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Goals & Appreach

*drillldown" torextend our VIEW INto the ENfECLS Of
climate change on the Bay & ItS restoration

*leverage the Bay Program's plankton and water
guality data sets

s our field of view will also be limited

»focus estuarine processes that affect the
Chesapeake Bay's striped bass
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WY TOCUS 0N the Strpea Bass™
— EXtremely chanismatic: Chesapeake Species
. highly prized gametish
. Very valuable commercial fisher

Top predator: good Indicatotr
iIntegrates across Bay's
estuarine ProCeSSES

Important habitats
food web

Far reaching implications
~70% of Atlantic stock Is
produced in the Chesapeake



Striped Pass UNGder pressure
What this talk will teuch on...

reproduction success
likely Increases in winter and spring flow
Water temperature iIncreases
reduced dissolved oxygen levels

habitat guality/guantity.
trophic interactions

disease causing pathogens




A reminder...temperature & wWinter/spring
precipitation are expected te Increase
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Eer & Nutrer ts: AdriViNg 10rCES

PO Should Impact the pPay S plankionic 1eoad Wen
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Plankten response to flew & nutrients

CHESAPEAKE BAY
Planview Plot of Smface Conditions
Chlorephyla - Apr 1,1999-Apr 30,1999

Plan View

Susquehanna e

Legend:
1.000 ug/I

1.979
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15.326
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Apr Chla

CHESAPEAKE BAY
Planview Plot of Smface Conditions
Chlorophyla - Apr 1,1993-Apr 30,1993

1999

Plan View
762

| bloom downstream
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Plan View
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CHESAPEAKE BAY
Planview Plot of SmTace Conditions
Eurvtemora - Apr 1, 1999-Apr 30, 1999

CHESAPEAKE BAY
Planview Plot of Smface Conditions
Eurviemora - Apr 1, 1993-Apr 30, 1993

More abundant, furthér dnstrm
Apr Eurytemora 1993



Plankten response to flew & nutrients
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CHESAPEAKE BAY
Planview Plot of Maximum Conditions
Chlorophyll - Apr 1,2002-May 1,2002

Apr Chla

CHESAPEAKE BAY
Planview Plot of Maximum Conditions
Chlorophyll - Apr 4,1994-Apr 26,1994
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CHESAPEAKE BAY
Planview Plot of Maximum Conditions
Chlorophyll - Apr 4, 1994-Apr 26,1994

Apr Eurytemora 2002 [

CHESAPEAKE BAY

Planview Plot of SmTace Conditions
Furviemora - Apr 1, 1994.Apr 30, 1994
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More abundant, further dnstrm
Apr Eurytemora 1994




Reproduction
@
¢

juvenile striped bass prey
abundance



Ultimately, the answer Is...pecause menhaden
are a veny Impertant part of the striped hass
diet

Striped bass diet composition (%, by weight)

Young-of-the-
year striped bass

pfgcn ® menhaden
menhaden ® anchovy

\ ® bluecrab
However, = croaker
menhaden are = spotted hake

an important part < white oerch
of resident (1-6

years old) striped
bass in the
Chesapeake Bay

g r
. e
b -
- o

.1._"“"--..___________-_______..--"""-

458-710 mm striped bass from the mesohaline Bay
Data from: Walters & Austin, 2003




AU EritG:

The ‘CBASS’ recruitment pattern rnenhan

2 (+) correlation
ol «— among
shelf-spawners

(+) correlation
among
anadromous
fishes

white

perch strongest with

.::/’S'[I‘IpEd bass &

stiped ., 3¢ g o5 e e D menhaden
baSS .:s" ° : S ) va :' . :.... o s .:‘.

Young-of-the-year abundance



Biie ejigcltinelmesohalnestinsinumzone senibzea. . .

