= Dissolved Oxygen
. " Temperature

= Light - Turbidity

= Reliable Flows

= Habitat Structure

= Pollutants

Biogeochemistry

Atmosphere

Hydrosphere

Biosphere

_Geosphere
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Stream Size (order)

~
T

shredders brszess
A B
§ R ﬁ(@

(i collectors
, » :
# rse collectors
particulate
& matter | P

miTobes ¥l redders

L predators

4l
5 |-
rch
L course
6 z particulate
fine matter
particulate
matter
7
£ k
A iy
s microbes
e tors. (L
s 4{:'F predators
10 |- <atfish @ ,2

" 2 0 .

From Vanmote ot al., 19%0)

Relative Channel Width >

River Continuum Concept

As you move from upstream
to downstream, the physical
(width, depth, velocity,
sediment load), chemical
(nutrients, pH, specific
conductance) and biological
(type and availability of
food resources and higher
level consumers) factors
change in a relatively
predictable progression.

Stream Order

i ‘ ~ woody debris

- e Devils Club Creek
in feet =
microbes 4
2 Sl : CPOM |
‘J‘% Nutrient Poor %
2 Pmducers_‘r./ §Y P/R<1
JpE2 (mosses) . g
1 : Mack Creek
3 {1225 Producers
¢ ‘ (periphyton)
430 SR
Producers Lookout Creek
e (phytoplankton)

Invertebrate
Functional
Groups
D Collectors

Grazers
[ Shredders

- Il Predators
cl(enzie River

FPOM is fine particulate organic matter; CPOM is coarse particulate organic matter; P/R is the production/respiration
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Nutrients

Nitrogen & Phosphorus

P Ay

Lake Tahoe PR ity

Nitrogen
Organic forms -
— particulate (PON) 5%
— dissolved (DON)
Ammonium (NH;/NH,") J
Nitrate (NO;")/Nitrite (NO,)

” i - :
AUITO L g
Amnen ium . Nitrate
NH, NO, DO
Am monia Nitrite
(fom wrea,
manwe andrmoff)
(3 = Nitrogen
= Hydrogen
@ = Oxygen




Phosphorus

Organic forms
Adsorbed to particles
Dissolved phosphate (PO %)

& ~ Phosphate ions (PO.*)

Organic P

Trophic State Index for Lakes/Rivers

Hyperutrophic

Euwtrophic

| Oligetrophae Mesotrophic

Seechi Chlorophyll-a Phosphorus  Trophic State

m) (ppb) (ppb) Index Clear Moderately Clear Green Very Green

Oligotrophic; Mesatrophic Eutrophic Hypereutrophic]

— 80
Trophic State
Index (TSI):

0
Transparency:

-

1.5
0 Chlorophyll-a:

| 10 Total Phosphorus:
i

Low Medium High

Mesotrophic Eutrophic

Oligotrophic
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Ammonia (NH;) Toxicity — Aquatic Ecosystems

Criterion Duration 2013 Final Criteria

TAN at pH =7 & 20 °C

Acute (1-hr average) 17 mg N/L

Chronic (30-d rolling average) 1.9 mg N/L

TAN = NH; + NH,*

é o ”\\ /7~ NH
E l].ﬁE \

Eror =]y

Eo A

iv /

Dissolved Oxygen (DO) is the amount of oxygen that is present
in the water. It is measured in milligrams per liter (mg/L), or the
number of milligrams of oxygen dissolved in a liter of water.

N

4/23/2025
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Dissolved Oxygen
Stress to Aquatic
Organisms

DO Concentration

,‘ is a function of:
RANGE OF TOLERANCE FOR
DISSOVED OXYGEN IN FISH
PARTS PER MILLION (PPM) DISSOLVED OXYGEN
8 9 10

. Elevation

. Temperature

1
2
III E 3. Salinity
4. Barometric Pressure
< 3.0 PPM 6.0 PPM > 9.0 PPM
fish poputations speaing Stmdant .
PR ¢ fish populations 5. Tlme Of Day
3.0- SDPPM > 7.0 PPM
12-24 hour supports

range of tolerance / growth/activity
stressful conditions

Oxygen Solubility in Water vs Temperature

15

14
313
= Oxygen solubility in water
E‘ 12 at various temperatures
‘é 1
210
>
° 9
ki
> 8
o
a2 7
(&)

