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Figure 1. Map of the San Francisco Bay-Delta Estuary.
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Figure 2. Conceptual details of sources of selenium, site-specific food webs, and hydrodynamic
connections for the Bay-Delta.
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Figure 3. Refinery and agricultural selenium loads (1985-2009) (A) and flow conditions (1996-2009) (B).




A. Grassland Drainage Area or Grassland Bypass Project Se loads (1986-2008)
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Figure 4. Grassland Bypass Project selenium loads (1997-2009) (A) and proposed
selenium load targets (2009-2019) (B).




San Francisco Bay-Delta Selenium Model

composite source Se load

(oil refinery, agricultural composite volume composite freshwater
drainage through San Joaquin = - (Sacramento River — end-member Se concentration
River or proposed San Luis ) San Joaquin River) (head of estuary)

Drain, Sacramento River)

v )
dissolved selenium

species (selenate,
selenite, organo-Se)

phytoplankton, algae, bacteria, suspended particulate
material and bed sediment (elemental Se, particulate
organo-Se, adsorbed selenite/selenate)

i Bioaccumulation i i

Transformation
partitioning (Kg)

Prey clam zooplankton amphipod
i Trophic Transfer i i

sturgeon -

Predator | diving ducks | striped bass splittail
splittail flounder

Lowe ||

impaired reproduction,
teratogenesis, selenosis

[adapted from Figure 2, Presser and Luoma (2006)]

Figure 5. San Francisco Bay-Delta Selenium Model from Presser and Luoma (2006).



Ecosystem—Scale Selenium Model
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Figure 6. General ecosystem-scale selenium model from Presser and Luoma (2010). [K, = empirically
determined environmental partitioning factor between water and particulate material; TTF =
biodynamic food web transfer factor between an animal and its food.]
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A. Quantifying Processes

Environmental Foodweb
partitioning biodynamics

e site hydrology e assimilation efficiency (AE)

* speciation e ingestion rate (IR)

e particulate type o efflux (ke)

Cprey = (AE) (IR) (Cparticulate)/ke
Cpredator = (AE) (IR) (Cprey)/(ke)
TTF = (AE) (IR)/(k)

Cwater-column ¢—)C particulate —)Cinvertebrate ¢— Ciish  © Chird

ITTTIN

Ky TTF invertebrate TTF fish TTF irg
~ C particulate ~ Cinvertebrate - C fish - C birg
C water-column C particulate Cinvertebrate Cinvertebrate
[adapted from Figure 2,
B. Modeling Equations Presser and Luoma (2010)]

Cinvertebrate = (Cparticulate) (TTFinvertebrate)
Ctish = (Cinvertebrate) (TTFfish)
Chird = (Cinvertebrate) (TTFhird)
Combined Equations
Cish = (Cparticulate) (TTFinvertebrate) (TTFfish)
Chird = (Cparticulate) (TTFinvertebrate) (TTFpird)
If longer food web
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Figure 7. Quantifying processes (A) and modeling equations (B) for
ecosystem-scale selenium modeling.




Reproductive Effects

Diet exogenous Liver endogenous
female adult bird Se source Se source female adult fish
Liver endogenous / minor prehatch )
Se source Diet exogenous exposure
Se source
S maternally
eqqg 3 mediated
prehatch exposure L S¢ Se reproductive
l l _ yolk-sac larvae effects
failure of eggs to hatch embryo reduced production exposure during
(most sensitive endpoint) deformity of viable eggs yolk sac adsorption*

(hatchability not affected) |,

fry ‘/ 5‘!’ K post-hatch
chicks | | | reproductive

mortality deformity reduced growth effects

-

hatch into contaminated environment hatch into contaminated environment direct Se

l i 4 T 1 effects

mortality liver  reduced growth

reduced growth ——) mortality (survival) disease
(growth rate in (little data available, =
first 5 days is best may be most sensitive juvenile direct Se
predictor of post- endpoint) effects
LR s l Winter Stress Syndrome
(metabolic stress imposed
over-winter mortality resulting by low temperature during
in seasonal poisoning of young fish Se exposure increases
toxicity of dietary Se)

*yolk proteins precursor, vitellogenin; yolk proteins lipovitellin and phosvitin
(liver Se stored in yolk proteins until metabolized during embryonic and larval stages
vitellogenesis = yolk proteins are synthesized in liver and transported to egg)

Chronic Effects in Adults

e compromised body condition (low body mass; edema)

e oxidative stress (increased susceptibility to disease due to suppressed immune system)
e decreased winter survival

e decreased reproductive fitness (decreased breeding propensity; reduced recruitment)
e behavioral impairment (missed breeding window; delayed timing of departure)

¢ lowered saline tolerance and gill effects in fish

Figure 8. Ecotoxicology and effects of selenium for fish and birds.
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Within specified salinity and residence time

Site-Specific Model Approach

foodweb =»

sturgeon/
C. amurensis/
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fish
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from
literature

fish
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Sein
predator
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from
USFWS
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literature

