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AGENDA SLIDE

Artemia life cycle and habitat

Importance of Artemia in support of marine
Aquaculture

Managing Great Salt Lake: a 30-year effort in
support of the Great Salt Lake biota

A deeper dive into Salinity management on Great
Salt Lake

Worldwide Artemia cyst production - a historic
review
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Environmental Cues,

Biochical i f'o » Gravid females produce offspring via two pathways: ovoviviparous
(live free swimming nauplii) or oviparous (dormant gastrula stage
embryos)

» Cysts are initially in a dormant state referred to as diapause
» Survival mechanism for drought and extreme cold conditions (240
micron)

» Following diapause environmental conditions and endogenous
changes cause the dormant embryos to enter into a quiescent
state which is then primed for hatching given suitable conditions

» Upon hatching nauplii proceed through multiple instar stages until

THE BRANDS YOU CAN TRUST .
reaching mature adult stages

<
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ARTEMIA HABITAT-HYPERSALINE LAKES

Why hypersaline lakes?

» The defense mechanism against predators is adaptation
to high salinity

» Large monocultures where food competitors and
predators can’t survive

» Example of the Great Salt Lake strain of Artemia
Franciscana, the optimal range is between 90 and 160 ppt
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. @ A. salina
@ A. franciscana ® A. urmiana

O A. (franciscana) monica ;ﬁs O A. sinica
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®

A. amati (Kazakhstan) 2023
A. sorgeloosi (Tibet) 2023

PhD dissertation Professor Gilbert Van Stappen
(Belgium)
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o  Great Salt Lake (44%)

R U S S

3700-3800 tons /yr

Southwestern Siberia
» Multiple smaller lakes

North Kazakhstan
* Multiple smaller lakes

China
* Multiple smaller lakes
» Western China
 Tibetan plateau
¥y - * Inner Mongolia
o AR - Manmade saltworks - Bohai Bay

Vietnam's manmade salt works of the Mekong Delta

Uzbekistan - Kazakhstan “Aral sea”
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= Artemia supports more than 11 million
tons/yr of marine Aquaculture
production

= Beyond nutrition “ARTEMIA (live feed)
FACTOR”

= Legacy effect: using optimal Artemia
ratios in the hatchery/nursery
increases production in the grow-out

=» Current aquaculture practices do not
apply optimal feeding ratios of live
Artemia in hatchery and nursery culture

Artemia supports
» 11 million Ton
» (>900 billion fry)

18% of fish & &
shrimp s 1
produced

from




MANAGING GREAT SALT LAKE

A 30-YEAR EFFORT IN SUPPORT OF THE GREAT SALT LAKE
BIOTA

THE BRANDS YOU CAN TRUST
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CERTIFIED
SUSTAINABLE
SEAFOOD

WWW.Msc.org

1951 1959 1994 2023

Brine shrimp Causeway filled in, Great Salt Lake MSC
harvesting originates %‘V'dr‘]ng I?:lkSe 'ntﬁ Ecosystem Program certification

on GSL orth and Sout established GSL

arms
Technical Solutions
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Policy responses

1993
Utah Artemia Association 2010 2023
established Great Salt Lake Great Salt Lake
Advisory Council Commissioner
established

HB 343
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KEY HISTORIC EVENTS
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Long-term Study of the Artemia Population in support of the
Adaptive Sustainable Harvest Management Model

Long-term Studies of the Nutrient Inflows, Nutrient Cycling and
the Phytoplankton Population informing future nutrient

Management decisions

Long-term Studies of Abiotic Factors such as salinity, laying the

groundwork for future Salinity Management decisions

Microcosm Studies of Temperature - Salinity - Phytoplankton
and Artemia Interactions to model future conditions and

support management actions

Long-term Studies of the Avian Population understand the

importance of Artemia to support avian species 11
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GREAT
evral GSICAC | R |
| The Great Salt Lake Advisory council commissioned multiple (12)
»  Increase in Irrigation Efficiency studies to support future policy actions:
G eCurentof BestExpected - mRequired Increase » Economic value of Great Salt Lake (1.3 billion $ / year)
L » Assessment of great salt lake health
§ » Cost of declining lake levels (2.2 billion $ / year)
E > Great Salt Lake Integrated Model
g » Water strategies for Great Salt Lake
) » Conservation impact study
BEAR RIVER CACHE WD JORDAN WEBER
WCD VALLEY BASIN WCD )

