality




' 3.
Cyanobacteria & Known Toxins Chart. Version 1.0 2/08/2017

Cyanobocteria Cyanotoxin Class
Gonus o ATX SAX NEQ LYN DAT

—— ---——-
1 l

Sample
Description

NF Payette 9/11/2018 - Dolichospermum sp.:14,200 7

Blatently odapted from the SWAMP - HAB Field Guide - Cyancbactena & Known Toxins Chart. Version 1.02/08/2017

Ganatics testad for

Idaho Department of Environmental Quality
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HABS SURVEILLANCE PROGRAM

\y G

LV BRI T TR

- Sample
drinkii

OHA : Advisories |

DEQ : Responsible to investigate causes ,, :
- Identify source of pollution
- Write poIIutlon reductlon plan

SRS L

Meter status— Monltormg Drinking water

remains safe ﬂ r all Salem residents and water

customers. Based on current test results from

sam :::f*ig “w within Detroit yr

cyan IHHt LHH*HHH fi! m's
waters b f nott

drinki dist ll utio T:‘P“.



CYANOBACTERIA 101

* Prokaryotes
e Earliest : - life forms on earth

- fossils
- photosynthesizers

* Simple organisms?......not that simple

]




CYANOBACTERIA 101

* Gas vesicles — buoyancy regulation

* Akinetes — resting cell or “spore”
* Heterocysts — dedicated to fix N
. Txins — defense, competition




IDENTIFY CAUSES

* Waterbody specific and may involve any of these factors:

* Increasing nutrient input

* Warming water temperatures

* Reduced mixing/circulation

* Invasive species, particularly fish
and filter feeders

Upper Klamath Lake, OR
https://sentinel.esa.int




DEVELOP STRATEGIES

“The success of water
management strategies to combat
harmful cyanobacteria hinges on a
proper identification of the
cyanobacterial species involved
and the ecosystem processes that
govern their population
dynamics.”

(Huisman et al., 2005)



DEVELOP STRATEGIES

* Strategies are waterbody specific
* Reduce nutrient inputs from:
* Point sources of wastewater
* Leaky septic systems
e Agricultural runoff
* Urban stormwater
* Forest lands
* Restore vegetation to provide cooling
* Promote water movement
* Invasive species control/prevention




OREGON ENVIRONMENTAL NEWS

CapitalpPress
Two mare doans die from hliie-areen
MICROCYSTINS
Animal/Source Specimen Specimen Type
1 (1) Rumen Rumen Contents
contents

Analyte Result Units = Rep.Limit  Units
Report 4.34-CAHFS Standard Report - 05/31/2017 Page 1 of 2
CAHFS Final Version 1 Accession # D1708305 June 27, 2017

MICROCYSTIN LA Not d ppb 10 ppb

MICROCYSTIN LR 7100 @ 10 ppb

MICROCYSTIN RR Nof Detected ppb 10 ppb

MICROCYSTIN YR Not Detected ppb 10 ppb

algae toxins killed them.

A blue-green 3igas bloom in 3 Lake County, Ore., pond killed 32 catti=. Though not all blooms are toxic,
ranchers and others should report any outbreaks so they can be tested.
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Ross Island Lagoon

Advisory by cell count:
Cumulative toxigenic species

>100,000 cells/mL?
h e,
Microcystis aeruginosa (cells/mL) i
1) Inner Lagoon: 18,281
2) Lagoon Mouth: 1,099,313 R S
3) Willamette R : 629,112 [ ool R

4) Ross Isl. Channel: 5,246
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Future of blue-green algae in Willamette River still
uncertain; users frustrated

Volunteers for the Oregon Health Authority have put up warning signs in Willamette, Sellwood, Waterfront, and East Bank
Esplanade parks. These signs caution river users against drinking or cooking with the water due to blue-green algae bloom
scum that can produce harmful toxins. (Adrianna Rodriguez)

oI




Eesa

UTC: 2018-07-19 09594203
Speed: 1x

The location of
the European
Space Agency

A Sentinel 3A at
119:59 am on
ThursdayJuIy
18, 2018




Ocean and Land Color Instrument
(OLCI)

* 1,270 km swath width

* 300m? spatial resolution

* Global coverage (2 days)
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Lake Bi"y Chinook a|gae Lake Billy Chinook @ Cove Palisadesl 06/30/18
health advisory expanded Transparency (i

Alert now covers all three arms of the lake

Lake Billy Chinook @ Cove PalisadesL 07/14/18

Transparency ' o

By: KTVZ.COM news sources
Posted: July 11, 2018 05:11 PM PDT
Updated: July 11, 2018 05:11 PM PDT

Green scum of blue-green algae evident in early summer in areas of Lake Billy Chinook (File
photos: Oregon Health Authority)

SALEM, Ore. - The Oregon Health Authority said Wednesday it has updated
a recreational use health advisory issued June 22 for part of Lake Billy
Chinook to cover all three arms of the lake, based on the latest test results.

(® Google Earth (® Google Earth




<EPA <EPA

Upper Klamath - 2 L 06/30/18 Upper Klamath- 1 L07/14/18

Health Advisory Issued For Upper Klamath Lake | | Transparency (@

Due To Algae Bloom

Oregox’s problems vwith biue-green algas have spread to another ke Stzt
officials have issued a heelth advicory for Upper Klamath Lake Itsm
southern Oregon, west of Klamath Falls

Touins from blue-green algze can be karmful to humans 224 animals.

