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Links between tidal marsh
and fish

How are marshes linked to estuarine productivity,
especially fish?

What are historic and present linkages between tidal
marshes and fish productione

Do pelagic/open water fishes derive population level
benefits from tidal marshese

What are key information gaps in systems both in and out
of Californiae
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Wetland Modifications
1. Land Loss Other Habitat Modifications

2. Hydrologic Changes Artificial Reefs (rigs, structures)

--Saltwater Intrusion

--Water Diversions

Stock Abundance Fishery Habitat Community Structure

4

Introduced Fishing Impacts

Pollution Species 1. Directed Fisheries
1. Eutrophication 2. Bycatch
-hypoxia, HAB’s 3. Trawl/Dredge effects
2. Contaminants

Chesney et al. 2000. Ecol App 10:350-366



Louisiana Coastal Stresses: Habitat changes
and alterations

Leveeing of Mississippl and Atchafalaya rivers for flood
confrol and navigation

Canal dredging and spoil bank deposition for navigation
Oil and gas exploration and production

Water diversions

Fishing activities

Point- and non-point source pollution

Eustatic sea-level rise

Subsidence

Infroduction of non-indigenous species

Chesney et al. 2000. Ecol App 10:350-366



Louisiana Coastal Stresses: Habitat changes
and alterations

Leveeing of Mississippl and Atchafalaya rivers for flood
confrol and navigation

Canal dredging and spoil bank deposition for navigation
Oil and gas exploration and production

Water diversions

Fishing activities

Point- and non-point source pollution

Eustatic sea-level rise

Subsidence

Infroduction of non-indigenous species

A lot of things are happening simultaneously, requiring
caution In identifying causes and effects



Salt Marshes

Highly productive systems, but with relatively low number
of fish species

Several species may be very abundant, frue residents
o Highly tolerant of salinity and temperature variation

Many partial residents are juveniles that live in adjacent
open water as adults

Marshedge environments are transitions (ecotones)
between Salt Marshes and Estuaries. They serve as
refuges when low fides force fishes to move off of salt
marshes



Louisiana Saltmarsh and Estuary
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Browder, J. A. et al. 1985, 1989

« During the process of marsh loss, the
amount of marsh edge initially Marsh edge
Increases and then declines as solid

marsh is converted to broken marsh

and then to open water. /_\
« A temporary increase in the marsh-

edge perimeter, occurring in the

pbroken marsh phase, may be

masking the immediate effects of

habitat loss on fishery landings.

Habitat loss



1km? of marsh reduced to < 0.25 km?

Increasing Marsh Degradation

Chesney et al. 2000. Ecol App 10:350-366




Consideration of Marshedge Effects

Fishes more abundant

03 1 near edge |
T » Noft all locations of
5 suteilty | equal depth are of
S 02 08 >, equal value
T 015 06 Z » Those close to edge
2 E are better
< N 04 » Marsh edge provides
“ 0.05 ] 102 access to flooded
. ¥ marsh
0 1 2 3 4 5 6 7 « Refuge at low tide
Distance (m) * Important in restoration
projects

Baltz et al. 1993. Env Biol Fish 36:109-12



Marshedge provides access to flooded marsh

« Marsh area available is a function of tidal height, marsh-elevation
gradient, flooding duration, flood frequency, and distance from access
point In open water.

« Accessibility can vary with the density of tidal creeks.
« Important to consider edge and access in restoration projects:

o To realize the full nursery value of an area of restored marsh, it
should have characteristics that resemble near-by productive

marshes.



Not all locations of equal depth are of equal
value to fishes

« Shallows < 0.25 m differ in their fisheries value. Those close to the
marsh edge offer easy access to the flooded marsh.

 Substrate characteristics may also differ along the marsh edge:
erosional banks have more complex microtopography & offer greater
cover opportunities to juveniles and small species.

 Erosional banks may also be sites of higher turbidity that provides
added cover from predators.



Marsh Edge Fishes: water depth

Ontogenetic shifts
By both predator and prey
Keep species moving

Small fishes shelter
From piscivorous fishes

In shallow water Of wading-bird predati
; Along the marsh edge.