— A. seaward site-specific

— B. landward site-specific

*USEPA, USFWS, or assumed from literature; wb = whole body, dw = dry weight.

predicted predicted
» TTFsturgeon = invertebrate ® TTFCamurensis # particulate
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species- species-
specific specific
prey to particulate Sein food
predator Se in prey to prey for prey
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transfer trophic particulate
factor transfer material)
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l ¥
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measured particulate material (or
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Se; measured clam literature filtration rate;
Se (North Bay AE calculated from
matched dataset) measured particulate
species from transects
and literature bioavail-
ability; ke assumed from
literature for C.
amurensis
predicted predicted
® TTFsaimon = invertebrate » TTFaguaticinsect ® particulate
Hg/g dw ng/g dw
species- species-
specific specific
prey to Sein prey particulate Se in food
predator : to prey for prey
. aquatic . .
trophic nsect biodynamic (suspended
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factor transfer material)
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l
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Figure 9. Site-specific modeling approach for Bay-Delta seaward (A) and landward (B) locations.



Se in duck tissues ——) decreased body condition = disease
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Figure 10. Selenium effects models for diving ducks (A), white sturgeon (B), and juvenile salmonids (C and D).
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clam-based
food webs*
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A

l

-ITFb"'d eqg = 2.6

L L
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-9
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bird % clamin diet* || | fish % clam in diet* Dungeness crab
lesser scaup 96 white sturgeon 1 : :
surf scoter’ 86 I QIE’?Pjt_U_rQ_e_O_n_S ______ ‘_‘1 ______ larvae | juveniles | adults
glreal'iefscauzp 2(1) ' Sacramento splittail 34 llll llll llll
ack scoter i TTFeen= 1.1 TTF=?
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= 1iid ety LT (TMhorsenn=267 Chinook | g0,
= bald eag:le4 23% < salmon f o cfish
u- 'see additional site-specific data in figure 12 S ————— S | skate seals
Zinfrequent visitor *USFWS (2008) ‘ ‘ shark sea lions
o Sassumed from white sturgeon
n *also represents exposure of osprey
m B. Landward: dissolved Se
insect-based
> food webs* l Kd
= e el N _
: particulateSe . y Other Delta food webs:
U. ll TTFinsect=2.8 invertebrate TTF
aquatic insects <‘— . G UG, 28
E (midge, corixid, damselfly, mayfly, etc.) g(r)nppehﬁsgd 061033
TTFsigh=1.1 mysid 1.3
¢ TTFyird egg= 2.6 lll = i Daphnia 19
Chinook salmon || . o
0 S p— 1 juvenile fish ~ 1.1-16
. . " Siberi i ?
m California black rail delta smelt C-r Siberian shrimp :

* TTFs shown are used in modeling. See text for additional information.

Figure 11. Conceptual details of seaward clam-based food webs (A) and landward aquatic insect-based
food webs (B) for modeling of the Bay-Delta.
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Species at Risk: Exposure and Habitat Use

Bri
|022]t?£x Dec | Jan | Feb | Mar | Apr | May| Jun | Jul | Aug | Sep | Oct  Nov

: &

dlssp!veq and parﬂculatps 1,2,3,4 high-flow season low-flow season

partitioning/transformation }

C. amurensis Se (ug/g dry wt) ~_spawning_ . _recovery 2

data: 12/1995-11/1996 1,2,3 n

migratory birds s
surf scoter ab| 1,23
black scoter c a
white-winged scoter ¢ migration north to breed
greater scaup b
lesser scaup bl 1,234

clapper rail* || 1,2,3 o breeding___

bald eagle (assumed resident) || 1,2,3 |

P upstream spawning PY

é 2 year internal egg maturation I
'Y

white sturgeon (100 yrs}* d 2,3

green sturgeon™* soyrsft e 1,2,3

Chinook salmon* (3-7yrs)*
winter-run 1,2,3,4

. juveniles (4
Chinook salmon* (3-7yrs)* l @

spring-run

Central Valley steelhead 1,2,3,4
trout (winter run)**a7yrsj+ || juveniles (4)

Central CA Coast steelhead 1,2
trout (winter run)**(a-7yrs)+ || juveniles (2)

Sacramento splittail*** “ 234 spawning in upper Delta

(5yrs) ® spawning in estuary o

delta smelt** (1 yr* || 3,4
*listed as endangered a.50% of surf scoter population overwinters in Bay c. infrequent visitor
**isted as threatened Suisun Bay diet is 89% C. amurensis d. females require about two years for eggs to mature; small fraction
iisted s of concern San Pablo Bay dietis 71% C. amurensis o Mote ane han it stirgeon, ovenles spone 23 years
*+Typical lifespan Central Bay dietis V. philippinarum and soft-bodied prey estuary before migrating t% sea'] P i

++Evolutionarily Significant Unit (ESU)  b. arrive in Canada in late May and immediately breed

Figure 12. Exposure and habitat use for predators at risk, patterns of C. amurensis selenium concentrations
(1996), and hydrologic categories that may relate to environmental partitioning of selenium for the Bay-Delta.



