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Controls on Winter-Spring O, Depletion and
Links to Summer Hypoxia

* What is the inter-annual variability in winter-spring O, depletion?
 What controls the onset of hypoxia in Chesapeake Bay?

* Are winter-spring O, levels related to summer hypoxia?



O, Depletion Indices From Data
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Dissolved O, (uM)

Seasonal Evolution — Sid. Dev.
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e Mean O, declines over spring
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Hypoxia initiates in
upper Bay, migrates

south

O, depletion rate

spatially variable,

but higher in
upper Bay
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Chlorophyll-a is the
Strongest Predictor
of Hypoxia
Onset and O, Depletion

* Spring bloom drives winter-spring O, depletion
 Relationship strongest in northern regions

Stratification stronger predictor in lower Bay
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Spring Depletion Metrics Weakly Correlated
to Summer Hypoxic Volumes
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Summer Production
Needed for Summer
Hypoxia

Biogeochemical Model, Row-Column AESOP
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Concluding Comments

e Hypoxia consistently initiates in upper Bay and moves seaward
e Winter-spring algal biomass primary driver of spring O, depletion

e Winter-spring conditions weakly correlated to summer hypoxic volumes:
Summer production, physical replenishment in intervening months
important
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O, concentration
and depletion rate
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March—June O, Depletion Rate (mmol m 2d ")
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Response of Hypoxia to Nutrient Loading
in Chesapeake Bay: A Modeling Analysis

Why?
(1) Understand patterns and processes associated with eutrophication
(2) Perturbation study to test system response to changes in external forcing

(3) Management aims to reduce nutrient loads — what do we expect to happen?



Recent Evidence for Complex Hypoxia Time-Series

Early July Hypoxic Volume (DO<1 mg/L)
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Nutrient Load Experiments

Three Sets of Nutrient Load Tests

Load Relative to Observed
(1) Nitrogen Load (N): 0.25x 1x 2X 4x

(2) Phosphorus Load (P):  0.25x  1x 2X 4x

(3) N+P Load (NP): 0.25x  1x 2X 4x



Nitrogen Versus Phosphorus Loading Impacts

Nitrogen Only
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Spatial Response of Hypoxia to N Loads
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Nutrient Loading Increases Hypoxic Volume
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Non-Linear Relationship Between
Nutrient Loading and Hypoxic Volume
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Nutrient-Fueled Increases in Summer Respiration

Drive Hypoxic Volume
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Nutrient-Fueled Increases
In Respiration Drive
Hypoxic Volume

* Water-column respiration dominates O,
uptake, inter-annual variations in hypoxia

* [ncreases in nutrient load elevate lower,
Bay respiration, but reduce it in upper Bay

* Sediment oxygen demand not responsive
to nutrient load
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Conclusions

e ROMS-RCA reproduces seasonal and inter-annual distributions
of dissolved oxygen in Chesapeake Bay

* Hypoxic volume is more sensitive to nitrogen load than phosphorus

e Nutrient-load stimulation of respiration is strongest in
the water-column in lower Bay, leads to larger hypoxic volumes
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Modeling Oxygen Impacts on Habitat
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Minimum DO (mg L'lj

in collaboration with Drs. Jamie Pierson (UMCES-HPL) and David Elliot (ODU)
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Multiple Scales of Temporal Variability in O,

Q.
250}
: T - j. Y = (o
= Al i _,
E , Wiskl  TWRERr<¢—Continuous Sensor
S ' (every 15 min)
g 1 "~ |
o Grab-Sample °
3. Monitoring
g 125 (every 14 d)
o
s
[ Lower Patuxent Estuary
Spring 2004
0 ) | | 1 1
April 17 April 27 May 7 May 17 May 27

(Testa and Kemp, submitted)



POC Deposition Rate (mmel Cm™d™")
- - [ [ [ (v B
4 B & B 2 8 & B

o

& &

Sediment & , Demand (mmol O, m2d

Hypoxia Onset Earliest
Ever Recorded in 2012

Climate or
Delayed Impact of Tropical Storm Lee?

I
= Contrd
Marrth Pulse
Month Pulse, 53% Depasition

Jul Oct Jan Apr

Water Temperature (*C)

Oxygen Saturation (pM)

Dissolved Oxygen (M)

Chlorophyll -a (mg m-3)

30

—25-year mean

a5 | 1 25-year range
@ 2012
20F
15 F
10 |
=]

375

230

O

—
e
W

Hypoxia Initiation = April &

0, Depletion = 1.52 mmol m* d!

3o

-1 Std, Dy

0
Jan Feb Mar Apr May Jun

Tul Aug Sep Oct NovDec



39.5:
39 CB3.3W,.Q:E\_:.-"'
i CB4.1W,CE. —
CB42W,CED g
38.5 o lo 0 %D
29- S ) g 2 X TcBa3wCcE & =
. D \ TR =
3 - Z
ST - . o,
= o
£ 38 g
CG —
- S
37.5
37
36.5
—77.5 =77 —76.5 —76 —75.5
Longitude
40 30 20 10 0

Depth (m)

30

201

10

40
30
20
10

25
20
15

30
20

10

= = West

=€=Channel

== East
e//”\" X

nuufll"“.
-

February April June August October December



120 T T T T T T T T T T

|
| CB2.2 i % CB33
g,
80} - wps
i i 0 I 1 |
0 I T I -k I
40 i &~ 30f e o Cb‘l-.]
g8 2pl s N
[ . II II ' II ' II ' II . 1 &1 —Frrmeemwd e ""*“‘“'»l:,:;;.;;;..:m -
0 L I I I I 1
23
12 B I T I Sy
0 |CB4. SC | 20} . . ch4.2_
NP[’Atlwe 7 151 _ :: A"‘--' LR
80 | i k- - i ;’ R P UVE L o Y T Loiag,, - - et
5
s | 30
401 1 - .