6
3
0 5 10 15 20 25 30 35
Temperature (°C)
4:
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Diel Dissolved Oxygen Dynamics

COy

1/

Sunrise Noon

Algae Photosynthesis
HCOy + H;0O =) (CH;0) + 0; ++ OH-

Bicarbonate

ion ‘Water Carbohydrate Oxygen Hydroxyl ion

Organic Matter Respiration
CH,0, + 60, = 6CO, + 6H,O + energy

Respiration

Photosynthesis

Nitrification

2NH] + 30, — 2NO, + 2H,O + 4H
2NO, + 0, — 2NO;
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Dissolved Oxygen Conceptual
Model for River Systems

(lmponed CBOD NBOD Particulate BOD
RUsDIcky BOD ‘ Conc s | |Concer Concentrations
Secondary \
Drivers
Algal Water Iron & Channel
Biomass Temperature Sulfate Geometry

Primary
Imported Residence
Drivers ‘ el ' I Photosynthesis ' | BOD ' l oD ' l Reaeration ' l i I

[ Reach 1 ———— Reach 2 il Reach3 ) ]

Dissolved Oxygen

Stream Temperature — Heat Pollution

Optimal
(39-59°)

Cutthroat Trout Brook Trout Rainbow Trout Brown Trout




RDeBPH ADEOPPEVHREI ORPDEJIDX

>y

Muskellunge

>

Northern Pike

Walleye

Crappie

B

Bluegill

>

Largemouth Bass

Smallmouth Bass

Source: Bass Pro Shops

55°t0 73°

55°to 75°

53°to72°

65°to 75°

65°t0 75°

60°to 77°

58°to 71°

b

L A
Yellow Perch

)

Rainbow Trout

Lake Trout

@

Coho (Silver) Salmon

}

Brown Trout

}

Brook Trout

}

R o

Chinook (King) Salmon

55°to 72°

50° to 65°

42°to 55°

44° 10 60°

52°to 73°

48° 0 65°

44° 10 60°

Stream Temperature — Heat Pollution

54° F

2. Flood-irrigated pasture

68-70° F stress trout
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Grazing and Stream Temperature

Excessive Grazing ——>  Reduced Shade

Fixed-width ~ Glearcut /" Wildfire
S Disturbance

i1l ‘ \5
E: \ ‘A‘ ( "; ”mn

Reference

f

y

Clearcut
Harvesting

4/23/2025
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Post-Fire Stream Maximum Stream Temperature — Western Montana

23 = MNoeth Fork Gold Creak {Contol)
Wt b O ~5° C Summer Increase

20 '
o * !
5 B
gw S é g v Tg
- g ’ ;
= .
g s

0 . - . . .

1/2/00 1/1/02 1/1/04 12/31/05 123107 12/30/09

% Photic Zone
LIGHT (% SURFACE) Depth to 1% light

i 0 210 4? 610 8|0 1?0 extinction

h -
=10+
=
15+

[ CLEAR LAKE
20 - I TURBID LAKE
L—

LIGHT VERSUS DEPTH PROFILES FOR A CLEAR LAKE
(k=0.2 M~1) AND ATURBID LAKE (k=0.9 M°1).
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Major components of aquatic ecosystems.

Producers
,(rooted plants)

.—Producers (phytoplankton)

<, Primary consumers (zooplankton)

@ Brocks/Cole Publishing Company / TP

Org Matter

REDUCED U EXP OEUR

y o r - B
| Algac [PRIMARY PRODUCTION
} L

METAZ OA MICROEBIAL LOOP

GRAZING
TOOPLAMKT O

MICROFLAGELLATE S

CILIATES
\ Terrestrial

organic
matter
inputs

PREDATCORS

ElACT 1.4 2—WIRUISE S

4/23/2025
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California’s Mediterranean Climate

Winter Feast Summer Famine

Winter: cold-wet Summer: warm-dry

Cosumnes Ri

4/23/2025
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water and atmosphare
mix over rifles

pools of water
can sustain mary
organisms

Experimental Lakes Area
Ontario, Canada

Eutrophication Experiments

<

David Schindler

15



Lake Acidification

in Canada Non-acidified

Adding
sulfuric acid

Acidified
A starving lake trout captured in acidified Lake 223
when the pH was 5.1. Most of the trout's food
supply had been Kkilled off by the acid.