In the afizeted aress of Klamath Lake visitors should avesd swimming ané
activities soch as water sking or power boating. Towins are not absorbed
through the siin, but people with skin sensitivities may experience a puffy
red rash at the affected area.

Drinking water that contains the algae s especially dangerous. The toxins
cannok be rezsoved by bedling, Siering or treating wates with camping il

Oregon health officizls sz that if you choes: to eat fich from the affected
wiates, o should remove 22 f2t, skin and ocgans before oooking, Filets
should also be rizsed with dean water. You shonldnt eat freshveater clams
rnscels from Upper Flamath Lake.

More News

@ Google Earth (® Google Earth
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SEPA DETROIT RESERVOIR

26 MAY, 2018

@ Google Earth
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City of Salem issues drinking water advisory

‘
May 29, 2018

City of Salem issues drinking water advisory

Late this afternoon, the city of Salem issued the following
press release regarding a "Do Not Drink" notice for tap
water in the cities of Salem, Turner, Suburban East Salem
. Water District, and Orchard Heights Water Association.
The city is recommending that vulnerable people including
infants, children under six, people with compromised
immune systems, people receiving dialysis treatment, people with pre-existing liver
conditions, pets, pregnant women or nursing mothers, or other sensitive populations
should follow this advisory.

Everyone may use tap water for showering, bathing, washing hands, washing dishes,
flushing toilets, cleaning and doing laundry.

Please see the full press release below for more information or visit cityofsalem.net.

DRINKING WATER ADVISORY

City of Salem: MAY 29, 2018, o° ° ” °
CYANOTOXINS PRESENT IN DRINKING WATER DO NOT DRINK THE TAP WATER -- D O N ot D rl n k AdVI SO ry e
INFANTS, YOUNG CHILDREN AND OTHER VULNERABLE INDIVIDUALS o
Applies to City of Salem, City of Turner, Suburban East Salem Water District, and Orchard

Heights Water Association M a ! 9th J u I ! nd ! 0 1 8
-
WHY IS THERE AN ADVISORY? Low levels of cylindrospermopsin and microcystin y y ’

(cyanotoxins) have been found in treated drinking water. These toxins are created by algal
blooms in the source of City of Salem drinking water, Detroit Reservoir.

To ensure the greatest quality of drinking water, City of Salem voluntarily samples for such
toxins during algal events. Samples were collected on May 23, 2018, and May 25, 2018.




PETER COURTNEY
President of the Senate

June 13, 2018

Director Richard Whitman
Department of Environmental Quality
700 NE Multnomah Street, Suite 600
Portland, OR 97232

Dear Director Whitman,

Over that last few weeks Oregonians have learned about the dangers of cyanotoxins in drinking
water. Even low levels of exposure to these toxins can be harmful to children, older aduits and
those with specific pre-existing health conditions.

I have heard from the City of Salem and several other local water utilities that the lack of in-state
testing is a problem. The process of shipping samples to out-of-state labs is cumbersome and
slow for the water officials and the public.

It is my understanding that the department has the equipment and expertise to conduct the testing
in-state, but lacks the needed personnel. [ am requesting today that the Oregon Department of
Environmental Quality move quickly to use existing staff to conduct testing for cyanotoxins in
drinking water and if necessary submit a budgetary request to the Legislative Emergency Board
to be considered when the board meets in September.

Throughout our history, Oregon has prided itself about its clean air and water. Alga! blooms and
the resulting toxins in our drinking water systems are now threatening public confidence in a
resource we have long considered pure. This is exactly why the Emergency Board exists. Oregon
is facing crisis and we have the means to aid in our response.

I believe that timely in-state testing can provide water systems with the information they need to
react and help restore Oregonians faith in this essential element of our daily lives.

Thank you.

Resgpectfully,

Peter Courtney W

President of the Oregon Senate

900 Court St NE, 8-201, Salem, Orzgon 97301
(503) 986-1600

OREGON ADMINISTRATIVE RULES
OREGON HEALTH AUTHORITY, PUBLIC HEALTH DIVISION
CHAPTER 333

DIVISION 61
DRINKING WATER

333-061-0510

Applicability of Cyanotoxin Rules

(1) Water suppliers subject to QAR 333-061-0510 to 333-061-0580 are those water suppliers operating
water systems subject to regulation under QAR 333-061-0010 that:

(a) Are supplied by a surface water source that is susceptible to harmful algae blooms or release of
cyanotoxing; or

(b) Are supplied by a groundwater source deternuned by the Authornity to be under the durect
nflnence of a surface water source that is susceptible to harmful algae blooms or release of
cyanotoxins; or

(c) Purchase water from another water system that is supplied by a surface water source ora
groundwater source determined by the Aunthority under the direct influence of a surface water
that is susceptible to harmfinl algae blooms or release of cyanotoxins.

(2) A water source is susceptible to harmful algae blooms or release of cyanotoxins when:

(a) One or more harmful algae blooms have been documented or at least one cyanotoxin was
previously detected in the water source or at any location in a public water system supplied by
that water source;

(b) The point of diversion info the water system is downstream of or influenced by another surface
water source susceptible to harmful algae blooms or release of cyanotoxins;

(c) The surface water source 15 susceptible to cyanotoxins based on a water quality limited listing
1n the Oregon DEQ Integrated Report and Clean Water Act Section 303(d) list for the limiting
factors of algae and aquatic weeds, chlorophyll-a, nitrates. phospheorus, pH, or disselved
OXyEen; or

(d) The Authority determines the source is snsceptible to harmfil algae blooms and cyanotoxins
based on the characteristics of the source, including, but not limited to, slow moving or
stagnant water. or available sources of nutrients.