Typical Population Structure

o Constriction of
numbers at lower level
may lead to reduced
numbers at higher
levels

SubAdults
Juveniles

Larvae

Eggs




Typical Population Structure

o Constriction of
numbers at lower level
may lead to reduced
numbers at higher
levels

* Nursery habitat
degradation may form
‘bottleneck’

SubAdults

Juveniles

4

Larvae

Eggs




Reduced Population Structure

o Constriction of
numbers at lower level
may lead to reduced
numbers at higher
levels

* Nursery habitat
degradation may form
‘bottleneck’

* Loss of nursery habitat
function (food, shelter,
Eqos survival) for juveniles
may reduce adult
h population and fishery,

Larvae




Statistical Growth Models for juvenile spotted
seatrout & red drum

* Recent Daily Growth (RDG) otolith increments
* RDG = habitat variables + food + densityopecific
SIZ€ndividual
« Partial correlation coefficients
« spotted seatrout juveniles (67.9%): size (60.2%),
salinity & [DO] (5.9%), food (1.8%)
 red drum juveniles (63.3%): size (44.8%); temp,
salinity, depth, & substrate (18.5%)

METTC 1

2 3 ]
1 ||||||||||||||||||||||||||||- Conspecific density did not contribute to either model

Baltz et al. 1998, Env Biol Fish 53:89-103



The productivity of Louisiana’s
estuaries and spotted seatrout
populations

 Enhanced by factors that are unusual elsewhere
INn the northern Gulf of Mexico:

o shallow, turbid waters
o expansive marshes with extensive marsh edges
o a miniscule tidal range (30 cm, ~ 1 foof)




Restorations to improve fisheries

* If fish are the excuse, they should benefit!
« Suspect Improvements:
o Reduce marsh edge
o Reduce access to flooded marsh
o Neglect adjacent shcllow Wo’rer dep’rh proﬂle
o Change salinity ) —




Estuaries: FW]estuary|SW

Interfaces between fresh- & saltwater environments
Harsh physical and chemical environments

Gradients of temperature and salinity are not stable (tidal & seasonal
variation, also horizontal and vertical)

Oxygen levels usually adequate, but may be reduced at low flow, at
night, or during calm weather (Jubilees, Mobile Bay)

High concentrations of nutrients; constant mixing; high retention, but
major losses occur during floods




Estuarine Fishes ...

Spawning areas, nursery grounds, and adult feeding grounds are
Important roles

Nurseries are areas with high concentrations of young compared to
similar, nearby environments

Estuarine-dependent species spend at least one life-history stage in
estuary

« Life-history stages of a species differ in tolerances and preferences

* Fish species grow throughout their lives and function as different
species as they grow



Characteristics ...

Invertebrates also important in recycling nutrients

Detritus based food chain (old paradigm) vs. new paradigm based on
production by phytoplankton and mud algae (benthic algae), jury still
out

Stable isotope studies indicate that LA consumer nutrition is not based
primarily on Spartina detritus.

Smaller brown shrimp (< 50 mm) feed disproportionately on benthic
diatoms and small harpacticoid copepods, while larger shrimp feed
more frequently on larger-bodied amphipods and tanaids.

Shallow marsh ponds resemble fertile aguaculture ponds and appear to
be hot spots for brown shrimp production, and important for sustaining
GOM shrimp fisheries.

o Fry etal. 2003. Estuaries 26: 82-97



Estuarine Dynamics

Average water yield Size & Shape of basin
Estuarine drainage area Wind mixing-depth & scouring
Freshwater turnover Estuarine Climate

& Marsh
Wetland:Water ratio Characteristics Climate change
Bay width-Fetch & Resuspension Tidal range & Energy

Plant distribution & Bay width Nutrient loading



Population density
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Turner, R. E. 2001. Estuaries 24: 139-150



Regional Average Flushing rates

Region Turnover Flushing rates are
GEVE) important

North Atlantic 1,323 14 determinants of the
Middle Atlantic 481 22 chemistry and
South Atlantic 147 19 biology of estuaries.
Gulf of Mexico 184 30 e.g., organism
Pacitic 2,215 20 regeneration times,

Mean and total n 778 105 oollutant contact

time, and particle

Turner, R. E. 2001. Estuaries 24: 139-150 SGH”HQ rates.