WCD

BIOECONOMICS

THE BRANDS YOU CAN TRUST
12
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GSL Modified Stock Recruitment Curve
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Cysts per liter post-harvest (stock)

HARVEST
MANAGEMENT

»> START 1996

» Escapement stock of 21
cysts/liter

» Studied and refined for 29 years

> Results published in Belovski et
al. 2011 and Belovski and
Perchon 2019

WATER QUALITY

NUTRIENTS
MANAGEMENT

START 2012
2019 Novel nutrient criteria

2024: Re-directing nutrient rich
water to hypersaline portion of
Great Salt Lake

Protect fresh-water resources while
Maintaining nutrient inflow

f;,. W

SALINITY
MANAGEMENT MANAGEMENT
Start 2012 START 2017

Great Salt Lake Advisory Coun North >270 ppt

South 100-160 pptideal for
artemia

2020 changes to Utah water la

2020 to 2022: $750 million for
conservation

Move water North to South
and South to North

Going forward, 10's of millions

yearly to lease conserved water as Used in 2022 and 2023
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SAFE SALINITY RANGE FOR
BRINE SHRIMP ARTEMIA FRANCISCANA

9%

Predation and Sub-optimal Phytoplankton

(27%|

Population-level Decline
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WHAT IS THE

SOLUTION? Active Salinity Management

COMMITTED TO SUSTAINABILITY
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ACTIVE SALINITY MANAGEMENT

Breach

Causeway

Gunnison Bay i s
Fresh
Density & hydraulic head driven nes

<enmeen S-N flow Lower density brine

uevsinine Density-driven N-5 flow >

—— e = -

South Arm

North Arm

Salinity Management under different conditions of precipitation and inflow
17
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Principles are simple

Historic salinity and bathymetric data were
the basis for developing these principles
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In reality is very complex -- > B
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Computational Fluid Mechanical modeling - -
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GREAT SALT LAKE SOUTH ARM SALINITY MANAGEMENT

South Arm Salt Mass South Arm Salinity 18

South Arm salt mass through summer 2024 Blocked

flow of

1.3E+09 1 Breach opened Berm raised heavy brine
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Under the extreme drought of the past 10 years, the Adaptive Management Berm allows a salinity

adjustment averaging about 5 to 10 ppt per year
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GREAT SALT LAKE SOUTH ARM SALINITY
MANAGEMENT
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Gilbert Bay Surface Elevation, m a.s.l. 20

® 2011-2016 @ Jul 2017-May 2020 o
4186 4187 4188 4189 4190 4191 4192 4193 4194 4195 4196 4197 4198 4199 4200
@ Jun 2020-Aug 2021 A Unidirectional Jan-Jun 2017

South Arm surface elevation, ft a.s.l.

South Arm salinity, g/L

Developing tools to manage salinity

20
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SUSTAINABLE HARVEST NUTRIENT INFLOW WATER SALINITY
MANAGEMENT MANAGEMENT MANAGEMENT MANAGEMENT
Great Salt Lake Cyst Harvest in kg dry e e ' - - _. . :

The combination technical solutions with policy efforts, will ensure a healthy
Artemia population on Great Salt Lake for years to come

21
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SUSTAINABLE MANAGEMENT OF GREAT SALT LAKE RESULTED IN INCREASED AND STABLE CYST PRODUCTION

Great Salt Lake harvest in Metric Ton Dry
3500

1,274 MT AVG 1,469 MT AVG
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WORLDWIDE ARTEMIA CYST PRODUCTION INCREASED AS A RESULT OF BOTH
EXPLORATION AND IMPROVED MANAGEMENT

World Artemia Production by Source in metric ton Dry

Initial exploration Further exploration and optimization

3791 MT

B MT China

= MT CS

23



FINAL THOUGHTS
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= * Artemia is essential to marine aquaculture
ARTEM] \ o z * > 11 million MT of marine species rely on Artemia
» Beyond nutrition
» Improved hatchery results
» Legacy improvements in grow out from using optimal quantities
of Artemia in the grow out

« Marine Aquaculture continues to grow
* High-quality protein produced at low FCR

« Artemia production in natural Artemia resources can be increased
through sustainable management, as shown on Great Salt Lake

« History shows us that we have made progress in the management
of natural Artemia resources, but more work needs to be done to
protect all Artemia resources worldwide.
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