T T I I I B AT

o T T I - T . I dbag
- 'rw-'-ns--- . »sw*"'"" i o m‘n‘;{:;\“’
1 1 1 i

o Februxy Apﬂl June Augst October December

CB6.2

o
(=
ca

o0
=
T

Annual Metabolism (mol O, m?y')
N
=

— T T R e
120

T
L

80

T unhhRARNRE
Ll

025x 05x 0.75x Ix I5x 2x 25x 3x 35x 4x




Water-Column Integrated Net Ecosystem Produiction
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Denitrification Rate (pumol m-

300

(a) Choptank River and SFM o C
L ] Iﬁzﬂ o
o] o
|:|. o B o
®
o ]
L] ° °
= o
3019 ® og0
L]
o °°
OKanaetal (1998)
@ SFM April to May
O S5FM May to July
® SFM July to August
3
3 30 300
Overlying Water NO," (M)
100 : -
(b) R-64 —— 5P
O 2001
g0k O 2002
[519)
O
40t
o
20 m]
U L L L L L L D_D 1 L 1 L
400 -
(¢) Still Pond
300 F
2001
]
= ]
100 F
i O
(J '} 1 1 ' 1 ' 1 1 ' 1 L '

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

6

N
g
E

H 4
.

T3
=
H

2

1

]

0.8
=

206
=)

(=
£
04
qu
B
—

0.2
0

125|i @ Hypoxic
1:2 * b O Normoxic
[y 30 #{%
225 % H S
-0
=251 eR-64
@8t. Leonard’s Creek
| %0 100 200 300 || 400 @
Dissolved O, (UM
, (M) ({)“0\] 3
sl S
__,,.-"' Maryland
’ Point
|--“‘ 1 1
1 2 3~ 4 5 6 7
o 2 gl
PON Deposition, J, , (mmol m* d*)
NS
)
B o
%“f&e&
3
5 Nk
500/'0%6_?}"
_""'l il Maryland
i Rt Ry (O Point
e Pond
0 0.2 0.4 0.6 0.8 1
e 2 g1
POP Deposition, /. (mmol m* d™)



PO, Flux (umol m= h)
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Long-Term Increase in Chesapeake Bay Hypoxia
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Hypotheses to Explain Apparent Regime Shift

eArtifact Hypotheses: Modern monitoring program began in 1985 with increased
data density: interpolation artifacts = higher computed volumes

eClimate Hypotheses: Enhanced hypoxia linked climatic changes, such as increased
temperature and or flow or changes in wind patterns

eEcological Hypotheses: More hypoxia per unit N load due to reduced grazing (oysters),
reduced nutrient retention (SAV, marshes),
or enhanced nutrient recycling under low O,



Conceptual Model of O, Interactions with N-Cycle

Normoxic Conditions Hypoxic Conditions

Anammox
' Denitrification

Similar impact on phosphorus, but different mechanisms



Observations Reveal Hypoxia Stimulation of Nutrient Cycling
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(1) NH,* Observations in summer

Computing NH,*-N Mass in Chesapeake Bay

1965-1980 and 1985-2007
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Decadal Change in July Distribution of [NH,*]
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Apparent Long-Term Increase in NH,*
Mass/TN Load, but Data Sparse Prior to Regime Shift
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Nutrient Pools per Load 12
vs. Hypoxia Volume
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Concluding Comments

e A “regime shift” in Chesapeake hypoxic volume occurred in mid-1980s

e Hypoxia increased N & P recycling , generating higher nutrient availability
for a given nutrient load — this is the first display of this feedback at the

system scale and likely supported regime shift

e Subsequent research has suggested alternative explanations for the

regime shift 2 "
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Region Region Tengier Sound Region
Choptank R., Pocomoke Sound,
Patuxent R. Potomac R. Rappahannock R. York R. James R.
Qs Ass Qs AS;s Qg7 Asys Qg Ass QpAs,;s
0 LA | L A LAY A
Y v Y VY YYVY YY |VYY
Q; Q> Q> Q%> Q> Qe >0 1>
5 E, A A|LE
i AT le8 Evva d* f
’g 10 EVS Ev6 le_r + | vgé_
— T $ T ¢ <—Qs NQS? Qio
'g 15 QVS Qv6
a, B
L
20 Box 5 Box 6 Box 9
Q |
25
30
() = Advective Flow [\’ “
E =Non-Advective Flow H
35
296 239 227 185 148 111 74 37 0

Channel Distance from Atlantic Ocean (km)



Bottom Dissolved O, (mg I)

N
o

A
-

N
o

2002

2006



Box3 Boxd4 Box 5 Box 6
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