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Importance of Estuarine Tributaries

e Estuaries rpresent Important nrsery
habitat

* Tributaries are particularly important
— Higher temperatures
— Highly productive
— Less predation
— Freshwater cue
— Larval/adult behaviors
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Diel-cycling Hypoxia

> Increasingly observed in shallow estuarine habitats
» Bojorquez Lagoon, Mexico (Reyes and Merino 1991)
» Venice Lagoons, Italy (Sorokin et al. 1996)
» Waquoit Bay, MA (D’Avanzo and Kremer 1994 and
1996)
» Elkhorn Slough, CA (Beck and Bruland 2000)
» Intracoastal Waterways of Hanover County, NC
(Hubertz and Cahoon 1999)
» Maryland Coastal Bays (Kemp and Boynton pers.
Comm.)
» Tributaries of the Chesapeake Bay (Kemp and Boynton
pers comm.) |
» The Delaware Coastal Bays (Tyler, Brady, and Targett
2009) ot
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EXposure

e Direct effects
— Growth
— Mortality

e Indirect effects
— Growth

— Avoidance
— Habitat compression/loss

e EXposure
— Temporal and spatial dynamics of diel-cycling hypoxia
— Fish behavior
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Temporal and Spatial Dynamics

DO (mg O, I'")




25
-‘ pC2

=
(o))
|

240

260

‘_F\
< 14 7
@)
Q) 12 4
&
=
(q\| 10_
v n
< 87
<
2 -
>
T
5 44
2 V
-] i
3 2
T
O T LI 1 1 o 1
140 160 180 200 220
Days in 2001
|~'l~~~"~~"~"~'~'~”~“f!|r'"mﬂr|'“mr'm

140 160 180 200 260
Days in 2001

From Tyler, Brady and
Targett 2009



25
-‘ pC2

|-1\

300
< *
250 -~
¢ —_
¢ 2 200 A
1@
| =, 150 -
e
o
o
IS 100 - = = o
=
@)
50
% A
0 . . v
PC2 PC4 PC5
Sltes
Days in 2001
LS I T T |r[n—"wrmw||rrrrrwmrm
140 150 180 200 260 From Tyler, Brady and
Days in 2001

Targett 2009



Node 1
Entire group

N=125
Hours of Hypoxia = 3.78
Std. dev. = 3.68
2N
Node 2 Node 3
Temperature (°C) < 26.3 Temperature (°C) > 26.3
N =43 N =82
Hours of Hypoxia = 0.66 Hours of Hypoxia = 4.78
Std. dev. = 1.57 Std. dev. = 3.39
i
Node 4 Node 5
Insolation (kW m?) <13.6 | Insolation (kW m?) > 13.6
N=11 N=71
Hours of Hypoxia = 9.56 Hours of Hypoxia = 4.77
Std. dev. = 3.72 Std. dev. = 2.84
N
Node 6 Node 7

Tide (% ebb) <81.5 %
N =57
Hours of Hypoxia = 5.40

Tide (% ebb) > 81.5 %
N=14
Hours of Hypoxia = 2.26

Std. dev. = 2.79 Std. dev. =1.13
N\
Node 8 Node 9
Temperature (°C) < 28.9 Temperature (°C) > 28.9

Insolation (kW m2) <17.9
N=3

Hours of Hypoxia = 11.6
Std. dev. = 1.57

N =46 N=11
Hours of Hypoxia = 4.89 Hours of Hypoxia = 7.50
Std. dev. = 2.41 Std. dev. = 3.26
N
Node 10 Node 11

Insolation (kW m)>17.9
N=8

Hours of Hypoxia = 5.97
Std. dev. = 2.25

Regression Tree Analysis

From Tyler, Brady and
Targett 2009



Regression Tree Analysis
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Behavioral responses of estuary-dependent fish to
diel-cycling hypOX|a

— Weakfish &1

— Summer flounder &=

Tracking fish in the field in relation to hypoxia using
acoustic telemetry

Water Quality Modeling ]




« ECOMSED/ROMS — fully integrated three-
dimensional hydrodynamic model

— Tide, freshwater discharge, wind stress, and
water surface heat exchange

« RCA (Row Column AESOP (Advanced
Ecological Systems Operating Program))

— Production — Respiration
DO - Photosynthesis, respiration, reaeration

— Full Eutrophication Kinetics
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Water Quality Model Phytoplankton Kinetics

Atmospheric

Solar Radiation as Reduced by Reaeration

Cloud Cover and Water Column

Light Attenuation \

Mineralization

Nitrification
PON DIN )

&
(NH 3& NO ,+ NO 5)

h 4 Phot

| PHYTOPLANKTON DISSOLVED
(CHL-A) OXYGEN

DISSOLVED
SILICA
(Si0,)



m

State variables used in the eutrophication model.

Number System Number System
1 Salinity 13 Ammonia
2 Phytoplankton — diatoms 14 Nitrate + Nitrate
3 Phytoplankton — summer groups 15 Biogenic Silica
4 Particulate Organic Phosphorus — refractory 16 Dissolved Silica
5 Particulate Organic Phosphorus — labile 17 Particulate Organic Carbon — refractory
6 Dissolved Organic Phosphorus — refractory 18 Particulate Organic Carbon — labile
7 Dissolved Organic Phosphorus — labile 19 Dissolved Organic Carbon — refractory
8 Inorganic Dissolved Phosphorus 20 Dissolved Organic Carbon — labile
9 Particulate Organic Nitrogen — refractory 21 Dissolved Organic Carbon — reactive
10 Particulate Organic Nitrogen — labile 22 Dissolved Organic Carbon — algal exudate
11 Dissolved Organic Nitrogen — refractory 23 Dissolved Sulfide
12 Dissolved Organic Nitrogen — labile 24 Dissolved Oxygen
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+ Altitude: 390m
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Initial Conditions for
Larval Distribution

Temperature, Salinity,
Dissolved Oxygen, & Tide
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Tagging, Trawl surveys,
RNA:DNA Ratio & Benthic
Sampling

Growth, mortality,
abundance of survivors to
150mm (recruitment)
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« 2 multifrequency echo sounders
« Monitor fish and benthos simultaneously

From Sato and
Jumars 2008
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