Salinity and FW turnover in
GOM estuaries

« Quantity of FW inflow, size and

30, . shape of the basin, climate and
= ® seaward flus-hing cpe_fficients
& 20 o affect estuarine salinity.

‘E S M K  FW inflow in GOM estuaries
;5 10 - " o strongly influences salinity.
| i * It would be interesting to
0l B AT compare these data with meso-

Freshwater turnover (days) and macro-tidal estuaries.

Turner, R. E. 2001. Estuaries 24: 139-150



Tidal amplitude

Microtidal (< 2m), mesotidal (2-
4m), & macrotidal (>4m)
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 Average tidal range at estuarine
entrance

e GOM estuaries are 56 thru 90
 SFB, Central SFB, and San

Pablo/Suisun are 102 thru 104

 The extreme microtidal nature Is

arguably a signature feature of
nGOM estuaries

« Around US coasts tidal ranges are

highest in northern latitudes and
lowest in GOM

Turner, R. E. 2001. Estuaries 24: 139-150



Flood frequency and duration vary greatly

around the world

In Louisiana and elsewhere in the nGOM tides are so small (~0.3m) that
they are easily dominated by meteorological events

A strong north wind can push a high tide out and expose mudflats

Climatic forcing (El Nifo and La Niia) influences shrimp harvest
(Childers et al. 1990. Climate Research)

o A La Nifa event in 1987-88 kept Louisiana tides low and prevented
marsh flooding for 92 consecutive days at one study site

Some fishes forage for prey species available only on flooding tides (Feller
etal. CIJFAS 47:1913-1919)



Premas

Average depth (cm)

Average depth (m)

Uneven regional variability and

¢ Northeast
e Rk more extremes compared to
® Boethenstarn . 2 tidal ranges
‘ 0 Gulf of Mexico 2
po oo West C i
}, S i, i ' Average depth and tidal range
"Q;ooo o B iy o® are directly related and GOM
¢° q“'-."‘:i- e AN estuaries are generally shallow
©° 8, gﬁn * e ‘:o‘ ) ]
o & Y and microtidal

20 40 60 80 100 120 140
Estuary
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Shrimp yields per Km?

" 107, . Fisheries ; Wetlands couplings

& i o ‘ complex

., | 0 Useful in planning and resource

2 107} ; management to know if such

= * 3 SPECIES:AREA patterns are

E 104 5T . . generally true for estuaries.

© 103 104 109 109

Area (ha)
Waterfowl management and

Area of intertidal vegetation and harvest have been researched in
penaeid shrimp yields in nGOM freshwater systems, but are

findings directly applicable to
Turner, R. E. 2001. Estuaries 24: 139-150 estuaries?



Restoration efforts in GOM

) -GOM
20 o Atlantic

0 4 8 12 16
Years

Percent cover (%)
o)
S

Plant cover over time for saltmarsh and
mangrove systems

Turner, R. E. 2001. Estuaries 24: 139-150

*Recovery averages 60-80% at 4 yrs.

*\Wetland habitat losses due to a
variety of factors.

*Hydrologic changes due to dredging
are important around the world and
restoration of natural hydrology is
often attempted with other efforts.

*Sea grasses in Tampa Bay rebounded
after WQ improvements.

*WQ improvements in Bayou Texar,
FL, ended fish kills, algal blooms, and
returned system to recreational use.



A Classification of U.S. Estuaries Based
on Physical and Hydrologic Attributes

* Engle etal. 2007. Environ Monit Assess 129:397-412

« Based on a Cluster Analysis, 9 classes identified and expected to
demonstrate similar biological responses to stressors

o 138 U.S. estuarine drainage areas
o 12 physical and hydrologic variables

e | revisited the data to see how U. S. Eastern, Southern, and Western
estuaries compared.