Rainbow trout
(Oncorhyncus mykiss)

Brown trout
(Salmo trutta)

Brook trout
(Salvelinus fontinalus)

Smallmouth bass
(Micropterus dolomieu)
Flathead minnow
(Pimephalus promelas)
Pumpkinseed sunfish
(Lepomis gibbosus)
Yellow perch

(Perca flavescens)

Bullfrog*
(Rana catesbeiana)

Wood frog* .
(R. sylvatica)

American toad*
(Bufo americanus)

Spotted salamander*
(Ambystoma maculatum)

Clam**

}

awr}

\nea}

Crayfish**

Snail**

Mayfly**

eodoinvaidi fiti
Aleenoinwai e §Hi
i B Amwabd BT

6.5

[}
=3
w
n
v
=}
&
«n
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Adding lime to increase the pH of
lakes in northern USA

Blood Pressure Monitoring

W GradeI ™ Grade I Grade IIT Grade IV W >Grade [V

g o et s

rade 1 hypertension(mild) |

High=-normal

Normal

2inss8.d Poo|q Olj01SAS
@
o

0§ & & B & P B 3
3 2 ¢ B %F oz %3 Oii ¢
. = ) s = g

80 85 €0 100 110 mmHg

Water quality of important estuaries and bays in 2011

Diastolic blood pressure
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Water Quality Sondes

Blue-Green

Chlerophyll

Temperature/
Conductivity

Turbidity

Optical
Dissolved
Oxygen pH

Department of Water Resources

CALIFORNIA DATA EXCHANGE CENTER

HOME | QUERY TC PRECIPITATION | RIVER FO
SACRAMENTO RIVER AT RIO VISTA BRIDGE (RVB )

Masof period (GSUSZ01S 3.0, 264010) ol e (GGI201S 1430, 2220)

= 4 F M\N

SACRAMENTO RIVER AT RIO VISTA BRIDGE (RVB)
Date / Tme RIVSTG TEMP WINDSP WIND DR ELGOND GHLORPH PHVAL TEMPW TURBW DISOXY SOLARR
(PST) FEET DEGF  MPH  DEG  uSlom ug  PH DEGF  NTU MGL WM*2
03020160700 570 56 3 169 11 490 74 542 3360 89 2100
031020160800 511 56 4 151 143 490 73 532 4650 81 774D
031020160900 456 56 9 152 138 630 74 534 4120 91 HSAD
03020161000 408 58 4 107 140 580 74 535 3920 89 11180
03102016 1100 388 59 3 129 140 440 T4 536 4400 90 25040
03020161200 371 80 5 183 149 460 75 539 4180 91 14820
0311020161300 465 B 8 185 187 540 75 540 4080 91 616D
03102016 1400 557 4 179 188 530 75 541 3930 92 13120
031020161500 634 B0 5 188 185 430 75 540 4000 81 3030
03102016 1600 673 59 4 182 183 S0 75 533 4030 92 4040
031020161700 630 59 2 186 161 540 75 £33 3920 90 630
0302016 1800 645 57 4 182 180 470 75 529 3880 90 100
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Resolution Evolution
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" mMap data ©2016 Google Imageny 2016 T
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THERMAL STRATIFICATION * rewenause g o wind——
010 20 30

EPILIMNION

METALIMNION

HYPOLTMNION

Epilimaion f N .—' » -
2 O ilec Lake/Reservoir
' Vertical
Stratification

Water Quality Patterns with Depth
During Stratification
1] 5 10 15 20 25 30 35

Temp

Chlorophyll

4
-
E 6
il
z
E b Temperature
g Chlorophyll
10 J pH
Dissolved Oxygen
5> J S O, " Turbidity

14
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Three-dimensional mapping of reservoirs using an
AUY to identify location and conditions for elevated
chlorophyll and blue-green algae concentrations

Downstream < Upstream

Blue Green Algae, cells per mililiter

http://sc.water.usgs.gov

High-resolution Remote Sensing of water quality

& - Organic Carbon

5
Tubidity (FNU) DOC (mgL-") Chi-a (ugL)

4/23/2025
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From Subduction to Salmon: Geologic
Subsidies Drive High Productivity of
Volcanic Spring-Fed River
Randy Dahlgren