Common )
| POTOMAC RIVER ESTUARY e i s g mn aden

STRIPED BASS < N ATLANTIC MENHADEN

SPRING NURSERY AREAS
MARCH THROUGH MAY POSTLARVAE (2-4 cm long)

Late March-June

ADULTS )
[ (7% - Peak concentrations
g Major spawning run ‘ I B High concentrations
/
9 Migration of smaller numbers / - Moderate numbers
N
IMMATURES =) : Soacse

| « PREJUVENILES (4-13 cm long)
I:] General distribution | June-September

. \
R . e
<€ Primary movement towards shore . - =

ar

) IMMATURE ADULTS
¥’ Low numbers move upstream = QR ey DISTRIBUTIOIT '(:F:i years oLl:

W Abundant " Moderate
\ Sparse \\\\\ Rare

MAXIMUM EGG DENSITIES (1974.75)*

-m00—10,000 eggs per 1000 m3
|:|100-1,ooo eqgs per 1000 m3

C]< 100eggsper1000m3

*Data plotted are maximum values observed
during peak spawning; data from the Poto-
mac River Fisheries Program, Ichthyoplank-
ton Investigations.




Spawning tuarine iresn-saltwater
poeundary late Apnl

Estuarine Retention within
nursery oligohaline-mesohaline
area transition zone (OMTZ)

First feeding Oligohaline, winter-spring
YOY prey zooplankton species
(Mar-Jun) (May-Jun)

eak Mid-Atlantic coastal
_),uwnm g

Up-estuary migration to
OMTZ Feb-June (late-
postlarvae to early juveniles)

First-feeding larvae: zooplankton

YQOY to early juvenile:
phytoplankton



CBASS,,, = Log,, (menhaden JAI / striped bass JAI)

 Juvenile abundance indices (JAI) publicly available:

e correlation w/ pca-based
CBASS index = 0.89

* ratio is normally



Plankten index

(o PCA) —id
—

Viean moenthly. — N
plankten counts:

March-June R

Patuxent R~ & ETS.1
= TE17% ey Choptank R.
& < TR ¥~ ET5.2°
aggregated across the LA e
y RET2.2
northern Bay S Potomac R. ¥ o N

oligohaline-mesohaline
transition zones

(OMTZ2)
: g Atlantic
Note: OMTZ spans the N A Do
nursery grounds for striped dhey o

bass & menhaden YOY



SONG PNYyLe-zoepiankien vanaen (PC1)

Taxa March April May June
0.67 0.60 0.12 0.26
0.47

0.71 _..0. 0.50

0.79 051 ’009 -0.28
0.23 0.32 065  -0.37

zooplankton Acartia sp. . 057 -067 -0.50

spawning

Zooplankton predation




Plankten community: PECATESUILS

Not only was FC1 strong...

JI’] Wwas also J'TOf]J]\ correlated with the CBASS
pattern (& striped bass / #menhaden ,)I'JdJC!L)rJ)

1 14.5 0.26 PAY 0.92

*p<0.0001



Spring
temperature
(March-May)
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mplication

Sustained Incr S 1N annual Winter/spring
flow may: lea

* Increased striped bass reproduction

* reduced abundance of menhaden
- an Important prey item for juvenile &
adult striped bass
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SUMMEr stripedinvass hanitat
“sgueeze’” (coutant, 1990)

CHESAPEAKE BAY
<, Planview Plot of Minimum Conditions
u Striped Bass Adult HSI - Jul 5, 2005-Jul 28, 2005

lemperature

CHESAPEAKE BAY
Planview Plot of Maximum Conditions
'WATER TEMPERATURE - Jul 5,2005-Jul 28,2005

Plan View 5 : L Atiantic

Su=quehanna

Legend:
I 0.00 H51

CHESAPEAKE BAY

Planview Plot of Minimum Conditions
DI OXYGEN - Ji

" @appahannoek 7

Center Transect

Narrow band of optimal conditions between
& In deep waters

O, & temperature functions: Bain & Bain,1982: bioenergetics model adapted: Costantini et al. 2008.
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pPOXIAWOrSens Withrwarm & Wet conditions
month ofi Viay.

CHESAPEAKE BAY CHESAPEAKE BAY ‘@' Planview Plot of Minimum Conditions

iew Plot of Maxi Conditi wa rm >/ iew Plot of Maxi Conditi D r Dissolved Oxyzen - May 3,1999-May 27,1999
‘Water Tenm - May 3,1999-May 27,1999 V Salinity - May 3,1999-May 27,1999

! i 3 H ' - H Plan View
Plan View Afléntic Plan View ¥ Afléntic

: N > L e S S -4, s 4 U agyor < s 760
Susquehanna ¢ 4 Susquehsnna # . y aﬁ Susquehanna

Legend: 3 Legend: Legend:

5. Deg C : | . 0. 0/00 e .
o : ; 4 : % . i R L

f& ™ 10.
| 5 b AR .o

20. ; ! 20.
25. : ;
L

Center Transect . Center Transect

Center Transect

CHESAPEAKE BAY
CHESAPEAKE BAY CHESAPEAKE BAY ‘@' Planview Plot of Minimum Conditions

Planview Plot of Maximum Conditions >/ iew Plot of Maxi C Dissolved Oxygen - May 1,1996-May 30,1996
‘Water Temm - May 1,1996-May 30,1996 V Salinity - May 1,1996-May 30,1996

i ; i ; Plan View i Alartic
Plan View 1 i Plan View % r Atlantic = iy 4

i TN e 6%
. RE—— -\ ? S # e
Susguehanna 4 Susquehanna TR A e L. v ) . Susguehanna o ~ % &
Legend: % Legend: Vi = ¢ Legend: 0 i

5.Deg C ’ d : S ! ; 12. mo/l
- : : . R it 4 : .

5 10.

L A Wb 4 " L

15.
20. : o i 20.

25.
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Center Transect

Center Transect

CHESAPEAKE BAY
CHESAPEAKE BAY CHESAPEAKE BAY

-/ Planview Plot of Minimum Conditions
Plot of Maxi Conditi Warm @ iew Plot of Maxi Conditi V Dissolved Oxvgen - May 4,1998-May 26,1998

‘Water Tenm - May 4,1998-May 26,1998 Salinity - May 4,1998-May 26,1998

! ' Plan View
Plan View Alantic Plan View

O - - ; VT e .
Susguehanna : G Susquehanna 3 ; e Susguehanna
Legend: iy Legend: g Legend:
5. Deg C ! y ! 3 : / 3 12. ma/l
0. ! ; g . L 7 kL AR SN
2 15, . 4 e .o
20. : ; 20.

25.
. 30.
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Center Transect




Implication

sustained Increases In annual winter/sprng
flow, coupled with warmer temperatures
would lead to

enhanced summer habitat sqgueeze for
juvenile & adult striped bass caused by:

o \Warmer surface water temperatures

» expanded hypoxic zones
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l " [ ﬁ..h. .ﬁ. ™ [ ".f a.‘ . .f*-r Sk la e .~
> IVIYCORACIENBSIS IS an INTECUIOUS GISEASE CaAUSEQ Y.

PACtENa IN tAe genus myconactenum.

> Chesapeake SIrpers exXposed earnly Inliie: Infection
fates Increasing w/age: age 1 - 11% | 3-5 yrs - 60%




Mycobacterium monitoring
dry year ('07) vs. wet year('03)

s )Y
/2R \ 'l

, _ '5*"
w07/ e Y Will higher winter/spring flow
. enhance myco abundance?

Abundance
(Cells/ml)

I 0.00- 2000
B 2001 - 4000

40.01 - B50.00
BO.071 - 80.00
80.01 - 100.00
10001 -120.00

12001 - 140,00
B 001+



http://www.deq.virginia.gov/

Mycoebacternum Modeling

Variable AIC % Concordance %o Discordance
PC1 and PC2 178.6 71.9 27.8
DO and TN 173.6 76.6 23.2
DO and Salinity 162.7 81.4 18.4
Salinity and TN 161.0 79.0 20.7
TN, DO, and Salinity  152.1 83.8 15.9

Quarterly monitoring at CBP water quality.
monitoring stations, N = 150

» Elevated abundance (75" quartile)



Mycopacterium spp. Logistic Model

Low TN (5th) High TN (95th)

Probability

With #total nitrogen in the Bay Myco expands into
waters with # salinity and # dissolved oxygen



Implication

IHigher winter spring flews & warmer
lemperatures may. lead to

» Higher abundance of mycobacteria

* Longer mycobacteria season’

» Potential exists that these changes could
Impact myco infection rates in striped
bass & other organisms, including
humans
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policy / actions

Ilhe striped bass pepulatien s likely to/lbe
Stressed by projected climate changes

Enhanced habitat squeeze & Mycobacteria
abundance that could be induced by projected
climate changes may be mitigated by nutrient
reductions

Fisheries management must accelerate its
evolution towards ecosystem-based approaches

An effective & efficient strategic monitoring plan
could provide further mechanistic insights into
the combined effects of climate and nutrient
changes (expect the unexpected)



TThank You




Dissoelved Oxygen in the Bay.