(3) The Aupthority may. in its discretion. exempt a water supplier that would otherwise be subject o OAR
333-061-0510 to 333-061-0580 if the water supplier submits sufficient evidence, inclnding but not
limited to, water quality data, watershed characteristics, and environmental conditions such that the
Authornity determines that the water source has a low susceptibility to cyanotoxins when considered
with any other information available to the Authority.

(4) A water supplier subject to OAR 333-061-0510 to 333-061-05380 under this rule must begin
menitoring as described in OAR 333-061-0510 to 333-061-0580 beginning the week of July 15, 2018.

Stat. Auth.: OFRS 448.123. 448.131 and 4438.150
Stats. Implemented: ORS 448.123 and 448.150

OAR 333-061-0050 Page 1 of 6 Effective July 1. 2018




EPA Method 546:
ELISA for Mycrocystin and Nodularin
in drinking water & ambient water




k:yanotoxin Monitoring Requirements

Oregon Health Authority
July 2018
Raw water (intake) monitoring:
Every 2 weeks
May 1 through October 31

Recreational
HAB Advisory
upstream?

Cyanotoxins
Equal to or greater
than 0.3 yg/L?

Raw water monitoring: Weekly
Yes Return to every 2 weeks if cyanotoxins are less
than 0.3 yg/L in two consecutive weeks

T T T T e

_’I Entry Point monitoring: Within 24 hours, then weekly |" """""""""

a

'

'

Discontinue EP monitoring ) H
if cyanotoxins are ND at EP *HAL = Health Advisory Level |
andlessthan 0.3 ug/Lin Cyanotoxins :
L2\ water in two detected at EP? !
consecutive samples |
Yes, > or = to HAL Yes, <to HAL® 4

1)

v v -

o PR '

Conﬁrmatroq EP sampl.e wfthm 24. hours £P monitoring: Daily H

and begin EP monitoring: Daily |

'

'

'

)

'

Cyanotoxins detected at

=P confirmation sample? Return to weekly EP monitoring if ND in

two consecutive samples
Yes, >or =to HAL Yes, <to HAL
3 Criteria to fift advisory:
* Issue Do-Not-Drink Advisory * Two consecutive daily EP samples below
within 24 hours (water system and HAL 3nd
any purchasers) * Two consecutive daily sets of distribution
« Begin distribution sampling: Daily samples below HAL
(PWS and purchasers) o Once lifted, continue applicable raw and
EP monitoring

Available at: www.oregon.gov/oha



DRINKING WATER TESTING

* Approximately 100 facilities that
provide drinking water

* Sampling period July - November



DRINKING WATER TESTING

SOURCE:
Biweekly
testing

NO?
Test SOURCE
water weekly
(until 2 non-

detects)

YES:
Test FINISH
water

YES?
Test FINISH water
daily (until 2 non-
detects)

NO?
Test SOURCE
water daily
(until 2 non-
detects)




Results (ug/L)

Week | Week | Week | Week |Week | Week |WeekWeek
FACILITY SAMPLE DESCRIPTION ANALYTE 1 2 3 4 5 6 7 8
i i 0 0 0.11 0 0 0 0 |0.11

NORTH SANTIAM RIVER [/ndrespermopsin
Gates Clty Of Microcystins ADDA, Total 157 236 055 0 0 0 0 0
! EP for NORTH SANTIAM Cylindrospermopsin 0 O 0 0 0 0 0 0
RIVER Microcystins ADDA, Total 0 0 0 0 0 0 0 O
i i 0 0 0 0 0 0 0 0

ANTIAM RIVER Cylindrospermopsin
. S Microcystins ADDA, Total 0-67 0-38 0 0 0 0 0 0
Jefferson, City of _ _ 0 0 0 0 0 0 0 0
EP FOR SANTIAM RIVER [©/ndrospermepsin 0 0 0 0 0 o o | o

Microcystins ADDA, Total

i i 0 0 0 0 0 0 0 0

NORTH SANTIAM RIVER {Ynerespermosin
Lyons Mehama Microcystins ADDA, Total 0 0 0 0 0 0 0 0
Water District EP for NORTH SANTIAM Cylindrospermopsin 0 - = 0 0 0 0 0
RIVER Microcystins ADDA, Total 0 = = 0 0 0 0 0
i i 0 0 0 0 0 0 0 0

NORTH SANTIAM RIVER [/indrespermepsin
Salem PUblIC WOka Microcystins ADDA, Total 272 166 055 0 0 0 0 0
EP FOR GEREN ISLAND Cy|indrospermopsin O 0 O O O 0 O 0
(ALDERSGATE) Microcystins ADDA, Total 0 0 0 0 0 0 0 0
i - 0 0 0 0 0 - 0 0

NORTH SANTIAM RIVER [&/indrespermopsin
Stayton Water Microcystins ADDA, Total 1.63 | 1.73 0.4 0 0 - 0 0
Supp|y EP for NORTH SANTIAM Cylindrospermopsin 0 0 0 0 0 - 0 0
RIVER Microcystins ADDA, Total 0 0 0 0 0 - 0 0




* Continue in-state testing
» Expand Lab capacity (ELISA, LC/MS) for advisory notices
* Vision for recreational posting with State-wide partnerships




THANKS!