Land, Air and Water Resources
University of California - Davis

—r

Carson Jeffres, Andrew Nichols, Rob Lusardi,
Mike Deas, Jeffery Mount & Peter Moyle

4/23/2025
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Large springs in
the western USA
(>100 cfs)

Meinzer, 1927

Ground

Surface Soil
Water Riparian Zone Water
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Mt. Shasta & Shasta River

Shaded Relief Map
of California

“““ 3900 meters
3600
- 3300
3000
2700
2400
2100
1800
1500
1200
900
600
300

OREGON

0
-100

CALIFORNIA

% Shasta: spring-fed
%) Scott: snowmelt runoff

R

Historic Salmon Production

During the 1920-30’s, the
Shasta River had 50% of
the Chinook salmon in the
entire Klamath Basin and
produced <1% of the water.

Adult returns over 80,000
when first counted in 1930

-
1 Courtesy of Siskiyou County Museum ¢

4/23/2025
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. What‘made the Shasta River-such

Gl a pl’od.uctive"égllmon habitat?
o X

1

amorahquanyin.com
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Big Springs Complex

Springs contribute >70% of summer streamflow

I

f
’I‘/V

T Plutos Cave Basalt

i

/A
|

4/23/2025
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Big Spring Shasta
(788 m — 28 km from summit)

Consistent flow: 2.6 m3s1

Big Springs Water Characteristics

» Mean recharge elevation: ~ 2,880 m
= elevation based on H,'30
= outflow temperature: 11° C
= slightly thermal spring

» Mean water age: 30 years (range 25 - 44 yr)
* tritium-helium dating
= a deep, long, regional groundwater flowpath

28
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Spring-fed vs Snow-melt Stream Hydrographs
(Spring-Fed Deschutes River)

@

=

3

-

2"—"0200

jug .

23 Spring fed

L2 ®qsg |

S2Ef —

w

SZw

R

E'_Quoo _
&3 Climate Change
240

£ExZ

z" = Snow melt

z

]

=

o

http://or.water.usgs.gov/projs_dir/deschutes_gw/

Big Springs Nutrients

» PO,-P: ~0.15 mg/L
» 16 kg P/d

» NO;-N: ~0.48 mg/L
=51 kg N/d

(~N load of 100 returning Chinook salmon)
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Spring Water Nitrate and Phosphate
1.0
G ® Nitrate
= 7 O Phosphate
o))
E
o 0.6 A ° °
o‘v ’ [ ] o °
o o ® ° ®e o ° .
~ 04 - L o o
Z ~'¢' ° ° ’.0 e
©
@)
Z 02
o @m0 0 0w 0 ®EEO0° 0000 0000
o0+ 77—+ 77
Jan May Sep Jan May Sep Jan May
2008-2010

Equilibrium with Hydroxyapatite

Ca(PO,){(OH), = 10Ca?"+ 6PO,* + 20H-

pK,=12.3 ’]L
- 2H,0
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ELEVATION (m)

Mt. Shasta Hydrothermal System

4500

NW Summit Sp. o
Steam
+gas
3500 4
Hydrothermal aquzw g
2500 System 210°C eadows Sp.
Hidde é
Il n 2
1500 + Ranch Sp. 8 Intake Sp.
o g . McCloud Sp.
(Granada) E, :
“ s . Dry COp
500 . . | , .
0 20 <10 0 10 20 30
DISTANCE (km)

Thermal regime mobilizes sedimentary bound nitrogen

Nathenson et al. 2003
J Volcanology & Geothermal Res.