Mainstem low dissolved oxygen over the past 20 years

18 oStressed (2-5mg ')

B Hypoxia {ﬂ 2-2mgl7)

| | ‘ mAnoxia (0-0.2 mgl') ‘
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Other poetential players

* |0SS of Intertidal wetlands & eelgrass
— |0SS ofi nursery habitat & trophic transfer to fish

* High flow = #ctenophores = $anchovies

— Another important prey of striped bass
— Serve as substitute prey when menhaden are lacking

— Ctenophores prey on anchovy eggs, juveniles, & key prey
of the anchovy (copepod Acartia tonsa)

» \Warmer weather...
— Invasive species and new diseases?









CHESAPEAKE BAY CHESAPEAKE BAY

!‘ a : Planview Plot of Smface Conditions ' Planview Plot of SmTace Conditions
: Chlorophyla - Apr 1,1988-Apr 30,1988 ‘@i Eurviemora - Apr 1,1988-Apr 30,1988
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« 2002 - Harding, L.W., M.E. Mallonee, and
E.S. Perry: Toward a predictive
understanding of primary productivity in a
temperate, partially stratified estuary.
Estuar. Coastal Shelf Sci. 55: 437-463.




Model Performance:
comparing to fish surveys

O

—e— Jun - Sep mean GRP

—s— |VID'DNR seine survey

St WA 15§
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1985 1990 1995 2000 2005



Changes In extratrepical Winter
sterms in the Northern
IHemisphere

Total storms Intense storms

I
_

emissions

emissions  emissions . -
E D [m20se2008
W 2081-2100

Lambert & Fyfe (2006)

Percent change




Correlation Precipitation Dec to June
with CBASSrbi
1985-2001

PCP

0.5 04 0% 02041 00 01 02 0F 04 DS
Correlation Precipitation Dec to June
with Plankton PC1
1985-2001

AL ALE U -0 -0 DO 0 02 03 b4 o
Correlation Precipitation Dec to June
with AMO
1985-2001

Correlation Temperatura March to June
with CBASSrbi
1985 to 2001
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Correlation Temperature March to June
with Plankton PC1

1985 to 2001
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Striped bass |

- 4000
il 3000
- 200
- 1000

o o

striped bass landings

1940 1

&
-

( metric tonnes )

<)

| 1960 1980 2000
yr lagged stripe ss mid-Atlantic+Chesapeake harvest
INdeX 1) ' _~ lowess AMO index (65-yr smoothing span)




N \III"lI i 1"!“

-19.57{ I (AR [k ]}h

(1000x mt)

P
=9
g9
(]

(g
X T
[}

23
£S5

menhaden landings

M sir I mries Adtlarmbis ranhbhsdsasn Chao vaalen harnopet
zJ:“ \"'H' f’}éﬁ"l Atlantic menhaden CI ES5dPEaKe NAlvesl
detrended harvest, as above

|

ur -~ =1x lowess AMO index

'T’W\Ml 10 index (Dec-Jun)



Log Concentration

g
n

.W.
&
S
+

g
G
n

=

8
B4 ploysaIyL




Myco Concentration and Water Quality
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Eutrophication Gradient (44%)



P <0.05

-0.4

-0.5






Plan View

Susguehan i

Legend:
1.000 ug/l

I 1.979
3.915
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Plan View

Susguehann 3
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CHESAPEAKE BAY
Planview Plot of Smface Conditions
Chlorophyla - Apr 1,1999-Apr 30,1999

CHESAPEAKE BAY
Planview Plot of Smface Conditions
Eurytemora - Apr 1,1999-Jun 30, 1999
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Plan View

Susguehan a

Legend:

I 1. ug/l

I 0.002 ml/m3

CHESAPEAKE BAY

Planview Plot of Maximum Conditions
Chlorophyll - Apr 4,1994-Apr 26,1994

CHESAPEAKE BAY

Planview Plot of Depth-Averaged Conditions
Zoo Biomass - Apr 4, 1994-Apr 25,1994
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The Bay straddles subtropical & : s m:';lkes e g7 el gl
temperate climate zones laboratory’ to help learn more about

the effects of present and past

: e climate variability/changes
Kdppen climate classification Y J

Influenced by many
air mass types

Continental N
Maritime

Polar

mml: i’} Temperate mild summers
mmb .ty Temperate hot summers

Ry Humid subtropical Maritire Tropical

KO ppen map source: Godfrey, B.R.,



Eigenvalue scree plot

Eigenvalues

2 3 4 5 6 ¢ 8 9 10 11 12 13 14 15 ...44

0.92  *p<0.0001




Chesapeake Bay has warmed in
recent decades
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Environmental variable