State of Oregon
of

Environmental

Quality
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RESOURCES

* CYAN (Sept-2017) :
https://drive.google.com/open?1d=0B6EtCnMZbZ28dTRqUThSTkZP
X00

* CyAN Fact Sheet: https://www.epa.gov/sites/production/files/2016-
10/documents/cyanfactsheet.pdf

 OHA Current Advisories:
https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/RECREAT
ION/HARMFULALGAEBLOOMS/Pages/Blue-
GreenAlgaeAdvisories.aspx



https://www.epa.gov/sites/production/files/2016-10/documents/cyanfactsheet.pdf
https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/RECREATION/HARMFULALGAEBLOOMS/Pages/Blue-GreenAlgaeAdvisories.aspx

CYAN Limitations

Ice can potentially register as high cyanobacteria concentrations

* The land mask may cover dry lakes, and may exclude other lakes

* Caution should be used where mixed pixels may occur at land/water interface

* Land mask does not have an accurate representation of Rhode Island’s coastline

* Undetected thin clouds can potentially register as high cyanobacteria concentrations

* Retrievals are considered more robust for lakes > 900 m, or 3 x 3-pixel array; smaller water bodies and rivers are not masked and
may be erroneous

» Satellite data processing does not account for changes in water levels due to cycles, such as drought and flood



Dorene MacCoy, Water Quality Environmental Coordinator, Public Works Department
Paul Faulkner, Senior Water Quality Environmental Specialist, Public Works Department
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PARK USE

Swimming

elelilgle

Picnic and recreation
Fishing

Greenbelt access
Wildlife viewing —
wetland

https://vimeo.com/1908
13627

CITY of BOISE

ESTHER SIMPLOT PARK ss5 acres

MASTER PLAN APPROVED BY BOISE PARKS COMMISSION 2011


https://vimeo.com/190813627

PARK TOXIC TIMELINE CITY of BOISE

Quinn’s Pond (Quinns) 39 acres
Esther Simplot Pond (ESP) 16.5 acres

 Nov ‘16 - ESP Grand opening

« June '17 - ESP and Quinns closed
high E. coli criteria (storm water and
runoff)

« Aug ‘17 — ESP HABs (Planktotherix,
Dolichospermum, Microcystis), park
closed

« April 18 park open

« June ‘18 ESP and Quinns high E. coli,
several freatments

« July’18 ESP HABs (Oscillatoria)
closed, treated, and reopened

« Sept ‘18 ESP HABs (Aphanizomenon,
Dolichospermum) park closed




2018 MONITORING CITY of BOISE

E. Coli—weekly e. coli

* Nutrients (TP, TN, ammonia, dissolved
reactive phosphorus, nitrate/nitrite)

« Temperature and DO - continuous profiles
« July 2018 cyanobacteria bloom
Oscillatoria — microcystin 0.26 ppb (ng/L)
« August 2-27 2018 ESP Pond experiment  #%
Circulation pumps and wetland use \'
E.coli reduction and reduced stratification

« September 2018 cyanobacteria bloom
Aphanizomenon — microcystin 0.42 ppb
Dolichospermum — microcystin 0.30 ppb



Office of Water
EPA S20.8-17-001
June 2017

mmental Pratechon

Recommendations for C yano&cteria and Cyanotoxin
Monitoring in Recreational Waters

I

CITY of BOISE

Table 1. Draft EPA Recommended Values for Recreational Criteria and Swimming Advisories for Cyanotoxins

Microcystins

Cylindrospermopsin

4 pg/L3°

8 LIG/L ab

a) Swimming Advisory: not to be exceeded on any day
b) Recreational Criteria for Waterbody Impairment: not exceeded more than 10 percent of days
per recreational season up to one calendar year.

Table 2. WHO (2003) Recreational Guidance/Action Levels for Cyanobacteria, Chlorophyll a, and Microcystin

Relative Probability of
Acute Health Effects

Cyanobacteria (cells/mL)

Chlorophyll a (pg/L)

Estimated Microcystin
Levels (pg/L)?

Low

< 20,000

<10

<10

Moderate

20,000-100,000

10-50

10-20

High

>100,000-10,000,000

50-5,000

20-2,000

Very High

> 10,000,000

> 5,000

> 2,000

*WHO (2003) derived the microcystin concentrations from the cyanobacterial cell density levels.

yable §; Analytical methods of Microcystin ang Cyfindrospermos
APPROX. LIMIT OF
SO ANTICATION S T

0.10-5.0 pg/L

EPA Method

Adda-ELISA

Analytical Target

intracellidar and
546 Extraceliular
Microcystins

TIMETO
— | RESULY

~ 1 day

psin detection and non-toxins in amblent water'

oo |

No

ELISA-OM
Laboratory Test

Total Microcysting

0.010 pg/L

3 hours or
less

Laboratory Test
| _SAES (Abraxis] water

Laboratory Test
(Abraxis)

ELISA Total Microcystin in
marnne/brackish

ELISA
Totat

Cylindrospermopsin

0.016 pg/L

0.05-2.0 g/l

3 hours or
less

3 houwrs or
bess

Laboratory Test

ELISA Total
Cylingrospermopsin

0.1-2.0 g/t

~2 hours




Cyanobacteria Found in Esther Simplot Ponds 2017 and 2018

CITY of BOISE

Cyanobacteria
Genus

NOD

Cyanotoxin Class

ATX

SAX

NEO

LYN

BMAA

APL

Aphanizomenon

v

v

v

v

Dolichospermum

v

v

v

Microcystis

Oscillatoria

(Planktothrix)