Habitat diversity
Velocity refuge
Increased stage

Shading of water column
Food web — 1° productivity

4/23/2025
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Nitrate Transport Downstream from Big Springs

o
i

0.3

Nitrate mg/l

0.2

30
40

90.N0S Woy Wy

50

200

I March
1 June

150 +

100 +

Ash Free Dry Mass (g/m?)
3

2008 Macrophyte Density

N

-'
T

25

5.5 24.5

Distance From Spring Source (km)

36.1

4/23/2025
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l = W‘- 7 March 20
MaximunyDepth = 0.52 m
< 87 ft¥/s

'

Stream Velocity in Cross-Section

Discharge

13 June 2012
Maximum Depth = 0.50 m
Discharge = 60 ft/s

= 4] ' .
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//.l-
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Primary Productivity

* Nutrients increase primary productivity

e Macro-invertebrate densities in excess of
100,000 individuals / m?2

FPOM Light

|
2

Diatoms
roGUCErS

Primary producti\)'j

Nasturtium sp. =" & A g ; P
Myriophyllum sp!; s e G . %
k- ‘ 3 = £ 4 \ / Sorapers

Domlnaféd by scuds, baetidae,
and brachycentrus

cbd.int

Steelhead collected in Shasta
River (spring-fed) and Scott River
(snow-melt) in September

120 4 20 -
100 4 Length = 2X Weight = 6X
15
T 804 =
E —
= 2
5 =
g 60 5 10 T
3 . :
2 40
5
20
0 T T 0 T T
Spring-fed Snow-melt Spring-fed Snow-melt

4/23/2025
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Growth (mm/day)
o
by

250

20% greater daily growth Spring-fed were 60 days older

T 200

2 150

Age (days

50

Spring-fed Snow-melt Spring-fed Snow-melt

Temperature (°C)

Warmer water temperatures allowed the eggs to
hatch 60 days earlier in the spring-fed system

18 Snow-melt

16 1
14 4
12 Spring-fed

10 4

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Time

4/23/2025
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Temperature vs Growth vs Mortality

Lower Lethal Limit

Growth —p=

Upper Lethal Limlit
I

Optimum

Temperalure —h=

Optimum: 12 vs 16 °C
Lethal: 18 vs 24 °C

With more food,
salmonids can
survive higher
water temperatures

Growth Rate (g g -d)

0.030

0.023

0.020

Food Level

0.015

0.010

0.005 *
0.000 {

10 0
-0.005

-0.014

Temperature (G}

4/23/2025
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What makes these volcanic spring-fed systems so productive?

Habitat
A
v
Plants
A
v
Invertebrates
A
v
Salmon
Water Analysis Report
Spring water
: Finished Product
iméh%‘%jf Weed / Shasta Source
—— Analysis Report 2010
Bottled at the Source
WEED PLANT
Nitrate — N 10 0.05 0.15-0.64
Nitrite — N 1.0 0.05 ND
Ammonia - N - 0.05 0.074 - 0.088
Orthophosphate -- 0.10 0.14-0.24

http://www.crystalgeyserasw.com/docs/Bottled_Water_Report_Shasta.pdf

4/23/2025
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Sacramento-San Joaquin Delta

The Hub of California’s Water Supply!

Delta today: Wetlands have been
drained for agriculture and aquatic
habitat has been lost

38
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L3 L3 .
An Ecosystem in Crisis
Scientists each fall survey dozens of Delta locations, using a trawl net to count six fish species.
The size of the net is fixed, as is the volume of water sampled in each spot. Results are recorded
as an averaged index of the number of fish relative to the volume of water sampled at all sites.
Average index based on fish netted at 31 sites 15,000
10,000 cubic meters of
water sampled at each site Threadfin shad
American shad ™
ﬁi‘ Sacramento
splittail
10,000
Delta smelt Longfin smelt
o ——
1998 4,140/
The six species surveyed 2011 894 oo
(shown at relative size) 2012 415 ;%?? szgg 5,000
1998 6,654 4 2012 a1
1998 1,224 2011 477
01 22, (1998 40054, g
2012 125 (2011 343 1998 281
............. L2012 42 i 2011 15
Ve 1 ‘ ‘ e 1 ‘ 1000
. . ad . R . b 0
'98 A2 98 A 1298 A 1298 A '12'98 A 12098 A 12
Youn Delta smelt Longfin American Sacramento  Threadfin
striped bass smelt shad splittail shad
Source: Department of Fish and Wildlife Photos: René Reyes U.S. Bureau of Reclamation
Bee research by MATT WEISER Sacramento Bee

Top-Down

Water Physical & Chemical

Predation

Diversions Fish Habitat

Food Food
Availability || Quality Toxic Algae

Bottom-Up

From: Sommer et al. 2007
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o,
food
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Plankton production
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140 et
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=
=
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£ 100 - =
) - e
=
S 3 / [ ]
T
8 &0 :
o o -~ a
= ADSTE e e
20
= e Delta Ecosystem
T T T T T T T
0 50 100 150 200 250 300 350 400

Net phytoplankton production (g C/m?/yr)

Downing, J.A., C. Plante, and S. Lalonde. 1900. Fish production correlated with primary
productivity, not the morphoedaphic index. Can. J. Fish. Aquat. Sci. 47: 1020-1036.

