Habitat Restoration to Offset
Fish Losses at Water Intakes




Salem Generating Station

Delaware Estuary
(NJ)
3024 MGD Intake
Flow

Proposed Estuary
Enhancement
Program in lieu of
Closed Cycle
Cooling




Estuary Enhancement Program

Upgraded traveling screens (modified Ristroph)

Studies of underwater fish diversion technologies (sound,
lights and bubbles)

Restoration, enhancement and/or preservation of at
10,000 (20,000+) acres of degraded salt marsh & adjacent
uplands in the Delaware Estuary

Construction of 13 fish ladders

Biological monitoring programs
fish abundance
program success

Support for artificial reef programs in NJ and DE,









Production of Biomass of
Secondary Consumers

Aggregated food chain model (“AFCM”) used to facilitate calculatibn
wetland-based production

Increased PP from restored marshes results inasedeproduction at higher
trophic levels plus direct use of restored habitat

Simplifies complex food web interactions by aggtegaspecies and lifestages
across similar trophic levels to reflect basic gstsm functiol

Calculate production for a species per hectar@albhsarsh based on relative
abundance within each trophic level
Production of biomass of secondary consumers basednpirical data on
biomass of aboveground vegetation within the rest@alt hay farm marshes
Lower trophic levelsi(e., primary consumers) included in assessment by
assuming all product|on by primary consumers comrglby secondary consumers
Three trophic transfers applied:

1) vegetation to the detrital complex

2) detrital complex to primary consumers

3) primary consumers to secondary consumers






Aggregated Food Chain Model
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Validation of the Concept

Biological Monitoring

Subsequent Modeli
Aggregated Food Chain Model
Ecosystem-Based Estimates
Fish Abundance - Based Estimates



*Baywide fisheries
*Marsh
*\Vegetation
*Fish utilization
«Station
sImpingement
*Entrainment
*Fish ladder
*Special studies as needed




Comparative Fish Abundance in Large Marsh Creeks




Aggregated food chain model (“AFCM”)
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Annual average production from three restored salhay farms (2002-2004)




Ecosystem-Based Estimates
(Ecopath with Ecosim)

Recognized ecosystem models

EwWE model was developed with participation
from representatives of regulatory agencies
academic institutions

EwWE describes and guantifies production and
mortality of individual species and trophic
groups in the Delaware Estuary ecosystem
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Ecosystem-Based Estimates
(Ecopath with Ecosim)

Two main components:

Mass-balance snapshot of the ecosystem (Ecopath)

Annual production was estimated from reconstructions of historical
biomass and recruitment (stock assessments) and estimatec
from anthropogenic sources (e.g. harvest)

Twenty-four species, including alewife, American shad, Atlantic
croaker, Atlantic menhaden, bay anchovy, blue crab, bluefish, spot,
striped bass, weakfish, and white perch were identified along with 16
groups of specie®(g, benthic meiofauna and littoral forage fish)

Dynamic simulation model for predicting changebimmass over
time in response to changes in fishing policiesdpctivity and
trophic interactions (Ecosim)

Re-expresses the static mass-balanced equations inherent to Ecopath
as a system of coupled differential equations
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Ecosystem-Based Estimates
(Ecopath with Ecosim)

Model estimates for the “base run” scenario anaage with a 3%
reduction in marsh habitat without restoration

Wetland restoration adds annual average total system biomass of
82,903,614 kg

Comparison of changes in total system biomassddymtion of
secondary consumers (the metric of production filoenAFCM)
Total system biomass used as surrogate for total system production
(conservative)
Production of secondary consumers is subset of total system production
Remove primary production by phytoplankton (14,423, kg/yr)

Remaining 68,070,257 kg/yr includes production Ggnpry consumers,
secondary consumers and tertiary consumers

Using trophic conversion factors, portion of tdtakerotroph production that
Is production of secondary consumers is 10,979k@7 (4,980,107 Ib/yr)
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Fish Abundance - Based
Estimates

Production of age-0 fish biomass within the restoration sites plus annual
production of age-0 fish biomass in the open waters of Delaware ¥stuar
attributable to the restoration sites

Estimates based on empirical catch data (2002 to 2004) from baywide and
marsh bottom trawl, pelagic trawl, beach seine, and marsisampling
Onsite marsh production attributable to restoragstimated directly from avera

number of fish present in restored salt marsheseapdcted daily growth rates
(from bioenergetics models) of those fish

Estimates of open-water production attributables&ioration based on the total
open water production of age-0 fish biomass (kgyear), and on fraction of all
available food for juvenile fish that was attriboi&ato restoration

Majority of food available to age-0 fish in Delawétstuary derived from tidal marsh

production

Ratio of restoration acreage to acreage of all tiashes within Delaware Estuary
Average annual age-0 fish production attributable to restoration for the 10
species of fish estimated to be 2,419,861 kg (wet weight) per yéar (@48

Ib/yr)
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Benefits of Habitat Restoration