CYL = cylindrospermopsin MC = microcystin NOD = nodularin ATX = anatoxin-a SAX = saxitoxin NEO =

v

v

v

v

neosaxitoxins BMAA = -N-methylamino-L-alanine LYN = lyngbyatoxin-a DAT = debromoaplysiatoxin APL =

aplysiatoxin

Adapted from IDEQ and SWAMP - HAB Field Guide

Toxins found




CITY of BOISE

NUTRIENTS AND BLOOMS

Preliminary data — note low nutrient concentrations

Total
Orthophosphate, as P Ammoniaas N Nitrite-Nitrate
Date E. Coli HABs cell/mL phosp Phosphorus as P TKN (mg/L)
(mg/L) (ne/L) as N (mg/L)
S (ng/L)
Ite

ESP1 7/2/2018 50 0.00321 17.0 <35.0 <0.02 0.405
ESP2 7/2/2018 4 0.002 16.5 <35.0 <0.020 0.358
ESP3 7/2/2018 17 0.002 17.9 <35.0 <0.020 0.37
ESP1 7/16/2018 <1 Oscillatoria 1,425,000 0.0091 27.2 127 0.053 0.446
ESP2 7/16/2018 1 Oscillatoria 1,292,000 0.00687 25.7 125 0.0448 0.582

7/16/2018 0.00604 27.1 376 0.0236 0.667




TEST STRIPS?

Unsure where
to take
sample

Issues with
interpretation

‘.;!ng the
| Provideg Pipatis

(Dried reagents wiil
dissolve, turning the
SAMPLE sample purple.)
(The conical, fip-top
tube contains dried
reagents.)
.R,_Juhﬂl'ol.
Srms Abcmus Abrgats Abrxxs Abrgo
AN M A fovais NS

e e ——
CONTROL LINE — ———TEST LINE
‘ INTERPRET TEST

T
| | CONTROL LINE TEST LINE INTERPRETATION
_—_

f " NO CONTROL LINE PRESENT NO TEST LINE PRESENT INVALID RESULT

] | CONTROL LINE PRESENT NO TEST LINE PRESENT >10ppb

‘ CONTROL LINE PRESENT MODERATE INTENSITY  BETWEEN 0 AND 10 ppb
‘ TEST LINE PRESENT

!

or Technical Assistance Contact:

CITY of BOISE

Analvsis Results Reporting Date: 27 —July -2018

Taxa ID and Enumeration
(cells/mL)
Oscillatoria sp.: 11,550

Oscillatoria sp.: 23,100

O=cillatoria sp.: 56,100




CITY of BOISE

TEST STRIP READER

Reader negative for Anatoxin-a
and Mycrocystin
Or there was an invalid control

Analvsis Results orting Date: 29 _Sept -2018

Date Time Taxa ID and Enumeration
(cells/mL)
9/25/2018 - Aphanizomenon flos-aqua: Microcystin: 018
A 14,000,000

Esp2 §/25/2018 13:00 Aphanizomenon flos-aqua: Microcystin: <0.15
B 7,900,000

ESP3 9/24/2018 14:00 Aphanizomenon flos-aqua: Microcystin: 0.42
C =200,000,000

\




CITY of BOISE

S E A . €SP flnoXoy: : ,
D H 360 pos \_‘:& Es?\ th.fy’bn

=3 23 |
JSE PO S5 OFTALE Negdiive losihve “ ” W“‘g’

Analvsis Results Reporting Date: 29 —Sept -2018

Sample Date Time Taxa ID and Enumeration Toxins .
ID (cells/mL) (Ppb) - i B

ESP1 9/25/2018 13:30 Aphanizomenon flos-aqua: Microcystin: 0.18

A 14,000,000 —_—
ESP2 9/25/2018 13:00 Aphanizomenon flos-aqua: Microcystin: <0.15 == ——— -

B 7,900,000 =
ESP3 9/24/2018 14:00 Aphanizomenon flos-aqua: Microcystin: 0.42

C >200,000,000




CITY of BOISE

NEXT STEPS

¢ PUb“C edUCOﬁOﬂ ——— : . £ ‘
« Monitoring Plan '

 Aeration/circulation/
freatment

 Phytoremeation

What does a HAB look like?



CITY of BOISE

NEED YOUR FEEDBACK

New to the City of Boise — Swim Beaches and HABs

Dorene MacCoy

Water Quality Environmental Coordinator
City of Boise Public Works Department
dmaccoy@cityofboise.org

208-608-7515

Paul Faulkner

Water Quality Environmental Specialist
City of Boise Public Works Department
pfaulkner@cityofboise.org
208-608-7507




A New Master Sample

Washington Statewide Stream Biological Monitoring
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Background

« https://ecology.wa.gov, ~ @ C || Search..
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https://tinyurl.com/WatershedHealth



https://tinyurl.com/WatershedHealth

Status and Trends Monitoring for
Watershed Health and Salmon Recovery Multi-scale

Quality Assurance Monitoring Plan
» Statewide (Dept. Ecology)

* Broad Regions (Depth Ecology)
* Watersheds, etc. (local interests)

* Monitoring Forum (Exec order 04-03)
e Stakeholder Workshops
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Two federal mandates and state responses

CWA ESA

...to restore and maintain the ..de-listing requires analysis of
chemical, physical, and biological the physical & chemical
integrity of the Nation’s waters. conditions that affect the

species’ continued existence.