4/23/2025
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Zooplankton growth vs. phytoplankton biomass

o i~ o
w > o

Daphnia Growth Rate (d-1)
o
N

0.1
5 10 15 20 25
Chlorophyll a (ng/L)

From: Mueller-Solger et al. 2002

West
Sacramento

Lo

¢ Long-term sampling sites
Deep Water Ship Channel

San Francisco Bay

Antioch

5
!t C—Jkm
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Ecosystem-Based Management of Ship Channel

Port of West -
Sacramento

Sacramento
River

2018-08-16 ' | 2018-06-06

Turbidity 4 grm L Conductivity gradient
imemgtne " T | | along channel

Linked to evaporation
and water residence
time

20 400 600 800 1000

15
Turbidity Specific conductivity

4/23/2025

42



15
Turbidity

20

400

¢ Long-term sampling sites
Deep Water Ship Channel

High light,
high flow

Outlet to
San Francisco Bay B San Joaquin

Antioch

5
!t C—Jkm

600 800 1000

Specific conductivity

Summer conditions

O Long-term sampling sites
Deep Water Ship Channel

Moderate N
and P, but
lower light

Antioch

5
’t  —]

West
sacramento

NO; (mg N L)

000 005 010 015 020

012 014

004 006 008 0.0

July/Aug/Sept only

z
9O

-
'
'
'

-

T

i T
L '
-+

T
.;a

[
0 S
[

NL56 NL62 NL64 NL66 NL70 NL74 NL76 NL84

NH,

NL16 NL34 NL44 NL56 NL62 NL64 NL66 NL70 NL74 NL76 NL84
Site ID

downstream upstream

4/23/2025
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Summer conditions

O Long-term sampling sites
Deep Water Ship Channel

Moderate N
and P, but
lower light

Antioch

West
sacramento
&

Chlorophyll and Zooplankton

July/Aug/Sept only

NL16 NL34 NL44 NL56 NL62 NL64 NL66 NL70 NL74 NL76 NL84

Zoo

Z0o0 biomass (ug L")

NL16 NL34 NL44 NL56 NL62 NL64 NL66 NL70 NL74 NL76 NL84
Site ID

downstream upstream

Test for limitation of primary production

O Long-term sampling sites
Deep Water Ship Channel

and P, but
lower light

Antioch

5
ﬁ Jkm

Moderate N

West
sacramento
&

o San Joaquin

Incubate water from these zones with
NO; and/or PO, additions.

Measure diel changes in dissolved
oxygen and calculate metabolism

4/23/2025
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Net Ecosystem Production

Upper station
responded to +N and
+NP addition

O Long-term sampling sites
Deep Water Ship Channel

Moderate N
and P,

but low light : v Turbid station also
responded to N and
+NP additions

Lower stations, no
response to N or P

Treatment == +N =#= +NP =#= Control

Port of West -
Sacramento

Sacramento
River

4/23/2025
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Aerial Application of Ca(NQOs): to Ship Channel

Algae Growth Rates vs Dissolved Inorganic N
Michaelis—Menten kinetics

0.8 q-

0.6 -

0.4

Growth rate (d"')

0.2

T T T 1

0 200 400 600 800

Extracellular N (ug I'')
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Fertilization Experiment

Port of
Sacramento

Outlet to
San Francisco Bay
-—

Antioch

5
It C—Jkm

West
Sacramento
%

|

~y__ San Joaquin

Hydrodynamics — Tidal Effects

Port of
Sacramento

High-tide Low-tide
Nutrients move upstream Nutrients move downstream

4/23/2025
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Longitudinal Monitoring of Nitrate Injection

Google

[}
03 08 03 12
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Google
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042 903 903 005 008
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Gross Primary Production Response to Nitrate
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Response to Nitrate
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Tidal Wetlands as a Source of Food Resources?
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