Map of nine classes of estuaries identified by cluster analysis

USGS-NAR C 200845-0154




Classes of EDAs (Estuarine Drainage Area®) with general
descriptions of physical and hydrologic properties

FW o

2 Moderate  Low Moderate = Moderate Highest

5 Large Moderate Highest Moderate Lowest

6 Largest Moderate High Moderate Moderate

8 Moderate = Moderate Moderate  Deep High Lowest temp
9 Large Highest High Deep High

* EDA is that component of an estuary’s entire watershed that empties directly into
waters affected by tides.

Engle et al. 2007. Environ Monit Assess 129:397-412



Rotated Factor Pattern

EDA area

Estuarine Area

Avg Depth

Estuarine Volume

Avg Summer Salinity

Tide Height

Tidal Prism Volume

Avg Monthly River Flow

Dissolved Conc Potential of Pollutant
Particle Retention Efficiency (~turnover)
Avg Air Temperature

Avg Summer Water Temperature

Variance Explained

% Variance Explained

Cumulative Variance Explained

Factorl
0.29350
0.22960
-0.61347
-0.14713
-0.30952
-0.85920
-0.22720
-0.01346
0.13301
-0.09124
0.90975
0.91192

3.11

25.9

25.9

Factor2
0.50997
0.84344
0.33361
0.86142
-0.07243
-0.08183
0.88558
0.05876
-0.13619
0.24606
-0.00363
0.05794

2.71

22.6

48.5

Factor3
-0.44885
-0.07181
-0.08726
0.31574
0.26907
-0.00776
-0.07902
0.02919
0.57937
0.79358
-0.00097
-0.10287

1.37

11.4

59.9
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Estuarine Class Means

Factor Analysis Class Means

Class 6 includes Lake Pontchartrain

PC3 and Central SF/San Pablo/Suisun
High DCP & PRE 322 )3 bays
N
1.86
9 )
050 4 2 D
| A N 3.75 Large area & volume
‘ o6 19 \5/ 8 233
Low DCP & PRE —0.86 \ |
113 a6 0.92 PC2
" ppy o4 _ 110 —0.49 Small area & volume

" Warm, Shallow, Micro tidal  Cool, Deep, Meso tidal 2



Coastal Estuaries

Factor Analysis Coastal Systems

Factor3 ﬁ
High DCP & PRE  7.04 zoast
South
West
4.20
o
185 o 5 7o Large area & volume
LowDCP & PRE T ﬁﬁ
150, T
159 Small area & volume
0.9

—273 —
Warm, Shallow, Micro tidal  Cool, Deep, Meso tidal 2



Coastal Means for Estuaries

Factor Analysis Coastal Means

PC3
High DCP & PRE 0512 ansaft
) South
T West
0.295
0.079 O
0.141 Large area & volume
—0.053
Low DCP & PRE—0.137
0.94 —0.247 pPC2
O —022 Small area & vol
BCH : _o7g —0442 Small area & volume

" Warm, Shallow, Micro tidal  Cool, Deep, Meso tidal 2



Missing data

An example of 125 systems with a list of 12 abiotic and biotic
variables

Another 138 Estuarine systems, with 12 physical and hydrologic
variables, but only 108 with full data

A more complete data set with more variables and a better break down
of subsystems like San Francisco, San Pablo and Suisun bays would
Inform our understanding for conservation and management



Links between tidal marsh
and fish

How are marshes linked to estuarine productivity, especially fish?
o Food and shelter for life history stages of many species in nGOM

What are historic and present linkages between tidal marshes and fish
production?

o Shrimp harvest (aka fish food) is tied to marsh/SAV area

Do pelagic/open water fishes derive population level benefits from tidal
marshes?

o Gulf menhaden are the major food and forage fish in GOM. They grow
out In estuaries and move offshore to spawn.

What are key information gaps in systems both in and out of California?
o We still need a full data set on US estuaries to enhance knowledge base