Reporting on salmon and habitat in
Washington

ECOLOG)Y
WELCOME TO THE NINTH BIENNIAL STATE OF SALMON IN WATERSHEDS REPORTY

Washington State

Water Quality Assessment This new Web site provides stories and data about salmon, habitat, and salmon

Year 2002 Section 305(b) Report

nians have responded to the challenges of

Mon recovery progre atewide and by recovery region.
nd Conservation Office is required by law to produce this report

WA State of the Salmon Report->
305(b): status of waters of the state PCSRF: Annual Reports to Congress




Required features of 15t WA Master Sample

e 1:24,000 - stakeholder request

 Statewide - not necessarily beyond

* 1 km spacing - stakeholder request

* Strahler*® — represent all size rivers/streams (in EPA fashion)

* Not available at 1:24k in 2008



Scale issues from National Surveys

e e ——— S 20002005
* Coarse hydro 1:100k* T A UG o ARV, - v X0 A - 1k
* Skewed to Mountains | Y S | . G A e RO
e Sparse: About 50 sites

* Largest issue for local adoption

..............................

St LERD o < emseacadeneeas e nmem eyt

........

.....
#r




Washington Master Sample
Metadata: Washington DNR Hydrography (2005)
387,237 points (2008)

 Identification Information

Spatial Data Organization Information
Spatial Reference Information

Entity and Attribute Information
Distribution Information

Metadata Reference Information

State of Washington

Identification Information:
Citation:
Citation_Information:

Originator: USEPA NHEERL Western Ecology Division, Anthony (Tony) R. Olsen
Publication Date: 20081124

Title: Washington Master Sample

Geospatial Data Presentation Form. map

Description:

Abstract:
A geodatabase of 387,237 points statistically chosen from the February 2005 version of the Washington DNR Hydrography layer representing stream site locations. For details,
see the Design Documentation created by 3/18/2006 by Tony Olsen (U.S. EPA) and Janelle Black (NW Indian Fisheries Commission). The design document is available from
the Washington State Department of Ecology at https://fortress.wa.gov/ecy/gispublic/DataDownload/documents/EPA ENV MasterSampleDesign.pdf.

Purpose:

To provide a common set of probabilistic sites for sharing efforts in monitoring rivers and streams.

https://ecology.wa.gov/Research-Data/Data-resources/Geographic-Information-Systems-GIS/Data#tm




Map of Status and Trends Regions for the Watershed Health Monitoring program
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Technical issues with Frame for our first
Washington Master Sample

* Non-standard hydrography
* Variable density
* Coverage gap
e Requires confirming NHD membership for Db inclusion
e Dated — now 13 years old

 No Strahler attribute in frame
e Required manual evaluation vs NHD+ (1:100k)

II)

* “Perennial” attribute unknown, not in Master Sample

* Confined to Washington
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Must compare DNR frame with 2 other hydrographies...

NHD (state standard) NHDPIlus (has Strahler)
a

LEGEND

ERR
eeann06600-003022

Strahler Assignment
® 0

1
2
3
4

——— phdp 1:100k
w— FRAME 1:24K

ﬁ DNR Frame



Effects of using multiple hydro layers

e Inferences based on hundreds NOT tens of thousands
e Time & effort
* Lack of clarity when discussing

* Location errors (see the Puyallup River example)




~ Steelhead
https://yale.databasin.org/maps/ Displaying: NAME

I:] <all other values=

Master Sample Ends at
Washington’s Boundaries

-

Our interests do not

2Mmh>d?f'_..ok

State of Washington

hington Coast

~ Coho Salmon
Displaying: NAME
[[] <all other values=
e B centraica

24 November 2008 iktatys Sonrday Salvelinus confluentus Map created September 2010

ANes Bull Trout
Hyamiogica | Ut

Cireal DEUD IO ;
Ertipakofossby Extpatd 100 0 100 Kilometers NatureServe
[ ottorscope I e — http://explorer.natureserve.org



Inferences based on spatially-balanced
random sample

Obtain unbiased estimates of:

e Status
* Extent
e Stressor Identification

* Trends



Status

All Streams

5000 10000
Stream length assessed (km)

15000

Western

Eastern

Columbia
Plateau E

3000 6000 9000
Stream length assessed (km)

12000




Status

Coastal

Puget
Sound

Lower
Columbia

Upper
Columbia
Mid
Columbia

Northeast
Washington

Snake
River

Unlisted
Washington

1000

2000 3000 4000
Stream length assessed (km

5000

6000




Extent

LRBS

% Sand/Fines
Total Nitrogen
DO

DgmLog10
Embeddedness
B-IBI
LWDSiteVolume
Temperature
PPNCanopy
Total Phosphorus
Slope

TSS

pH-low
Conductivity
Sinuosity
Turbidity
Chloride
pH-high
Copper

Lead

25 50
Extent Poor Condition (%)

i




Stressor Identification

% Sand/Fines

Lead

PPNCanopy

Embeddedness

Conductivity

DgmLog10

LRBS

Turbidity

Chloride

Total Phosphorus

Sinuosity

Total Nitrogen 1
DO 1
LWDSiteVolume 1

Temperature
Slope

TSS

pH-low
pH-high
Copper

4
Relative Risk

% Sand/Fines 1
LRBS 1
DgmLog10 7
Embeddedness 1
PPNCanopy 1
Total Phosphorus 1
Total Nitrogen 1
DO 1