Plankton PC1

CBASS,,

water temp. March 0.16 -0.04
water temp. April 0.20 -0.02
water temp. May -0.21 -0.36

Salinity March-June




Descending air: cool,dry

. (\Pol'ahzarwj
= T~ ‘g air: warm, moist
(‘Fe}\l cell
\

North Pole

Descending air: cool, dry

4
S ’)I* air: warm, moist

South Pole . ﬂ olar gell -

o
Descending air: cool, dry




Baltimore
Sewells Point
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Rates ~ 3-4 mm yr?
(Global ~2 mm yr1)
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Consequences for fisheries

Resident nelkton Transient predatory nelkton

+ ¢ ¢ ¢ <« aduts P » <adufes - B »
<+ 4 4 OUng Yy —— <+« fivanias -

1313 s
Intertidal aquatic

microhabitats Intertidal
channels

Subtidal
channels

tidal marshes @ Chesapeake Bay @ NW UScoastaI shelf LI

Redrawn from Kneib, 199



ks to humans,

imate & Disease...the lin
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habitats, & fisheries




Pathogens: degraded habitats;
diseased fish; & human health risks

Marine Vibrio’s




 controlled by temperature and salinity,
associated with plankton

 current ecological forecasting efforts capable
of predicting temperature and salinity
(ChesROMS - r.hood @ UMCES\HPL).

» Can these variables be used to develop a
reliable model to predict Vv distribution in the
Chesapeake Bay?



apping Pathogens ] ] ]
in the Chiesapeake Bay A practical application

Mational Oceanic and Atmospheric Administration

Home
Various pathogens — microorganisms which are capable of causing disease — are present in the Chesapeake Bay and pose potential threats to human health. Knowing where and when to
Project Description expect these biotic risks may help mitigate their effects.
Project Background
Vibrio vulnificus Habitat The goal of this regional study is to predict the abundance or likelihood of occurrence of several pathogens in Chesapeake Bay and its tidal tributaries. Our target species is the bacterium
Salinity Model Vibrio vulnificus. V. vulnificus, naturally occurs in the bay.
Satellite S5T
Maps of the likelihood of V. vulnificus in the Bay are routinely generated by identifying locations where the current environmental conditions are favorable to them. This is accomplished using
data acquired and derived from various sources, such as hydrodynamic computer models and satellites. The latest available map is provided below.
Links

Discla These near-real-time maps of V. vulnificus likelihood are experimental products and should be considered provisional.
isclaimer

Privacy Policy

Legend Likelihood of Vibrio vulnificus Occurrence - 05/05/2010 ® @\
] Layer o e\
@ = V. vulnificus O <4
O = V. vulnificus Forecast (+3 days) @] \l

Specifics
I states
I Water (not modeled)
[[] = Hi-res Shoreline
[ &8 Streams
[0 - Cities
=) Redraw Map

Quekvienv]
350500 [

Java Mode Disabled
Click to Enable

100

0
%
Il ot modeled

Thiz project repre=ents collaboration between =cientiztz of the National Oceanic
and Atmospheric Administration the University of Maryland and the University of
Maryland Center for Environmental Science. Funding from NOAA’s EcoForecasting




SST-AMO correlation
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GRP is declining In the prime anchovy
spawning & nursery area

Model indicates
declining conditions

Anchovy biomass (TIES 1995-2000) 1986-2002
Adults (jun-aug) YOY (Oct)

YOy Bay 3 chowy

Mean blomazs v Ocober
from 1995 0 A1 1
e

g 125 %
100.
75.
50,
25,

25.
50.
75.







log10(REC$UB)

l0g10(REE$POTO)

-0.5

15

1.0

0.5

0.0

-0.5

Freshwater flow and striped bass recruitment by location
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Baywide Recruitment Model

Aggregated flow
Temperature (MD Clim. Division)
Adj r2=0.38
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