Conductivity 1
Turbidity 7
LWDSiteVolume 1
Chloride
Temperature 1
Sinuosity 1

Slope 1

TSS 1

pH-low 1

Lead 1

pH-high 1

Copper 1

0.0

0.2

0.4

0.6

Attributable Risk (Proportion)




Trends

Puget Sound

Waldkse =3.54, p=0.03

— 2009

95% Confidence Limits
== 2043

95% Confidence Limits

Coast Range

B-IBI (0-100)
Lower Columbia

Walckss =0.13, p = 0.88

— 2010

95% Confidence Limits
— 2014

95% Confidence Limits

Walckes = 4.55, p=0.01

2010
° 95% Confidence Limits
2014
~ 95% Confidence Limits

B-IBI (0-100)
Mid Columbia

B-IBI (0-100)

Waldber =3.11, p = 0.049

2011

95% Confidence Limits
== 2015

95% Confidence Limits

B-IBI (0-100)




The New Master Sample

Rebuilding from the stream up

e NHD 1:24000

e Stream/River & Artificial Path

* Points directly on the NHD flowline, so NHD attributes available



HUC 8 regions in WA

73 HUC 8 regions




Region 1711

Cresoant-Hoko oraesr Syt
Stllagemisff o
Snahiniey
Shyamizsh
Hiod Cranges Sound
o L Worh St
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Draarmi=T
Puyallug

Deschiedizaually

21 HUC 8 regions




Puget Sound

STREAM/RIVER
STREAM/RIVER
STREAM/RIVER
48°N - STREAM/RIVER
ARTIFICIAL PATH
A7.5°N
47°N

124°W 123.5°W 123°W 122.5°W 122°W 121.5°W

Feature Type
No Attributes
Intermittent
Perennial
Ephemeral
No Attributes




Puget Sound

48.5°N

4,808 stream kilometers = 4,808 points

48°N

47.5°N 7

47°N

| | | | | |
124°W 123.5°W 123°W 122.5°W 122°W 121.5°W




Lake Washington

NHD stream/river
— NHD artificial path
—— NHD coastline

I I I I
122 .4°W 122.2°W 122°W 121.8°W 121.6°W 121.4°W




Lake Washington

3,096 stream kilometers = 3,096 points

I I I
122 .4°W 122.2°W 121.8°W 121.6°W 121.4°W




Region 1711

21 HUC 8 regions
114,482 points

No Attributes
Intermittent
Perennial
Ephemeral
Artificial Path
Total

Canada
15,132
0

9

0

952
16,093

WA
132
57,481
35,768

5007
98,389



The New Master Sample

Points joined with additional information so as to be able to
select/subset as needed:

 NHDplus information

* Ecoregions

* County

« HUCO02-HUC12

e Stream order

e Urban Growth Boundaries
e StreamCat (ICl & IWI)

* Etc.
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Region 1711

Other Monitoring groups using:

* Storm Water Action Monitoring (SAM)

* City of Bothell, WA

* We anticipate others will also be
interested

* Region 1711
+ SAM




The New Master Sample

Benefits

e Less time with desktop site verification

 More efficient calculation of adjusted spatial weights
e Easier to explain

* More recent framework

Challenges/questions
 May sometimes be challenging to compare old vs new points
* Frame attributes not intuitively named (e.g. “Artificial path”)



Final thoughts

e Collaboration across borders? Just add HUCs as needed.

* WA Master Sample can contribute to CWA accounting

1. A State 305(b) report to objectively describe status and trends of state waters, and
2. The EPA’s Report to Congress about national waters

WA Master Sample contributes to ESA accounting

1. The Governor’s State-of-the-Salmon Report, to describe status and trends of
salmon/steelhead and bull trout limiting factors.

2. Hopefully to NOAA’s Report to Congress about results from PCSRF (ESA accounting).



* Site-specific trends information reduced

1. New master sample means sites from original surveys won’t be re-sampled

2. New study design means replacement rate will be lower than 50%



Washington State Department of Ecology
Environmental Assessment Program
tinyurl.com/WHMHomePage



John Cassinelli
Regional Fish Blologlst

[ v
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WHY DO WE SNORKEL?

i g Kaniksu Lobe
 Granitic soils of Idaho

Batholith result in low.
nutrients

— Anadromous life
history

Bitterroot

Idaho

Batholith

- Granite and granodiofite of the two-mica suite (Crétaceous)-
udes biotite granodiorite of the 2-mica suite (Kgd) and muscovite-
biotite granite and granodicrite of the 2-mica suite (Kmg); also Xgd of
Salmon Forest.

E - Granite and granodiorite of the hornblende-biotite suite
taceous)-includes hornblende-biotite granodiorite (Khbgd),
homblende granodiorite (Khgd; check), biotite granodiarite (Kgbd), and
potassium-rich granadiorite), Also includes megacrystic granodiorite
and minor syonite.

« Orthognelss, follated granodionte, and follated granite
retaceous)-ncludes Kpg of Salmon Forest

[Kf@ - Tonalite and quartz diorite (Cretaceous)--

- Mylenitic plutonic rocks within the western ldaho suture zone
(Cretaceous)—

R - Tonalite and trondhjemite {Cretaceous and Jurassic?)-includes
biotite- and horblende-bictite tonalite and bictite-muscovite trond-
hjemite. Primarily along suture zone. All dated bodies are Cretaceous,

Atlanta Lobe




WHY DO WE SNORKEL?

Kaniksu Lobe I da h 0
Batholith

- Granite and granodiofite of the two-mica suite (Crétaceous)-
udes biotite granodiorite of the 2-mica suite (Kgd) and muscovite-
biotite granite and granodicrite of the 2-mica suite (Kmg); also Xgd of
Salmon Forest.

E - Granite and granodiorite of the hornblende-biotite suite
taceous)-includes hornblende-biotite granodiorite (Khbgd),
homblende granodiorite (Khgd; check), biotite granodiarite (Kgbd), and
potassium-rich granadiorite), Also includes megacrystic granodiorite
and minor syonite.

« Orthognelss, follated granodionte, and follated granite
retaceous)-ncludes Kpg of Salmon Forest

[Kf@ - Tonalite and quartz diorite (Cretaceous)--

Bitterroot

- Mylenitic plutonic rocks within the western ldaho suture zone

* Undammed riversinithe _ - o
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— very low conductivity il Atlanta Lobe
— High visibility |
— Low fish densities




WHY DO WE SNORKEL?

* Regional waters we
routinely snorkel'include
the NF and MF Boise, and
SF Payette rivers

Kaniksu Lobe

Bitterroot

Idaho

Batholith

- Granite and granodiofite of the two-mica suite (Crétaceous)-
udes biotite granodiorite of the 2-mica suite (Kgd) and muscovite-
biotite granite and granodicrite of the 2-mica suite (Kmg); also Xgd of
Salmon Forest.

E - Granite and granodiorite of the hornblende-biotite suite
taceous)-includes hornblende-biotite granodiorite (Khbgd),
homblende granodiorite (Khgd; check), biotite granodiarite (Kgbd), and
potassium-rich granadiorite), Also includes megacrystic granodiorite
and minor syonite.

« Orthognelss, follated granodionte, and follated granite
retaceous)-ncludes Kpg of Salmon Forest

[Kf@ - Tonalite and quartz diorite (Cretaceous)--

- Mylenitic plutonic rocks within the western ldaho suture zone
(Cretaceous)—
- Tonalite and rrondhjermite (Cretaceous and Jurassic?)-includes

biotite- and homblende-bictite tanalite and bictite-muscovite trond-
hjemite. Primarily along suture zone. All dated bodies are Cretaceous,

Atlanta Lobe




NFBR BACKGROUND

* The NFBR originatesion west side of Sawtooths
and flows SW for 80 km before joining the MFBR



NFBR BACKGROUND

* ThelNEERICTIEINEVESRIIE w agt slda of Szt S
il flovws W for 50 ke befors IBINESENIEBR

» The NEBR losesiroughly 1,000 m'in elevation
(about 13 m/km)
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» Classic Idaho' Batholith Rive



NFBR BACKGROUND

* Shallow granitic soil'susceptible to high rates
of erosion, especially’following wildfires

— Rabbit Creek Fire 1994
— McNutt Fire 2009



NFBR BACKGROUND

* Native gametfish in the NEBR include Redband
Trout (RBT), Bull Trout; and Mountain Whitefish




NFBR BACKGROUND

* RBT are native to all majorrivers in SW ID below
Shoshone Ealls
— Desert populations petitioned for ESA listing in 1997
— Rangewide assessment conducted in 2012 (Muhlfeld)

— Conservation strategy developed'in 2016 (for states of
CA, ID, MT, NV, OR, and WA)



NFBR BACKGROUND

edband

WNEfe\ e i efis In the NFBR Includs
B hitefish

INET zire rzitlve to all rnajor rivers In SYW D oalowy
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— Hany Ifeld)
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* 15 historic trend sites
— Surveys started in 1960S
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LOWER CANYON SECITION
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METHODS

* All'sites surveyediin both 2017'and 2018

— Sites ranged from 30to 80 meters long
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30to 80 rnetars long



METHODS

PN S eas suryayad in botn 2017 2nd 2018
= Sltas rangad from 30 to 80 meters Jong
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Alsitas survayad in oot 2017 z2nd 2019
= Sltas rangad from 30 to 80 meters Jong
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Average flow (cfs)
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RESULTS - 2017

Copeland and Meyer (2011)

Stream flow 3 & 4 years previous to sampling most
important bioclimatic conditioninfluencing Brook
and Bull Trout densities in'ldaho’rivers



Redband Trout denity (fish/100m?)
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Fish denity (fish/100m?)
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Fish denity (fish/100m?)
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[1 Wild Rainbow

= =@ == Mountain Whitefish
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Fish density (fish/100m?)
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Rain on snow in 1999

Several thousand years of sediment in 1 d
Poor growth and productivity
Sediment from recent fires
Reduced minimum summer flow

Flow shifts (Clark 2010)

During last 40 years,
25 percentile has shifted 23 d
Min daily has declined by 24%



Fish density (fish/100m?)
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CONCLUSIONS

* Long term fish density trendidata is an important
population monitoring tool

— Snorkeling remainsimost effective way to survey low
conductivity rivers of-ldahoBatholith



CONCLUSIONS

* Fish densities are/influenced by flow patterns

— “snapshot” samplinglinfrequently over time may not
tell the whole story

— Sampling in/blocksS across'successive years is more
adequate
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